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Everything You Always Wanted to Know
About MSY and OY (But Were Afraid to Ask)1

J. I?. Zuboy And A. C. Jones2

ABSTRACT

The eight fishery management councils
established by the Fishery Conservation
and Management Act of 1976 are mandated to
manage U.S. marine fisheries resources
occurring in the fishery conservation zone
based on the concepts of maximum sustain-
able yield and optimum yield. Fulfilling
the mandate requires a thorough under-
standing of these concepts. It is the
purpose of this paper to present a non-
technical discussion of maximum sustain-
able yield and optimum yield to facilitate
understanding by the councils, which are
composed largely of laypersons, so that
they may carry out their duties under the
Act.

INTRODUCTION

Two of the most bantered
about terms in the world of
fishery management today are
maximum sustainable yield
(MSY) and optimum yield (OY).
The MSY concept has been with
us for a long time and actual-
ly reached its pinnacle in the
1950's. OY is a concept of
the 1970's. Many people feel
that MSY has outlived its use-

'A nontechnical paper on the
fisheries concepts of maximum
sustainable yield (MSY) and
optimum yield (OY). Presented
at a meeting of the Caribbean
Fishery Management Council in
Santurce, Puerto Rico.

2Southeast Fisheries Center,
National Marine Fisheries Ser-
vice, NOAA, 75 Virginia Beach
Drive, Miami, FL 33149.

fulness now that OY has ar-
rived on the scene. In fact,
Larkin (1977) went so far as
to tender "An Epitaph for the
Concept of Maximum Sustained
Yield" in his keynote address
at the annual meeting of the
American Fisheries Society in
1976. While we agree that
managing strictly for MSY is
outdated in this energy-hun-
gry , limited-resource world,
the fact of the matter is that
M S Y  will remain a functional
concept for many years to
come. There are two reasons
for this: 1) the Fishery Man-
agement and Conservation Act
(FCMA) of 1976 (Public Law 94-
265) has given MSY a new lease
on life by making MSY the ba-
sis on which OY is prescribed,
"as modified by any relavent
economic, social, or ecologi-
cal factor," and by requiring
MSY as well as OY to be speci-
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fied in any fishery management
plan prepared under the Act,
and 2) the complexities of ar-
riving at a consensus as to
what constitutes OY for a
particular fishery are such,
that for many cases OY is
likely to be designated as
equal to MSY-- at least for the
foreseeable future.

Given then that the Region-
al Councils will have to deal
extensively with both concepts
and that the Council members
in general are decisionmakers,
not fishery scientists per se,
it is the purpose of this
paper to provide a functional
(nontechnical) perspective of
the concepts to facilitate
understanding and thereby aid
the Councils in fulfilling
their duties under the Act.
First we'll discuss MSY --what
is it, how do we estimate it,
how reliable is our estimate--
and then give some examples.
Then we'll do much the same
for OY. Hopefully, by the
time all is said and done, a
clear picture of the concepts
and their application will
begin to emerge.

MAXIMUM SUSTAINABLE YIELD

As defined by Ricker (1975),
MSY is the largest average
catch or yield that can con-
tinuously be taken from a
stock under existing environ-
mental conditions. Thus, MSY
is strictly a biological con-
cept, giving no consideration
to economic, social, or poli-
tical factors. The concept of
MSY is based on the reasonable
postulate that a fish stock
produces its greatest harvest-
able surplus when it is at an
intermediate level of abun-
dance. There are three rea-
sons for lessened surplus pro-

duction at maximum abundance
or high stock densities:

1) Near the maximum stock
density, efficiency of
reproduction is reduced,
and often the actual
number of recruits is
less than at smaller den-
sities.

2) When food supply is lim-
ited, food is less effi-
ciently converted to fish
flesh by a large stock
than by a smaller one.
Each fish of the larger
stock gets less food in-
dividually: hence a
larger fraction is used
merely to maintain life,
and a smaller fraction
for growth.

3) An unfished stock tends
to contain more older in-
dividuals, relatively,
than a fished stock.
This makes for decreased
production, in at least
two ways.

a. Larger fish tend to
eat larger foods,
so an extra step
may be inserted in
the food chain,
with consequent
loss of efficiency
O f utilization of
the basic food pro-
duction.

b. Older fish convert
a smaller fraction
of the food they
eat into new flesh,
partly, at least,
because mature fish
divert much sub-
stance to maturing
eggs and milt.

Under reasonably stable nat-
ural conditions the net in-
crease of an unfished stock is
zero, i.e., on the average,
growth is balanced by natural
deaths, and there is no sur-
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plus production. Introducing
a fishery increases production
per unit of stock due to one
or more of the reasons above,
and so creates a surplus which
can be harvested (Ricker
1975). The problem, then is
how do we estimate the surplus
production?

