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ABSTRACT

The role of science and scientists in environmental pelicy and
management i5 and has been an important, complex, and controversial
subject for many years.

The objective of this study is to determine how science and
scientists interact In envirsnmental policy formation and management
and how science is or could be used in the development of policy which
c?n ultimately be used as a basis for effective resource management
plans.

In the very broad sense this study attempts to evaluate the
general hypothesis that "Scientists do not play a role in promoting ar
epcouraging science as a means of chan?ing attitudes and opinions of
management and the public so as to influence public policy and
ultimately envirgnmental management."

The use of science in establishing well develgped management
plans for coral reef areas in Australia’s Great Barrier Reef;
Jamajca's - Ocho Rios Marine Park System; St. Croix’s - Buck Island:
Anguilla; the Netherlands Antillas - including Benaire and Curacao
Marine Parks; Puerto Rico’s - La Parguera National Marine Sanctuary;
and several of the Florida State reefs such as Key Largo and Looe Key
Marine Sanctuaries were examined through analysis of management plans,

The second component of the study involved structured interviews
with a number of scientists and managers. These individuals included
scientists who had been working on coral reefs as well as managers of
these systems - individuals who have an interest in formulating public
paiicy as well as those who do not have. The gengral hypothesis was
divided into a number of statements ar subhy?ntheses which were
examined to help evaluate the hypothesis. Close-ended questions
allowed the opportunity for statistical analysis and open-ended
guestions allowed determination of the reasons why scientists and/or
managars feel the way they do in their responses. Appropriate
statistics were used to determine if there is a difference in the way
scientists perceive thejr role, as compared to how managers perceive
the role of scientists. The null hypothesis that no significant
difference exists between attitudes of scientists and managers could
not be rejected. The general hypothesis was accepted both by
scientists and managers.



THE ROLE OF SCIENCE AND SCIENTISTS
IN MARINE ENVIROWMENTAL POLICY AND MANAGEMENT



INTRODUCTICN

The role of science and scientists in environmental policy and
management has been an area of important, complex, and controversial
debate for many years (Haskins, 1964; Dubos, 1970; George, 1970; Ben-
David, 1971; Grobstein, 1982; Mullineaux, 1982).

The purpose af this study is to detarmine how science comes to be
used in policy and management and particularly the role scientists
play.

Sclentists and policy-makers are uncertain how scientific facts
are to be intagrated with social values, Scientists are uncertain as
to whether they should merely present facts, leaving the policy
Jjudgement entirely to the political decision-makers, or whether they
should also advise politicians which course the scientist believes to
be best. Politicians are also uncertain as to how much scientific
information they are suppoesed to absorb and how much dependence they
should place on scientists for guidance in reaching a judgement about
policy (Grobstein, 1982).

In this study, twe contrasting viewpoints of the role of the
scientist were examined:

1} Scientists should only be responsible for presenting unbiased
information and must leave final decisions to the palicy-makers
and the public.

2) Scientists should provide adwice with regard to the implications

of scientific information and offer policy judgements.



The first view is representad by Handler, former President aof the
Hational Academy of Sciences in the Wall Street Journal of 1975 {in
Mullineaux, 1982). According to him, once the scientific community
has presented the facts it must leave final decisions to the policy-
makers and the public. Similarly, two Executive Ordars (1918, 13858)
concerning the role of the National Research Council in the past have
stated that scientists are to render information to those who are
entitled to receive it, but they do not imply that scieptists should
of fer thelr judgement as to what public policy should follow from
thelr studies,

Dubos {1961) in The Dreams of Reason embodies the second
viewpoint: "It is for society, af course, to decide what goals it
wishes to reach and what risks it is willing to take. But it is the
task of the scientific community to formulate as clearly as possible
and to make public the probable consequences of any step that it takes
and of any action that it advocates. In other words, the
responsibility of the sgientist does not stop when he has developed
the knowledge and techniques that lead to a progess or a product,
Beyond that, he must secure and make public the kind of information on
which the social body as a whole can base the value-judgements that
alone will decide policies.”

Does the scientist now inform fellow citizens on important
science-based issuss? A related question is: Should he or she have
the responsibility to do so? Before answering this, it is important
to understand a number of concepts sych as attitudes, beliefs, values
and opinions; to comprehend how scientists function: and to know

attitudes the public has towards science, [t is only after doing so,

e



that the issue of effective communication on scientific aspects of
vital issues can be addressed.

It can be argued that many natural scientists are notably
"single-minded" and professiomally "simple-minded". They are "single-
minded" in their conviction that expansion of scientific knowledge and
its application is highly desirable, will bring abundant benefits, and
yltimately can yield definitive solutions to most problems. They are
"simplae-minded” in that their forte is in framing questions in
isolation from complicating social contexts. They create controlled
study environments in problem-soiving-laboratories and frame narrow
hypotheses as a framework for their field observations. Wsually, this
Jeads to "clean", decisive answers to questions that have been
isolated from usual “real world” situations. Their training and
experience teaches them to sniff out and exclude special interests,
hopes, values, and aspirations when approaching a problem {Grobstein,
1982).

Yat, does public palicy seek objective truth or accommodation of
conflicting views? Attitudes, values, and aspirations are important
factors ta be taken into account. Is there an essential role for
scientific and technological input to policy amalysis? s this role
to open the decision process to the public - recognizing that in human
affairs, vaiues, hopes and aspirations are often as important, or even
more important, than neutral, objective facts? These are some of the
ethical considerations inherent in this study.

In arder to understand how the scientist functions, if he/she is
effective, or how the output (products of science} is incerporated or

avaluated in policy and management, it is important to understand the



difference batween several terms such as attitudes, heliefs, opinions,
values and habits.

According to Alipart (1968}, an attitude is a mental or neural
state of readiness, organized through experience, exerting a direction
or dynamic influence upon the individual’s response to all objects and
situations with which it is related.

Concepts that are reiated to attitude include the following:

"Beltef" - Fishhein and Ajzen {1972) define beliefs as statements
indicating a person’s subjective probability that an object has a
particular characteristic, This viewpoint holds that beliefs are
cognitive - thoughts and ideas, whereas attitudes are affective -
feelings and emotions.

"Opinion" - One viewpoint equates opinfons with beliefs; they are
generally narrower in content or scope than the broad orientation
which one calls attitude, and they are primarily cognitive rather than
emotion-laden. Or, one may say opinions invoive a person’s
judgements, whereas attitudes involve a persen's wishes and desiraes
{McGuire, 1960}.

"Walue" - The most common view is that a value is an important
life goal or standard of behavior for a person - a standard toward
which the individual has a strong positive attitude, Walues are the
mast important and central elements in a persen’s system of attitudes
and beliefs. They are ends rather than means: they are goals a persan
strives for and which help to datermine many of his or her other

attitudes and beliefs,
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"Habit" - Habits can be easily distinguished from attitudes.
They are frequently repeated patterns of behavior, whereas attitudes
are not behavior. Habits are usually gquite automatic and standardized
in their manner of performance, but they require the presence of the
appropriate stimulus object in order to occur. By contrast, attitudes
may be expressed in the absence of the stimylus object. Like
attitudes, hablits are acquived through experience; but unlike them,
they are frequently nonevaluative in nature.

In order to Yook at the process of incorporating science intg
environmental policy, coral reef management has been chosen for
investigation and apalysis. This area is a subset of the general
problem of submerged lands management. Coral reef areas have been
chasan partly beccuse the issues in submerged lands management have
not generated the polarization of apinion that surround many
environmental issues (i.e. acid rain, strip-mining, nuclear power
generation, etc.). [n addition, there is a long history of submerged
land management for single purpases, such as sand and gravel-mining
and oil recovery, which until recently has not concerned itself with
environmental issues. [n recent years, however, environmental
concerns in this area, as in many octhers, have taken on increasing
importance. Much environmental concern and scientific study has been
focused on coral reefs.

In trying to determine how the various players, i.e. scientists,
managers and policy analysts view the role of scientists, a synthesis
of the science used to understand coral reefs will be develeoped to
allow evaluation of how this scientific information has been used or

not used in management or policy forming processes.



Coral Reefs

Besides intrinsic beauty, there are also impertant economic and
ecological values attributed to coral reefs. Reef fish are important
sources of protein and food for many people living in the Tropics
{Ehrlich, 1981)}. They are alsa an aesthetic resource important to the
tourist industry, especially for SCUBA-diving and snorkeling. Some
corals are used in jewelry production. Reef areas are of high
productivity within the relatively unproductive ecosystems of the
tropical seas (Grassle, 18973). Coral reefs ars also thought to
pratect nearby shores and harbors from erosion and wave action
(Levinton, 1982). Healthy reefs play a role in beach stability. When
lTiving corals on the reefs begin to die, the structural framework of
the reef begins to erode at a faster rate than it can be rebuilt by
the remaining live corals, and the reef structure becomes weakened.
Weakened and eroded reef structures sharply increase the 1ikelihood of
extensive damage to beach properties during times of tropical
depressions, storms and hurricanes (Levinton, 1982}. Reefs create
vast evaporation lagoeons between themselves and tropical shores which
may be involved in regulating the salt content of the oceans. They
are known for their tremendous diversity and complexity of living
organisms (Grassle, 1973). <Coral reefs provide the feeding grounds
for reef grganisms as well as shelter and habitat (Ehrlich, ]981).

Tha aesthetic, ecconomic and ecclogical values of coral reefs have
been extensively documented {Proceedings of the Third Intermational
Coral Reef Symposium, 1877: Proceedings of the Fourth International
Coral Reef Symposium, 198!; Odgen and Gladfelter, 1983).

In some areas of the world concern over deterioration oar

destruction of reefs, particularly that attributed to man, has led to



develgpment of management strategies or plans ta protect these
resources. Far instance, in Australia, the Great Barrier Reef is
protected by a comprehensive marine resource management grogram. In
the United States specific coral areas have been set aside as marine
sanctuaries, i.e. St. Croix - Buck Island; Puerte Rico - La Parguera;
Florida - Looe Key and Key Largo.

There is sxtansive decumentation of deleterious impacts of man on
coral reefs {McCloskey and Cheser, 1871; Fishaelson, 1973; Campbell,
1977; Kinsey and Davies, 1979; Walker and Ormond, 1982; Dodge et al.,
1984} . Many of the individual practices detailed in the planning
documents or regulations used to manage coral reef areas are based on
this documentation. How was the information on man'’s impacts
presented to the policy-makers? What role did scientists play in this
transfer? These are the questions that I will attempt to answer.

Is this topic, coral reef management, a suitable subject for a
study of the role of science and scientists in envirenmental
management? I believe it is! One advantage of this area as a topic
for case study is the lack of extreme polarization on the overall
importance of these areas., There may be differences on specific
issuas, but there are no strong proponents of wholesale destruction of
coral reefs.

One area [ have selected for particular study is the Great
Barrier Reef of Aystralia, The Great Barrier Reef is considered tg be
a world heritage that must be preserved (Commonwealth of Australia,
1981}.

The Commonwealth of Australia and the State of Queensland,

through the Great Barrier Reef Marine Park Authority {(GBRMPA) are
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embarked on a coastal and marine resources management program of
tremendous scope and significance.

The Australian section of the Great Barrier Reef, off the
northeast shore of Queensland, is about 1,200 miles (2,000 km.) long,
encompassing approximately 80,000 square miles {207,000 sq. km.).
There are 1,500 to 2,000 identified reefs. About 70 of these have
developed reef cays {coral sand islands), which are impaortant faor bird
breeding and nesting. The Reef is of world significance for turtle
breeding. Six species of turtles are present. About 2,000 species of
fish and 400 species of coral are native. Dugongs, dolphins and
whales use the Reef lagoon. There are research field stations on
Heroen, Lizard and Orpheus islands.

The Great Barrier Reef Marine Park Autharity Act of 1875 created
a statutory authaority mandated to establish plans for multiple-use
management of the Barrier Reef region. Basically, GBRMPA is
responsible for:

1} the conservation of the Great Barrier Reef,

2) the regulations for use of the Marine Park, to protect the Reef
while allowing reasonable use,

3) the regulation of activities that exploit the resources of the
Reef to minimize the effect of these activities on the Reef,

4} the reservation of some areas of the Reef for appreciation and
enjoyment by the public,

5) the preservation of some areas of the Reef in its natural state
except for purposes of scientific research.

Three bodies play specific roles in developing and/or approving
policy for proper management and conservation af the Great Barrier

Regf, These are:



1} a Queensland - Commonwealth Municipal Council,
2) a4 three-member governing Authority,
3) & 15-member Consultative Committee.

It seems that much is being done in Australia in the way of policy-

making and management of coral resfs.
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OBJECTIVE

The objective of this study is to see 1f science and scientists
play a role in policy formeétion and management or how science is used
in the development of pelicy which can ultimately be used for an
gffective management plan. This invoived examining what scientists
are doing and have done, determining if they have been effective, and

if not, why not?
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HYPOTHESIS

During the course of this study, a general hypothesis was
evajuated:

"Scientists do not play a role in promoting or

encouraging science as a means ¢f changing attitudes

and opinions of management and the public so as to

influence public policy and ultimately environmental

management."

Concernad laymen claim that managers have often ignored science
in efforts to serve davelopment-minded clientele. [s this true? And
if so, can one parhaps foresee the role of the scientist changing from
one who only "seeks truth and knowledge" to one who also is concerned
with the utilization of this knowledge in policy matters for

management plans through direct intervention as an advisor or

activist?



METHODS

A case study approach using coral reefs was taken which was
supplemented by questionnaires completed during interviaws.

Management plans exist for coral reefs in such areas as
Australia’s Great Barrier Reef {Salm and Clark, 1984): Jamaica’s Ocho
Rios Marine Park System [Mailer, 1984); Anguilla {Jacksen, 1981); St.
Croix’s Buck Island {(DOI, 1983); the Netheriands Antilles including
Bonaire {(¥an't Hof, 1982) and Curacao Marine Parks (Yan't Hof, 198%);
Puerto Rico’s La Parguera National Marine Sanctuary (DOC, 1983); and
several of the Florida reefs such as Key Largo {DOC, 1979) and Looe
Key Marine Sanctuaries {DOC, 1983). The use of science in development
of these plans was examined,

The management plans of the individual reef areas wera thoroughly
analyzed. The extent to which natural resources of the marine park or
sanctuary were described, and the uses, impacts, and objectives of the
nlans were evaluated. The use of science in management was examined,
particularly as to whether primary or secondary sources were employed.
The case studies reviewed the scientific justification for policy
and/or management approaches ang tried to determine how this
information was transmitted to the pglicy defimers or managers. In
other words, what is the source of science used for management plans
or policies? Is it from primary, referged, literature, management-
orientaed "grey” literature reports, or popularized articles? Do the

interpretations come from scientists themselves, or are they evaluated
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by scientifically trained bureaucrats? Is there a relationship

between expected results published in the scientific literature and

actual mapagement plans? How the management plans were developed,
whether or not they are effective, and what recommendations can be
made for improvement were the subjects of analysis. Particular
attention was paid to developing examples of how scientific
intaraction has rasulted in specific regulations or policies.

Interviews made up the second component of the study. In aorder
to evaluate the general hypothesis, an attempt was made to evaluate
the following ten sub-hypotheses, or propositions:

1} If scientific research is "pure” or "basic,” then the results will
not be dirvectly utilized.

2) The mere formal aeducation ona has, the more one will utiljze the
scientific information relevant to policy-making and/or management
decisions.

3} Scientists in natural resource fields do not give advice that has
applicability to immediate problems in managezment. ‘

4) Scienptific advice is sought from research personnel} to gain
support for opinigns and cbjectives rather than cbtain unbiased
advice on management choices.

51 Scientists are not "actively" involved in influencing public
policy.

6] Scientists invalved in management decision-making violate the
scientific ethic of avoiding bias in their actions.

7) Research reports are often written in language that neither
"managers" nar the "public” can understand.

8) Scientists saldom communicate their knowledge to the public

effectively.



9) Scientists feel that they should not concern themsalves with
attitudes, values and beliefs the public has towards management of
resources, nor do they feel it is their "duty" to change them.

10) Scientists feel that their role is only to seek knowledge and
truth; that they are not qualified to make value-judgements.

A pilot test was given to one individual from Jamaica, one
individual from Puerto Rico, and 1& individuals on the staffs of the
Virginia [nstitute of Marine Science (scientists) and the Virginia
Marine Resources Commission [managers}. The results of this pilot
test were used to develop the test wehicle.

For each of these 10 sub-hypotheses, guestiaons {(both close-ended
and cpen-ended) were developed for use during interviews. The
interviews consisted of asking 10 open-ended questions followed by 50
close-ended statements {see Appendix A). One must note here that
these sub-hypotheses were basically statements which provided the
relative framework for the study and were not necessarily proven or
disproven. But they did, when considered with the results of
questionnaires and interviews, help to determine the attitudes of
scientists and managers in environmental management and policy. Also,
they did assist in evaluating how the various individuals perceived
the role of the scientist. Tha close-ended questions allowed the
opportunity for statistical analysis. Open-ended questions allowed
the interviewer to probe far the reasons why scientists and/ar
managers made their respanses.

