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A New Tool for Fishery Managers: 
The Delphi Technique 

JAMWS R. ZvBo¾ 
United States Department of Commerce, National Oceanic and Atmospheric Administration 

National Marine Fisheries Service, Southeast Fisheries Center 

75 Virginia Beach Drive, Miami, Florida 33149 

Abstract 

The Delphi technique, a methodology for systematically developing a consensus of expert 
opinion, is suggested as a potentially useful fishery management tool. This paper describes the 
Delphi techique and provides an example of a Delphi experiment that was designed to obtain 
an estimate of the recreational (diver) catch of spiny lobsters from Florida waters. 

Contemporary fishery management decisions 
must often be made even when sufficient data 

are not available for a scientific analysis. In this 
situation the manager must rely upon the "seat- 
of-the-pants" opinions of the experts. What 
happens, however, when the opinions of the 
experts differ? How does the manager decide 
which is the best estimate? Enter Delphi. 

The Delphi technique is a method for sys- 
tematically developing a consensus among ex- 
perts. By developing a consensus, Delphi pre- 
cludes the necessity to choose among estimates, 
since the "best" estimate is arrived at by the 
Delphi process. This paper provides a brief de- 
scription of the Delphi technique and gives an 
example applied to a fishery problem. Al- 
though the Delphi method is best for forecast- 
ing, this example does offer insight into the 
procedure that has potential use by fisheries 
managers. 

For a detailed discussion of the technique 
and many examples of its applications, see the 
compendium entitled The Delphi Method (Lin- 
stone and Turoff 1975). 

The Delphi Technique 
The origin of the Delphi technique can be 

traced to the "cold war" era of the early 1950's. 
The purpose of "Project Delphi," a study spon- 
sored by the United States Air Force, was to 
apply "expert opinion to the selection, from the 
point of view of a Soviet strategic planner, of 
an optimal United States industrial target sys- 
tem and to the estimation of the number of 

A-bombs required to reduce the munitions out- 
put by a prescribed amount." Since this 

inauspicious beginning, Delphi has evolved into 
a basic tool for technological forecasting and is 
used today by many technologically oriented 
corporations. The usefulness of Delphi has also 
been recognized by those attempting to solve 
the complex problems of society. In recent 
years, the technique has been applied in such 
areas as the environment, health care, and 
transportation. 

Delphi is a methodology for systematically 
developing a consensus of expert opinion. The 
concept is based on the reasonable premises 
that: (1) the opinions of experts are justified as 
inputs to decision-making in inexact areas (i.e., 
where absolute answers are unknown or im- 

possible); and (2) a consensus of experts will 
provide a more accurate response to a question 
than a single expert (Fusfeld and Foster 1971). 
Delphi can also be used to obtain a consensus 
of informed opinions where experts are not 
available. 

The primary characteristics of Delphi are an- 
onymity of the experts, controlled feedback, 
and an estimator of group opinion. The ano- 
nymity feature is important because it helps to 
eliminate bias. In any group interaction (e.g., 
brainstorming), an individual may be influ- 
enced either by what another says or simply the 
manner in which the individual says it. A Del- 
phi inquiry is an iterative process. At each it- 
eration, there is an assessment of group judg- 
ment and controlled feedback to all participants 
in succeeding rounds. This presents the experts 
with an opportunity to revise their opinion 
based on new information as the experiment 
progresses. An estimator of group opinion, 

55 

D
ow

nl
oa

de
d 

by
 [

N
or

th
ea

st
 F

is
he

ri
es

 S
ci

en
ce

 C
en

te
r]

 a
t 0

7:
36

 2
2 

M
ar

ch
 2

01
6 



56 ZUBOY 

usually the median and interquartile range of 
the estimates, is calculated and provides the ba- 
sis to extrapolate a forecast. 