Basically, there are two
models used to estimate poten-
tial yield from a fishery,
either in terms of MSY or in
terms of maximum yield per re-
cruit (Y/R). They are the
production model (Synonyms:
surplus production model,
stock production model, logis-
tic model, and Schaefer mod-
el) and the yield per recruit
model (synonyms: dynamic pool
model, Beverton and Holt mod-
el).

Production Model

The production model has its
roots in the logistic "law" of
population growth, which was
first advanced by the French
mathematician Verhulst in
1838. He described logistic
population growth by the dif-
ferential equation:

dN/dt = (rN) (K-NJ/K (1)

where N = population in num-
bers

r = reproductive capa-
city (rate of sur-
plus production, in
our sense)

K = maximum population
size that can ex-
ist in a given
ecosystem.

A plot of the Verhulst equa-
tion yields an S-shaped curve
which in mathematical jargon
is termed a logistic Curve
(Fig. 1). In words, Equation
(1) simply says that the rate

TIME

Figure 1. --The logistic curve
and its first derivative.
(After Pearl 1927.) The peak
of the first derivative curve
corresponds to the inflection
point of the logistic curve,
i.e., the point where rate of
surplus production is a maxi-
mum. Analogously, the peak of
the yield curve is the point
of maximum yield.

of change of population
numbers over time, in a
limited environment, is a
function of the reproductive
capacity and the size of the
population. This. simple con-
cept was extended by Graham
(1935) to account for the
change in biomass (weight ra-
ther than numbers) of a fish
stock over time as a function
of the rate of surplus produc-
tion (recruitment plus growth
less natural mortality). He
further' demonstrated that un-
der equilibrium (steady state)
conditions, when fishing re-
moves the surplus production
of the stock at the same rate
it is produced, the population
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Figure 2. --Schaefer model of
the relationship between ef-
fort and yield.

size remains constant and the
annual catch becomes the an-
nual equilibrium yield. It
remained for Schaefer (1954,
1957) to extend the concept to
relating yield directly to
fishing effort by the simple
parabola we are familiar with
today (Fig. 2). There have
been a number of modifications
to the production model in re-
cent years, but we will do no
more than reference them here
(Gulland 1961: Pella and Tom-
linson 1969: Fox 1970, 1975;
Walter 1 9 7 3 , 1978; Ricker
1975; Marchessault, Saila, and
Palm 1976; Schnute 1977). If
we can elicit an understanding
of the basic production model,
its data requirements, assump-
tions, and applications, we
will have achieved our
purpose.

The beauty of the production
model is its simplicity. The
only data needed to apply the
model are catch and effort for
a series of years. The usual
method of applying the model
to the data is to statistical-
ly fit a straight line (linear
regression) to the relation-
ship of catch per unit effort
(CPUE) and effort (Fig. 3,

Figure 3.--The relations be-
tween fishing effort and catch
per unit effort (upper figure)
and total catch (lower figure)
in the yellowfin tuna fishery.
(from IATTC Annual Report 
1968).

upper), thereby estimating the
constants necessary for fit-
ting the parabola (Fig. 3,
lower) to the annual yield and
effort data. The same con-
stants are used in the appro-
priate equations to estimate
the highest point of the para-
bola (which corresponds to the
MSY) and the optimum fishing
effort associated with the

MSY.
There are a number of

suumptions involved with the
production model (indeed with
all mathematical models), and
herein lies the rub-- rarely
are the assumptions completely
satisfied. The major assump-
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tiOnS associated with the pro-
duction model are:

1) The fishery is in equi-
librium, i.e., stock
structure has adjusted
to and stabilized at the
current level of fishing
effort.

2) Environmental factors
are constant.

3) The fishery is operating
on a "unit stock," i.e.,
a stock capable of inde-
pendent exploitation or
management and contain-
ing as much of an inter-
breeding unit or as few
reproductively isolated
units as possible (Royce
1972).

4) The number of recruits
and the natural mortal-
ity rate are constant
regardless of stock
size.

5) One unit of fishing
effort produces the same
relative effect on the
stock, that is, it
catches the same percen-
tage of the stock, re-
gardless of the time or
place it is applied or
regardless of the size
of the stock.

6) The rate of natural
increase of the stock
responds immediately to
changes in population
density, i.e., the time
lag between spawning and
recruitment of progeny
to the catchable stock
is ignored.

7) The rate of natural in-
crease at a given weight
of population is inde-
pendent of the age com-
POSitiOn of the popula-
tion.

As one can easily see, all of
the assumptions can never be
met. However, assumptions not
withstanding, the model still

provides us with a first rough
estimate of the potential
yield that can be expected
from a given stock of fish.
Now let's look at some ex-
amples.