Structured interviews were conducted with a numbar of scientists
and managers responsible for marine environmental policy formation.
Thus, the primary data for this portion of the study were coliected by

interviewing individuals who were or are presantly playing an active

I



role in the davelopment of coral reef policy and those active or
formerly active in coral raef research,

Thirty-six individuals were interviewed (18 managers and 18
scientists). The interviews lasted between one and four hours per
person, the majority running two hours {see Appendix B). Raspondents
classified themselves as scientists or managers. The respondents were
chosen from different categories aof employment, with varying degrees
of experience and education in their backgrounds (Tables 1 and 2].

Personal interviewing was the preferred methad of collecting
data. Due to the nature of the information sought, it was felt that a
patential respondent might not understand a mailed questionnaire. It
was also important for Lhe interviewer tg have the opportunity to
perceive any kind of possible resentment and reduce its effacts.
Because responses to the questionnaire were obtained during trips to
Washington, D.C., and various places in Florida, [ was able ta
evaluate and gain considerable insight as to how interviewees perceive
the role of the scientist. The probes allowed for much discussion and
better rapport which proved to be invaluable for interpretation of
data. Most individuals responded with openness and no apparent
constraints., Confidentiality of specific statements made by specific
individuals bhas been respected. As desirable as face-to-face
interviews were, a few telephone interviews were necassary.

An interview schedule with pertinent questions was prepared to
structure the interviews so that information obtained on the
hypothesized factors was as uniform as paossible. In order to be as

consistent as possible, I conducted all the interviews.

16
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A search of Envirvenmental Bibliography (which covers fields of
general human ecology, atmospheric studies, energy, land rescurces,
water resources and nutrition and health; with more than 300
periodicals indexed from January 1974-March 1986) indicated 303 papers
published on the subject "coral™ {including coral reefs, coral reef

management and/or impacts}. Four hundred and seventy different

authors presented papers at the Progeedings of the Fourth
International Coral Reef Symposiym in 1981, Based upon these figures,

[ estimate the number of scientists and mapagers publishing in the
area of coral reef ar coral reef management at 300-600 individuals,
My sample size of 36, therefore, probably represents 6%-12% of the
population. [ consider this a "good" sample. With this large sample
size to population size ratio, I can confidently assume that another
sample of equal size would give similar responses,

Appropriate statistics such as chi-square (Ferguson, 1971} and
Lixert mean scares (Blalock, 1974) were used to evaluate responses to
close-ended questions. The reliability of Likert scales as & method
of measuring attitudes has been shown to be high {Murphy and Likert,
1938; McNemar, 1946; Poppleton and Pilkington, 1964}. In this method.
a2 large number of opinion statements on a given topic are collected
and phrased in such a way that they can be answered on a five-point
scale. This procedure is based on the assumpticon that all of the
items are measuring the same underlying attitude. As a consequence of
this assumption, it follows that all items should be positively
corralated, which may impose constraints. A number of variations have
gained wide usage. One variation is to eliminate the "undecided"
category {which was done for this study), thus forcing respondents te

choose between favorable angd unfavorable stances {Oskamp, 1977). The
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null hypothesis states that no actual differences exist between the
abserved and expected frequencies. The chi-sguare distribution is
used to test significance of the null hypethesis. Responses may he
reduced to a 2 x 2 table in order to test significance of chi-sguare.
This procedure has been adopted for this study and considered
legitimate. The procedure for testing the significance of the
difference between Hoth independent and correlated proportions was
adopted (Ferguson, 1971).

The discussion and analysis of the responses are presented in the

farm of arguments for and against the stated hypothesis.



RESULTS

Analysis of Questionnaire

Tables 3-12 summarize the responses given to questions by
environmental managers and scientists under each of the 10
propositions., Calculations of chi-square for each of the questions as
well as Likert mean scores for appropriate questions are tabulated.
No significant differences were detected between attitudes of
scientists and managers for all but three questions, numbers 28, 3]
and 42. The probes, howaver, lead to discussions during the
interviews which revealed marked differences of opinions, attitudes
and beliefs between scientists and managers.

The following are the results of the discussions of each

proposition by scientists and managers.

i1] cientific Resea “Pure" Qr "Basic". Then The Results

Will Not Be Directly Utilized

The null hypothesis that no significant difference exists between
attitudes of scientists and managers cannot be rejected {Table 3).

Managers and scientists gave similar opinions as to why they
considered thera to be a difference between "applied” wversus "basic”
research. "Basic" rasearch was thought to be "investigating questions
far purely academic reasons, science for science's sake, searching for
answers to questions for the purpose of scientific discovery. 1t is a

satisfaction of intellectual curigsity about a process with no vested
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intarests nor motives and with no applicaticn, material gain, nor
guidance. It is the freedom to wonder and pursue any study.”
"Applied" research was thought "to have immediate application, with a
specific reason or problem that requires a specific end product. The
problem is previously defined, and the answers will be immediately
used t0 provide a benefit to scciety." Mapagers added that it deals
with management issues and is "directed research with a directed
application.”

Quite a few scientists and managers {61%) (Table 3, Question 2)
believed that scientists involved in "pure" research are interested in
how their research will eventually be applied. 0ne reasgn given was
that scientists have an "ego"; they want their work to be of some
value or use so that it will not be forgotten. Some managers believed
that "even though "pure" scientists are interested in having their
work appliied to management problems, it is naive an the scientists’
part to think so, because "pure” research usually is not applicable.”

Scientists (72%) and managers (78%} (Table 3, {Juestion 1} both
find "grey" literature useful, and when there is scientific criticism
aof a management proposal, management agencies will take account of the
"applied" research. "Pure" research usually would not be considered
by management. Managers felt that there usually was not any
criticism, and if there was, additional information, if valid, would
just be incorporated into the plan without any further research.

Despite its recognized usefulness, certain weaknesses or concerns
regarding "grey" literature were expressed by respondents. These
concerns were: lack of scientific or technical rigor, lack of wide
circulation, lack of accessibility, and imabi.ity to Tearn of its

existence. Despite criticisms of lack of scien. “ic rigor, saome

23



managers felt even "grey" literature was often too technical and
therefore difficult to read.

There was general consensus on this question. [In general, the
responses given by both s¢ientists and managers support the
proposition that "pure" research is not usually directly utilized.
This is accounted for by the definitions given, by the importance
given to "grey" literature and "applied" research to management and by
the attitudes and reasons given as to why "pure” scientists are
interested in the application of their work. A minority expressed the
opinion that only a fine line exists betwean "basic™ and "applied"
research, for it is a continuum. To them there should not be a
dichotomy; for if research is posing guestions and using the
scientific method, there should not be a distinction between "basic”

and "applied" science.

[2] The More Formal Education Qne Has, The More One Will Utilize The
if mation R nt To P -Makin nd/0r
Management Decisignsg

The null hypothesis that no significant diffarence exists between
attitudes of scientists and managers cannot be rejected {Table 4).

Both scientists {55%) and managers (33%) that agreed with this
statement gave essentially similar reasons in response to the probes
{Table 4, Question §). Experience was considered more important than
formal education. In fact, some managers believed that advanced
training can be ap impediment to the utilization of science in

management because the advice would be too narrow and limited. This
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propositicon or sub-hypothesis was refuted by the answers given by both

managers and scientists.

[3] ientists In Natural Resource Fields Oo Mot Give Advice That Mas
Applicgbility To Jmmediate Problems [n Management

The null hypothesis that no significant difference exists in
attitudes between scientists and managers cannct be rejected {Table
5},

Scientists and managevs {89%) thought that research on the
applications of science is a valid and proper role for the scientist
(Table S, Question §). Most believed that one is a scientist whether
involved in "basic" or "applied" rasearch,

Management decisions are thought te be influenced both by an
individual scientist’s work and the work done by the scientist’s
peErs.

If the scientific study is designed specifically to direct
management and if scientists communicate their data to the managers,
then it was thought by more scientists {94%) than managers [72%) that
scientific research helps solve some of the immediate problems in
management [Table 5, Question 8),

Though most scientists felt that ideally they should volunteer
advice or criticism an a management plan, especially if it goes
contrary to their findings, they were still hesitant to do so. Their
concerns werg that once a plan is approved, it is too late to do
something about it because managers will not listen at that point.
Scientists only Tike to get invelved with issues about which they feel

strongly. Managers seemed to be bathered that scientists do not get
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involved from the beginning by giving their vecommendations, yet
complain about the plans at the end when an "institutional” decision
has been made.

Most managers (67%) and scientists (72%) agreed that it is not
the function of research scientists to develop their findings into
management practices, rather it is the task of management agencies,
for they felt that scientists are not trained to do so {Table S,
Guestion 11).

There was almost unanimous consent [100% scientists and B89%
managers) that all research is not gearsd towards "real world”
problems, nor should it be (Table 5, Question 12). The most common
response was that scientists should be given the academic freedom to
pursue any subject. Otherwise, digtating what study should be done
was thought tc be detrimental to independent thinking and creativity.
In addition, some respondents felt that it would be impossible to
dafine what a "real world" problem would be. All research was
believed to have value, and at times the greatest advances were made
in areas of research thaught to be of least importance.

Although one cannot strongly accept or reject this proposition,
the interviews seemed to indicate that advice to solve immediate

problems in management is not often given by scientists.

[4] Scientific Advice Is Sgugcht From Research Persgnnel By Managers

Te Gain 5u Far Opinions And Objectives Rather Than Obtain

i d Advice Management ices

The null hypothesis that no significant difference exists between

attitudes of scientists and managers cannot be rejected (Table &).

2H
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There was no consensus as to whether or not managers constantly
demand scientific information and knowledge from scientists to use in
policy-making and management decisions. Some scientists (29%) (Table
6, Question 13} thought that managers asked c¢onstantly, others thought
they asked occasionally. Those scientists who did not mind being
asked felt that they are not often asked because managers either did
not trust them or did not want interference. Other scientists minded
being asked when they were not interested in getting involved.
Managers in general felt that scientists do not mind being asked, but
when guick answers cannot be given by scientists, they must make
decisions without scientific input.

While developing a management plan, managers consulted project
planners and "applied” scientists more sa than "basic" scientists.
Engineers were rarely consulted. Much depended on the project itself
and the manager’s background. Managers felt that many scientists did
not help them in long-term planning, rather they proposed research
topics that interested the scientists themselves,

There was no clear-cut consensus as to whether or not unbiased
information was saught to shed new Jight on management problems or the
information sought from scientists was to support the manager’s
opinion. Some scientists believed that unbiased advice is taken,
other scientists disagreed. Others admitted that due to time
constraints and politics, a manager may have a preconceived idea and
seek sciantists who will support institutional desires.

There is no coenclusive opinion on this propasition, If
scientists are consulted, which does not seem to be often, at times it
may be to support the manager’s cpinion and at other times to gbtain

unbiased advice.
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(5] ientists Are Mot "Actively” [nvo) n_Influenci Publi
Policy

The null hypothesis that there 15 no significant difference
between the attitudes of scientists and managers cannot be rejected
{Table 7).

Through discussions held with interviewees, four models of
participation in policy-making were identified:

1) active involvement in all three phases,
2) lesser invalvement in later phases,

3} passive involvement in initial phases,
4) no involvemant in any phase.

Some believed policy-making is outside the domain of expertises of
the scientist. Others believed that so long as scientists do not lose
their integrity and credibility, they should not be excluded from the
orocess. Otherwise, it was felt that without scientific input,
decisions would only be based on politics and economics.

In general, more managers (78%} than scientists {56%) thought
that scientists concerned themselves with influencing policy (Table 7.
Question 20). Managers felt that scientists could be very opinicnated
and should at times make strong statements as a social obligation.

Most scientists (88%) and managers {B84%) agreed that it is not
appropriate for scientists to represent themselves as experts in an
area not directly in their field of experience during formal
proceedings invelving policy matters (Table 7, Question 19). The main
objection was that there would be misinterpratations of scientific
facts. 1t was thought that getting involved as citizens would be more

apprapriate.
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Scientists and managers expressed different opinions as to how
actively scientists are or should be involved in public policy. [t
seems that scientists are more often invelved in only certain phases

of public policy than in all phases.

[6] Scientists Involved [p Management Decjsign-Making Y¥iglate The

Their Action

The null hypothesis that no significant difference exists between
attitudes of scientists and managers cannot be rejected (Table 8).

Scientists and managers unanimously (100%} agreed that when
managing a resource, not only must the scientific information relevant
to the natural resource be considered, but cultural, seocial, economic
and political factors are also of importance (Table 8, Question 21).

Almost all respondents agreed that they must "manage people" as
well. Three separate approaches to management came about from the
discussions:

1) educate or guide people passively,

2] indoctrinate people unfamiliar with the resource,

3) force upon people certain ideas pertaining to the values of
resources,

Mo matter what term was used, all agreed that "something must be
done to meet management goals." "“Without recognition and respect,
goals and objectives can be useless.”

Most scientists [94%) and managers {[78%) thought that scientific
research involves adhering to a set of scientific ethics or codes
{Table 8, Question 22). When asked what these ethics are., the main

respanse was honesty. Other responses included:

kR
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1} unbiased presentation of data,

2} seeking the truth,

3) adhering to the scientific method,
4} reproducibility of work,

5) openness and integrity,

6) obJjectivity and accountability,

7} conducting original research,

8) curiosity,

9) not misusing funds for research.

These ethics were thought to have been derived historically from
common law, western civilization and Greek philosophy based on
rationality, and through common sense and past experiences.

Respondents mentioned two forms of motivation., External
motivation includes factors such as peer pressure. Internal
motivation includes interest in one's work, making a living, being
conscientious and honest, desiring to advance knowledge, and making a
pasitive contiribution to society. Achieving self-worth, self-esteem
or acceptance were other motivatigns, all of which require one to have
self-motivation and self-discipline.

At the opposite end a minority of managers {22%) and scientists
{6%] thought that scientific ethics do not exist (Table 8, Question
22). "That cne need not have ethics to bhe a scientist, for it would
be too rigorous." They contended that "it was not uncommon for a
scientist to manipulate the data for desirable results, especially in
applied research."

A few scientists [6%) and managers (17%) were of the opinion that

scientists viclate scientific ethics when invelved in management
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decisions because often the scientific method must be compromised
[Table 8, Question 23).
Although most respondents said that scientists do nat have moral
authority, a few thought they do because scientists possess knowledge.
when asked if scientists are torn between scientific ethics and
palitical ethics, the responses were:
1) they are not, because both are the same ethics;
2} they are not, because being different ethics, there should be no
conflicts;
3) scientists have convictions, whereas politics is the art of the
possible whereby compromises are made by politicians.
For the most part, from the responses given, one may reject the
proposition that scientists involved in management decision-making

vlolate scientific ethics.

(7] Resear aorts Are Written {n Lanquage That Neither

Managers Mor The Public Can Understand

Two questions, numbers 28 and 31, were answered differently by
scientists and managers. For all other statements, the null
hypothesis that no significant difference between these groups exists
cannot be rejected (Table 9).

Though scientists are thought to be involved in more than one
project at a time, rarely are the projects significantly different
from each other. A majority of respondents (B9% of the scientists and
73% of the managers) agreed that scientists are not able to keep up
with the most recent literature in areas in which they are not

actively working, though they have a better grasp of the scientific
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Titerature than non-scientists (Table 9, Question 24). Scientists try
to keep up with the Titerature by reading jourrnals, attending
professional meetings and conversing with colleagues.

More managers {89%) than scientists {72%) thought that most
research reperts can be read and understood by scientists (especially
if it is within their field}, Only 17% of the scientists and 39% of
the managers agreed that managers could understand most research
reports (Table 9, Questions 25, 26). Though scientists believed that
managers with scientific backgrounds should be able to read and
understand the reparts, managers complained that at present, the way
reports are written, they cannet read them. Both groups suggested two
reports, one for the technical person and one for the manager, should
be prepared. Managers felt that though executive summaries were
available, they were often not well written. One hundred percent of
the scientists and 88% of the managers thought that most research
reports cannot be read and understood by the public simply because the
pubtic s not scientifically literate {Table 9, Question 27)}.

There was disagreement between scientists and managers as to
managers’ comprehension of the language used in research reports.
Eighty-nine percent of the scientists as compared to 50% of the
managers were of the opinion that managers cannot comprehend the
Tanguage of the reports {Table 3, (Juestion 28). A manager’s ability
to comprehend scientific reports depended on whether or not:

1} managers have had scientific training,
2) the report is geared for the manager,

3) there is direct communication between scientists and managers.

38
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Almost all respondents agreed that disciplines involving
extensive calculations such as mathematics, engineering and physics
were the most difficult to understard.

Though 94% of both scienptists and managers thouyght that it is
appropriate te describe the statistical analysis for material
published for the scieptific community (Table 9, Question 29), a
smaller percentage {scientists 61%; managers 78%) thought it was
appropriate for managers {Table 9, Question 30). Respondents thought
it was critical to include statistical analysis far other scientists
because statistics demonstrate:

1) the limitations of the study,
2) wvalidity and reliability,
3) how conclusions were derived.

There was no consensus as to the importance of statistics to
managers and the public. Some thought statistical analysis should be
included as an appendix, Othars thought that statistics would just
complicate the issue; there should just be trust that the statistics
were done.

