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I. INTRODUCTION AND PROBLEM SETTING

The "best" use of natural resources~-using them where
they are needed the most and can provide the greatest return
to society with respect to economic, political, and environ-
mental standards--is a basic question facing our society.

It is a question that has received more and more attention
in recent years, as an acute awareness of ecological prob-
lems has developéd in the industrialized portion of the
world. The problem has also become more cbmplex as more and
more natural resources are subjected to more intensive -
multiple uses. Conflicts arise between the users of such
resources when the actions of one user encroach upon the

use of the resource by another. Usually such conflicts can
only be resolved by limiting one or more uses.

In the case of renewable natural resources, such as
fisheries, forests, or populations of other wild animals,
assuming there is more than one user, the primary problems
are, first, what is the optimum annual yield and how do we
harvest only £hat amount, and second, how to divide the
annual yield or harvest of the resource among the alterna-

tive users.




In the Great Lakes,l there is a general recognition
by fisheries managers that there is some optimum combination
of commercial and sport fishing that would best utilize the
productive capacity of the resource (Talhelm, 1975). How-
ever, at present no one can precisely document the social
values, the ecological constraints and the management tech-
nology needed to precisely determine optimal management of
Great Lakes fisheries.
The overall purpose of the MSU Sea Grant fisheries
economics research project (of which this study is one com-
ponent) is:
". .+ . to assist individuals and organizations.in
making better use of the Great Lakes and fish culture
resources by applying the social science of economics
to that task. Overall project goals are as follows:
1. Provide information needed for selecting optimal
utiliziation of Great Lakes fisheries by document-
ing the benefits, costs and other impacts of
potential management strategies.

2. Assist private and public planning efforts by
documenting economic impacts incidental to commer-
cial and sport fishing for Great Lakes fish.

3. Promote better utilization of the commercial and

recreation resources of the Great Lakes through

lThe Great Lakes form the largest body of fresh water

in the world, with 95,000 square miles in area. Although
the upper three lakes are cold and infertile, because of

their size and location, they have a tremendous potential
for both sport and commercial fishing.




economic and business statistics, direct assis-
tance to small firms, and studies of related
aspects of recreational behavior." (Talhelm, 1975)

The first goal is of primary importance here. It is
divided into three sub-goals: a) determination of sport
fishing values, b) determination of commercial fishing
values, and c¢) formulate and apply an optimum harvest model.
The purpose of this study is to examine part b} in the con-
text of a particular, renewable resource: the whitefish2
fishery of Michigan's Great Lakes.

Until recently, Great Lakes fishing was dominated by
commercial fishing.3 Since the mid-1960's however, sport
fishing increased tremendously, becoming one of the most
important sport fisheries in the world (Talhelm, 1975). The
Great Lakes commercial fishing industry, on the other hand,
has become increasingly depressed for several reasons.
Currently, management agencies are greatly restricting the
_ species, location and methods of commercial fishing, and
sharply reducing the number of commercial fishing licenses4
with the objective of maintaininc a more limited but econo-

mically viable industry.

2Common and scientific names for the Great. Lakes fish
are given in Appendix.

3Some parts of this section paraphrase or quote Tal-
helm (1975).

4The number of licensed commercial fishermen in Mich-
igan has declined from about 1100 in 1950 to around 150 at
present.




Reasons for the pr@sent condition include: overfish-
ing for certain species, ecological disruptions by sea
lamprey and alewife populations, DDT and PCB contamination
and other pollution. However, one of the most important
reasons is recognition by the Departments of Natural Reésour-
ces of the Great Lakes states that our present society finds
sport fishing for fiéh-produced in the Great Lakes, includ-
ing salmon, to be more valuable than commercial fishinag.

Studies show that in 1971 over 184,000 sport fishing
license holders fished about two million days for Great
Lakes salmon and steelhead in Michigan (Jamsen, 1973).
Talhelm (1973) and Ellefson (1973) estimated the net econo-
mic value of Michigan's 1970 salmon and steelhead sport
fishing including and not including non-residents of Michi-
gan to be $30 million and $23.8 million respectively,

On the other hand, comparable economic values of
commercial fishery (the social surplus) have not been docu-
‘mented. Apparently, however, the Michigan Department of
Natural Resources (MDNR) assumes that the social value of
commercial fishing is much lcwer than that of sport fishing.

Commercial fishing for sport species including perch,
lake trout, other species of trout, bass and walleye is
probhibited or nearly so in most areas. Also, gillnettina
with large mesh gill nets, which has been predominant in
Michigan, is now being prohibited in favor of trap netting

because the gill nets reportedly kill too many lake trout.




Objectives

The main objectives of this paper are:

1. Define the problem and its domain.

2. Review literature useful for estimating the econo-
mic values of commercial fishery.

3. Develop a bioeconomic model for estimating thé
value of Michigan's whitefish industry.

4. Discuss the data availability for the relevant

variables.




