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ECONOMIC IMPACT OF ALTERNATIVE MANAGEMENT
STRATEGIES FOR THE NORTHERN
LOBSTER FISHERY

1

Richard F. Fullenbaum and Frederick W. Bell

INTRODUCTION

In the past few'years the world community has become
increaéing]y awarelbf the Sea;ahd its resources. The ‘pressures
of world econbmic expansion have led to more intensive exploitation:
and, at the éame time, to increasing concern over the marine
envifonment. Many management strafegies used to protecf
these resources from overexploitation have resulted in inefficient
use of gear and eqUipﬁent as shown by Crutchfield and:Pontecorvo
(1969). The purpose 6f this paper is tovdeyeldp a bioeconomic
model of 11ving‘marine resource exploitation which can be
used to assess the economic impact of alternative management
strategies for the U.S. inshore northern lobster fishery. The
U.S. northern Tobster fishery is a classic case of rapid increases
in consumer demand impinging upon a limited resource (Bell, 1972).

It should be made quite clear that this analysis is intended to

recommending

1 The authors are with the National Marine Fisheries Service,
Economic Research Laboratory and Office of Management and Budget,
respectively. This article was first submitted for publication
August 7, 1972. At this time, all data were as current as :
could be obtained for purposes of the analysis. I1he views of the
authors do not necessarily represent the official position of
the U.S. Department of Commerce. :




any specific policy.

"SPECIFICATION OF THE GENERAL RESOURCE USE MODEL

Before we are able to evaluate the economic impact of
various_manégement strategies, it is necessary to develop a
general bioeconomic model of how a fishery functions. The
fo]]owing general model has been developed by Fullenbaum,

Carlson, and Bell (1971):

X = £(X,Kx)
Kx = Kg(X,K)
or X Q(XAK)>
Kit ’ (3)
pKx - C = pKg(X,K) -K# (4)
= Gfr, >0 - . '(5)

§m, m<0

2
In the above system, X is the biomass; K equals the number
of homogeneous operating units or vessels; x is the catch rate per
vessel; C is total industry cost (in constant dollars) or total
annual cost per vessel multiplied by the nuﬁber of vessels; # is
equal to total annual cost per vessel (in constant dollars) or
. 2 .. e s o .
opportunity cost; = is industry profit in excess of opportunity

2
rates of entry and exit of vessels, respectively.

cost, p is the real ex-vessel price; and 61 , 6§ represent the

Opportunity cost is defined as the necessary payment to
fishermen and owners of capital to keep them employed in the industry
or fishery compared to alternative employment or uses of capital.
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Equation (1) represents the biological growth function in which
the natural yield or net change in the biomass (k) is dependent
upon the size of the biomas;, X, and the harvest rate, Kx.
X ref1ects the iﬁf]ﬁence of environmental factors such as
available space or food, which constrains the growth in the
biomass as the latter increases. The harvest rate or annual
catch, Kx, summafizes a]]‘growth factors induced by fishing
activity. Equatjoﬁs (2) present the industry and firm production

function for which it is normally assumed that 3g =g.> 0
aX

1
and 3g = g, 0.3 'In}other words, catch per vessel increases
whenaEhe bfomass fncreases and declines when the number of
vessels increases. Equations (3) and (4) are the industry total
cost and total profit function, respectively. Equation (5)

is a very important equation since-it indicates that vessels

will enter the industry when excess industrial profits are

_greatervthan 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).

3 In some developing fisheries, it is possible that g, > 0.
For example, in the Japanese Pacific tuna fishery, inter-
communication between vessels may increase the catch rate as
more vessels enter the fishing grounds.
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The equilibrium condition for the industry (néo),may be

formulated as shown below:

(6)

Equation (6) merely stipulates that ex-vessel brice i§ equal

to average cost per pound of fish landed (i.e., no excess profits).
There are two.important properties of the system outlined in

(1) -_(5). Firét, the optimum size of the firm is given and

may be indexed by #. Thus, the firm is predefined as a bundle

of inputs.4' Secondly, the longrun catch rate per vesse1f

per unit of time is beybnd the individual firm's control.® It is,

in effect, determined by stock or technological externa]ities.6

Finally, we are assuming that the number of homogeneous vessels

is a good proxy for fishing effort. Alternatively, we may employ

fishing effort directly in our system by determining the number
of units of fishing effort applied to the resource per vessel.

This will be discussed below.

4 In other. words, because we are dealing with a longrun
theory of the industry, we are assuming that variations in output
resu]g from the entry or exit of optimum sized homogeneous vessels.
‘ We have implicitly assumed that such shortrun changes as
‘longer fishing seasons, etc., are all subsumed in a longrun
context. Normally longer fishing seasons, for example, do not
change catch rates per unit of time fished; nor do they change
costs per unit of time fished. They do, however, change the
effective level of K.