There wias also a difference of opinion between scientists and
managers as to whether or not scientists qualify the results of their
study too much. Eighty-three percent of the scientists compared to
44% of the managers thought that scientists do not qualify the results
of their study too much {Table 9, Question 31). Managers wished that
scientists would just give their best judgement without pursuing it
further. Scientists felt more comfortable qualifying their results
since they usualiy did not have enough data to be absolutely accurate
ar certain; they also felt that "scientists must point qut the
limitations of their studies because there are no ultimate answers and

much research is inconclusive and uncertain.”
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The results support the proposition that research reparts are
often written in language that neither managers nor the public can

understand.

[8] Scientists Seldom Communicate Their Knowledge To The Publi¢
Effectively

The null hypothesis that no significant difference exists between
attitudes of scientists and managers cannot ba rejected (Table 1Q).

The majority of scientists [78%) and managers (94%} were of the
opinion that sclentists seldom communicate the knowledge of their
particular research to the public {Table 10, Question 33), and even
when they do, 100% thought that it is not always effective and/or
adequate (Table 10, Question 35). Some respondents felt scientists
should communicate better while sthers felt they should not have to.

The reasons given for the need for better communication by
scientists wera:

1} knowledge that is of concern and interest te the public should be
communicated so that the public can make use of the infermation,
and the more informed everyone is, the better it is;

2) since the public pays for science, they should know what they are
paying for:

3} it is a professicnal respensibility, especially if it is for
public decision-makers.

The reasons given as to why respondents thought scientists should

not communicate their knowledge to the public were:
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1} science is too complicated for people to understand;

2) unless the facts are fully explained, they may cause alarm and
fear;

31 if scieptists were to communicate directly to the public, they
would lose their credibility;

4} managers should communicate science te the public;

5} only "applied” scientists, not those scientists involved in
"basic" research, should communicate their results to the public;

6) generally tenure is achieved by evaluation of sclentists’ research
and the amount of papers published, not by communicatien af their
knowledge to the public;

7) there are time constraints; it takes time away from research,

When asked if it 1s important to communicate effectively, some
respondents thought it was; otherwise there would be no purpase for
the scientist’'s knowiedge, and research would be a waste of time.
Other respondents thought that if scientists had communicated
adequately and effectively to the public, a lot of the environmental
problems we have today would not exist. A few respondents thought it
is neither important nor an obligation for the scientist to
communicate effectively to the public, only to ather scientists and
managers. In fact, one scientist claimed that it was hard to
communicate with "idiots™ in the audience, perhaps it was the fault of
scientists or society, but that there were no simple answers.

Some halieved that even though scientists should communicate
effactively, they do not know how, for scientists are not trained to
be good communicators nor do they realize they need to be.

When asked what they thought the communicaticen respansibility of

the scientist should be, two opposing viewpoints were given. UOne



schoal of thought was that "it is the moral cbligation, duty or
responsibility of the scientist to communicate knowledge and
understanding to managers and to the public in laymen’s terms.
Decision-makers need to know the facts and if not individually, as a
community scientists should advance knowledge and spread it if they
arg at al) serious.”

In contrast, there were others who thought that "the scientist’s
responsibility is over with the publication of peer-reviewed
literature.” A few respondents thought that there is mistrust between
scientists and managers, and it is not appropriate for scientists to
seek the managers or present themselves to the public.

Amongst those scientists who do communicate with the public,
there was a consensus that television was the best form of
communication to reach tha masses., The newspapers were considerad the
worst because their accuracy was questionable. Pubiic lectures werae
also thought to be effective because of the personal contact,
interaction and immediate feedback from the audience. Other
suggestions for transmitting information were: slide presentations:
speaking engagements with special interest groups like the Audubon
Society or the Sierra Club; offering workshops te teachars; short
courses for senators or other government officials; testifying or
reading before a congressional group; writing brochures; popular
articies in magazines; books; making posters, films, and calendars:
giving television and radio talks; and, video games for children.

One scientist summed up the situation by saying "Scientists
should get mare involved in such matters because it gives them a
chance to get out and communicate to the public, but unfortunately a

lot of them are hypocrites or introverts; they say communication is
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important, but do not want to do anything themselves. 1t is always
tha exception rather than the rule; it is only the better
communicators or the well-known sciantists that expose themselves."

In conclusion, the proposition that scientists seldom communicate
their knowledge to the public effectively is strongly supported,
whether it is thought they should or should not.

{91 Scientists Fee] That They Should Hot Concern Themselyes With
itu lugs A liefs T ic Has Tow Th
ign Mar} ¥ ment, N Th e is
Their Duty To Change Them

The null hypothesis that there is no significant difference
between the attitudes of scientists and mamagers cannot be rejected
(Table 11).

Sclentists and managers believed that:

1} only some scientists know the attitudes people have toward
protecting the marine envirenment {Tabkle 11, Question 36},

2] almost all managers knaw (Table ll, Questign 37);

3} managers know much more about attitudes than sciemtists {Table 11,
Question 38);

4) manaqers are more concernad with attitudes, values and beliefs the
public has towards the marine environment than scientists {Table
11, Questions 39 and 4Q).

It was believed by some respondents that scientists know
attitudes people have by contact through pubiic hearings, seminars and
lectures, Some respondents believed that managers know more because

they deal with the public and "people problems" as part of their jobs.
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The reasons given by respondents as to why managers should be
concarned about public attitudes were:
1) it is necessary to their work;
2) it is necessary for the public good;
3} without it laws do not get enforced, and viclators do not get
prosecuted.
More reasons were given by respondents as to why scientists
should be concerned:
1} to get money and support for research from the public;
2) scientists ought to be concerned with public opinion and secial
needs:
3) if sclentists have the knowledge, they should transmit it for the
good of the pubiic as a professional responsibility;
4) knowing the public¢’s attitudes can help scientists give better
advice;
5} scieptists should educate society as to the need to preserve
resources as an ethical and moral obiigatien;
6) by knowing and being concerned about the public’s attitudes,
sciantists can change public attitudes if need ba.
Others believed that scientists should not be concerned ahbout
public attitudes because:
1} scientists have no time;
2) scientists do not know how to change enyiroenmental attitudes;
3) scientists are not interested in values and beliefs the public has
towards the protaction of the marine environment;
4) public opinton must not dictate scientific research;
5) scientists do not have more respansibilities than any other

citizens.
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In conclusion, even though the majority of the respondents felt
that scientists should know and be concerned with attitudes, values
and beliefs the public has toward the marine environment, at the
present time they do not. It seems that it is the manager who is
sxpected to know and be concerned. Therefore, the proposition cannot

be rejected.

[10] Scientjgts Feel That Their Rola Is Only To Seek Knowledge And
[ryth, That They Are Mot Qualified To Make Value-Judgements

The null hypothesis that no significant difference exists between
attitudes of scientists and managers cannot be rejected for all
statements but one under this proposition (Table 12).

This last proposition was written to find put exactly what the
role of the scientist is or should be. The ultimate question was
posed to interviewees at the end of the questionnaire as to what they
perceive the role of the scientist to be in our society, and
specificalliy what it is in marine environmental policy and managament.

Approximately half the scientists (55%) and managers (44%)
thought that scientists are not effectively involved in present
environmental management efforts (Table 12, Question 41). There was
no real difference of thoughts between respondents that agreed or
disagreed. The difference was whether they thaught scientists are
prasent]y involved or whether they should be more involved in the
future.

Those scientists who thought scientists are not effectively
involved felt there is an uncaring attitude by managers, more science

should be used, and maragers should involve scientists in the
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development of management plans. Even though scientists merely
influence decisiens whereas managers make the decisions, it was
thaught the scientists have the knowledge and the ability to apply
such knowledge to management issugs.

Some managers who alse agreed that scientists are not effectively
involved thought more scientists should be involved officially because
a lot of them have good information that could be used, but it is
always the same group of scientists communicating with managers.

Other managers thought scientists are effectively involved.

Scientists are thought to be major proponents of environmental policy,
and managers and politicians want them to be involved. Scientists
sarve on committees and advisory buoards, and managers are giving
workshops to get scientists more involved. A few managers would like
to see scientists not only acting as advisors but as advocates as
well,

The majority of scientists {66%) thought that scientific
involvement in environmental management in the process of policy
implementation is not appropriate (Table 12, Question 42}, nor is the
surveillance and policing of palicy implementation (95%) [Table 12,
Question 43). But 67% believed that scientists presently have a Say
in the development of regutations or laws pertaining to management of
our natural resaurces {Table 12, Question 44). Seventy-eight percent
of the scientists {Table 12, GQuestion 45) also thought that it is
appropriate for scientists to get involved in the development and
delivery of educational, recreational and interpretative programs for
the general public. Sixty-two parcent of the scientists thought that
the scientist also has an important role in monitoring management

plans (Table 12, Question 48). One hundred percent of the scientists
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believed that scientists can be effectively involved with several
different roles (i.e. advisor, educator, investigator) at the same
time (Table 12, Questian 47).

Managers®’ opinions differed in a couple of cases only. Seventy-
two percent of the managers thought i1 is appropriate for scientists
to be involved in the process aof policy implementation (Table 12,
Quastion 42). Also, not as many managers (50%) (Table 12, Question
46) felt that scientists have an important role in monitaring
management plans. All other opinions c¢r attitudes did nmot differ
significantly.

Respondents wha felt that scientists should not be involived in
the process of policy implementation helieved that by that time it was
too late, they should have already been involved prior to that stage.
They thought it would be a waste of time because by them there was no
longer a need for sclentists. Yet one scientist thought "there should
be more involvement at that stage, ctherwise bureaucracy would make
the dacisions based on those pecple who make the most noise, such as
hig business and money, those who have no concern for natural
resources.”

Most respondents thought that surveiliance and policing is a
misdirection of a scientist’s talents. If as a citizen they happen to
be at a scene where & violation is done, then it is fine to qet
invelved; otherwisa it is the function of managers. Researchers do
not have a regulatory responsibility to prosecute people.

Even though many respondents felt that sclentists have a say in
the development of laws and reguiations, whether it be through the
formal review process, hearings, advice giving, or making

recommendations, “"rarely is scientific evidence incorporated into



regulations unless it is in agreement with preconceived notigns the
public, politicians or other interest groups may have." "Only 25%, if
not less, of the scientific information is considered., Ultimately it
is the manager or the politician that has the final say, and they do
not want scientists to impose their views.”

Getting involved in different educational, recreational or
interpretative programs was approved by scientists in gemeral if it is
done in an advisory capacity. Scientists felt they could add accuracy
to the programs. Some managers thought that it would be overburdening
scientists, Managers thought scientists should get involved only if
scientists are interested or required to do so by empioyment, but not
as a moral obligation.

Many scientists and managers thought that meonitoring management
plans is out of the realm of the scientist’s role because the
scient1st does not have the time to do it on a daily basis. The
scientist can evaluate the plans but should legave the monitoring to
the manager. B8ut some thought it was an important role because the
scientist is the one with the knowledge and the supplier of
information pertaining tg changes occurring in the natural system, so
he/she should be obliged to monitor. A third category thought that
even though the scientist should moniter, the role does not exist,
that there is no system to provide feedback, nor anyone to see if the
plan is warking or not.

Bath scientists and managers thought that "scientists can be
effective in more than one rocle; perhaps not equally effective in all
three, {i.e, advisor, educator, investigator) all the time, but with a
lot of work, inventiveness, and dedication, the good scientist can

perform well in all respects.”
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The majority (78%) of scientists and managers thought that when
addressing the public on important issues, the sole responsibility of
the scientist 1s to provide factual knowledge and understanding, net
value- judgements {Table 12, Question 48}.

Some scientists believed that "communication should be restricted
to the understanding of scientifi¢ facts; if not, it can be lethal to
the scientist. The system has evolved in such a way that scientists
are afraid to advocate, impose their values on others, or become
emotional in any way." A second school of thought consisted of
scientists who believed that scientists should communicate their
value- judgements. They felt that facts are not enough, and there is
nothing wreng in expressing value-judgements, so long as they are
separate from the facts. "Since scientists have the best information
on which to base judgements, they have an obligation to give short or
long-term forecasts with probabilities.”

Managers were divided on this issue. Some thought that
scientists should remain factual, aobjective, and unbiased, not
"santimental”, and therefore should not offer value-judgements. Other
managers thought scientists must interpret facts, and if they are
indead knowledgeable and responsible, should also present value
options. They believed scientists should be entitled to an educated
opinion. One manager balieved that the reason why scientists do not
wish ta give judgements is because they feel uncomfortable in doing
so. He said "It is not part of their training, which is a lack of
education... scientists think that by giving value-judgements they are
deviating from scientific ethics.”

It was with difficulty that scientists and managars responded to

the statement that the scientist's role is ane that goes beyond



seeking the truth, for they had not previously thought about it. More
mandagers (834} agreed with this statement thanm did scientists {56%).
There was a difference in attitudes between these groups (Table 12,
Question 43).

Most respondents were of the opinion that "thaere is no absolute
truth in science, nor can it ever be reached.” "“There can only be an
pperatignal truth based on accountability with the theoretical
knowledge available, other than that absolute truth does not exist in
our mortal existence." "It is a matter.uf either accepting or
rejecting a hypothesis." A few respondents thocught that "being an
educated member of society, the scientist should not only seek the
truth, but deliver it, if social progress is to be made of it." It is
thought that "since science is to disprove the truth as we know it,
reaching an absolute truth would be the end of science."”

Tha last statement in this proposition and guestionnaire 1is
perhaps the most important in that it summarizes the essence of this
theme as to what exactly the role of the scientist is or should be.
One hundred percent of the scientists and managers agreed that the
scientist plays a role in the discovery, development and dissemination
of knowledge (Table 12, Question 50}.

It was apparent from the discussions held with the scientists
involved that most scientists believed that even though the scientist
does take part in all three phases of discovery, development and
dissemination of knowledge, the discovery and development phase was
considered te be a more important role. The majority of the
scientists thought that "the primary role of the scientist is one who
provides accurate factual information." "By discovering knowledge and

truth about natural or physical phenomena, the scientist increases our
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understanding of it and expands the horizons of truth and knowledge."

Only a few added that "it is also important to synthesize this

information and disseminate it widely to the public.”

Every scientist agreed that the specific role of the scientist in
management and pelicy is to give advice; what differed is the degree
and the time of invelvement.

Two opinions existed:

1} The scientist is not only a supplier of facts, but an evaluator of
policy, who is involved especially in the eariy phases of policy
development. Since most plans are written by managers or planners
who do not have a streng background in science, the scientist is
the one who deciphers the information to be used in the plan if it
is at all to be properly and scientifically managed.

2) The scientist should be more invalved in all phases of policy and
management planning, even though the plam is not a scientific
document.

Better communication between scientists and managers seemed to be
thought essential by scientists, and a suggestion was made that
perhaps we need a 1iaison person between the scientist and the manager
whereby management needs can be communicated to the scientist and the
scientific information can be transiated to the manager.

Most scientists felt that the present role of the scientist is
clase to what it should be, although there were a few scientists who
believed differently.

Two contrasting schools af thought existed amongst scientistis as

to what the role of science and sciantists should be,



The first school of thought held the opinion that "the scientist
should alter the quality of life for the betterment and good of
society, applying scientific knowledge to the human condition." "The
scientist should also be more of an educator and communicator of
science, one who enlightens people in order to protect our natural
resources." These scientists also thought that "it is important to
have a more holistic rather than reductionist view of environmental
problems and to give judgements even though there may not be positive
reinforcement to do s50." There is also a need for ethical
imperatives, for some think that "the scientific community is too
isolated and introverted." "If there was public pressure to know more
about the environment, initiated by scientists, it would help because
noliticians are swayed by public opinion." "Scientists should not be
cynical and helg solve envirenmental problems since most wrongs are
dona due to ignorance." "It should be a moral obligation to do sol"
said another scientist., It is thought that "scientists should voice
their opiniens through position papers for Washington, 0.C., attend
national meetings, contact environmental groups and "“leak out®
informatiaon to them, phone Gavernors, exprass value-judgements cpenly
and freely, educating our self-centered society." But unfortunately a
few scientists concluded that "most scientists are not humanitarians.”

In contrast, there were a group of scientists that had quite
opposite attitudes. They believed that their role as educators
"should be only to educate future scientists.” "If thay are to
communicate to the public, it would only be to have continuing support
and funding for their research.” The comment was made that maybe "the
public should know what they are getting for their money." "A

scientist needs to be ethical, only as far as using research funds



respansibly since science does not come cheap." Some scientists also
felt strongly that "it is nat the rele of the scientist to communicate
or push their ideas, or even be cgoncerned with attitudes people have
toward the environment, for one cannot and should not be a scientist
and an advocate at the same time.”

Managers, like scientists, were also under the opinion that
scientists play more of an important role in discovery and development
of knowledge rather than its dissemination. Generally speaking, the
role of the scientist was thought to be "to explare new frontiers of
discovery searching for new answers.” "The scientist is the provider
of information to help better understand pature.” "The scientist
should provide factual information to society, particularly te
decision-makers and educators”. "In addition %o pursuing knowledge,
scientists should ba an instrument for social and public utility, for
humane purposes and for the progress of society.”