FIGURE I-1. Lake Michigan
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II. FISHERIES ECONOMICS LITERATURE

One of the first published articles on fishery econo-
mics in economics literature is that of Gordon (1954). He
emphasized the importance of the common property nature of
the fishery, and defined the optimum degree of utilization
of any particular fishing ground as that which maximizes
the net economic yield, the difference between total cost,
on the one hand, and total receipts (or total value of pro-
duction), on the other. He was one of the first to point
out that biologists in their treatment of the principles of
fisheries management have overlooked essential elements of
the problem by taking maximum physical landings as the ob-
jectiv e of management, thereby neglecting the economic
factor of input cost. He expressed total cbst and total
production as a function of the degree of fishing intensity
("fishing effort"), so that a simple maximization solution
is possible. The model is expressed in terms of four var-
iables and four equations:

II-1. B = B(TR)

I1-2. TR = Pf(B,E)

II-3. TC h(E)

II-4. @1 = TR-TC




Where, B (biomass) represents the population of the
particular fish species on a particular isolated fishing
bank; TR (total revenue) the value of the total quantity
landed by man; E (effect) the intensity of fishing or the
quantity of "fishing effort"” expended; and TC the total
cost of making such effort. |

He applied the model in examining two different equi-
libria:
| a) as it occurs in the state of uncontrolled or un-

managed exploitation of a common property
resource, where TR = TC (équation I1 -4).
b) as it occurs in the state of a socially optimum
. manner of exploitation, where TR - TC‘is being
maximized.

The conclusion of this comparison was that common
property natural resources, which are free goods for the
individual and scarce goods for society, can yield no rent
under unregulated private.expioitation. In the long run,
rent can be obtained only by methods which make the
resource private property or‘public (government)} propefty,
in either case subject to a unified directing power. He
also concluded that competition améng fishermen eliminates
the rent and is the main feason-for fishermen not being
wealthy.

The question of sole ownership versus competitive
exploitation was further eXaﬁined by Scott (1955). He

showed that in the long run sole ownership of such a




resource is much superior to competition. In the short
run, however, because of the diminishing returns to fishing,

there is little difference between the efficiency of the

two,
Schaefer (1957) developed the following bioclogical
model:
A _dB _
I1 -5. = It = £(B)
II -6. = Y(B,E)

II -8. (B) = tlB-(M—B)

B
Y
ITI"-7. B = B(E)
£
II -9. Y
where M is maximum biomass (carrying capacity), t is time,
B is growth of biomass and ty and g are constaﬁts. The
constant, q, represents the "catchability" of the fish.

The differepce between this model and that of Gordon's
is in equations II.-1 and II'-7. In the first model bio-
mass is a function of yield while in the second it is a
function of effort. Also equation III-5 is a new feature
in this model which estimates growth, or the change in |
.population over time. Egquations II -8 and IT -9 specify the
approx;maté form of B and Y. In equilibrium, yield (catch)
equals the rate of natural increase (growth) in biomass,
equation II}-10.

II"-10. Y = qEB ='t; B- (M-B) = £(B)

Equation II*-11l which is now known as "Schaefer's
yield function" is derived from equation II%-10.

IIi-11. Y = gE (M-%uﬁ)
1
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In 1969 Crutchfield converted Schaefer's biologicai'

" model to a bioeconomic model by multiplying both physical
field and fishing effort by relevant prices in order to get
dollars revenue and cost. He then applied the model to the
Pacific Salmon Fisheries to analyze the three cases of pro-
duction, MSY, OSY, and competitive exploitation.

Turvey in his 1964 article tried to compromise
between economists and biologists by emphasizing the biolo-
gical factors such as the impact of net mesh size on the
age distribution, weight and size of the fish stock.
Although he emphasizes the relationship of fisheries regu-
lations to optimum resource allocation, he believed that
if overall optimization is impossible then suboptimization
is still desirable. Some of the relationships of his static
modelhare as follows:

II:-12. Fishing Mortality = f(E)

Ii.-13. DNatural Mortality

g(age distribution)

I1:.-14, B(biomass) = h(age distribution

I1¥-15. TR = & (weight, size of fish, freshness)

He believed that the optimum marketable size of fish
should determine the mesh size. He stated that in the
short run the use of a larger mesh size may cause losses
to the individuailfishermen (by increasing the number of
hauls necessary to achieve ény given weight of catch), yet,

in the long run, this may lower the costs of all fishermen
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together (by increasing the number of large fish to be
caught later).

He also stated that an increase in demand for fish
- generally causes an increase in the competitive equilibrium
catch. However, if fishing effort has been carried beyond
the point of maximum yield, a greater employmént of
resources in the industry leads to a smaller total product.

" Finally, he concluded that with the existence of

these external diseconomies in both level of fishing effort
and in the choice of mesh size, to achieve the optimum
resource allocation, regulation of both these variables
is required. As alternatives, he also considered subopti-
pmum conditions in which only one of the two is‘regulated.