A typical Delphi procedure would operate as 
follows. The investigator identifies a group of 
experts on the subject. The experts are then 
polled individually, usually by questionnaire. 
The results are summarized by the investigator, 
which generally entails determining the median 
and range of responses to a given question. 
This information is then given to each respon- 
dent, who is asked to answer the questions 
again, in light of the new information gener- 
ated by the aggregate responses. If the second 
response is outside the interquartile range from 
the previous round, this person must write a 
brief explanation in support of this estimate. 
These explanations are then provided to all the 
respondents in the next round. Cycling 
through this procedure usually results in con- 
sensus by the fourth or fifth round. 

There have been extensions to the Delphi 
technique over the years, but they have not af- 
fected the basic design. These extensions in- 
clude: (1) cross-impact analysis, developed to 
solve the problem of interrelationships among 
forcasted events; (2) SEER (System for Event 
Evaluation and Review), which helps to make 
Delphi forecasting more efficient by developing 
initial lists of events through interviews, thereby 
reducing the amount of time required by the 
Delphi participant; and (3) trend extrapolation, 
which forces the experts to relate their intuitive 
models of the future to actual rather than per- 
ceived historical trends by providing historical 
time-series data for analysis and prediction 
(Fusfeld and Foster 1971). 

As with any survey tool, Delphi has both pos- 
itive and negative aspects. Ludlow (1972a, 
1972b) asked his Delphi panelists to evaluate 
the methodology. Some of the positive aspects 
identified were: (1) the advantages of a com- 
mittee approach without the necessity of a 
meeting; (2) introduction of ideas not likely to 
be considered by any one individual; (3) sys- 
tematic refinement of issues as the exercise pro- 
gresses; (4) a lesser susceptibility of being influ- 
enced by a strong personality than in other 
procedures; and (5) participation at one's con- 
venience rather than at a specific time. The 
negative aspects identified were basically relat- 
ed to the desirable aspects of conferences that 
are not realized with Delphi. The participants 

felt that the Delphi technique did not provide 
any opportunity to: (1) change and exchange 
opinions; (2) hear reasons for various opinions; 
(3) benefit from the cross-fertilization of ideas; 
and (4) clear up any ambiguities in terms and 
questions. Linstone (Linstone and Turoff 1975) 
identified a number of pitfalls of which a Del- 
phi investigator should be cognizant, and then 
concluded with a statement (p. 586) which sums 
it up well: "The Delphi designer who under- 
stands the philosopy of his approach and the 
resulting boundaries of validity is engaged in 
the practice of a potent communication process. 
The designer who applies the technique with- 
out this insight or without clarifying these 
boundaries for his clients or observers is en- 

gaged in the practice of mythology." 

Florida Spiny Lobster Delphi 

I selected the recreational fishery of the spiny 
lobster (Panulirus argus) for a Delphi experi- 
ment for several reasons: (1) it is a fishery with 
which I am familiar; (2) no conclusive evidence 
for any given recreational catch estimate ex- 
ists; (3) the experiment could be kept simple, 
and (4) an acceptable and supportable estimate 
of the recreational harvest was needed. 

Many estimates (opinion) of the recreational 
harvest of lobsters have been offered in the 

past. These estimates were usually vague and 
given in terms such as "quite small," "equal to 
the commercial catch," or "greater than the 
commercial catch." Based on these statements, 

the implied range of estimates could be taken 
as, perhaps, 100,000-6,000,000 pounds. Even 
the current estimates, based on extrapolations 
of field survey and tagging data, vary by an 
order of magnitude of 60,0004300,000 pounds. 
The point is that there is simply no conclusive 
evidence to support any given estimate; hence, 
the Delphi approach to obtain a consensus for 
the "best" estimate seemed appropriate in this 
case. 

In the past, speculative estimates of the rec- 
reational harvest were acceptable, even if not 
supportable, because management of the re- 
source was not formalized. Since enactment of 

the Fishery Conservation and Management Act 
of 1976 and the requirement that commercial 
and recreational fisheries be treated equitably 
in fishery management plans, the possibility ex- 
ists of allocations among user groups. For al- 
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locations, the need for an acceptable (to all 
groups) and supportable (perhaps in court) es- 
timate of the recreational harvest is obvious. 