Managers held simijar viewpoints as to what the role of the
scientist is in management and policy. Many managers thought that
"the scientist should communicate knowledge pertaining to management
plans to the manager." Alsa, "to interpret and simplify research
results so that managers can actually use it." "Science shouid be
given more respect." Many managers believed that "grey" literiture
and personal communications were more often used in plans than "pure”
Yiterature. Managers also thought that "not only should research be
more linked to answering critical mamagement questions, but the
scientist should also develop the binlogical impacts of alternative
management decisions.” Managers wished that scientists would write
papers useable by managers and the public, not just for their peers.

Managers realized that “the scientific community puts restraints on
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~scientists, they have traditions to follow so it is not always their
fault.” “They have to publish or perish”. "They cannot say man will
destroy the marine environment unless they have conclusive evidence."
"It is up to the manager to say we have to stop this damage."
"Managers dc npt want scientists to become environmentalists,
otherwise they lose their credibility." Managers believed that "both
scientists and maragers are doing the best they can under
institutionral and population pressures.” One manager said "We
recognize the importance of managing our respurces, it is time the
government did... more education and enfarcement is imperative!”

There were twe contrasting attitudes as to what the role of the
scientist should be that need to be elaborated hare. There was a
schoel of thought amongst some managers that "because individual
feelings matter, the scientist should not have to be involved in
policy ar management just because by definition he/she is a
scientist.” "There i3 no use in putting them in a role that makes
them uncomfortable." "Scientists can make social contributions only
if they so desire." "Scientists play a smal) role in policy, and it
is not considered to be a disappointment to many because "people
problems" do not necessarily need the involvement of scientists.” The
politicians are thought to be the decision-makers, not the scientists.
"A scientist need not be involved in politics nor be a humanitarian
unless he/she has such inclimations.”

There was a second school of thought that existed amongst
managers, though it was the minarity {10%). They believed that "the
raole of science presently is knowledge for knowledge's sake rather

than for social purposes.” To them, "the marine environmant is an
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area of particular impertance, and the marine scientist has an unusual
role for he/she is even more responsible than other scientists,
especialiy if pecple cannot observe the ocean themselves." "He/she
has more of a ryole to inform people.”™ “Marine scientists have to have
global concern to make people realize that everyone is affected,
whether directly or indirectly." One interviewee stated that "most
scientists think they are concerned, or even that they are
humanitarians, but they are not." In the words of one manager, "Being
humanitarian does not necessarily mean going on a mission to Africa,
but to stand up amongst peers and state an opinion, and to act upon
it. For many sclentists, when they say it is not their role te do
this or that_.. it’'s just a "cop out". Surely it is easier to claim
that scientists should not have to be actively invelved in politics or
policy becausa that is not their responsibility nor do they have the
time... Scientists should be responsible because they are educated by
society... Pelitical involvement should be an cbligation of
scientists. They should be more active in politics, not Jjust yelling
out opinions because they feel like 1t, but giving an opinion and a
judgement based on facts. It is very necessary and vital. Scientists
should not just complain about a policy or a management plan, but give
their opinions before it is too late!"

Though there were these twe contrasting viewpoints, there seemed
te be stronger support to accept the proposition that scientists feel
that their role is only to seek knowledge and truth, that they are not

qualified to make value-judgements,
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Analvsis of Management Plans

The contention of most of the respondents (both scientists and
managers) that the primary scientific literature {that which is peer-
reviewed and in journals} is not used in the development of management
plans for natural coral reef areas was supported by my analysis of the
plans {see Table 13}. Note that only the Ocho Rios and Bonaire plans
used a higher number of primary citations than secondary citations
(citations are those references cited in management plans}. All of
the citatfons in St. Croix's Buck Island plan were secondary
literature. Popularized articles made up twenty-four percent aof the
Key Largo plan’s references; no specific citations were made. The
Looe Key and La Parguera plans relied heavily on personal
communication compared to other plans. Most references ware not cited
in the text.

Table 14 summarizes the most frequently referenced journals in
each of the management plans. The most referenced journal for Looe
Key and Key Largo plans was the Bulletin of Marine Sciaence. No
primary literature was referenced in the Anguilla plan, Puertsg Rico’s
La Parguera plan cited Limnology and Oceancgraphy most, 5t, Croix’s
Buck Island plan, Herpetologica. Aquatic Botany was most frequently
used in the Benaire plan, while the Curacao plan used a regional
Journal, Studies on the Fauna of Curacao; Jamaica's Qcho Rips plan
cited Marine Pollution Bulletin most often., Al11 told, only a small
number of primary journal articles were used in the plans. In all
plans but Buck [sland, different authors wrote the articles cited.

Tables 15-18 summarize the different components considered in the

management pians such as geography, natural resources, cultural
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rasources, and impacts {(both natural and anthropogenic). Though not
Tisted in the tables, all the management plans also had a statement of
the purpose, objectives, goals, and a discussion of laws for
protaecting the marine environment and resources, surveillance,
monitoring, and enforcement of laws, as well as a section on zoning in
the Anguilla, Australia, Florida’s Looe Key, Jamaica’s Ocho Rios and
St. Croix's Buck Island plans.

An idealizaed plan would include all the categories mentioned
above; but, as seen from the tables, not all of the categories are
considered in all the plans. In addition, the plans differ as to the
extent in which each category is dealt. As examples, purpose of the
nlans, water pollution and environmental education will be discussed
hare,

Purpgse

The principal ar underlying purpose for establishing all of the
areas reviewed were similar - maximizing human usage in consistency
with conservation of the natural marine resources.

Australian and Jamaican plans only stated the principal purpose.
Plans from Curacao and Bonaire stressed the importance of maintaining
high productivity, ecological processes and especially preserving
genetic diversity., Plans from Florida, Puerto Rica, St. Croix and
Anquilla have specifically established multiple-use purposes such as
conservation, ecolagy, aesthetics, recreation and commerce [including
fisheries and tourism),

Water Po ion

The extent to which management plans dealt with water pollution
varied widely. Some plans such as those for Looe Key, Anguilla, and

Bonaire did not discuss possible impacts of pollution in much detail,



while others, especially Ocho Rigs in Jamaica, addressed the topic in
a thorough manner.

Principle pollution concerns were excessive sedimentation and
turbidity, alteration of nutrient input, sewage and runoff (domestic,
agricultural and Industrial), oil, pesticides. insecticides,
herbicides, fertilizers, litter and debris, sludge and discharges from
boats.

Specific actions to mitigate, ameligrate or prevent pollution
were not discussed in detail in the management plans. There were some
measures mentioned in a few of the plans such as having organizations
that enable its members to deploy a variety of spill-fighting
equipment in case of a major spi)) and fining violators. There was
also mention of examination of existing sewaqe disposal systems to
ensure they meet standards and construction of tertiary sewage
treatment plants hut, in general, the concerns and impacts on the
reefs were discussed rather than preventive measures. Enforcement of
taws [although often difficult), research, and monitoring of water
quality were considered essential in all management plans.

In some plans, especially the Jamaican one, the discussion an
impacts of water pollution was based on results from the scientific
Titerature. In othar plans there were no references made to the
scientific literature,

Environmental Education

Environmental education was deait with in a number of ways in
different management plans ranging from neglect {Anguilla and Puerto
Rice's La Parguera) te elaborate {Jamaica’s Oche Rios, Bonaire, and

Florida's Key Largo},



Different user groups were targeted in the different plans. The
Ocho Rios management plan focused on educating local users. The
belief was that localized environmental education was the main way the
region can be protected. Management's intenticn was for local people
who come into contact with the park to have some understanding of the
value of the resource and the ecalogical sensitivity of the reefs.
Lecture and discusston, press articles, radio and television programs,
guidebooks, pamphlets and maps were thought to be means of educating
the public. Bopnaire, Curacac and Key Largo plans ware also interested
in environmental education and increasing public awareness for local
users and all other visitors. I[n contrast to these plans, Anguilla
and Puerto Rico's La Parguera plans did not have any specific plans
for educating its public on the management strategies they planned to
adopt for the utilization of their marine resgurces.

In a third category, the plan for St. Croix’'s Buck Island did not
have a special section on education; no details were givan as to how
to promote public understanding and awareness, although a statement
was made under cobjectives as to its importance. The plan for Looe Key
in Florida d1d not have an educational program set up as part of its
management plan eithar. Yet it did have a section on interpretative
management whereby the opportunities, program themes and messages to
bring about public understanding and appreciation of the coral reef
gnviranment were presented.

A discussion of environmental education in the management plans
did nat usually refer to the scientific literature. 3cientists were

not invaelved in educating the public about the marine environment.
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Australia

Analyses of Australian plans were not included in any of the
tables. The reason far this was that Australia employed a suomewhat
unique strategy for conserving its Great Barrier Reef. The great size
of the reef and its biophysical and socio-economi¢ diversity increased
the difficulty of management. Priorities were determined by the Great
Barrier Reef Marine Park Authority's philosophy on how to manage the
reef,

The aim of the plan for the Great Barrier Reef was to ensure a
level of usage consistent with maintenance of the ecological system
and accepted as reasonable by society (Salm and Clark, 1984). The
authority believed that opportunities for human enjoyment and use
should be maximized and yet be consistent with conservation of the
natural resources. In practice, reqgulation was deliberately held at
the minimum considered necessary to achieve conservation abjectives.

Thus, the concept defined in the Great Barrier Reef Marine Park
Act of 1975 was close to a definition of multiple-use management, but
with provisions which specifically reguired the authority to establish
zoning as a means of managing specified areas.

In broad terms, three groups had a direct interest in the use of
reef resources:

1} Fisharmen and Collectors {(both commercial and recreational) -
Maintenance or, if possible, increase of the sustainable yield of
species of interest as edible and cultural entities.

2} Tourism and Recreation - Use of particular Jocations for
potentially large numbers of reef wvisitors.

3} Conservation - Minimum buman impact on Great Barrier Reef.
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There was considerable overlap of interests between the groups.
Much fishing was recreational. Most reef visitors reached the reef
aboard chartered vessels or aircraft which were part of the tourist
industry. Many conservationists fished recreationally and to the
extent that it was selling the "unspoiled wilderness” aspect of the
Great Barrier Reef, the tourist industry had a vested interest in
conservation gr preservation of its assets.

This philosophy of maximizing human enjoyment, consistent with
the concept of conservation, was expressed through the declaration of
sectians of the reef as parts of the Great Barrier Reef Marine Park
and by zoning plans, which specified what uses may occur within each
zone and the conditions under which those uses may proceed.

The Zoning Plan objectives were defined by the Act:

1} The conservation of the Great Barrier Reef.

2} The regulation of the use of the Marine Park s0 as to protect the
Great Barrier Reef while allowing reasonable use of the Great
Barrier Reef Region.

3} The regulation of activities that exploit the rescurces of the
Great Barrier Reef Region so as to minimize the effect of thosa
activities on the Reef.

4) The reservation of some areas of the Grmat Barrier Reef for its
appreciation and enjoyment by the public.

5] Tha preservation of some areas of the Great Barrier Heaf in its
natural state undisturbed by man except for the purpases of
scientific research.

To accomplish these objectives, the Reef has been zened into a

number of areas with differing degrees of restrictions on activities.
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There were five zones that included provisions for three types of

protected areas. The five zones include:

1) General Use A 7one - includes all the shoals on the Section as
well Lady El1lict Island and covers more than 80% of the area of
the Section.

No restriction on use ather than:

(a] no operations for the recovery af minerals except for the
purposes of research.

{b) no commercial spearfishing or spearfishing with SCUBA.

2) General Use B Zone - includes about 18% of the araa of the
Section; provisions are the same as far General Use A fone with
additional prohibition on trawling and the navigation of vessels
greater than 500 tons.

3) Marine Natignal Park Zone - Heron Island and Western Reefs
conservational management primarily for tourist purposes with
fishing allowed subject to gear restriction {one hand-held line ar
rod and no mere than two hooks).

4) Scientific Research Zone - One Tree Island Reef-specific provision
of scientific research in an area as far as possible unaffected by
other uses.

5) Preservation Zone - Wreck Island and Llewellyn Reafs-specific
provision for management of an island reef and a lagoon reef as
far as possible unaffected by human use.

The three types of protected areas include:

1} Reef Appreciation Area - An area in a zone where fishing and
collecting are normally permitted, in which fishing and collecting
are excluded to enable the public to observe reef life relatively

undisturbad by human activity.



2) Seasonal Clasure Area - An area known to be of importance to the
breeding of particular animals, which may be closed during the
breeding season.

3) Replenishment Areas - Seven areas, of which two may be closed at
any time for a period of up to three years. The concept is at
present experimental and is designed to test whether periodic
closure will increase the productivity of demersal reef fisheries.

Management priorities have been to obtain the informaticn
necessary to decide what areas should be declared to be parts of the
Marine Park, and then, after declaration, to obtain the more detailed
information necessary to develop competent zoning plans for a Park
Section.

A separate, important regquirement was to establish initiail
raference conditions to a sufficient degree of accuracy to enable
manitering programs to detect biological or physio-chemical changes
caused by human activity as distinct from natural changes, so that the
Park Section could be managed competently.

Thus, the Zoning Plans were the formal overall management plans
for Sections of the Great Barrier Reef Marine Park. Within these
there were annual programs for the implementatien of the plans which
were in turn framed within three-year rolling programs.

The Great Barrier Reef Marine Park Authority’s approach to
research can be summarized as follows: "We seek to develop knowledge
of the physical, chemical, and biological characteristics of the Reef
Region, and of the social and economic factors which affact its use,
not for the sake of that knowledge itself but in order to establish a
competent management regime over the Reef Region. In this respect the

Autharity differs from many research organizations" {Kelleher, 1281).



Apparentily, according to Kelleher (1981} most researchers
commencing management-oriented studies on the Reef find that
remarkably little scientifically-valid information is documented on
the Reef from either the biological or socio-economic points of view.

Three principal areas of information requirement and of research
needs came from the responsibilities of the Authority as givan to it
by the Great Barrier Reef Marine Park Act of 1975 far the
establishment, development, control, and care of the Marine Park.

The three areas of research were developed into resgarch programs
as follows:

I. Resource Analysis

1. Bathymetry and Survey

2. QOceznography

3. Marine Geology

4. Marine Chemistry

5. Marine Ecojogy
II. Analysis of Use

6. Inventory of Uses

7. Impacts of Uses

8. Management Strategies

9. Socio-economic Studies
[{1. Information Management

10. Great Barrier Reef Data Bank

11. Mechanics of Infermation Transfer

For example, Bathymetry and Survey is necessary because the
physical characteristics of the area must be described to demonstrate
the suitabitity of the Park boundaries for management purposes.

Marine tcology is necessary to define the area’s biological status. A



knowledge of the Impacts of Uses is required for developing zoning
plans, Equally, an adequate knowledge of the baseline ecological
characteristics of the Reef is essential to monitor changes brought
about by human activities.

Thus science was considered to some extant in the development of
management plans for Australia’s Great Barrier Reef. Marine
scientific research has been of value in halping to understand the
system one is managing, and scientists have helped in the development
and implementation of management plans. But this has been coupled
with socic-economic studies, since human uses and impacts of the Reef

are also critical variables in the development of management plans.



DISCUSSION

It is imperative in a study such as this one, where one is
investigating "The Role of Science and Scientists in Marine
Environmental Policy and Management" to clearly define and understand
what science is and who the scientist is. This leads to a
consideration of values and ethics in science in order te better
comprehend the obligations and responsibilities of scientists.

Through the ages philosophers and scientists have debated the
role of science and scientists in society. Qo¢th positive and negative
roles of science have been reflected by the ideas and writings of
prominent historical figures.

Aristotle has stated that "A11 men by nature desire to know."
Each human being has different views concerning what is worth knowing.
Ona's search for knowledge is motivated and directed by an urge to
create meaningful patterns out of bewildering confusion perceived by
oneg’'s senses. One wants to shape reality according to ocne’s own
wishes and by doing so, cne is so presumptuous as to personalize the
Universe [Aristotle translated by Butcher, 1911).

To Francis Bacon, "Knowledge is power." But he also believed
that power should be used for the bettarment of mankind., "Scientists
shauyld focus on the practical applications of knowledge for the
benefit and use of man, the relief of man's estate" (in Dubos, 1970).

Pasteur axpressed an attitude about science when he said "There

are not two sciences. There is only science, and the appltications of
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science and these two activities are linked as the fruit is to the
tree" (in Dubas, 1370).

Hirsch wrote "By science, [ mean the search for knowledge and
understanding - both the understanding of semething that 3s complex in
terms of its simpler components and the understanding of a given
phenomena in terms of the relations between it and other knowledge
about the world, By technology I mean the application of whatever is
presumed to be already known to the accomplishment of immediate goals”
{Hirsch, 15&7).

Montaigne had already written in the 15th century "Science
without conscience is but death of the soul, reason can hecome
destructive when it is not guided by werthy human concerns" (in Dubos,
1970).

Tolstoy attacked the intellectual significance of the problems
which scientists study. "Men of science study not everything, as they
imagine and affirm, but what is profitable and easy to study... this
quality belongs not to science, but to peaple who are inclined to
occupy themseives with trifles, and to attribute to these trifles a
high importance” (Tolstoy, 1858).