6 A technological externality exists when the input into
the productive process of one firm affects the output of another firm.
In the context of fishing, an additional firm or vessel entering the
fishery will utilize the biomass (as an input) and, as a result, in

- the Tong run will reduce the level_ of output t 2
‘the flcet. See D. A. Worcesters Jr. ?yggg).for other vessels in




A QUADRATIC EXAMPLE OF THE RESOURCE USE MODEL

By‘cbmbining the more traditiona1 theories depicting the
dynamics of a 1iving—marine resource, with some commonly used
economic relations, we may derive.a quadratic example of the
genera1‘model specified above. . This example effectively
abstracts from complications such as eco]og{Cal interdependence
and age—distribution-depéndént growth of the biomass on the
biological side and, furthermore, assumes the absence of
crdwding externalities (i.e., 9250) ih the production function
on the economic side.

The dynamics 6f a fish stock may be depicted by the logistic

~growth function, (Lotka, 19563 Volterra, 1931).

] _

X(t) = L where L>0,C>0,k>0,
+ Ce” .

where'L and k are assumed to be environmental constants.

Differentiatihg-(7) and substituting we obtain,
= aX - bx?
where a =

If (8) is set equal tb zero, we may solve for. the nonzero
steady state biomass, a/b (i.e., L). Alternatively, the limit
of X(t) as t » » yields identical results. The maximum of

(8) occurs when X is equal to a/2b. Thus

max dX = a2/4b

t
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The introduction of fishing (1.e.,‘harvest or Kx) is assumed
to have no interactive effects,vso that the instantaneous growth
rate is reduced by the amount harvested:

d_X=aX-bX
dt

2 _kx . (10)

The economic component of the model requires the exact
spec1f1cat1on of an industry production funct1on and an
1ndustry revenue relationship. One hypothes1s regard1ng the
fish catch is that the proportion of the b1omass caught is a
direct function of the number of vessels (or equivalent fishing

| effort) exp]oiting a given ground.7 Thus, the total harvest
rate is given as;
Kx = KX )
where h is a teehno]ogical parameter. Finally, the total
- revenue function for the industry may take the following form:
pKx = (@ - EKx)Kx (12)
Equation (12) merely stipulates that the total reyenue is a

quadratic function of total landings, Kx. Dividing through by

Alternatively, one could assume that the proportion of
the biomass caught declines as the number of vessels increases:

Kx = [1 - (1-t)K]x , o<t
With this specification, t represents the proport1on of the biomass
taken by each succeeding vessel of the remaining biomass. This
form was first developed by E. Carlson (1970).
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Kx will give us the familiar demand function where ex-vessel price

8
is inversely related to landings, holding all other factors constant.

With total costs equal to Km, the profit function becomes
1= (o - 8Kx) Kx - K# (13)

Given these formulations the system in (10) - (13) can be
reduced to two steady state functions. The first, which condenses
all relevant biotechnological factors, is the ecological equilibrium
equation. It p]ots the relationship bgtween the biomass and the
number of vesse1s (or fishing effort) needed to harvest the yield
such that thé biomass is in equilibrium. We can derive this
eqﬁation by setting X equal to zero, substituting (11) into (10),
and solving for K in terms of X: |

K=1 (a- bX) - (14)
- |

Similarly, the second equilibrium function plots the relationship
befween X and K under a zero profit state, i.e., under conditions
that k = 0, or that there is no entry to or exit from the fishery.'
Thus, by setting (13) equal to zero and substituting (11) into

(13), we obtain,

7 (15)
B r2x2
These two curves are plotted in figure 1. Their intersection
at (X*,K*) denotes bioeconomic équi]ibrium. The direction of
the arrows describe the qualitative dynamic changes of a point

in phase space. Figure 1 represents the general case of exploi-

8 Such complicating factors as per capita income and itg influ-
ence on ex-vessel prices can be introduced later as changes in the

parameter, a.




EXPLOITATION

FIGURE 1

NON=EXPLOITATION

<X=F(X,K)=0

<—K=I(X,K)=0 .

"FIGURE 2

EXTINCTION

«—K=I(X,K)=0 .

FIGURE 3
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tation.. When (15) is combined with (14), however, we can simulate

eithér non-exploitation (figure 2) or extinction as a possible

dynamic result (figure 3). The state of the fishery -- exploited,

unexploited, or extinct -- depends_upon the parameters a, b, r, 8,
i, and a'and_their interrelationships. This completes our gener-
al model of how a fishery functions. Now let us turn to a specific

application of the model.