Schaefer's (1957) paper on
Pacific yellowfin tuna is the
classic on production model-
ing. The biological charac-
teristics of the beast and the
nature of the fishery lend
themselves nicely to produc-
tion model analysis. The
model provided a reasonably
good description of what was
happening in the fishery until
the mid-1950's (Fig. 3,
lower). After that time,
however, there is much more
scatter evident in the points
about the curve. If the data
for 1969 and 1970 were
included, the scatter would be
even more obvious, as the
catches for those years were
253 and 284 million pounds,
respectively. The primary
reasons for the failure of the
model to adequately describe
the fishery in recent years
are: 1) a progressive change
in the type of fishing effort
from bait boats to super
seiners, and 2) a progressive
expansion Of the fishing
grounds beyond the area co-
vered by the original analy-
sis. The model did, however,
provide the basis for adequate
scientific advice to industry
and fishery management deci-
sion-makers for many years.

To bring the discussion a
little closer to home, here
are a few examples 3 of the

3The example in Figures 4, 5,
and 6 are for illustrative
purposes only and do not nec-
essarily reflect the current
status of the stocks.
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production model applied to
fisheries in the Southeast
Region. We won't discuss all
the assumptions and analytical
problems specific to each
case, but just show the pro-
duction curves to provide a
"f e e l" for how the model is
applied to different fisher-
ies.

Figure 4 is an example of
the producon model applied to
the Gulf of Mexico menhaden
fishery. Note that the data
points are for the most part
very close to the curve in the
early years of the fishery,
but as the fishery approaches
MSY there is considerable var-
iation from the curve. This
is the usual picture presented
by the production model. The
model shows that the fishery
has been producing above the
level of MSY for the last
years, b u t that the level of

effort is also above the
optimum. The menhaden fishery
is relatively easy to deal
with in terms of standardizing
fishing effort because there
is no recreational fishery to
consider and no foreign fish-
ing effort.

Figure 5 shows a production
model fit to Gulf of Mexico
brown shrimp data. The model
suggests that this particular
fishery is operating at about
MSY. Note that yield is given
in both heads-off and live
(heads-on) weight.

Figure 6 shows the produc-
tion model fit to the grouper
fishery off the west coast of
Florida. This fishery is dif-
ficult to assess because a
large number of species are
involved and there are domes-
tic commercial, foreign, and
recreational fisheries to be
considered (just to mention

EFFORT (THOUSANDS OF VESSEL TON-WEEKS)

Figure 4. --Production model of the Gulf of Mexico
menhaden fishery (NMFS, Beaufort Lab.).
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Figure S.--Production model
for Gulf of Mexico brown
shrimp (NMFS, Galveston Lab.).

two of the problems). The
model shows that the fishery,
if all the data and assump-
tions are- correct, is not yet
at MSY but is approaching that
level.

This discussion and examples
so far have revolved around
fitting the production model
using a time series of catch
effort data. The three vari-
ables: catch, effort, and
catch per unit effort(CPUE)
are, of course, related.
Knowing any two, the third can
be calculated directly.. In

COMBINED GROUPER - WEST FLORlDA SHELF

MSY = 29.6 x 106 LBS.

Figure 6.--Production model of the West Florida Shelf grouper
fishery (NMFS, Miami Lab.).
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some fisheries where total
catch is known but total ef-
fort is not, CPUE for a selec-
ted (well-behaved) part of the
fishery can be used to est-
imate total effort by:

total catch = total effort.
CPUE (selected)

( 2 )

The model is then fit by
regressing CPUE against total
effort. This is a neat trick,
and perhaps the only way to
fit the production model in
some fisheries, however, a
word of caution. It has been
shown (Knights and Pope 1975)
that when calculated this way,
the result is a parabola even
if both catch and CPUE are
random numbers! Thus, even if
there is no relationship be-
tween CPUE and effort a cor-
relation can be shown. The
same spurious results are
obtained when fitting the pro-
duction model by averaging
effort for a number of years
to simulate equilibrium condi-
tions as suggested by Gulland
(1968) or when using effi-
ciency factors. In the latter
case, a small allowance for
increase in the efficiency of
fishing effort is included in
the calculations. Calculated
this way, if actual CPUE and
effort were constant for all
years, the addition of a 4%
annual increase in efficiency
factor would produce a para-
bola. Thus, if CPUE varied
randomly and effort were con-
stant, the use of efficiency
factors would tend to produce
a correlation where one did
not previously exist.

Before leaving the produc-
tion model we would like to
mention briefly two methods of
estimating MSY which are based
on the model, but do not

require a time series of catch
and effort data. We'll call
these the equilibrium period
(EP) approach and the virgin
stock biomass (VSB) approach.