Ortega y Gasset in The Revelf of the Masses wrote that "Science
automatically converts the scientist into a modern barbarian... the
specialist... is not learned, for he is formally ignerant of all that
does naot enter into his specialty; but neither is he ignorant, because
he is a scientist, and knows very well his tiny portion of the
universe, We shall have to say that he is a learned ignoramus”
{Ortega ¥ Gasset, 1932}).

Science is the offspring of a branch of philosaphy called

epistemology from the Greek episteme - "knowledge" and logos -



"reason" (Dubos, 1970). According to Qubos (1970), the ward "science"
can have several different meanings. It denotes the formulation of
the laws of nature and the description of substances, events and
behaviors. It may also apply to the development of particular
products and techniques, all things that may be desirable or
undesirable, that are made possible through technoleogy. What is
common in both is the verifiability of the assertions concerning the
taws of nature, the observed phenomena or the practical application.

Science can simply be defined as knowledge or as knowledge
obtained by systematic study and practice. Webster's Thirgd New
Internatignal Dictionary {1967} defines science as "accumulated and

accepted knowledge that has been systematized and formulated with
reference to the discovery of general truths or the operation of
general laws: knowledge classified and made available in work, life,
or the search for truth: comprehensive, profound, or philosaphical
knowledge: knowledge obtained and tested through use of the
scientific methog."”

what most distinquishes scientific knowledge from other knowledge
is the method by which it is developed, The scientific method is
thought by some {(Oubos, 1970; McCain and Segal, 1973; Bronowski, 1978)
to be an attitude and a philosophy rather than just a method in the
sanse of a formal procedure. Basically, it involves the formulation
af a problem, the collection of data through observation, and if
possible, experimentation, the farmulation of hypothesas, and the
testing and confirmation of the hypotheses formulated {Medawar, 1984}.

The word "scientist” is of recent origin. It does not appear in
print eithar in English or any other language until 184]. Before that

time a student of natural phenomena was called a "Man of Science” or a
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“Natural Philosopher.” Oubos (1970) says that in the past the man of
science tended to be sgcially and intellectually somewhat broader than
the modern scientist. They were specialized in thair skills but not
in their interasts. They retained a scholarliness that enabled them
to maintain contact with the humanities. During the second part of
tha 19th century, men of science began to turn into scientists.
Scientists became specialized in their attitudes as well as in their
fields of knowledge. They became primarily concerned almost
exclusively with the problems and techniques peculiar to their
scientific specialty. This was partly due to the increase in
scientific knowledge which made it necessary for one to focus on a
spaecial field.

Dubos {1970) alsc makes the point that the intellectual
narrowness of many specialists comes from the widespread assumption
that the discovery of new facts is the mest important aspect of
knowledge, He states that if one really believes that the advancement
of knowledge is more important than the possession of knowledge, then
it may be justifiable to timit one’s attention to the kinds of skills
and facts required for technical progress in one's particular field.
He believes that the so-calied docteorate of philosophy is now a
misnomer, a cartificate of expertise in a narrow specialty rather than
the philosophical understanding or evan awareness of the
interrelationships among the various fields of knowledge.

According to McCain and Segal {1973}, what distinguishes the
scientist from athers is the ability to state problems and to frame
questions. The scientist must be one who can gather avidence and
verify conclusions, who is a keen observer, experimenter andg

painstaking classifier. The scientist gathers data and studies tham,



but in order to make the whele enterprise scientific, the scientist
must organize and interpret data. Having knowledge is not what makes
a2 scientist, it is the method of attainment of knaowledge that
determines whether one is playing the game according to the rules. It
{s the system of data-based explapation that distinguishes science
from dogma. A scientist is not merely a man who makes profound
tmaginative discoveries, but a man who regards the world as a whole.

The ideal scientist is thought to possess such characteristics as
curiosity, ar the tendency to explare, skepticism, i.e. not taking
things for granted, epistemic motivation, the desire for observation
or experimental verification, precision, a liking for new ideas,
originality, an ability to reflect critically and independently, a
wittingness to change opinions, loyalty to truth and honesty,
perseverance, dedication, having an objective attitude, a desire for
completeness of knowledge and of explanation and suspended judgement
{Medawar, 1984).

According to Bronowskl (1978), to be a good scientist, one needs
to be belligerent, contrary, guestioning and challenging. "Because
this kind of personality makes changes in socciety, scientists are
catalysts, the stimulators, the creators of change. One does not
invent a new world system by being satisfied with what other people
have stated about how the world works. That dissatisfaction goes
through and through, and it makes a complete personality. The
scientist 1s as completely involved in the wholie of his/her work as
any poet or artist. Science and knowledge are not finished
enterprises. Science 1s essentially a self-correcting activity."”

The definitions of science given by scientists during the

interviews conducted in this study generaliy agreed with those which
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have been mentioned. These include: “science is an understanding of
natural and physical phenomena through logical inquiry, testing and
vaerification; science i5s sgeking the truth, finding answers toc
questions using the scientific method as a tool; science is a means of
solving problems or acquiring knowledge; the scientific method is a
rigorous, abjective precedure designed to test a hypothesis ¢r answer
a question; science is trying to comprehend a mechanistic universe
where there 1s an ultimate cause for everything; and science may he
used to judge the value of infurmation and data, and by providing
basic facts to decision-makers, it can be instrumental in decision-
making for management and policy."

When scientists were then asked during the interviews what it
means to them to be a scientist, the following attitudes were
expressed: "the scientist is one who devotes one’s life to one’s
work; science is a way of life, a challenge, constantly trying to know
the unknown and seeking the truth; science is goal-oriented and a way
of fulfilling one's curiosity by pursuing creative work; a scientist
has an interest in nature, a love for it, and a fascination for the
diversity of living things and their interrelatienships; one who is
conscientious, yet has integrity and keeps emotionalism out of
science; and finally, a scientist can be a translator of science and a
positive contributor to culture and society." These attitudes were
similar to those expressed by the different authors.

[ balieve the attitudes of scientists are as important as the
skills they acquire and the knowledge they abtain. Although
scientific attitudas affect beliefs, specific beliefs are not its most
important product: it is an attitude toward problem solution. As

Betrand Russell has said “It 15 not what the man of science beljevas



that distinguishes him, but how and why he believes it, His beliefs
are tentative, not dagmatic, they are based on evidence, not on
authority” {in Dubos, 1970).

In my apinion, attitude, already defined in the introduction, is
distinctly more important as a criterion of science than is the sheer
amount of solid data available or the degree of development of
knowledge. Attitudes being of such importance, influence far beyond
the immediate effect. When we change the way we vigw any important
aspect of our world, cur attitudes toward other aspects of the world
alse change, Attitudes become more important than facts.

During the Interviews, most scientists indicated that there is5 a
difference between "applied" and "pure" research and that some
scientists involved in “pure” research are not often directiy
interested in how their findings will be utilized. In The Game of
Science, McCain and Segal {1973) said there are three different kinds
of scientists. The "basic" or "pure" scientist is concerned with
knowledge per se regardless of i1ts relevance to practical
apnliications, The "applied” scientist is one whose research ar
development is focused sharply on well-defined technical goals. The
"mission-oriented" scientist’s research has a societal rather than
technical gqoal. The "bastc" scientist is engaged in the task of
articulating, deriving and generating principles that have general
explanatory power. Research may be narrow, and the scientist’s work
may consist of attempting to fill in more specific detail within an
already existing conceptual schema. What is most exciting and
ghallenging far the “"basic" scientist is the creation of new
principles. The "pure" scientist is primarily motivated by an urge to

explare and understand, but society supports fundamental research
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because experiance has demonstrated how essential such work is for
continued progress in technology. The "applied” scientist is more
closaly identified with the application of principles and concepts teo
a specific and generally limited problam. The scientist works over a
longer time span on a single problem. Since the specifi¢ problem has
not been solved before, time 1imits are harder to apply {McCain and
Segal, 1973).

Some of the scientists interviewed were of the opinion that
science is just a large collection of facts and that scientists are
"providers of accurate factual information.” But McCain and Seqal
{1573} argue that saying that the accumulation of faﬁts or data is the
primary goal of science is a misunderstanding. They believe it is an
important part, but it does not lead to an understanding of science.
A1l human groups collect data, but net all are scientists. MNo
sclgntific theory is just a collection of facts, for if so, then avery
theory would either be right or wrong, and would be so forever, which
15 usually not the ¢ase.

Ta Brenowski {1977}, all science is the search for unity in
hidden 1ikeness, and science finds order and meaning in experiences.

A theory is thought to be a ¢reation, and the creative activity of
science lies in the process of induction. Creation engages the whole
mind - not just the rational intellect. Therefore, though mast of the
scientists interviewed thaught that keeping emotions out of science is
important, some authors such as Bronowski {19585, 1977, 1978) would
debate that.

Since science is created by the scientist and is a creative,
original activity, it must be more than a compilation of facts; and

since science has a value system, it is not neutral. Science is not



nautral because the scientist cannot be detached, disinterested and
dispassionate,

Ethics is the organization of our conduct by concepts which hold
it together as a whole, concepts such as honesty and human dignity.

[t is the study of man in saciety. Ethics 15 not a final system, it
is an activity just as science is {Von Hildebrand, 1972}.

The relation between science and ethics is quite complex. Most
of our attitudes, including those related to ethics and morality, have
been affected by scientific thinking and discovery. "Applied”
scientists have made many discoveries directly related to human
behavior, but scientific concepts themselves are not behaviors and
therefore are ethically neutral. Science should not be a mechanism,
but a human activity, and nat a set of findings but the search for
them. That science and scientists are ethically neutral confuses with
the findings of science which are, but not the activity of science,
which is not. This is why the values of science turn out tc be
recognizably the human values: because scientists must be human, must
be fallible, and yet must be willing to cgrrect errors. Of course a
discovery, a fact or theory is neutral. There is nothing moral or
immoral about a theory. But this does not mean that science is
neutral; that ideaz is a misunderstanding of what science is. Science
is the process of discovery itself. It is not only what scientists
know that matters to them, but what they do not know. [f science was
just about matters of fact, then there would be no debates in it and
no new theories. If science is an arrangement of facts and the
preference of one arrangement to another, then it is a continuous
attempt to find truth in nature {McCain and Segal, 1873; Bronowski,
1978}.
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I believe that scientific knowledge per se is not sufficient to
formulate the valuas that govern human behaviar, nor can it imposa
them on society. However, it can provide a mere factual basis for
gptions by giving the statistical probability that certain
consequences will result from new technological and social practices.
Since awareness of 1ikely consequences plays a large role in decision-
making, scientific knowledge can become an important criterion in the
evaluation of old value systems and perhaps in fostering the
development of new ones. Skeptics have good reasons to claim, of
course, that knowledge aof conseguences does not necessarily modify
human behavior, for most people are willing to take calculated risks.
But scientific knowledge can help in deciding what risk is acceptable
by defining the statistical probability that certain kinds of
consequences will occur, thereby making 1t easier to determine the
relative importance of these consequences within the framework of
parsonal values (McCain and Segal, 1973).

The scientist may be able to say with scientific validity where a
particular activity may lead but cannot use scientific principles to
decide whether the activity or its result is good. However, science
can play a direct role in athical determinations in at Jeast two ways,
First, given an ethical principle, scientists can determine some
external conditions that are associated with behavior wviolating the
principle. Second, scientists can establish that the consequences of
certain behaviors are independent of any ethical considerations. On
this basis, anyone can make their own ethical judgements (Sullivan,
1975).

A paradigm may be defined as a society’'s dominant belief

structure that organizes the way people perceive and interpret the



functioning of the werld around them. Dominant paradigms can be
applied to cultures or spcieties or scientific disciplines. It
consists aof the values, maetaphysical baliefs, institutions, and habits
that condition individual goals and expectations and provides a
definition of social probiems (Kuhn, 1970}).

Kuhn (1970) claims that science is now being Toocked to as the
autharity to tell us how our natural world works. He states that
science has given humans the power and capability to do many things
that have far-reaching social, economic and pelitical consequences.
Yet the canons of science have lead scientists to strive to keep it
value free; furthermare, scientists will not try to give society a
code of ethics. This study did convey that science is not being used
this way.

Despite a highly-developed code of behavior regarding the
scientific process, | found there is little in the background of most
scientists concerning the ethical basis of the applicatian of
knowledge to resource management decisions as seen from the
interviews. While the ethics of the scientific method are clearly
defined (Medawar, 1984}, the ethical considerations involved in the
application of scientific information to rescurce management are not.
The scientist's role in the process remains poorly defined. This may
stem from the historical relationship betwsen the scientist and
society (Milbrath, 1384).

Throughout this study it was difficult to find strong scientific
rationale behind the management plans, let alene an ethical one, far
the two were thought, in general, to be incompatible. Instead, as 1
read through the aims and abjectives of the management plans, | felt

that natural systems are thought to be commodities in the economic and
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political sanse whose production is to be maximized, optimized,
sustained or whatever word nowadays substitutes for sensitive
understanding.

Most of the scientists interviewed agreed that scientific
research involves adhering to a set of scientific ethics, and a good
scientist must never violate them; and that the concepts of science
gand those of ethics belong to the same worlds. But according to
Bronowski (1977) the body of scientists has te create a code of
behavior to tame the prejudices, the vantties of individuals, for the
sake of reaching the truth, not by dictatgrial impoesiticn, but by the
agreement of free minds. It follows that in order to be good
creators, scientists must have a set of valuas by which to live.
Sclence gives a special value to some forms of behavior, such as
original thinking, independence of mind, honesty, tolerance, and
reasoned dissent, which are virtues in the world of science. Internal
values therefore do exist in science. Scientists tend to approve of
knowledge and understanding, as seen during the interviews. They
think it is good to understand and to be able to explain
relationships. The consensus among scientists, as seen in this study,
was that knowledge and understanding are good in their own right and
should be strived for. Some scientists, however, felt that knowiedge
in itself is not important, that it should lead somewhere, have
practical consequences, or make a social contribution.

Truth is not reached merely by the utterance of new ideas, it
requires the confirmation of those ideas. Science requires that each
persan shall respect what others say. Truth is the drive at the
center of science. 0One way of lacking for truth is to find concepts

which are beyond challenge, bacause they are held by faith or by



17

authority or the conviction that they are self-evident (Medawar,
1984).

There is nothing absolute about the concepts aof natural science.
Scientific knowledge is never absolute nor final, yet it remains valid
whan considerad in the social and intellectual framework within which
it was developed (Bronowski, 1978). As seen during the interviews,
mast respandents also replied that "there is no absolute truth in
science, nar can it ever be reached.”

The results of the interviews support my opinion that there is
inherent in the practice of science a set of values without which
sciance would be impossible. Science could not be carried out without
trust among scientists, without originality and the other values
mentioned. These conditions are necessary to the practice of science
and are clearly not a set of neutral rulas. They make up a stern
morality: the morality of truth, objectivity and integrity.

One of the leading humanists of our time, Bronowski,
mathematician, physicist, poet and philosopher, states his main thesis
as follows: "Thera cannot be a decent philosophy, there cannot even
be a decent science, without humarity. The understanding of nature
has as its goal the understanding of human pature, and of the human
condition within nature" {Bronowski, 1977). It is for this reason
that he places emphasis on science as a creative, original activity
based on athics and a stern morglity of truth and honesty. He also
ptaces a great importance to moral conscience, responsibility and duty
zs values scientists should possess. The c¢ivil war in Spain, the
horrors of the extermination camps and massacres, and, finally, the
obliteration of the two Japanese cities - which he visited as deputy

chiaf of the British Mission in Japan - reinforced his belief that
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science and philasophy had to be not only humap, but humane also.

Thus his theaories are not based on a scientific study, but on history
and experience, the conflicts and human misery he had witnessed. His
opinions and beliefs are based on his lifelong search and study of the
nature of science and scientists.

Bronowski {1978) claims that scientists are actively trying to
break out from the aura of impersonality and even inhumanity within
which tradition has bound them. He believes that duty comes from an
inborn sense and education. The concept of duty as a value can be
considered. The concepts of value are profound and difficult because
they do two things at once: they join people into societies and yet
preserve for them freedom which makes them individuals {Bronowski,
1965}. This concept of Bronowski was not entirely supported by my
results. Most Interviewees would not consider duty as a value
essential te scientists.

"Some people feel that scientists have no spiritual urges and no
human scruples, because the only success that science acknowledges is
in conforming to the materia] facts of the world. Most peopie see
nothing but the finished discovery, dispassionate and neutral. How
can they guess what devotion, what singleness of mind is needed in the
pursuit of truth and knowledge. The merality of science is subtle and
grown from a simple principle - the principle that the community of
scientists shall be so organized that nothing shall stand in the way
of the emergence of truth" [Bronowski, 1978).

Does or does not science represent a moral order? Does it
represent some part of the moral spectrum? The point is that perhaps
tscientists are not responsible for the use society makes of their

achievements, but since the public supports them and puts their trust



in them, they must publicize any potential dangers they may see, The

continued support of science by society will depend on the willingness
of scientists to relate their professional interests to genuine human

neads and goals. Eventually, says Bronowski ([1965), "scientists will

have to concern themselves with the problem of human happiness.”