Turvey's model differs from the others in addressing
the biological and mechanical factors in more detail. This
can be considered a positive step towards further clarifi-
cation of the relationships between economic and bioclogical
factors. |

In 1971 Fullenbaum et al., developed the following
model. :

IT-16. 8B = £(B,Y)

IT¢-17.

g(B,E")

1I%-18. Y = E"g = E"g(B,E")

where
3
B =970
9
§EF =9, < 0©




I1.-19. TC = E"V
II -20. @I = PY - TC = PE"g (B,E") - E"V

I1 ~-21. E"

§; I, T >0

II~~-22., E" = 6, @I, I <o

Where AB is stock growth under exploitation; E" is
effort (number of homogeious operating units or vessels);
lg is yield per vessel; Eg=Y is total quantity landed; V is
total annual cost per vessel (in constant dollars), includ-
ing opportunity costl: I is' industry profit in excess of
oppoertunity cost (economic rent); P is the real ex-vessel
price; and §l and 62 repreéent the rates of entry and exit
of vessels, respectively.

One important improvement in this model over the pre-
vious models is that this model looks at both individual
firms and the industry as a whole while the previous ones
look only at the aggregate. The biological part of Fullen-
baum's model differs from Schaefer's model in that equation
I17-16 is growth under fishing exploitation including total
landings. Equation II -18 and IT -6 are basically the same.
One the economic side, Fullenbaum's cost equation II -19 is
more explicit than Gordon's II -3. Equation II -20 des-
cribing economic equilibrium in Fullenbaum, is also more

explicit than in Gordon's model. Eguations II*-21 and II.-

22 are very important since they indicate that vessels will

lOpportunity cost is defined as the necessary payment
to fishermen and owners of capital to keep them employed in
the fishery, rather than finding alternative employment
or uses of capital. '
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enter ﬁhg industry when excess industrial profits are
greater than zero (i.e., greater than that rate of return
necessary to hold vessels in the fishery, or the opportunity
cost), and will leave the fishery when excess‘industrial
profits are less than zero (i.e., below opportunity cost).

The equilibrium condition for the industry (II=0) may
be formulated as shown below:

11--23. PE"g (B,E") - E"V = o

vV ___
g(B,E")

Equation II -24 merely stipulates that ex-vessel price

I1:~-24. P =

is equal to average cost per pound of fish landed (i.e.,
no excess profits).

Some important properties of the Fullenbaum model are
as follows. .First, the optimum size of the firm is given
and may be indexed by V. Second, the long-run catch rate
per vessél per unit of time (g) is beyond the individual
firm's control., It is, in effect, determined by stock or
technological externalities.' Finally, it is assumed that
the number of homogeneous vessels is a good proxy for fish-
ing effort. Alternatively, Fullenbaum et al. suggest that
we may employ fishing effort directly in the system by
determining the number of equivalent units of fishing
effort applied to the resource per vessel.

In 1974 the Fullenbaum model was applied to the Maine
Lobster Industry by Dow et al. (1974). One of the unigue
characteristics of this reéearch is bringing together and

discussing the fisheries biology and population dynamics,
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as well as economic relétionships. Also, before explaining
" the bioeconomic simulation model they discuss some of the
most important behavioral factors of the fisheries over some
period of time, such as ex-vessel prices, fishing effort,
earnings, and catch under conditions of free access to
fishery resource. |

Herfindahl and Kneese (1973) had a different way of
1ookihg at the fisheries, involving the services of capital,
K, in their model. They assumed a constant returns Cobb-
Douglas production function with two inputs, the services
of the stock of fish, measured by biomass (b}, and the ser-
Gice; of capital (K). They also assumed unitary operation
of a fishery and freedom to choose any output and popula-
tion, but reqﬁired_a steady state (equilibrium) solution.

The Herfindahl model is as follows:

I1,-25. % = £(B), £' = o0, £" <O
II5-26. Y = g(B,K)
117-27. B = BE(B) = F(B)

II;?'-28. AB = F(B) - Y = F(B) =~ g(B,K)

Equation II.-25 defines the relative rate of growth
of the. fish population. This aspect differs from the pre-
vious models. Equation II%-25 is assumed to have one maxi-
mum not at B=o. Equation T17-26 is a production function
with capital as one of the two inputs. Equations I1%-27
and IIy-28 define natural growth and net change in biomass

over time.
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| Since the steady state is assumed, the problem is to

maximize I (profit) in equation II.-29, subject to II -30.

II -29. @I = TR - TC = Pg(B,K) - wK

II' -30. AB = F(B) - g(B,K) = o

Here P is the constant price of the product and w is
the price of one unit of capital services.