Under equilibrium condi-
tions, surplus production is a
parabolic function of rate of
fishing (F) and of fishing
effort (f) as well as stock
size. The relationship can be
fitted with the equation:

Ye/fe = bfe (3)

where Ye = equilibruim catch
per unit of effort

fe
= equilibrium fishing

effort.

Hence, values of yield per
unit effort and effort for two
equilibrium periods can be
substituted in Equation (3)
and by solving the two simul-
taneous equations thus obtain-
ed, values for the parameters
(constants) a and b can be
derived (Ricker 1975). Having
values for a and b, MSY is
calculated from:

MSY = a2/4b. (4)

This approach was used to
estimate MSY in the Puerto
Rico spiny lobsters fishery.
A time series of catch and
effort data was not available;
however, an estimate of catch
and effort for two periods,
1951 and 1976, was available.
These years were assumed to be
periods when the fishery was
in equilibrium. The data
were:

1951 1976
Fish pots 4,473 8,271
Pounds 467,000 480,000
Pounds/fish

pot (CPUE) 104 58

Employing the EP approach, MSY
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was estimated as 516,000 lb at
an effort level of about 6,500
fish pots.

The VSB approach can be used
when there is no catch and
effort data available, but
where biomass of the virgin
(unexploited) stock can be
estimated (Gulland 1971).
Biomass estimates are s o m e -
times available from explora-
tory fishing surveys, egg or
larval studies, acoustic or
echosounding surveys, and gut
contents of predatory species.

The VSB approach is based on
the logistic model of popula-
tion growth, in which the max-
imum yield (Ymax) is taken
when the population biomass is
half the unexploited or virgin
stock biomass (Bo) as shown
below.

Assuming fishing rate to be
equal to natural mortality
rate in the virgin stock, the
equation for estimating MSY
is:

MSY = F (0.5b0).

In words, Equation (5) says
that MSY is equal to one-half

the virgin stock biomass (Bo)
multiplied by the fishing mor-
tality rate (F).

The EP and VSB approaches
both enable a quick and dirty
estiate of MSY to be made when
there may be no other alterna-
tive. The estimate thus de-
rived is obviously very gross,
but it may be all that we have
and m a y  a t least be on the
right order of magnitude.

A final word on modeling for
predictive purposes. Predic-
tion, based on a model, is
most reliable when the entire
range of conditions has been
observed. Predicting the be-
havior of a phenomenon beyond
the range of observed data is
usually ill-advised (but often
necessary). The production
model, therefore, like other
models, is best at predicting
MSY after MSY has been exceed-
ed but this is when management
measures are usually more
difficult to apply.

YIELD PER RECRUIT MODEL

The first attempt to de-
scribe a fishery in terms of
the vital parameters of re-
cruitment, growth, and mortal-
ity instead of only in terms
of population size is general-

lY attributed to Baranov
(1918). This type of yield
model is formulatated by fol-
lowing a group of recruits
through their life from entry
into the fishery (tc) until
the end of their fishable life
span (tm). The general form
of the equation which de-
scribes this situation is

t m
Y = SUM FNtwtdt. (6)

t c

In words, this equation says
that Y from a year-class
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(cohort) during its life in
the fishery is determined by
taking into account the number
(Nt) remaining each year,
converting that number to
weight using an appropriate
growth function (Wt) deriving
the proportion of the weight
which i s removed by fishing
mortality (F), and then sum-
ming from tc to tm. Under
equilibrium conditions the
total catch each year is equal
to the total harvest from a
year -class during its life,
thus Equation (6) represents
the annual equilibrium yield.
Unfortunately, we seldom know
anything about the level of
reruitment, and so the dynamic
pool model is usually employed
to estimate only yield per
recruit, i.e.,

t m
Y/R = SUM (FNt/R) wtdt. (7)

t C

At times yield per recruit has
been treated as if it were
total yield leading to much
confusion between the result
of this model and the result
of a prodution model which
gives estimates of total yield
(MSY). Yield per recruit and
total yield are equivalent
only if the absolute recruit-
ment is constant for all val-
ues of population size
(Schaefer 1968).
The shape of the yield per

recruit curve is determined by
the growth and natural mortal-
ity rates
the

(instantaneous) of
stock in question. A

stock with a low growth rate
and/or a high natural mortal-
ity tends to have a flat-

4See Appendix for discussion
of instantaneous rates.