The interviews did reveal uncertainty about responsibility. As
was reviewed, differant opinions ware given. It was because of this
uncertainty that I felt a discussion of the "responsibilities and
obligations" of scientists is necessary. How responsible should the
scientist be, does he/she have any moral obligations above thase of
any other citizen? I believe that scientists are guilty of escapism
and irresponsibility if thay do not concern themselves with the social
consequences of their work!

I think that if science is to express a conscience, it must come
spontaneously out of the community of scientists., [5 science as a
discipline capable of inspiring in those who practice it a sense of
communal respansibility? Can scientists be moved, as a body, to
accept the moral decisions which their key position in this
civilization has thrust upon them? [ believe yes! Both are questions
of moral conscience; the first is a question of humanity, the second
of integrity. I1f there is anything special about being a scientist, |
think it is being more conscious than others that one belongs to an
international community. Science being an endless search for truth
where there is no distinction between means and ends, rejects all
those devices of expediency by which humans who seek power excuse
their use of bad means for what they call good ends. Scientists are
more and more going to be face to face with a choice of conscience

between two moralities: the morality of science, and the morality of
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political pawer. Though not many of the scientists and managers
interviewed would agree with me, I firmly believe that scientists can
no longer afford to be passiva, they must veice their opinions and
judgements based on the best available knowledge,

Bronowski (1978) said: "In world affairs, science has always
been an enterprise without frontiers and scientists as a body make up
the most successful international community in the woerld. In a world
of un-United Mations, the public is searching for someone to act for
the human race as a whole and hopes that scientists will do that.®

McCain and Segal {1973) said that: "I[f we ask the questien: Do
scientists have anything to say about ethics? The answer is yes.
"Applied" science, in particular, is important because the "applied"
scientist attempts to devise ways to achieve the ethical goals desired
by individuals. Ethical goals have to be established in nonscientific
ways, but once they are established, the scientist has the best
opportunity to find out how to reach them. Once the goal is
astablished, scientific methods provide the best means for reaching
them,"

Do scientists have a sense of right and wrong? Have scientists
abandoned their own responsibility because they have lost their moral
Judgement? I have interviewed many individuals who believe that what
is good or avil cannot be judged by the standards of science. Science
tells us only what is true and what is false. True and false, they
say, are matters of fact; but good and evil are matters of conscience
which 1ie on a different plane. 8ut Bronmowski {1965) says that this
saparation is destructive of sound morality for it removes morality
from the best by which we judge the things that happen around us every

day and makes it something remote from our practical lives,

i)



1l

Bronowski [1965) says that true humanity is undarstanding,
understanding nature and man. “There is a deep moral lesson in the
practice of science. The pains, the care, the patience, the humility,
the bewilderment, the long hours spent in trying to see all the facts
in focus, the agony of rejecting an explanation which seemed plausible
but which fails to fit one obstinate fact, the iilumination of at last
finding the thread through the whole maze. Discoveries themselves are
neutral because they already belong to the past. The practice of
science is moral because it goes on without pause looking for what is
true and rejecting what {s false."

Sclentific research can never be entirely free and uncommitied.
It is naver value-free because science needs the support of spciety
and affects most social decisions (as was brought out during the
interview discussions). There is the need to develop new attitudes
toward scientific philosophy. Bronowski [1965) says that throughout
most of the world the typical scientist is trained to think of science
not as a means but as an end; the professiagnal ideal 1s science for
science’s sake., I helieve that if secial problems are to be
considered from the purely scientific point of view, sciantists, being
the ones with the knowledge, are the best judges of their relative
importance and optimal solution. But as was mentionad during the
interviews, scientists will not readily reconcile themselves to this
change of emphasis. They will not readily accept that, in fact,
"applied" science is in many cases more demanding intellectually than
are the so-called purely academic sciences. The investigater in
"applied” science must accept the complexities of the natural world
instead of selecting problems on the basis of their convenience for

experimental analysis, suitability, rewarding speculation, or



apportunities appeal. Even Einstein said "Sociology i1s more difficult
than physics" {in Dubos, 1970).

Scientists find it intellectually unjustified and dangerous to
introduce subjective values in their professional activities. During
the interviews, most individuals thought the scientist should not make
value- judgements. McCain and Segal (1873) said that one reascon for
this attitude is that vatues usually involve complex situations not
readily amenable to scientific analysis, such as relationships among
human beings, aesthetic experiences, and judgements as to what is
desirable or not. Furthermore, values imply freedom and therefore
cannot be entirely accounted for by scientific determinism,.

The evaluation of social merit or relevance ta human welfare and
the values of man is the most difficult problem posed by the
application of science, It is also the most important because at the
end, our values shape our knowledge, which in turn determines the
quality of life {Milbrath, 1984}. But this does not mean that all
science can be traced to sccial motivation or to the search for
practical applications. The "pure” sc¢ientist whe continually pursues
"pure” science creates a form of knowledge which has intrinsic value
ang need not be justified otherwise. [ believe that both "pure™ and
"applied" research is important.

1 think that one of the greatest dangers at the present time has
to do with the attempt to aveid responsibility in order to avoid the
feeling of quilt. Bronowski (1978} says that "We live in a
c¢ivilization in which science is no longer a profession like any
other. Far now power is knowledge, pawer aver our environmenl grows
from discovery. Therefore, those whose profession is knowledge and

discovery hold a place which is crucial im our societies: crucial in



impoertance and therefore in responsibility. This 1s true for everyane
who follows an intellectual profession, and the responsibility of the
scientist is a particular case of the moral responsibility which every
intellectual must accept." He continues to say that "It is fair to
give the responsibility to scientists because their pursuits have for
some time had the largest practical infliuance on qur lives.
Scientists should accept the moral leadership. There is now a duty
laid on scientists to set an incorruptible standard for public
marality. 1t is the search for truth that pays no attention to
received opinion, expediency or political advantage. We have to
foster that public understanding because in time it will wark an
intellectual revolution even in affairs of state. Scientists can act
a5 guardians and as models for the public hape that somewhera thare is
a moral authority in man which can overcome all obstacles.™

Communication, or the need for improvement of communication, was
a central important theme in all the discussions held with scientists
and managers during the interviews. The respondents said that more
communication is needed between "basic” and "applied" scientists, if
the distinction is to be made, and between scientists and managers.
The scientists should take more time to see what research needs to be
done for the manager; likewise, the manager should take the time to
discuss or ask questions about scientific reparts with the scientists
and be interested in the research carried on by the scientist - to see
if it may be pertinent information for the planping or writing of
management plans. Thus, ! believe that ona of the greatest
responsibilities of scientists is communication.

The interviews revealed that scientists are not, in general, good

communicators outside of their narrow specialty to their peers; they
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do not communicate their knawledge to the public adequately or
affectively; nor are they concerned with knowing the values, attitudes
and beliefs the public has towards the marine environment.
Environmental education has not been a primary concern ar priority in
the management plans [ reviewed, nor do my interviews of scientists
and managers indicate that much is going on. Environmental education
should primarily be involved with man and his perception and attitudes
towards the environment, and this has often been disregarded. As lang
as the public does net support the marine conservation concept, the
establishment of a marine park by force is futile, defeats the
purpose, and may only cause negative reactions which can bhe difficult
to undo. I believe that the public must be educated, for with
jgnarance and negligence comes the dangey of overexploitation and
deterioration of the natural environment.

One of the most neglected aspects of environmental processes in
the public arena is the role of public education in decision-making.
Many different forms of media can be used as suggested by the
interviewees to educate the public, and I think there is no real
supstitute for the interaction of the scientist with individuals of
the local community. [ believe that the role the scientist can play
with deciston-makers in government is providing alterpatives based on
abjective facts, for the scientist is aften asked an opinion hased on
the bast available knowledge. [ think that this is where judgement
should be used. Scientists nead to be persuaded that a well-informed
opinion is better than none at all. It is necessary not only to
acguire and pubiish the information in recognized scientific journals
for one’s peers, but to interpret such data and present it in an

understandable fashion for public consumption. It is in this area,



the translation and dissemination of scientific knowledge, that there
is, as yet, no recognized method for the scientist to follow. [ think
that the weakness in the system of rewards and recognition for
sciegntists is that na credit to public education and dissemiration of
facts at a level understandable by a commupity without scientific
background is given. Almost all the respondents believed that
discovery and develgpment of knowledge is more impartant than
dissemination of scientific knowledge. In fact, one can accept the
hypothesis that "Scientists do not play a role in promoting or
encouraging science as a means of changing attitudes and opinions of
management and the public so as to influence public policy and
ultimately environmental management.”

From the interviews, both scientists and managers felt that
advice to solve immediate problems in management was not often
valunteered by scientists, nor were scientists often consulted which
was substantiated in the plans reviewed. Even when scientists ware
consulted, at times it was to support the managers’ opinions and at
otheyv times to obtain unbiased advice.

Though most managers were confident that science was being used
in the development of management plans, this was net evident when an
objective analysis was made of the scientific citations used as
sources for the plans. Even the "grey” literature, which was thought
by many respondents to be of value, was not often cited in the
management plans.

When one looks at the Proceedings of the Fourth [nternational

Coral Reef Symposium held at Manila, 1981, 42, or 19%, out of 218

papers presented were under the heading "Reef and Man," which included

topics such as fisheries, environmantal stress, resgurce management
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and marine park philosophy. Ten papers were on fishing impacts {both
recreatignal and commercial), three were on the impacts made by dredge
and fi11 activities, one on sand-mining, one on the impacts of o¢il
refineries, one on impacts of anmchor damage, and eight on other
aspects of water pollution, Eighteen of the papers were on the
purpose or phitosophy of marine resource management and the
establishment of marine parks. Only two of these articles were cited
{one each in two management plans) since that meeting.

In my opinion, the essence of the dilemma lies in the limited
transfer of knowledge. It is obvious from the interviews that there
is a lack of the will to communicate, transfer or disseminate
information, educate or even make available information comprehensible
to nonscientists., [t is only after accumylation and pubiication of
sciantific information and then dissemination of the data ta managers
and the public via various media, public meetings and presentations
that interest, awareness and concern will arise,

I believe that science and scientists can play an important role
in public pulicy and management.

In general, scientific information relevant to natura! resource
management consists of two types:

1} inventory data, consisting of guantitative descriptions, Tists, or
assessments of the resgurces in an area;

¢) process evaluation, consisting af the analyses and dascriptions of
processes at work within given ecosystems.

Analysis, interpretation of the inventory data and salection of
the management techniques to be applied requiras knowledge of the

relevant literature {Dubnick and Bardes, 1983).
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Boulding (1958) states that the term "policy” generally refers to
the principles that govern action directed towards gQiven ends. A
similar definition is given by Worrell {1970) as a settled course of
action adopted and followed by a society. Therefora, according to Van
Dyke {1968) the three components of a policy consist of:

1} goals;

2) & plan or strategy for achieving the goals, rules or guides to
action or methods;

3} action.

In natural resource management policies, these components are
often somewhat mixed in a chain of geals and methods ranging from
broad societal goals to specific management objectives,

In Price's view (1965%) the system consists af four categories:

1) the pelitical, concerned with matters of walue and judgement;

2) the administrative, caoncerned 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;

4} the scientific, concerned only with the search for truth and
knowledge.

In general terms, "public policy" is the application of problem-
solving relative to a public problem and those actions government
officials take f{or avoid} in attaining those objectives {Dubnick and
Bardes, 1983).

Public policies are not just pervasive. They are also meaningful
in the sense that they constantly affect the quality of our lives. We

should recognize public policies as responses to and sources of
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problems, says Dickson (1984). He says that we can also define
"public poiicy" in problem-based terms. Public policies are usually
defined as human needs, dissatisfications or deprivations and are
respansas to public problems.

For our purposes, ! will define policy as established
institutional guidelines and regulations fer the purpose of achieving
environmental goals. Standards developed for the protection of the
environment.

Likewise, I propose that resource management is manipulating
controlling factors to achieve or maintain an end result, It is
managing human activities that affect the resource. It is optimal use
of a respurce achieved by maximizing human use while at the same time
copserving the natural rescurce. [t entails the recagnition,
understanding, and knowing of al} the units that comprise all the
resources to manage, including biological, physical, cultural, social,
economic, and pelitical factors.

Environmental policies are prevailing decisiens regarding these
actiyities that spocieties will undertake, permit or prohibit. These
policies are characteristically made explicit in declaratiaons. laws,
requlations, judicial decisions and in what people do {Oubnick and
Bardes, 1883},

It was felt by some of the interviewees that at present the
sciantist doas not seem to make policy, or even help to make it, and
most of the time scientists have no idea what shifts of policy their
advice 15 meant to serve. The scientists are thought to have no
contral over the way in which what they say in council will be

presented ta the public.



I think that science must be concerned more with the social,
palitical, and even mora! aspects of science pelicy. Oubos (1970)
said that "A society that blindly accepts the decisions of politicians
is a sick society on its way to death., The time has come to produce,
alongside specialists, another class of scholars and citizens who have
broad familjarity with the facts, methods, and ohjectives of science
and thus are capable of making judgements about scientific policy.
Persons who work at the interface of science and society have become
assential simply because aimost everything that happens in saciety is
influenced by science.”

Caldwell (1970) wrote that "Damage to the environment has baen
great, in part because the opportunities to bend nature to human
purposes have been great and alsa because of deep and often uncritical
popular commitment to economic development and to personal freedom.
Environmenta) degradation has been a defect of national wvirtues. The
attitude of disregarding environmental damage should no longer be
permissible or possible. Developing counter-technologies to correct
the new kinds of damage constantly being created by technological
innovations is a policy of despair which commonly provides an excuse
for not facing probiems and thus constitutes a form aof escapism into
gadgetry from the complexity of issues. Scientific knowledge, on the
other hand, can provide the understanding required for a rational
approach to almost any kind of difficult situation. [t can give
policy-makers the facts on which to base decisions and increase the
numbers of options they have to work with.”

The selection of scientific goals which are socially worthwhile
is of crucial importance precisely because of discoveries throughout

aur civilizatien. Any social problem involves not only individual
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persons but even more the interplay and their relationships with the
total envircenment. History, environmental forces, value systems, and
aspirations all play some role in the practical management of human
affairs, resource management being one.

H. G. Wells in A_Mgdern Utopia {1967) said there is a "logical™
future and a "willed"” future. He said "Will is stronger than fact; it
can mold and avercome fact. But this world has stil} to discover its
will.”

In an inspired passage in Science and the Modern World, Whitehaad
{1925) suggested that "The order of nature as conceived by scientific
determinism has now taken the role of fate in the Greek tragedy. The
great tragedians of the modern world are the scientists with their
vision of fate, remorseless and indifferent, urging an incident to its
inevitable issue... This remorseless inevitableness is what pervades
scientific thought. The laws of physics are the decrees of fate.
Fortunately, the applications of science to human affairs do not have
a high degree of inevitability as do the laws of nature."

Caldwell [1970) says that the tendency in the past has been to
deal with environmental problems segmentally, through specialists
whose frequently conflicting judgements require compromise or
arbitration. In the absence of an adequate integrating and focusing
purpose, it is difficult to direct specialized knowledge inta
camprehensive, well-conceived and generally beneficial public action.
He believes that the so-called segmental thinking, segmental decision-
making - the "practical" approach - has produced impractical results
and that many of the worst environmental errors have been consequences
of segmental, single-purpose, public decision-making. Dealing with

environments comprehensively need not imply detailed analysis and
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synthesis of all environmental factors before palicies can be
formulated {Caldwell, 1970).

The concept of "good" envyironment is certainly no less concrete,
tangible, and specific than the concepts of freedom, security, and
welfare, which have on various occasions served to focus public
policy. “Environmental quality" can also be used as an organizing
concept {Milbrath, 1984; Medawar, 1584},

In the introduction it was mentioned how there is uncertainty of
what the Interaction between science and policy should be. Science
and pelitics need not have opposing c¢onclusions regarding environ-
mental policy, according to Caldwell [1970). He believes that a
"body politic” better informed by science and a science applied in the
sarvice of well-considered values would provide a firmer and broader
basis for public envirormental decision-making, He concludes that a
coherant political philospphy, with the scientific attitude and
evidence respected in relation to human needs and capabilities, would
greatly strengthen the conceptual base upon which sound environmental
policy could be built.

Science is becoming bettar able to measure and describe the
systematic interrelatedness of man’s total envircnment and to
ascertain the ramifications of environment-shaping activities. It is
enabling man to see with a new comprehension the nature and
consequences of human impact upon the environment. Science may thus
afford a conceptual basis for public environmental policy that neither
ethics, aesthetics, economics, nor enmgineering have been able, thus
far, to provide (Milbrath, 1984).