Herfindahl used the Lagrange Multiplier technigue to
find the maximum:

II, -31. L = Pg(B,K) - wK + A (F(B) - g(B,K))

- 3L _ p39 _ o - 3289 -y - (1-p) 29 -
II -32. =P - w ,xs%-—‘w (A-P)zd = o

K
o EE = ig Q—F- - -a—a =
IT:~-33. 5B PBB + l(aB aB) e}
I1.-3¢. 32 =F(B) - g(8,K =o

The A can be interpreted as the implicitlor shadow
price of one unit of fish in stock (i.e., remaining in the
water after fishing).

This model has the advantage of looking at the fish-
ery from a different angle, involving a new variable (K) in
the productionAfunction.. -

All the bioeconomic models so far have been applied to
various parts of the U.S. fish industry. Unfortunately,
there have been no known bioeconomic analyses of Great Lakes
commercial fisheries. 1In the biological side, however,
there have been some recent studies.

In 1976, Jensen applied the logistic surplus produc-

tion model2 to the commercial whitefish yield and effort

2"Surplus production" is the amount of biomass that
can be removed by a fishery without changing the size of
the stock.
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data of selected districts of the Michigan waters of Lake

. Superior, Lake Huron, and Lake Michigan. He investigated

a set of biological géals such as carrying capacity (M),
biomass levels (B), maximum sustainable yield (MSY), fishing
effort that produces the maximum sustainable yield, and the
relative importance of commercial fishing and sea lamprey
predation. The equation of the surplus production mode13
based on the logistic equations are:

dB k o2

at kB -nbk

II -36. Y = gEB

11 -37. 8B = kB - & B” - qEB
In the steady state, AB=o, and annual equilibrium
yield is

II -38. Ye = kB - x B” = gEB

where: k is a population growth constant; %% is the natur-
al g;owth oflthe biomass, and AB is the growth under fishing
exploitation.

The only difference beiween this model and Schaefer's
is that of notation. By setting k=th, this model can be
converted to that of Schaefer's.

By “linearizing“ equation II“-35 and applying least
squares, Jensen was able to estimate three of the parame-
ters, k, M, and q for three districts: MM-1 (district one

of Michigan's Lake Michigan), MS-4 (District four of Michi-

gan's Lake Superior), and MH-1 (district one of Michigan's

3‘I‘he logistic surplus produgtion model was developed
by Hjort et al. (1933) and by Graham (1935).
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Lake Huron). The calculations were adjusted to assume 4 1/2
inch gill nets as the standard gear, with and without lam-
prey predation.

In all districts the observations were greatly scat-
tered about the equilibrium stock production curve. How-
ever, most observations for Lake Michigan (MM-1} were
scattered at low level of biomass. This indiéates that
over the years too much effort has been applied to the
fishery, forcing the biomass to stay below its optimum
level. This condition is considered overexploitation. An
example of overexploitation is shown in Figure II',.-l.4 In
étudying the sea lamprey, Jensen plotted the biomass removed
by fishermen and the biomass estimated to have been removed
by sea lamprey predation. The result shows a tremendous
impact of the sea. lamprey on the whitefish populétion as
compared to the small impact of commercial fishing.

- "These estimates ofrsea lamprey predation are accur-
ate enough to conclude that although the whitefish
stock in this district has been consistently over-
exploited, the decline in whitefish biomass during
the 1950's was caused by the sea lamprey and not by
overfishing."4
The results for Lake Superior (MS-4) were considera-

bly different. For this district observations appear to be

available for all stages of the fishery, which indicates

the absence of overexploitation.

4Jensen (1976), page 754 and 756.
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FIGURE II'-1. An Example of an Overexploitation Situation
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In Lake Huron (MH-1) the whitefish stock appeared
overexploited when poundnets were used as the standard
gear, but underexploited when using gillnets.

Another biological study of the Great Lakes is that
of M. H. Patriarche in 1976. The‘object of the research
was to establish quotas for whitefish in order to assure
a stabilized population and fishery. In the sﬁudy
Patriarche.modified Ricker's dynamic pool model, and applied
it to statistical districts, MM-1 and MM-3 in northern Lake
Michigan. |

He recommended a quota based-on the preﬁise that the
annual harvest of a population should be confined to the
weight gained each year by the harvestable proportion of
the population (surplus production). He claimed that this
would maintain the population at status quo.

He stated éhat one of the keys to successful manage-
ment ‘-0of a fishery, among the biological factors, is infor-
mation on the size of the population being managed. 8Since
direct counts were impossible for populations in a lake as
large as Lake Michigan, Patriarche developed an indirect
means of estimating the biomass.

"With estimates of either exploitation rates or mor-

tality and survival rates at hand, along with total

catches by age group, it is possible to compute the
numbers of whitefish of different age groups."5

The results of Jensen's study (using the logistic surplus

production model) agree closely with computed biomass in

Spatriarche (1976) page 17 .
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this study.6

The_method developed in this study can be used for
stabilizing the fishery at the current population level by
matching yield with production. This strategy should be
satisfactory for obtaining sustainéd yield but there is no
provision for building up a depleted stock. The study does
not address itself to expiain how one can move.to optimum
sustained yield.