Figure 7.--The two basic
shapes of the yield per re-
cruit curve as determined by
growth and natural mortality
rates.

topped Y/R curve ( F i g .  7 ) .
This type of curve suggests
that there is no reduction in
yield even at very high fish-
ing mortality rates. There is
no clearly defined maximum
point (F m a x) on the curve.
This poses a problem since the
implication is that the stock
can sustain high fishing mor-
tality without fear of over-
fishing, which may not be true
if recruitment is dependent on
the size of the adult stock.
To deal with this problem,
fisheries scientists have de-
signated FO.l as the optimal
fishing mortality rate. This
rate is determined as the
point at which the slope of
the yield per recruit curve is
one-tenth of the slope at the
origin (Fig. 7). Thus, al-
though some amount of yield is
lost by designating F O . l as
the optimal fishing mortality
rate, the stock is protected
from overfishing.

A low natural mortality rate
and high growth rate produces
a Y/R curve which is dome-
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shaped (Fig. 7). This type of
curve has an obvious Fmax at a
rather low level of fishing
mortality and tends to drop
off substantially at high F
levels. The management impli-
cation of this curve is that
overfishing is a distinct pos-
sibility even at low fishing
mortality rates.

Even if one selects the Fmax
(or F 0 . l),

which maximizes
yield on a per recruit basis,
there is no guarantee that
this F value will produce the
maximum total yield. This is
because a yield per recruit
analysis is based on the ex-
isting exploitation pattern
which in turn can cause major
changes in yield per recruit
and hence total yield.

The yield per recruit model
suffers many of the assump-
tions mentioned for the pro-
duction model. In addition,
one must be able to estimate
values for the vital para-
meters, such information being
scarce or entirely lacking in
most fisheries; and, once
again, the model does not pro-
vide an estimate of MSY, but
only an estimate of yield per
recruit under specified condi-
tions. Since we are primarily
interested in MSY and OY in
this paper, examples of yield
per recruit curves will not be
provided here. However, this
brief treatment of the Y/R
model should not be interpret-
ed to mean the model is of
little importance. Y/R analy-
sis, under the appropriate
circumstances, is an invalu-
able tool for fisheries stock
assessment.

We have looked at the two
primary methods of assessing
the biological potential of a
fishery now how do we get from
MSY to OY?

OPTIMUM YIELD

BY now the definition of OY
as stated in the FCMA
should have the status of a
household word, however, it
won't hurt to state it once
more, just to set the stage
for our discussion.

The term "optimum," with
respect to the yield from a
fishery, means the amount of
fish 1) which will provide the
greatest overall benefit to
the Nation, with particular
reference to food production
and recreational opportun-
ities; and 2) which is pre-
scribed as such on the basis
of MSY from such fishery, as
modified by any relevant eco-
nomic, social, or ecological
factor.

Thus, FCMA defines OY but
gives no specific guidance as
to how it should be determin-
ed. If it were possible to
quantify all of the economic,
social, and ecological factors
involved in any given fishery,
it would be relatively simple
to calculate an OY using some
type of mathematical optimiza-
tion routine. However, this
is not possible now and may
never be possible. So it
seems that OY will have to be
determined subjectively based
on expert (hopefully!) opin-
ion, at least for the time
being. There are probably a
number of ways of soliciting
expert opinion and trying to
bring about a consensus. We
will mention just two appro-
aches here.

American Assembly Approach

In this approach a number of
experts are assembled at one
time and place, and they
attack the problem as a group.
Each person brings his/her own
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particular expertise (e.g.,
economics, fishery biology, or
sociology) to bear on the
problem. The group , after

considerable interaction, in-
tegrates all of the relevant
data that has been shared,
into a consensus, and thus ar-
rives at. a specification for
OY.

The major problem with this
approach (and each approach
has its own inherent problems)
occurs in any group interact-
ion. Some members of the
group tend to dominate the
discussion while others remain
quietly on the sideline.
There is a natural tendency
for some people to be reserved
in group discussions for fear
of saying something stupid or
being put down. In other
words, there is a lot of ego
involvement in group interact-
ion, and this may have a neg-
ative effect on the results
produced in this type of
atmosphere.

The American Assembly ap-
proach was used at the Univer-
sity of Miami to obtain de-
scriptive and quantitative
socioeconomic information
about mackerel fisheries
(Austin et al. 1977). People
working "in" the fisheries
(fisherman and processors) and
"on" the fisheries (biologists
and managers) contributed
their ideas, understanding,
and opinions about the
fisheries during a workshop
discussion. The discussion
was based on background papers
prepared from previous contact
with the individual partici-
pants and from published ma-
terials. The background
papers were a starting point
for the discussion, and the
technique allowed a consensus
to be formed in some cases, or

at least divergent opinions to
be stated in others.