Dickson [1984) claims that were environmental quality to become

as politically decisive an issue as foreign policy or civil rights (as



examples), one could assume it would receive more attention from
political forums. Unfortunately, seldom have the destinies of
political parties turned on the outcome of an environmental issue.
This is partly because environmental quality, as a general
proposition, is vaguely perceived in the minds of most pecple.
"Environmental guality must somehow come to symbolize a widely-shared
and deeply-felt attitude toward life itself. People have fought, bled
and died for peace, justice, freedom and equality, why not for
environmental quality?" {Caldwell, 1970}. That is why | believe it
is important for scientists to he concerned about attitudes people
have toward the enviranment and be interested in educating them on
important environmental issues., If sclentific evidence and reasaned
argument are the appeals that are really required to arouse support
for environmental quality as a policy, then one must speed up popular
understanding and preference with respect to environmental
relationships. Public poelicies based on science-der{ved understanding
of man/environment relationships would diminish the role of the
politician and augment tha policy roles of scientists.

In my opinion, the really significant policy is that which
actually influences the behavior of people. The most powerful
unifying farce behind a policy is a commoniy-shared, simpla,
persuasive idea. To be so, the concept must relate directly to the
perceivaed neads of the people.

Environmental management implies guidelines and controls over the
actions of men. The enviromment is managed through the management of
human beings (Caldwell, 1370). The interviewees also agreed that one
must "manage” people, whether through police powers, indoctrination or

through passive means.
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A rational appreach to public environmental policy would seek to
establish ecological base lines to meet the known needs and values of
the sociaty {(Caldwell, 1970). The more ample the margin between the
resources of the ecosystem and the demands upon it, the greater the
capacity of the system for flexibility, variety and self-renewal.
Dicksan {(1984) states that incomplete evidence regarding ecological
processes is not necessarily a good argument for failing to adopt a
protective environmantal policy. Incomplete evidence is not
necessarily insufficient evidence for public action, "if that is what
one needs for public action, there would be aimast nothing upon which
governments might legitimately act” (Dickson, 1984}.

I maintain that it is every human bging's right to have a safe
and healthful epvironment. An important task of environmental policy
and management 1s te discover and apply concepts and procedures that
would not only stabilize society but would also enable society to cope
with environmental problems. Science and scigntists can therefare
play an important role in environmental policy and management by
giving advice.

As I have tried te demonstrate, human perceptions and moral
valuyes are important and should be a part of science. Individual
self-restraint, although important, is not a reliable means of
protecting the environment. Internalizing of ecoclogically-valid
behavior patterns could greatly facilitate the administration of
public environmental policy. If protection of the ecological basis of
life is both in one's self-interest and in the public-interest, then
the first major task of policy development is to maximize public
understanding., This implies public understanding of why it is So.

Groups of scientists can make voluntary efforts to arouse public

jers
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awareness and concern and to assist people and their political
representatives toward understanding their collective ecological self-
interest and what must be done to protect it.

Man as a species does not and cannot live alone. As Storer
{19531) said, humans are part of the "web of life.” By protecting the
earth's environments and species, human beings not only show respect
but also take practical acticen toward maintaining the conditions that
will permit their own survival! The marine environment is one such
environment that needs to be protected!

Plate said that "Education is not teaching people to know what
thay do not know, it also means teaching them to behave as they de not
behave." When asked the question: "How can the world be created fit
for men to live in?" Plato would answer: “"Create men fit to live in
such a world; the means for this lie in education, but it must be an
education concentrated on the development of the virtues necessary to
bring into being the kind of society that we should desire" (in Dubos,
1970}.



CONCLUSIONS

Through analysis of the management plans, [ did nat always see a
strong relationship between expected results published in the
scientific literature and actual management plans. Most of the
science used in the plans was in the description of natural resources.
It was hard to determine precisely whether or not the plans are
effective because they have all been written only recently. But from
the few sites I did visit, [ felt the plans are not as effective as
they could be. A few reascns for this may be:

1} many of the objectives and goals stated in the management plans
were not accomplished;

2) violators were not always prasecuted;

3} not much monitoring was done to see if there were any changes in
the health of the reefs;

4} in some areas, though the marine park has been established for a
few years, the public is not even aware of its existence, iet
alore educated as to its importance.

A number of recommendations can be made to imprave the
utilization of science in natural resource policy and management, |
believe that the recommendations have wide application to the various
fialds of natural resource management, not just to coral reefs.

The interviews and analysis of plans made for coral reef areas
may also provide guidance in the managing of other natural resources

such as submerged aguatic vegetative areas.
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2)

3)

These recommendations are:

Improve research or primary 1iterature report style and format by
including improved summaries in plain language that demonstrate
clearly what was discovered and the statistical analysis
interpreted in terms of importance to management. Improve the
quality of "grey" or “"secondary" literature by having better
quality control, better synthesis and more accessibility.

Promote on-going, fundamental, "basic” research as well as
problem-oriented "applied” research to specific management needs.
Include proponents of different user philosophies in the planning
of research efforts and have scientists examine completed
projects.

Improve communications between:

a) "applied" and "basic" scientists,

b) scientists and managers,

c} scientists and the public.

Iln order to make public awareness, understanding, concern and
action a priority, envirgnmental education should be promoted.
Scientists should be encouraged to communicate their research
results to managers and the public, when pertinent, through the
media or other traditional ways - not just to offer knowledge and
understanding, but value-judgements on the best available
information. Dissemination of knowledge can be more crucial at
times than mere discovery and development of knowledge. Knowledge
and concern of attitudas the public has towards maripe
environmantal protection can only be attained through interactien

and communication.
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4) Encourage scientists to play an active role in anvironmental
public policy by taking part in al! phases af policy-making as
advisors and consultants., While doing so, scientists must always
keep in mind the essentiality of adhering to the values of science
and scientific ethics.

5) Establish an advisory committee composed of scientists ("basic”
and "applied"), environmentalists, educators, managers, policy
analysts, planners and econemists. Inclusion of representatives
from the different user groups (including both opponents and
proponents of the plan) in such a committee may also prove to be
teneficial.

The establishment of an advisory committee for an aresa of
management is a central recommendation. The other recommendations
could be implemented within this framework., Fer instance, contact
between scientists and others within this type of committee could
provide the input necessary for revision of research repart style and
format. Communication prohlems could be identifiad and sclutions
devised. The committee would also be able tg coordinate research
effarts and provide an oppartunity for representatives of opposing
interests to actually participate in the matural resource managoment
process. [t is important that oppanents participate in the
astablishment of the scientific base for management. Their opposition
often determines the data needs for decision-making, and their
participation in planning and monitgring research would prevent
suspicion of blas. The committee might alsoc guide review and
synthesis of the relavant scieptific information into management

proposals.
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The participants in most natural rescurce policy issues share
intarasts in aesthetics, recreation, conservation and economic
opportunities. These common interests cen provide an adequate basis
for negotiation and compromise (Caldwell, 1970). My study indicates
that the need for new knowledge is at times less critical than the
transfer of existing knowledge in the right form and at the right
time. The communicaticn gaps that presently exist between managers,
scientists and decision-makers (including the public} are acknow)edged
toc be larger and more important problems than the gaps in knowledga
about environmental effects.

I believe that ethical and aesthetic considerations together with
scientific, economic, political and sgcial understanding and the
incorporation of all these elements in agual or necessary proportions
and importance will be the only way to salvage our natural environment
and especially the marine environment. Until awaveness and concern is
achieved, present values, attitudes and beliefs can only lead to
detarioration of our natural marine resources. The outcome will rest
on a value system that is in need of reevaluation and a more uniform
approach to the role of science and scientists in a rapidly changing
socio-economic environment.

In conclusion, as a result of evaluation of interviews/
questionnaires and the analysis of management plans, one may accept
the ganeral hypothesis: "Scientists do not play a role in promoting
or encouraging science as a means of changing attitudes and opinions
of management and the public so as to influence public policy and
ultimately environmental management.”

The ebjective of the study was to see if science and scientists

play a rale in palicy formation and management. By examining what
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scientists are doing and have done, one senses they are, but not as
adequately nor effectively as possibla. The results of this study
have demonstrated wezaknesses in the system.

The lengthy discussion or argument that was presented as to the
role scientists shauld play should be joined by all sclentists who
believe the role of science and scientists is only "te seek knowledge
and truth."” Those scientists who have doubts and uncertainties as to
how rasponsible the scientist should be in suciety, whether he/she has
any moral obligations, should decide for themselves why or why not.

1 believe that the traditional role of the scientist is changing.
The time has come for a new breed of scientists who vemain neutral in
their scientific findings but are not afraid to give value-judgements
or voice their beliefs and opinions. We need more scientists who not
anly have a firm commitment to seeking the truth but are willing to go
a step beyond that and help communicate and understand the truth. We
need scientists who want to advise and actively participate in
resource management and policy farmation. Also, scientists are needed
who realize the importance of knowing and being concernad about
attitudes, values and beliefs the public has towards protecting the
marine environment. By knowing such attitudes, scientists can promote
and encourage a ganeral awareness of the causas and consequences for
man, society, and the world of environmental problems and urge the
adoption of ethics, attitudes and values likely to contribute to the
protection and improvement of the envirgnment. An understanding of
science can do this, and scienptists can play a kay role for they are

the anes who possess the knowledge.



LITERATURE CITED

Allport, G, W. 1968, "The Historical Background of Modern Social
Psychulﬂ?y" in Lindzey, G. and Arcnson, E. [eds.). The Handbock
of Social Psvchotogy

hptogy. Addison-Wesely, Massachusetts,
Ben-David, J. 1971. he Scientist’ in . Prentice-Hall,
Hew Jersey.
Blaleck, H. M. 1974, HMeasurement in the So¢ia)l Sciences: Thegries
and Strateqies. Aldine Publishing Co., Chicago.
Boulding, K. E. 1958. Pringi f mig Pglicy. Prentice-Hall

Inc., Englewond Cl1iffs, New Jersey.
Bronowski, J. 1985, Science and Human ¥alues. Harper and Row, New

York.
Bronowski, J. 1977. A Sense gf the Fyture. MIT Press, Cambridge.
Bronowski, J. 1978, Origin wled inatign. Yale

University Press, New Haven.

Butcher, S, H. 1911. Translation of Ppetics by Aristotle,
Macmillan, London.

Caldwell, L., K. 1970. Environment; A Challenge for Moderp Society.

The Natural History Press, New York.

Campbell, D. G. 1977. "Babamian Chlorine Bleach Fishing.”

Proceedings of the Third International Coral Reef Symposium
2:593-59E, Miami.

Commenwealth of Australia 1981. Great Barrier Reef Marine Park

Authority. MNomination of the Great Barrier Reef for [nclusion in

the World Heritage List. Townsville, Queensland.

Commanwealth of Australia 1982. Great Barrier Reef Marine Park Act
1975, Act No. B85, 1975 as Amended. Townswville, Queensliand.

Commonwealth of Australia 1983. Great Barrier Reef Marine Park
Reguylations. Statutory Rules, No. 262. Townsville, Queensland.

Dicksnn.kn. 1984, The MNew Politics of Scienge. Pantheon Books, New
York,

L1t



111

DOC 1979, Key Largo Coral Reef Marina Sangtuary Mapagement Plan.
U.S, Dept. of Commerce. Mational Oceanic and Atmospheric
Administration. U.5. Government Printing Office, Washington,
D.c.

DOC 1983. Loge Key Natipnal Marine Sanctuary Mapagement Plan. U.S.
Dept. of Commerce. National Oceanic and Atmospheric
Administration. U.S. Government Printing Office, Washingtan,

D.C.
DoC 1983, Pr d La Parguera Natiopal Marine Sapctuary Draft
vir ntal [mpa men Management Plan. U.S. Dept.
of Commerce. HNatianal Qceanic and Atmospheric Administration:

Washington, D.C. and Dept. of Matural Resources, Commonwealth of
Puerto Rico; Puerto Ricao.

DOI 1983. General Management Plan - Development Concept Plan -
Environmenta - Buck [sl Reef National Monument.
U.S. Dept. of Interior, National Park Service. U.5. Government
Printing Office, Washington, D.C.

Dodge, R, E., Jickells, 7. D., Knap, A. H., Boyd, 5., and Bak, R. P,
M. 1984, "Reef Building Coral Skeletons as Chemical Pollution
[Phugphﬂrus} Indicators.” Marine Pollytion Bylletin No. 5,
15:178-87.

Dubnick, M. J. and Bardes, B. A. 1983. Thinking About Public Poplicy:
A Problem-Solving Approach. John Wiley, New York.

Dubos, R. 1961. Oreams of Reason. Columbia University Press, New

Yark.
Dubos, R. 1870. on Awake: ien r Man. Columbia University
Press, Hew York.
Ehrlich, P. A, 1981, Extipction: The Cayses and Consequences of the
1sa ne ecies. Random House, Hew York.

Ferguson, G, A, 1871, Statisticsl Analysis in Psychgloqy and
fducation. McGraw-Hill, New York,

Fishbatn, M. and Ajzen, 1. 1972. "Attitudes and Opinions.™ Annual
Review of Psychology 23:487-544.

Fishelson, L. 1973. "Ecology of Coral Reefs in the Gulf of Angaba
(Red Sea) Influenced by Poltution."” Oecologia 12:55-67.

George, F. H. 1970. Science and the Crisis in Society. Wiley-
Interscience, London.

Grassle, J. F. 1973, "Variety in Coral Reef Communities” in Jones,
0. A. and Endean, R. f{eds.}. Biology and Gegleqy of Coral Reefs.
Academic Press, Hew York.

Grobstein, C. 1982. "Utilization of Science in Formulating
Legislative and Regulatory Policy.” Ecolibrium 11:7-10.



Haskins, C. P. 1964, The Scientifig Revolutign and World Politics.

Harper and Row, New York.

Hirsch, J. 1967. "Behavior-Genetic: The Challenge of Science versus

the Lure of Technology." American Psvchologist 22:118.
Jackson, 1. 1981. Draft of imi Managem rat for the
Utilization of the Critical Marine Respurces of Angui The

Eastern Caribbean Natural Area Management Program as Part aof [ts
Arquilla Resources Development Project, Anguilla.

Kelleher, G. G. 198l1. "Research Needs for Coral Reef Management

Planning”. Proceedings g; the Fourth Interngtfional Coral Reef
Symposium 1:231-236, Manila.

Kinsey, D. W, and Davies, P. J. 1979, “Effacts of Elevated Nitrogen

and Phosphorus on Coral Reef Growth." 1 n ano hy
25:939-949Q,
Kuhn, T. §. 1970. Ihe Structure of Scientific Revplutigns.
University of Chicago Press, Chicago.
Levinton, J. $. 1982, Mari ogy. Prentice Hall, Hew Jersey.
Mailer, S. R. 1984, The Pevelopment and Management of a Marine Park
System in Jamgica: Ochg Rios Underwater Park Survey and
Management Plan. Discovery Bay Marine Laboratory, Jamaica.
McCain, G. and Segal, E. M. 1973, Game of Sci . Brooks/Cole,

Monterey, California.

McCloskey, L. R. and Chesher, R. H. 1971. "Effects of Man-Made
Pojiution on the Oynamics of Coral Reefs” in Miller, J. W.,

VanDerwalker, J. G. and Wiler, R. A. (eds.). ienti n_th
Sea. U.S. Dept. of the Interior, Washingten, D.C.

McGuire, W. J. 1960, i rgani ign_and Change: An Apalysis
of Consisten mong_A udg € nents. Yale University Press,

Mew Haven, Connecticut.

McNemar, . 1946. "Opinion-Attitude Methodology". Psvchalegical
Bulietin 43:289-374.

Medawar, P, B. 1984, The Limits of Science. Harper and Row, New
fork.

Milbrath, L. W. 1984, mentalists: Vanqua For a Naw
Society. State University of Mew York Press, Albany.

Mullineaux, R. D. 1982. "Science and Public Understanding: How
Scientists Influence Public Policy." Ecolibrium 11:11-14.

Murphy, G. and Likert R. 1938, Public Opinion and the [ndividual.
Harper and Row, New York.

Bz



L173

Odgen, J. €. and Gladfelter, E. H+ eds.j 1983, Eg:a] Reefs,
rov heir ra i stal

Zones of the Caribbean. UHESEG Reports in Marine Science No. 23,
ROSTLAC, Montevidea, bruguay.

Ortega y Gasset, J. 1932. The Revolt of the Masses. MNorton, New
York.

Oskamp, S. 1977, Att a inians. Prentice Hall, Hew Jersey.

Poppleton, P, K. and Pilkington, G. W. 1964. "A Comparison of Four
Methods of Scoring an ttitude Scale in Relation to its

Reliability and Validity". British Journa] of Spcial apd
(linical Psychology 3:36—39.

Price, D. K. 1865. Ib ntif state. Oxford Univarsity Press,
Kew York.

Proceedings: }hj:g [?;g:ng;jgggl Loral Reef Symposiym. 1977,
Rosenstiel School of Marine and Atmospheric S¢ience, University

of Miami, ¥Yel. 1 and 2, Miami,.

roc ation 1R m m. 1581.
Harine sciences Center, University of the Philippines, Vel. | and
2, Manila.

Salm, R. V. and Clark, J. R. 1984. HMarine_and Coastal ?rg;gg;gd
Areas: u fa nn n nagers. IUCHN, Gland,

Switzerland.
Storer, J., H. 1953, Th 1] ife. Devin-Adair, Hew York.
Suilivan, E. V. 1875. Mo rnipg. Paulist Press, Hew York.

Tolstoy, L. 1898, “The Superstitions of Science” in Burke, J. G,
{ed.). The New Technplogy and Human Values. Wadswerth,

California.