He suggests two ways to increase the current level of
population, by a) arbitrarily cutting the equilibrium gquota
and permitting more spawners to survive for additional egg.
production, and b) changing the minimum size limit in order
to allow greater escapement of immature fish, thereby build-
ing up the number of spawning fish. However, the study did
not address the question of whether the numperw&fépawning
fish has any effect on the recruitment of fish into an age

class.

6For the breakdown of the population in terms of the
different ages see Patriarche (1976) table 7, page 30.




J1I. A BIO-ECONOMIC MODEL

This section introduces a bio-economic model develop~-

ing in this study. Based upon this model, a detailed dis-

cussion is presented of:

1)
2)
3)

the point of maximum sustainable yield (MSY),
the point of optimum sustainable yield (0SY¥), and

the competitive equilibrium point.

Some of the simplifying assumptions of the model are:

1)

2)

3)

4)

5)
6)
7)

8)

it is long run and static,

it is concerned with a single fishing ground con-

‘taining only one species of fish (whitefish),

all the fishing (production units are to be homo-
genous,

all factors of production are to be in perfectly
elastic supply,

perfect mobility of assets,
real ex-vessel price (p) is given,

effort and output can be controlled in order to
reach optimum sustainable yield (0SY),

Cobb-Douglas production function.

These assumptions may make the model rather unrealis-

tic, but are important for the model to be operational at

this point. In latter stages of development some of these

assumptions will be released. For the purpose of this

study, however, these assumptions seem to be appropriate.

21
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The Model
In this study a surplus production model (Hjort et
al,, 1933) and Graham (1935) is used to develop the follow-

ing bioeconomic static optimization model.

dB(t) _ & _ _k om
3t =B=k Bt M Bt

In this model parameter, m, is assumed to be equal to

III‘-lo

two (m=2) which is a parabola.

III-2. Y = gEB,

= By = - kg2 _
III-3. AB = B-Y = yB, - gB. - QEB_
III-4., TFC = CE
III-5. TVP = PY = PqEB_
III-6. o = TVP - TFC
where:
. dBt
B = T - growth in biomass without fishing exploita-

tion,

B = biomass of the fish population,

k = population growth constant,

M = carrying capacity, (maximum sustainable biomass),

Y = dockside gquantity of fish landed,

g = "catchability" coefficient,

E = fishing effort (e.g., as used in this study, a
list of 1,000 linear feet (almost 300 meters) of
4 1/2 inch gill net),

Em = effort at MSY,

Bm = biomass at MSY,

AB = growth in biomass with fishing exploitation,

TFC = total factor cost,

C = cost per unit of effort,
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TVP = total value product or value of the total product
(yield times price),
P = average ex-vessel price,
I = producers' surplus.1

The model consists of two parts: biological and bio-
econcmic. On the biological side, the logistic surplus
production model (equations III-1, III-2, III-3) has been
adapted from the models found in the fisheries literature
(e.g., Hjort et al., 1933 and Graham, 1935). This model
was applied to the Great Lakes whitefish population by
Jensen (1976). On the economic side the physical yield and
fishing effort are multiplied by relevant price of white-
fish and cost per unit of effort in order to get dollars
revenue and cost. The Langrangian multiplier technique is
then used to determine the optimum levels of yield, fishing

effort and "economic rent" at this point.

Biological Egquations

Equation III-1 relates the natural rate of growth to
the size of the biomass. It describes the growth of the
biomass under no fishing exploitation and can be shown by
Figure III-2.

Equation IXI-2 relates the yield of the fishery to
the level of effort and the size of the biomass at any

period of time.

lFor the definition of "producers' surplus" see

footnote I-8.
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In the steady state, AB = o (equation III-3)}, and the
equilibrium yield, Ye, as a function of biomass is:
I11-7. Ye = kB - & B2
M
Solving equation III-3 for B, where AB = o, and substituting
that into equation III-7, gives the equilibrium yield, Ye,
as a function of effort, equation III-8;

2
III-8. Ye = gME - 34 g2

k

Given equations III-1l, and III-2, the "surplus, pro-
duction” is the amount of biomass that can be removed by a
fishery without changing the size of the biomass. There-
fore, the fishery will be in long run biological equili-
brium when harvest eguals natural growth as in equation
III-3. Equation III-7 further illustrates this concept.
The sustainable yield curve is defined as the locus of all
the combinations of yield and biomass for which equation
ITI-7 is satisfied, as in Figure III-1. Maximum sustaina-
ble yield (MSY) is the maximum point of the curve, where
the slope is equal to zero. To obtain MSY, equation III-7
is differentiated with respect to B; the result is set
equal to zero and solved for B max (equation III-9), where
B max is biomass at MSY. Substituting B max into equation
III-7 gives equation III-10.