The Delphi Technique

The Delphi Technique may be
characterized as a method for
structuring a group communica-
tion process so that the pro-
cess is effective in allowing
a group of individuals, as a
whole, to deal with a complex
problem (Linstone and Turoff
1975). The major features of
a Delphi are: Some feedback
in individual contributions of
information and knowledge,
some assessment of the group
judgment or view, some oppor-
tunity for individuals to re-
vise views, and some degree of
anonymity for the individual
responses.

Here's how a Delphi would
work. The investigator(s)
identifies a group of experts
on the subject (experience in-
dicates that about eight are
necessary). These experts are
then polled individually.
This insures confidentiality,
which is a very important fea-
ture of Delphi. In this way,
the answers of one person are
not influenced by the answers
or behavior of another person.
The results are collected and
tabulated by the investigator,
which generally entails deter-
mining the range and median
for all responses to a given
question. This information is
then given to each respondent,
and they are asked to reanswer
the question, considering the
new "data" generated by the
aggregate responses. If their
new responses are outside the
interquartile range from the
previous round, they must
write a short explanation of
why they feel their answer is
correct. These explanations
are then given to the respon-
dents in the next round.



Cycling through this procedure
usually results in a consensus
by the fourth or fifth round.

Probably the biggest problem
in applying the Delphi techni-
que is in getting someone who
is either familiar with the
technique, or willing to learn
about it, to act as the in-
vestigator. This person(s)
should, ideally, be familiar
with the particular problem to
some degree, which would help
in Posing the right questions.

An example of how the Delphi
Technique has been employed in
the area of resource manage-
ment is provided by the
Michigan Sea Grant Program
(Ludlow 1972). The Michigan
Sea Grant Delphi inquiries
were designed to obtain and
refine an interdisciplinary
group of researchers' judge-
ments about issues and devel-
opments that should be consi-
dered with planning for intel-
ligent management of the water
resources of the Great Lakes.
The Delphi provided some care-
fully formulated judgements of
a multidisciplinary team of
researchers and potential
users of researh data regard-
ing: The importance and
effects of technical, social,
economic, and political devel-
opments; sources of pollution
and recommended waste-water
treatment and disposal sys-
tems; and regional opportuni-
ties, problems, and planning
strategies. More important, a
critical evaluation of the
method has shown the potential
of a Delphi inquiry for
improving the dialogue between
researchers and regional
problem solvers (Ludlow 1975).

These are a couple of ideas
about how to functionally at-
tack the problem of obtaining
consensus in group communica-
tions, Now it may be useful

to examine what OY might look
like in the real world.

In his summary and critique
of the Symposium on Optimum
Sustainable Yield, Roedel
(1975:85-88) discussed ten
possible configurations of
OY, as he envisioned the
concept being applied. We'll
simply list them here.

1 . The optimum yield will
in certain fisheries be
equal to the MSY.

2 . The optimum yield may
approach zero harvest
for substantial stocks
that are demonstrated
to fill essential ni-
ches in the food chain
for more desirable spe-
cies.

3 . The optimum yield will
for many fisheries ap-
proximate the maximum
net economic yield.

4 . The optimum yield may
for limited periods ex-
ceed the MSY if econo-
mic or social demands
so dictate.

5 . The optimum yield from
certain fisheries will
require harvest rates
greater than the MSY of
some of their component
species, particularly
in multispecies trawl
fisheries.

6 . The optimum yield for
s o m e stocks will be
that which will main-
tain only' the minimum
population necessary to
ensure the species'
continued existence.

7 . The optimum yield from
the point of view of a
country having control
of a stock, might be to
let another nation har-
vest that stock at a
predetermined rate in
return for cash,
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credit, or some other
sort of rights.

8 . The optimum yield can
be less than the con-
ventional concept of
maximum net economic
yield for certain ma-
rine stocks of primary
interest to sport
fishermen in developed
countries.

9. The optimum yield will
be zero harvest for
species considered to
be of greatest value
for their aesthetic in-
terest (the California
garibaldi), or for in-
habitants of fragile
environments that could
be damaged by intrusion
of man or his gear, or
of environments that
have high scenic values
(coral reefs, under-
water parks).

10. The optimum yield for
"desirable" stocks that
a r e already overhar-
vested will range from
zero up, depending on
the level to which one
desires to restore the
stock and the speed
with which one wants to
reach that level."

Thus, the OY concept provides
a set of options for fishery
management which were not
available under the concept of
MSY alone.

What has been the track
record for OY so far? It's
only been a little over a year
since implementation of FCMA,
and not many fishery manage-
ment plans have been written
and approved. A quick look at
the few plans that have been
approved, however, may indi-
cate the future trend of OY
management.