Yan Dyke, V. 1968. "Process and Palicy as Focal Concepts in
Political Research" in Ramney, A. (ed.). 1iti i an

Publig Policy. Markham, Chicago.

Van't Hof, T. 1982. Benaira Marine Park: An Approach to Coral Reef
Management in Small Islands. Netheriands Antilles National Parks
Foundation, Curacac, Metherlands Antilles.

Van’t Hof, T. 1985. Curacao Underwater Park Management Plan.

Netherlands Antilles NHational Parks foundation, Curacaag,
Metherlands Antillas.

Yon Hildebrand, D. 1972, Ethics. Franciscan Herald Press, Chicago.

Walker, D. I. and Ormond, R. F. G. 1982. “"Coral Death from Sewage
and Phosphate Pollution at Aguaba, Red Sea.” Marine Pollutign

Sulletin 130:21-25.




114

W r's Third nternational i nary. 1987, G. and C.
Merriam Co., Springfield, Massachusetts.

Wells, H. G. 1967. Modern ja. University of Mebraska Press,
Lincoln.

Hhiteheaﬁ, A. N. 1925. Science and the Modern World. Macmillan, Hew
York.

Harrel],kn. C. 1970. Principles of Forest Policy. McGraw-Hill, New
York.




IT.

ITT.

Iv.

Vi.

VII.

VIIL.

IX.

APPENDIX A

Questionnaire Utilized in Jnterviews
With Scientists and Managers

Degree{s) and year obtained

Major(s}

Age

Position/Title

What is your working perspective of the nature of science and the
scientific method?

What dpes it mean to you to ba a scientist?

How do scientists know what they know?

Of what importance jis your scientific study toward its
contribution to policy and/or management?

What are the rewards and/or frustrations about doing scientific
research?

What do you classify as environmental policy?

What are the rewards and/or frustrations about getting involved
in policy formation decisions?

What do you consider the field rasource management embraces?

What are the rewards and/or frustrations about designing a
management plan?
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1F SCIENTIFIC RESEARCH IS "PURE™ OR “BASIC", THEN THE RESULTS WILL
NOT BE DIRECTLY UTILIZED.

There is a difference between "pure” or "basic” research and
"applied" research.
strongly agree [ ] agree [ 1 disagree [ ] strongly disagree [ ]

Probe: If you agree, what is the difference?

Scientists involved in "pure” research are not likely to be
directly interested in how their findings will be utilized or
applied in policy formation or in management plans.

strongly agree [ J agree [ | disagree [ ] strongly disagree [ ]

Probe: What do you persanally think?

In general, “"grey" literature scientific reports published by
government agencies and/or universities are useful to either
scientists or managers in their planning of management projects.

strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]

Probae: Can you provide some specific titles or specific reports
that you bejieve were most useful?

Probe: Are there any reports prepared by government and/or the
universities for management purposes that have little ar nn
use?

Probe: How would you advise making agency or university reports
more useful in formulating management policy?



¢

[3i

Scientific criticism of a management proposa] causes management
agencies to take account of the "pure” research literature,

strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]

Probe: [f you agree, why?

Probe: [f you disagree, then do you think they would more likely
take into account the "applied” research literature?

THE MORE FORMAL EDUCATION ONE HAS, THE MORE ONE WILL UTILIZE THE
SEIEHTIFéC INFORMATION RELEVANT TO POLICY-MAKING AND/OR MANAGEMENT
DECISIONS.

One's degree of formal education indicates the amount of scientific
Information one will utilize when making policy or management
decisions.

strangly agree [ ] agree [ ] disagree [ ] strongly disagree [ |

Probe: What is more important in such a situation, knowlaedge or
experience?

SCIENTISTS IN NATURAL RESOURCE FIELDS 00 NOT GIVE ADVICE THAT HAS
APPLICABILITY TG IMMEDIATE PROBLEMS IN MAMAGEMENT.

Research on the applications of science is a valid and proper role
for a scientist.
strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]

Probe: Why do you feel that way?
Probe: Are you involved in applied research?

Probe: Is it proper for scientists to give advice on management
decisions?
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Most scientists try to influence management decisions based gnly on
their own scientific work.

strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]

Probe: Ooes your scientific research have significance relative t:
management plans?

Probe: Do you influence management decisions based oniy on your
own scientific work?

Scientific research helps solve some of the immediate problems in
management.

strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]

Probe: I1f you agree, how?

Probe: 1If you disagree, explain why.

Scientists often voluntarily offer advice or criticism on a
management issue and/er option.

strongly agvee [ ] agree [ ] disagree [ ] strongly disagree [ ]

Procbe: Do you fee} you should offer advice voluntarily or do you
wait until it is requested by the manager?

Scientists often voluntarily offer criticism on an approved
management plan that appears tg go contrary to their findings.

strongly agree [ 1 agree [ ] disagree [ ] strongly disagree { ]

Probe: Do you feel they should?
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119
One aof the functions of research scientists is to develop their
findings into management technigues.
strongly agree [ ] agree [ ] disagree [ }J strongly disagree [ ]
Probe: Why is it, or is it not appropriate? Should they do so?

Probe: Do you think that it is more appropriate for management
agencies to develop scientific findings into management
techniques?

A1 research is geared towards "real world" problems.
strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]

Probe: Why or why not?

Probe: Should it not be?

SCIENTIFIC ADVICE IS SOUGHT FROM RESEARCH PERSONNEL BY MANAGERS TO
GAIN SUPPORT FOR OPINIONS AND OBJECTIVES RATHER THAN OBTAIN
UNBTASED ADVICE OM MANAGEMEMT CHOICES.

Managers constantly demand scientific infermation and knowledge
from scientists to use in policy-making and for management
decisions.

strongly agree { ] agree [ ] disagree [ ] strongly disagree [ ]

Probe: 0o scientists mind being asked for their cpinions and
knowledga?

The information given by scientists to resource managers is often
used to support the managers' opinion only.

strongly agree [ ] agree [ 1 disagree [ 1 strongly disagree [ ]
Probe: Why do you think so7?
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The infaormation given by scientists to resource managers is used to
shed new light on management problems.
strongly agree [ ] agree [ ] disagree { ] strongly disagree [ ]

Frobe: 0o you have any evidence of this?

Upen planntng a management project, a manager consuits with such
persons as experienced project planners, applied scientists, and
engineers for advice.

strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]

Prche: Why do you feel this is so?

Probe: Would you necessarily ask all of them for advice?

Frobe: Whose advice would you trust the most?

Upon planning a management project, a manager consults with
research scientists.

strongly agrea [ ] agree [ ] disagree [ ] strongly disagree [ |}

Proba: Is this often the case? Why or why not?

5EI§E;ISTS ARE WOT "ACTIVELY" INVOLVED IN INFLUENCING PUBLIC
POLICY.

It is appropriate for scientists to play an "active" role during
the fact-gathering phase of pelicy-making, but not during policy
development and promulgation.

strongly agree [ ] agree [ ]| disagree [ ] strongly disagree [ |

Proba: If you agree, why?

Probe: [f yau disagree, then do you think they should play an
active role in all three phases, or a passive role in some?

Probe: How should they play a part?
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It is not appropriate for scientists to represent themselves as a
scientific exﬁert in a controversial policy matter in an area not
directly in their field of experience or in which they have not
done specific research during formal proceedings.

strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]

Prabe: What may be the complications?
Probe: Have you ever been an expert witness?

Probe: How close was the topic on which you were testifying to
your immediate research activities?

Probe: 1[s it appropriate for a scientist, as with any citizen, to
become involved in controversial policy matters involving
science and technology even though he/she is not an expert
in the area? Why?

Probe: What should the scientist do in such & situation?

Probe: Would a scientist have more of an input than other
citizens?

Scientists do not at all want to concern themselves {or be
burdaned) with influencing or forming public policy.

strongly agree [ 1 agree [ ] disagree [ ] strongly disagree [ ]
Probe: If not, why not?

Prabe: 1f you agree, how "active" a role do they play? (Or should
thay play?

Proba: How have you specifically used your knowledge of sciepce ‘o
influence or form public policy?
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SCIENTISTS INVOLVED IH MANAGEMENT DECISIOM-MAKING VIOLATE THE
SCIENTIFIC ETHIC OF AVOIDING BIAS IN THEIR ACTIONS.

When "mana?ing“ a resource, only scientific information relevant to
the natural resource s appropriate for consideration.
strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]

Probe: If you agree, why?

Probe: If you disagree, then do you think that it is not encugh to
consider the patural resource itself, for one must "manage”
people as well?

Probe: MWould "managing" people be a form of indectrination?

Scientific research involves adhering to a set of scientific ethics
or codes.

strongly agree [ ] agree { ] disagree ( ] strongly disagree [ ]

Probe: What are these ethics or codes?
Probe: Where have they been derived from?
Probe: How are they motivated?

Sciantists viglate scientific ethics when they become directly
involived in management decisions.

strongly agree [ ] agree [ ] disagree { ] strongly disagree [ ]
Probe: Because scientists rneed to make decisions which considap

the public good, da you think they are torn between
scientific ethics and political ethics?

Probe: Does having scientific ethics make a scientist feel that
he/sha has moral authority as a human being?
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RESEARCH REPORTS ARE OFTEM WRITTEN TN LANGUAGE THAT NEITHER
“MANAGERS™ NOR “PUBLIC" CAN UNDERSTAND.

Scientists are not able to keep up with the most recent literature
in areas in which they are not actively working.
strongly agree [ ] agree [ ] disagree [ J strongly disagree [ )

Probe: Are scientists uwsually involved with more than one project
at a time?

Probe: How do you Kkeep up with the literature?

Most research reports can be read and understood by scientists.
strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]

Probe: How do you know?

Probe: Can you read and do you understand most research reports in
your field? OQutside your field?

Mast research reports can be read and understood by resource
managers.

strongly agree [ ] agree [ ] disagree { ] strongly disagree [ ]

Probe: How is this evident?

Most research reports can be read and understood by the public.
strongly agree [ 1 agres [ ] disagree [ ] strongly disagree [ |

Probe: Why do you think so?
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Research on management questions is done by scientists in a number
of different disciplines such as meteprologists, physicists,
biologists, chemists, genologists and engineers (tc name a few).
The language of their reports is too difficult for managers to
comprehend.

strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]
Probe: If you agree, which of the above discipline(s) (or any

other discipline(s) you may think of} have the most
difficult reports to understand? Why?

It is aﬁprnpriate to describe the statistical amalysis used in
resgarch in material published for the scientific community.

strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]
Probe: Should it bae?

1t is not appropriate to describe the statistical analysis used in
research reports geared fer the manager or the public for [or
during)} their decisicon-making process.

strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]

Probe: Would this simplify ar complicate matters?

Probe: Why should it or should it not be described?

Research scientists qualify the results of their study tuo much,
strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]
Probe: In what context?

Probe: To what sxtent?

Probe: I[s it better if they do or do not? Why?
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SCIENTISTS SELDOM COMMUNICATE THEIR KNOWLEDGE TO THE PUBLIC
EFFECTIVELY.

The communication responsibility of scientists is over with the
publication of peer-reviewed Yiterature,.
strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]

Probe: What should the communication responsibility of the
scientist be?

Sclentists seldom communicate the knowledge of their particular
research to the public.

strongly agree [ | agree { ] disagree [ 1 strongly disagree [ ]

Probe: What are the reasons why they should or should not?

Scientists saldom communicate with the public through the press,
television and radio programs, and public lectures or caourses
offered in continuing education programs.

strongly agree [ ] agree [ 1 disagree [ ] strongly disagree [ ]

Probe: Which one{s) of the above are most effective? Least
gffective?

Probe: Have you ever been invelved in any of the above-mentioned
means af communication? Do you feel you should?

Probe: Do you know of any other ways of transmitting information
to the public?
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The communication efforts of scientists with the public are not
always effective and/or adequate.
strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]

Probe: [o you communicate effectively?

Probe: £xplain why you think so, or how you know.

Probe: Is it important for a scientist to be able to communicate
effectively?

SCIENTISTS FEEL THAT THEY SHOULD ROT CONCERN THEMSELVES WITH
ATTITUDES, VALUES, AND BELIEFS THE PUBLIC HAS TOWARDS THE
PROTECTION OF THE MARIME ENVIRGMMENT MOR DO THEY FEEL IT IS THEIR
"DUTY" TO CHANGE THEM.

Scientists know the attitudes people have toward protecting the
marine envircnment.

strongly agree [ ] agree { | disagree [ 1 strongly disagree [ ]

Probe: If you agree, then do scientists know what action people
want when it comes to protecting the marine environment?

Probe: How do they know?

Probe: Do you know the attitudes people have?

Managers know what people want when it comes to protecting the
marine environment.

strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]

Probe: How do they know?
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Scientists know more than managers what the attitudes and opinions
of the public are towards protecting the marine environment,

strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]

Probe: If you agree, why do you think sao?

Probe: If you disagree, do you think perhaps that managers know
more s0 than scientists?

Scientists are concerned with attitudes, values, and beliefs the
public has towards the marine environment.

strongly agree [ J agree [ ] disagree [ ] strongly disagree [ ]
Probe: Why or why not?

Probe: Shaould they be concerned?

Managers are concerned with attitudes, values, and beliefs the
public has towards the marine environment.

strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]
Probe: Why or why not?

Probe: Should they be concerned?

SCIENTISTS FEEL THAT THEIR ROLE IS ONLY T0 SEEK KNOWLEDGE AND
TRUTH; THAT THEY ARE WNOT QUALIFIED TO MAKE VALUE-JUDGEMENTS.

Scientists are not effectively involved in present environmental
management efforts,
strongly agree [ 1 agree [ ] disagree { ] strongly disagree { )

Probe: If yes, how are they involved?

Probe: If no, should they be involved?
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An appropriate place for scieptific involvement in environmental
management is in the process of policy implementation (i.e.
permitting, regulatory hearings, etc.}.

strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]

Probe: Give reasans why you think so,

Probe: I[s there enough involvement now? Should there be mgre?

It is appropriate for scientists to become involved in surveillance
and policing of policy implementation.

strongly agree [ 1 agree [ ] disagree [ ] strongly disagree [ ]
Probe: Why do you say this?

Probe: Are scientists involved now in such activities? Should
they be?

Scientists presently have a say in the development of regulations
or laws pertaining to management of cur natural resources during
the policy develepment phase,

strongly agree [ ] agree [ ] disagres [ ] strongly disagree [ ]

Probe: Is this & must for the scientist?

It is appropriate far scientists to get invelved in the development
and delivery of educational, recreational and interpretative
programs for the general public.

strongly agree { ] agree [ ] disagree [ ] strongly disagree [ ]

Probe: Are they involved in all three?

Probe: Should they be involved in such functions?
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The scientist has an important role menitoring management plans,
strongly agree [ 1 agree [ ] disagree [ ] strongly disagree [ )

Probe: Explain your answer.
Probe: 1Is that an important role for the scientist?

Scientists can be effectively invelved with several different role:
{i.e., advisor, educator, investigator) at the same time.

strongly agree [ ] agree [ 1 disagree [ ] strongly disagree [ ]

Probe: What has been your personal experience?

Probe: Even though a scientist is confronted with several
different roles at times, do you think that he or she is
still effective egually in all roles?

Probe: How does one know if one is being effective?

When scientists do address the ?ub1ic on important issues, they
feel that their sole responsibility is to provide their factual
knowledge and understanding.

strangly agree [ ] agree [ ] disagree [ ] strengly disagree [ ]

Probe: If you agree, do you think this is adeguate?

Probe: [If youdisagree, do you think they should also communicate
their value- judgements?

The scientist’'s role is one that goes beyond seeking the truth.
strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]

Probe: What is the "absalute truth™ in scienca?

Prabe: Can the scientist evar reach an "absolute truth"?
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The scientist plays a role in the discovery, development and
dissemination of knowledge.
strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]

Probe: DQoes the scientist play an equally impartant role in all
three phases, or anly one or two of the above?

Probe: What is the role of science and scientists in our society?

Probe: What is their specific role in marine environmental policy
and management?

Probe: What do you think the role of the scientist should ba?
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Center Jirector
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Sanctuary Manager
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Mr. J. Hunt

M.5c. - Marine Science - 1981

Biglogist/Supervisor
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Marathon, florida

Mr. W. Jaap

B.Sc. - Marine Science - 1970
Biologist

Department of Natural Rescurces
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Washington, D.C.
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Washington, D.C.
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Ph_D. - Biological Oceanography - 1979

Research Associate
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Dr. A. D. Parsons

Ph.D. - Zoology - 1573
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Ms. R. 5. Rootes

M.P.A. - Public Administration - 1983
Manager
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Dr. K. Ruetzler
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Ms., §. K. Shutler

M.A. - Marine Affairs - 1981
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Katignal Marine Fisheries Service/NOAA
Washington, D.C.

Br. R. H. Stockman
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Mr. J. Thomas
M.Sc, - Biology - 1975
Scientist/Instructor
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Mr. ®. J. Thomas

M.5¢c. - Zoolagy - 197B

Program Specialist

Sanctuary Programs Division
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Environmental Administrator
Depaytment of Naturail Resources
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