III-9., B max = %

ITT-10, MSY = kB max - % B2 max = —»
The fishing effort at MSY is

MSY _ k_

ITI-1l1. E max = Bmaxq = 2q
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FIGURE III-1l. The Sustainble Yield Curve.
Equation (1) where m = 2 (parabola)

B max = ¥ max (MSY)

Yield

/@

B max

Biomass
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Since yield is a function of both biomass and fishing
effort (equation ITTI-2), a similar relationship is derived
between sustainable yield and fishing effort (equation III-

8) and Figure III-2.

FIGURE III-2., Yield-Effort Curve, a Long Run Harvest
Function

Yield

MSY = ¥m

ol

The above figures (III-1, III-2), however, do not
show yield/effort production functions in the normal sense
of the term Y = £(E,B), where B is biomass fixed at a cer-
tain level, because each point on the curve relates to a

different size of the biomass. The curve is rather a locus
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of long-run equilibrium pointsz, because we have specified
that Y=B, and in order to change B, B must change (see

equation III-1).

Bioceconomic Eguations

Surplus production models are usually applied to
determine themaximum sustainable yield (MSY) and the level
of fishing effort that will produce the MSY. This informa-
tion has been considered important in the management of a
fishery. The bioeconomic model developed in this study,
however, is applied to determine the maximum economic
yield (MEY), also called the optimum sustainable yield (08Y).
The OSY is the yield at which sustainable economic rent is
maximum.

Equation II1I-4 computes the total factor cost. 1In
the fisheries economics literature this equation is usually
called total cost. Parameter C is cost per unit of effort.

III-4. TFC = CE

Equation III-5 is the value equation. Since price is
held constant in the value equation; PY is the total value
product, or the value of the total product.

ITI-5. TVP = PY = P QgEB

2Starting with a given level of biomass, B, and a
fixed level of effort, E., equilibrium levels of yield and
biomass are obtained. Now, if effort is increased to EZ’
over a period of time another equilibrium is reached for
biomass and yield. Therefore, in Figure III-2 every change
in effort causes a change in yield and a change in biomass,
which does not satisfy the production function Y = £(E,B).
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Equation III-6 gives I as the difference between the
value of the total product and the total factor cost.
ITI-6. I = TVP - TFC
Total factor cost includes all costs: variable, fixed, and
opportunity costs of labor, management and investment.

- Variable I is called "producers' surplus" and is
earned because the fish stock is unique, there is a limited
number of fishing areas, there are limited market substi-
tutes, and the fact that not all the fishing areas are
equally productive.3

Equation III-6 is the objective function of this
study, which is being maximized subject to equation III-3,
a biological constraint, to find the optimum sustainable
yield (0SY), optimum level of effort, and economic rent at
0syY.

III-3. AB, =B, ~ Y = o = kB, - Xp2 _ gEB

t t t Mt t
Equation III-3 specifies that the rate of change in biomass
under fishing exploitation is equal to zero.

In equations III-12 and III-13 the Lagrange multiplier
technique is used to find the maximum possible rent (I},
subject to the biological constraint (AB)=0.4

IIT-12, 10 = TVP ~ TFC + A (AB = 0)

ITI-13. &

PgEB - CE + A(kB~§ B2 - gEB)

3The assumption of fixed price of output rules out
the monopoly question.

4This study concerns only with the static case, dyna-
mic maximization, however, is possible by integrating the
rent over time and discounting it by the interest rule.
I = fo (TVP-TFC+)(AB=0))ert gt
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Where A is the coefficient of the constraint. It is the
change in economic rent when the constraint changes by one
unit of fish, or the shadow price of the constraint.

The values of biomass (B), effort (E) and A, can be
found by differentiating equation IITI-12 with respect to B,
E and ), setting all three equations equal to zero, and

solving the system.

III-14. %% =PgB - C - AgB = 0
3 _ _2k
ITI-15. -ﬁ = PqE +_ x(k —E B qE) =0
ol _ _k n2 _
ITI-16. -3—7\ = kB M B gEB = 0
The results are,
M C
- * = —_—
III-17. B 5 + 3gP
k C
- * = > - —
II1-13. E 29 (1 qPM)

_ 5 _ C
III-19. X = P - 5

where B* is biomass at 0SY, and E* is effort at OSY.

To obtain the optimum sustainable yield (0SY) the
values of B* and E* are substituted in equations III-2 or
IIT1-4, giving eguation III-20.

III-20. OSY = QE*B* = kB* - g (B*2)

In Figure III-3 the MSY (point G) and 0SY (point F)
and the open access equilibrium (point H) can be compared.

Thé total wvalue product curve (TVP, and'the total
factor cost curve (TFC) are shown in Figure III-3a.