The first plan we'll look at

is the Atlantic Groundfish
Plan (1977) for haddock, cod,
and yellowtail flounder. Each
species will be discussed
separately.

cod. --Two stocks of cod are
considered in the plan, the
Gulf of Maine ( G M ) stock and
the Georges Hank-Southern New
England (GB-SNE) stock, MSY
for the GM stock is 10,000 t
and 5 0 , 0 0 0  t for the SNE
stock. Available data indi-
cate that the total combined
domestic commercial, foreign
commercial, and recreational
catch has been at or below MSY
in both areas in recent years,
but that the fishing effort
has been higher than the level
necessary to produce MSY.
This indicates that the stock
abundance should be allowed to
increase. Fisheries scien-
tists recommended the commer-
cial catches be set at 3,200 t
for GM and 15,000 t for SNE to
allow the stocks to rebuild.
U.S. fishing industry advisors
pointed out the potential ad-
verse economic impacts on the
harvesting sector if the
quotas were implemented. A
compromise was reached, and
the quota figures were raised
to 5,000 t and 20,000 t, re-
spectively. The expected
catches by recreational fish-
ermen were 2,300 t for GM and
10,000 t for SNE, thus making
the optimum yields for these
two stocks 7,300 t and 30,000
t.

Here we have an example of
how OY was arrived at with
consideration given to the
biological status of the
stocks, and the economic and
sociological effects on the
commercial fleet and recrea-
tional fishery.

Yellowtail Flounder.--Two
stocks of yellowtail flounder
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a r e considered in the plan, a
Georges Bank (GB) stock and a
Southern New England (SNE)
stock. MSY's were estimated
at 16,000 t and 23,000 t, re-
spectively. Stock assessment
indicates that the GB stock is
stable but below the level
required to produce MSY, and
the SNE stock is declining in
abundance. From a strictly
biological viewpoint, catch
from both stocks should be re-
duced as much as possible to
increase spawning biomass and
provide a buffer against re-
cruitment failures. However,
it was determined that this
would cause undue economic
hardship f o r the harvesting
sector and coastal communi-
ties, so an OY of 10,000 t for
GB and 4,000 t (as by-catch
only) for SNE was recommended.
Recreational fishermen do not
take appreciable amounts of
yellowtail flounder, so it was
not necessary to consider this
sector in the analysis.

Once again, we have an OY
based on consideration of both
economic and biological fac-
tors. The exact determination
of the OY level was determined
subjectively in both cases, as
all of the factors involved
were not quantifiable.

Haddock. --Only one stock of
haddock is considered in the
plan and MSY is estimated at
47,000 t. The haddock stock
is severely depleted, and it
was determined that removals
should be kept at the lowest
possible level to allow for
rapid recovery of the stock to
the MSY level of abundance.
Thus, on strictly biological
grounds, the OY was set at
6 , 2 0 0  t , which includes both
recreational and commercial
catch as by-catch only. This
is the amount determined to be

unavoidable by-catch. In the
case of haddock, then, the
overriding consideration was
the biological condition of
the stock, and hence an OY was
recommended based on this
single criterion.

The second plan is for
Salmon Fishing (1977:22-23)
off the coasts of Washington,
Oregon, and California. This
plan is an excellent example
of the complexities involved
in arriving at OY. The fol-
lowing is taken directly from
the plan.

"Achieving maximum yield
levels in pounds would require
elimination of ocean troll and
sport fishing and the taking
of all fish at or near river
mouths. This action would be
required because rate of
growth exceeds rate of natural
m o r t a l i t y in the ocean. This
plan deviates from MSY by
maintaining ocean troll and
sport fisheries, but recom-
mends reduced fishing rates to
provide increased availability
of fish to "inside" fisheries
and spawning escapements.

"Net effect of these recom-
mendations on certain m a j o r
salmon stocks provides an ex-
ample of the effect of modify-
ing MSY to reflect economic
and social (including legal)
factors to achieve OY. The
plan projects optimum yields
(OY) of 18.0 million pounds
for Columbia River fall-run
chinook (4.3 million pounds
less than MSY) and 31.3 mil-
lion pounds for the five coho
stocks described previously
(3.9 million pounds less than
M S Y ) . The reasons for propos-
ing a harvest of less than MSY
are reflected in (1) the high
recreational values; and (2)
the higher market value per
pound for troll relative to
net-caught Columbia River fall
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chinook (due to both real and
perceived quality differences
and different market chan-
nels). Values under the plan
include an estimated $19.1
million for Columbia River
fall-run chinook ($6.2 million
more than the MSY value of
$13.7 million) and $43.5
million for the five coho
stocks ($8.8 million more than
the MS I! value of $34.7
million) .

"Other considerations in-
volved in preserving ocean
troll and sport fisheries to
achieve OY are:

1.

2.

3.