The first task in the spiny lobster Delphi was 
to identify a group of experts to participate in 
the experiment. After considerable delibera- 
tion, I decided to limit participation in the ex- 
periment to persons either currently engaged 
in research related directly to lobster manage- 
ment (as opposed to research on behavior, for 
example) or people who, by nature of their cur- 
rent jobs, have a fairly broad perspective of the 
lobster fishery. At least eight participants were 
needed for the experiment, the minimum 
number suggested by those who have published 
on the method. 

It was very difficult to select eight individuals 
based on the above criteria. Part of the problem 
was that some of the individuals work together 
on the same projects or in the same office and 
thus would probably share the same data and 
opinions. This was a negative aspect in the 
sense of limiting the number of individuals 
available for the Delphi panel, but it was a pos- 
itive aspect once the experiment began. The 
selected experts could consult with their col- 
leagues and obtain feedback on their estimate 
before submitting it in the Delphi. After select- 
ing seven people for the panel I had trouble 
choosing the eighth person and decided to par- 
ticipate on the panel myself. There are two 
ways of viewing my participation as a panel 
member. As the administrator of this inquiry, 
there might be a legitimate question raised 
about my ability to maintain objectivity if I were 
a panel member. As a panel member, however, 
my personal opinion would be in full view (after 
the fact) and hence subject to scrutiny. Any ten- 
dency toward a "manipulated" consensus prob- 
ably would be rather obvious. 

To initiate the first round I wrote to the panel 
members, reiterating how the Delphi would be 
conducted. With the letter was a separate ques- 
tionnaire in which I asked for their estimates 
of the recreational lobster harvest. A self-ad- 

dressed, stamped envelope was included for 
their convenience to encourage timely replies 
(5 days). 

Next, participants were provided with the 
median and interquartile range (IR) of the 
Round 1 estimates. Each panel member was 
again asked to answer the Round 1 question 
and, if the member's second response was out- 

T ABI.E 1 .--Summary of Delphi estimates of the spiny lobster 
catch. a 

Expert Round I Round 2 Round 3 Round 4 Round 5 

1 2,250 1,350 1,350 a 875 785 
2 1,500+ e 1,050 1,050 1,050 1,000 
3 1,500 1,350 1,100 1,100 900 
4 1,020 1,020 1,020 530 • 530 
5 b 750 750 750 750 750 
6 750 750 750 800 800 
7 520 520 520 520 520 
8 110 270 370 770 770 

Media• 875 875 875 785 778 

Mean 1,050 883 864 799 757 

a Estimates in 1,000's of pounds rounded to the nearest 
10,000 pounds. 

b My estimates. 
e Estimate was given as a range of 1,000-2,000. I assigned 

a value of 1,500+ for convenience in the first round and 
asked for a point estimate in subsequent rounds. 

a Carried over from Round 2 because no estimate was re- 

ceived in Round 3. Afterwards, I learned that it was 875. 
e This change from previous estimates resulted from the 

individual completing the analysis of all of his data; i.e., not 
a function of the Delphi process per se. 

f True median for the first three rounds was 885. In haste, 
I rounded the 1,020 to 1,000 in the first round and took 
medians of 1,000 and 750. I decided to leave it that way for 
subsequent rounds, assuming the median would undoubt- 
edly change at some point. 

side the IR, about the median, to provide a sup- 
porting statement. 

In Round 3, the estimates from Round 2 
were summarized to show the median and 

range of responses and the supporting state- 
ments for estimates outside the IR were includ- 

ed. Panel members then were asked to consider 

these new data from two viewpoints: (1) Did the 
new data affect their estimates, perhaps calling 
for revision, and (2) could they provide feed- 
back that may cause the other panel members 
to re-evaluate and perhaps revise their esti- 
mates? Rounds 4 and 5 proceeded similarly. 