The factor-product relationship, Figure III-3b shows

the average value product (AVP), marginal value product
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Comparison of 0OSY, MSY, and the Open Access

Equilibrium (Long Run}

FIGURE III-3.

TFC

C=PE

Input E

b)

(effort)
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(MVP) curves,.and the marginal and average factor cost
curves (MFC, AFC).

Point G corresponds to the value of maximum sustaina-
ble yield (MSY) which was explained in Figures III-1 and
III-2, At this point the slope of the long run marginal
revenue function is equal to zero, and total physical yield
is being maximized. At point F (0SY), fisheries economic
rent is maximized, at this point the value of the marginal
product (VMP)5 of the input is equal to the price of the
input, equation III-21. |

ITI-21. VMP_ =P

E E
where P_ is the price of the input E (effort). To maintain

E
production at point F, however, restrictions on the number
of vessels and vessel outputs are necessary. Under free
entry, the existence of greater than normal profits would
encourage entry of new vessels until average industry reve-
nue is equal to the average factor cost. At this point the
average industry profit is zero and marginal value product
(MVP) is less than the price of the resource used (the cost
of the effort). It is obvious that point H cannot be an
optimal point for production because the same harvest and
revenue could be earned with far less effort (Ez), at a
much lower cost. Point H is called "over-exploitation,"

because too much resource (effort is expended and the fish

stocks are pursued too intensively.

51n this analysis VMP=MVP, because the product price
is assumed to be fixed.
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Biologists have in the past argued that if the fishery
resources were controlled such that entry and effort were
restricted, the rational choice for total harvest would be
at point G with Em effort, Figure III-3a, which would maxi-
mize total physical product or total value product. This
point is MSY, calculated in equation III-9. |

Economists, on the other hand, argued that the maxi-
mization of sustainable yield can be only a sub-optimal and
the optimum depends on the position of the total value pro-
duct and total factor cost curves, Figure III-3a. To econo-
mists, the optimum allocation of the resource is obtained
only when equation III-21 is satisfied. In equation III-21,

the optimum point of allocation changes as P_ (price of the

E
input, or cost per unit of effort) varies.
Most past fisheries treaties of the U.S. have been
written in terms of MSY, but biologists and managers have
recently come to accept the concept of 0SY. 1In fact, the

U.S. Senate committee on commerce, in S 19886

in 1974,
defined 0SY as ". . . the largest net economic return con-
sistent with one biological capabilities of the stock, as
determined on the basis of all relevant economic, biologi-
cal, political, and environmental factors."

Equations III-9 and III-ll calculate two points
related to MSY, and eugations III-17 and III-18 are their
equivalents for OSY. The main difference between equations
ITI-9 and III-17 is the addition of the temrm

=C_ in
2gP

®Report No. 93-1079, August 8, 1974.
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equation III-17. This term introduces the economic factors
of input cost and output price. Optimum biomass, B*, is
directly related to fishing cost and inversely related to
output price. This relationship shows that if cost per unit

of effort (C) increases, ceteris paribus, fishermen cut

back in production (effort) and in the long run the equili-
brium biomass moves upward. Also, as average price of fish

increases, ceteris paribus, fishing becomes more profitable

and production increases, which in the long~run foces the

equilibrium biomass to decline. Equations III-11 and III-18

£,
gPM’ *

Optimum biomass, E*, is inversely related to fishing cost

can also be compared. The difference is the term (1 -

and directly related to output price which is exactly the

opposite of that with biomass (B*).

Sources of Data

Great Lakes commercial fisheries have some important
characteristics:

a) the most popular kinds of fish gear are gill nets
and trap nets,

b) multiple species are usually caught by the same
gear,

¢) multiple gear types and mesh sizes are used for
the same species,

d)} species caught fluctuate between seasons, with
shifting from one species to another with changes
in abundance,

e) fish populations and fishing methods usually dif-
fer for different locations and seasons,

f) various regulations have been imposed on fisiing
activities at different times, including the
present limited entry and gear restrictions,
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g) various diseases and ecological problems have been
very serious at various times, e.a. lamprey, DDT,
PCB, etc.,

h) technology has changed rapidly,

i) biological information on catch and effort are
insufficient,

j) economic data on size of different firms, labor
structure, cost and returns, are insufficient.

At the present time there is no adeéuate data that
can satisfy all these characteristics., In this section we
introduce the important variables, the relevant available
data, and their sources.

The model will be estimated using mostly annual data.
The main variables are total whitefish effort and catch,
cost per unit of effort, and the sea lamprey abundance
index. A complete listing of all data needed in this study
is provided in Table III-1, including the symbolic names,
definitions and sources of all data.