Availability of salmon
over a longer annual
time period and in
greater variety with a
troll fishery.
Less dislocation and
community impact than
that which would follow
immediate elimination of
industries (troll fish-
ery and charter boats)
which form significant
sectors of coastal em-
ployment/alternatives.
Preservation of a life-
style represented by
troll fishing and char-
ter boat operation; act-
ivities accessible with
modest capital invest-
ments. 

Factors justifying some signi-
ficant transfer of fish to the
inside fisheries and spawning
escapements to achieve OY in-
clude:

1. Reduced catches of de-
pleted fish stocks that
will provide increased
salmon production over
the long term.

2. Legal rulings that re-
quire certain quantities
of fish to be provided

for treaty Indian fish-
eries.

3. A reversal of past
trends resulting in the
brunt of conservation
restrictions falling on
inside fisheries in or-
der to assure that ade-
quate spawning escape-
ments are provided.

'Current technology and avail-
ability of data do not permit
direct quantification of all
these factors. Thus, final
determination of OY reflects
the professional judgments and
experience of the working team
who prepared the plan, the
Scientific and Statistical
Committee, and the Council,
which also has been influenced
by input from the Salmon
Advisory Panel, and the
citizen input through public
hearings."

Here we have an example of a
recommended OY which is less
than MSY based primarily on
consideration of high recrea-
tional and economic value,
with some sociological factors
also included. Once again,
note that the factors consid-
ered are not quantifiable,
and that the estimate of OY
was arrived at by a consensus
of the people involved in
writing the plan.

The last plan we'll look at
is for the Surf Clam and Ocean
Quahog Industries (1977) off
the northeast coast.

Surf Clam .--An MSY of 23,000
t is estimated for surf clam
if the populations are allowed
to rebuild to their maximum
level. Stock assessment in-
dicates that the total harvest
for 1977 should be limited to
as low a level as possible to
permit stabilization of the
populations as soon as pos-
sible. Industry spokesman
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indicated, however, that low

harvest levels could inflict
economic hardships on those
individuals in the harvesting
and processing sectors.
Hence, a compromise OY of
14,000 t was recommended in
the plan, which took into con-
sideration both the biological
status of the stocks and the
economics of the industry.
Recreational fishing is not a
consideration in either the
surf or clam or quahog
fisheries.

Ocean Quahog.--The MSY for
quahog is estimated as 49,000
t, based on the virgin stock
biomass method we mentioned
earlier. This is a very gross
estimate of the potential
yield from the stock. Recog-
nizing this, the plan recom-
mends an OY of 14,000 t as a
precautionary figure on bio-
logical grounds alone. The
feeling being that it is
better to err on the conserva-
tive side rather than risk po-
tential overfishing, especial-
ly of a stock whose biological
characteristics would make
recovery from overfishing a
slow process.

CONCLUSION

Judging by the few plans
which have been approved to
date, it appears that the
Fishery Management Councils
have risen to the challenge.
A specification of OY was
arrived at in each case, based
on an estimate of MSY as modi-
fied by relevant' economic and
social factors, even though
these factors were not quanti-
fiable. Thus, the precedent
has been set as we embark on
the road to a new era in
fisheries management.
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APPENDIX
Growth and mortality rates

may be expressed as either an-



nual or instantaneous values.
Annual rates are easier to un-
derstand, but instantaneous
rates are more easily ma-
nipulated in yield equations.
Let us illustrate the
difference. The annual
mortality rate (A) is taken as
one-S, where S equals annual
survival. S can be calculated
by dividing the number of fish
remaining alive at the end of
the year (N1) by the number
that were alive at the start
of the year (N0), thus S =

N 1 / N 0
and A = 1-(N1/N0).

Total instantaneous mortality
rate (Z) is related to S by
the equation Z = -1n S (where
In means natural logarithm) or,
exponentiating both sides, e-z

= S. The relationship is
based on a postulated exponen-
tial decline between numbers
alive at the beginning of a
time period and numbers
remaining at the end of the
period. The function looks
like the following:

For a comparison between
annual and instantaneous rates
look at the following table:

A Z
0.01 0.01
0 . 2 5 0 . 2 9
0 . 5 0 0 . 6 9
0 . 7 5 1.39
0.90 2 . 3 0
0 . 9 5 3 . 0 0

Note that an annual rate can
never be greater than 1.0,
whereas an instantaneous rate
can. Also, annual rates are
not additive, whereas instan-
taneous rates are additive, a
property which facilitates the
use of instantaneous rates in
yield equations. For example,
let's consider a fishery
having an annual total
mortality rate of 0.50. After
3 y r , the total mortality
would not add to 1.50.
Obviously, mortality can't be
greater than 100% (1.0). On
the other hand, the equivalent
instantaneous rate (0.69)
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