After Round 5, the estimates had more or 
less stabilized and the experiment was termi- 
nated. I summarized the information from 

Round 5 and sent it to the panelists in a final- 
round statement. At this time, participants were 
asked to send me their general comments on 
the Delphi technique and describe how their 
thought processes operated in regard to 
changes in their estimates during the course of 
the experiment. 
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Evaluation of this Delphi 
The estimates of all participants for all 

rounds are summarized in Table 1. The range 
of the estimates decreased by a factor of four 
over the course of the experiment; i.e., the 
Round-1 range was about two million pounds 
and the Round-5 range was about 500,000 
pounds. The reduction in range is illustrated 
by the decline in the mean over the five rounds. 
The consensus produced by the Delphi inquiry 
was that the recreational harvest was between 

520,000 and 1,000,000 pounds, the mean of the 
eight experts' opinions being 757,000 pounds. 

From my viewpoint, the experiment was a 
success. It produced a "best" estimate of the 
recreational lobster harvest, and also illustrated 
that the Delphi technique can be applied in a 
data-analysis type of situation as well as to pure 
speculative forecasting. There are a few points 
concerning the characteristics of Delphi that 
should be taken into consideration by the po- 
tential Delphi user. 

Comments on the Delphi Method 
Although Delphi produces the best estimate, 

the user should recognize that the answer may 
not be unbiased (true) and could be off by a 
relative order of magnitude in some cases. This 
is more likely to occur in a forecasting-type Del- 
phi, however, than in a Delphi application that 
uses either the present as a time frame or one 
based on real data to some extent. The key to 
success in the latter case is in the selection of 

experts. Insofar as the experience of the ex- 
perts is appropriate (to the problem at hand) 
and broad, the resulting estimate should tend 
to be unbiased. 

Total anonymity of the participants may not 
always be possible. When applying the Delphi 
method in a specialized area with a limited 
number of experts, probably each one will have 
a good idea of who is participating in the in- 
quiry. Also, during the course of the inquiry, 
the identity of the originator can often be in- 
ferred when supporting statements are provid- 
ed. This did not seem to pose a real problem 
in the spiny lobster Delphi, however. On two 
occasions a particular expert's affiliation, but 
not his name, was revealed in the supporting 
statements. Yet, I had the distinct impression 
that most of the other experts were not sure 
who was providing the statement. Regardless, 

I don't believe anonymity (or lack of it) had any 
real effect on the outcome of the experiment. 
Rather, I think the strength of the supporting 
statements had the most impact on narrowing 
the range of estimates toward a consensus. 

Maintaining objectivity was a problem 
throughout the experiment and would have 
been a problem even had I not participated as 
a panel member. I attempted to overcome or 
minimize this difficulty by always providing my 
personal estimate for each round before re- 
ceiving any of the other experts' estimates. 
Also, in providing feedback I attempted to use 
neutral language at all times. When supporting 
statements were to be returned, they were not 
revised except for only minor changes to pre- 
serve anonymity. I provided comments on the 
supporting statements (as an anonymous panel 
member) only once, largely to address erro- 
neous data or assumptions. My original esti- 
mate of 750,000 pounds remained unchanged 
throughout the experiment. This estimate was 
close to the median from Round l, and the 

cases presented by the other experts were not 
strong enough to induce me to revise it. Al- 
though the potential for misusing Delphi to 
produce a manipulated consensus exists, I feel 
the danger is no more prevalent than in any 
other experiment. In the final analysis, it is the 
basic integrity of the investigator that deter- 
mines the results of an experiment, not the in- 
herent characteristics of a particular method- 
ology. 

Conclusion 

The Delphi technique has been a useful tool 
in the area of technological forecasting for 
nearly 20 years, but only recently has it been 
mentioned in the fisheries literature (Ludlow 
1972a, 1972b; Regier 1978; Tomlinson and 
Brown 1979; Zuboy and Jones 1980). The Flor- 
ida spiny lobster Delphi described above is but 
a very limited example of the potential use of 
the Delphi technique in fishery management? 
Its greatest potential in resource management 
lies in that very nebulous area dealing with "so- 
cioeconomic" aspects. Regier (1978) speculated 
that Delphi processes involving public partici- 
pation in renewable resource management de- 

• A detailed report on this spiny lobster Delphi in- 
quiry may be obtained from the author upon request. 
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cisions might be operational by 1990. If this 
paper provides a small impetus in that direc- 
tion, it will have served a useful purpose. 
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