Annual data for catch and effort of whitefish by
fishing gear type in district one of Lake Michigan (MM-1)
are given in Table III-2. Total catch (in pounds), total
effort and catch per unit of effort (CPE) using 4 1/2 inch
gill net as standard gear from 1963 to 1975 are given in
Table III-3. In Figure III-4 catch, effort and CPE for
4 1/2 inch gill net are plotted over time. The sea lamprey

index of abundance is presented in Table III-4.
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Table IITI-1l.Data Used in the Analeis (1929-1950) and

(1963~1976)
Symbbl Definition-Description Source

E Total effort for trap, | Wational Harine Fishery
pound, and gill net, Service, 1977
using gill net as stan-
dard gear.

Y Catch from different ' National Marine Fishery
types of gear in Service, 1977

- pounds and kilograms :

s Sea lamprey index of Walter and Hogman, 1971
abundance ' )

o Cost per unit of Research in progress,

effort

"Fisheries and Wildlife

Dept., Sea Grant Project,
Michigan State University
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Table IIX=3 Total Catch ln Pounds and Total Effort for Lake

Michigan in District MM-1
Gill Net as Standard Gear)

(Using 4 1/2 Inch

Year Total Catch Total Effort Catch/Effort (CPE)
1963 73,636.00 |  9,359.27 7.87
1964 .81,478.00 7,911.35 10.30
1965 117,560.00 '11,526.92 10.20°
1966 '85,800.00 7,392.63 11.61
1967 114,578.00 9,394.13 :12.20
1968 111,779.00 8,992.14 12.43
1969 210,011.00 11,691.43 . 17.95.
1970 352,309.00 15,524.61 22.69
1971 975,571.00 23,789.14 41,01
1972 1,093,352.00 23,449.78 46.63
1973 1,300,850.00 26,606.03 .48.89
1974 1,044,098.00 | 29,578.83 35.30
1975 926,764.00 25,004.90 37.06
1976 | 1,287,705.00 '33,085.95 38.92

o <2 e L3 o« i st A A 4~
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Table ¥1X-4. Sea Lamprey Abundance Index

Year Index of Abundance
1945 1
1946 - 3
1947 16
1948 27
1949 43
1950 148
1951 : 345
1952 920
1953 252
1954 199
1955 164
1956 155
1957 165
1958 . 80
1959 ' 68
1960 52
1961 101
1962 63
1963 ' 59
1964 - 36
1965 - 29
1966 9
1967 0
1968 0
1969 0
1970 0
1971 0
1972 0
1973 0
1974 0
1975 0




Iv. SUMMARY AND CONCLUSIONS

Great Lakes commercial fishing has changed drastically
in the past century. Apparently the overexploitation in
the 1930's in Lake Michigan, and the sea lamprey which
invaded almost all the lakes from the 1930's until late
1950's reduced some fish stocks drastically, forcing some
fishermen out of business. Technological advances in the
1950's and 1960's, on the other hand, improved fishing
gear efficiency, so even lesg fishermen were required to
harvest the available fish. The number of licensed fisher-
men dropped from about 1100 in early 1950's to about 150 at
present. The discovery of toxic chemicals such as DDT and
PCB in late 1960's and early 1970's affected the supply and
consumer demand for all Great Lakes fish, particularly lake
trout. The overall situation has not been in favor of the
commercial fishermen for a large time, changing the profi-
table and dominant commercial fishing industry to a small,
generally poor, and over-capitalized industry.

In order to better utilize the available fishery
resources, more specific knowledge about the economic values
are reguired.

The main purpose of this feasibility study was to pro-

vide some tools that can be used to document some of the

41
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economic values. The relevant biological, economic, and
biceconomic models were reviewed in this paper, and a bio-
economic model for the Great Lakes whitefish fishery was
developed. The present data are not very accurate but the

outcome can be a good basis for evaluating future results.
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Common and Scientific Fish Names

.Common Name

Yellow perch
Walleye
Largemouth bass
Small mouth bass
wWhite bass
Bluegill
Pumpkinseed
Black crappie
Rock bass
Muskellunge
Northern pike
Suckers

Rainbow smelt
Lake trout _
Rainbow trout (steelhead)
Brown trout
Brook trout
Cocho salmon
Chinook salmon
Pink salmon
Lake sturgeon
Carp

Lake whitefish
Sea lamprey
Alewife

Chub :
Sticklebacks
Sculpins

Scientific Name

Perca flavescens
Stizostendion vitreum
Micropterus salmoides
Micropterus dolomieui
Roccus chrysops
Lepomis macrochirus
Lepomis gibbosus
Pomoxis nigromaclatus
Ambloplites rupestris
Esox masguinongy

Esox lucius
Catostomidae

Osmerus mordax
Salvelinus namaycush
Salmo gairdneri

Salmo trutta
Salvelinus fontinalis
oncorhynchus kisutch
Oncorhynchus tshowytscha
Oncorhynchus gorbuscha
Acipenser fulvescers
Cyprinus carpio
Coregonus clupeaformis .
Petromyzon marinus
Alosa pseudoharengus
Coregonus Spp.
Gasterosteidae
Cottidae
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