AN EMPIRICAL CASE STUDY: THE U.S. INSHORE NORTHERN LOBSTER FISHERY
'fhe U.S. inshore northern lobster fishery--principally located

off the coast of Maine--represents a good case study for a num-

ber of reasons. First, the northern lobster is considered a high

quality seafood item and is a popularly consumed species for

which demand has been increasing rapidly (Bell, 1971). Second,

because of intensive fishing pressure the resource has shown signs

of overexp]oita‘tion.9 Third, the inshore lobster fishery is one

of the few grounds for which enough data are avai1ab1e.so that

somé rough measures of needed bio]bgica] and economic parameters

can be derived. Our discussion will be subdivided on the basis

-9 U.S. landings of trap-caught northern lobsters increased

- from approximately 23 million pounds in 1950 to a peak of over
29 million pounds by 1957. Since 1957 landings have fallen off
reaching a Tow of 22 million pounds in 1967. In 1969, lobster
production had recovered to 26.9 million pounds. Despite the
poor performance of production over the 1950-1969 period, the number
of lobster traps fished per year-(i.e., a proxy for fishing effort)
has increased secularly from approximately 579,000 in 1950 to over
1,060,000 in 1969. Because of these past events, several bills
have been presented in the Maine Legislature to apply some sort
of stringent licensing scheme to limit entry.




of production- and demand-related estimates.

A. The Productiqn-Functdon and.the Supply of Northern Lobsters
There are four‘parametérs on the supply side for which

initial estimates are required: a, b, r, and ﬁ;]o The: first

three can be .developed by combining statistical estimation and

1ndependent1y'deriVed data. Assume that the biomass is in-

stantaneously in equilibrium (i.e., %§_= 0). Then, taking the
at

inverse of (14) and substituting it for X in (11), we obtain:
Kx = cK-dK2 . (16)

. 2
where c=ar,d=r

b

and

x = c-dK (17)
Equation (16) is the fémi]iar parabolic yield function postulated
by Schaefer (1954). Notice that both the harvest rate, Kx, and
output per vessel, x, may be specified solely in terms_of the
nuhber of vessels or fishing effort. Similarly, the common
property resource externality, as given in (17), is a function only
of the level of K. Over a longer period of time the basic
assumption underlying equations (16) and (17) may reflect a valid

representation;'i.e., effort or K is the only instrumental

10 An alternative approach suggested by Thomas (1970) uses
the Beverton-Holt model.in developing a yield/recruit relationship.
However, because a stock-recruitment equation is not specified,
it cannot be incorporated into our bioeconomic model at this time.
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variable affecting output. There are three different parametefs
embedded in estimates of c and d. The only way that a, b, and r
can be dérived is if some indépeﬁdent biological information is
given. More speéifica]]y, sUpposevthat we have an estimate of
‘the biomass_consistent with maximum sustainable yield, call it
"Q°§ Since QB is equa15£o a/2b, it follows that the following
parametefs may be estimated (designated by A ):

£ = Goke | (18)

b @%?]J (19)

=06 (20)

Thus, (17) will be estimated subject to one modification
concerning fhe introduction of an environmental variable. Sev-
eral biologists, including Dow et al. (1961), have argued that al1ong—
terﬁ%trend of Qeclining seawater temperature is partially res-
ponsible for the decline in U.S. coastal catches.1] It will be
assumed in this study that seawater temperature (°F) affects the'
a term in the growth function so that, |

g%-= a(°F) X-bx2, -~ (21)

1 Higher seawater temperature can affect the natural

yield of lobsters by providing a climate in which 'molting' is
facilitated. A Tlarger number of molts will tend, ceteris paribus,
to increase the yield associated with any given level of the biomass.
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where °F is equal to the mean annual seawater temperature, in

degrees Fahrenheit Boothbay Harbor, Maine, with gg__) a'>0
. - 3(°F) *

Seawater temperature can easily be incorporated into (17) in the
following way:
x=c' -dK+ z(°F), (22)
where z represents‘the.change in output per boat as a result
of a one-degree change in water ’cemper‘a’cur'e.]2
Data on the number of traps fished per year for the entirg '

inshore northern lobster fishery are available for the 1950-1969

period (see appendix).]3 Output per trap was regressed against the

number of traps and seawater temperature.]4‘ The regression

12 Implicit in the way the effect of seawater temperature
is measured is.the relationship: ¢ = ¢' + z(°F)

13 Unfortunately, there is no precise measure of fishing effort,
for the inshore lobster fishery. The traps fished series is not
adjusted for days fished or extent of utilization. Dow (1961)
has used the traps fished series.as a rough proxy for fishing effort.

For any particular year, we may obtain equation (16)
if we know the number of traps used per vessel or T/K. Hence,
we may easily go from traps (i.e., fishing effort) to vessels,
in which the model is specified. The relationship for 1966,
derived on the basis of cost data obtained from the National Marine
Fisheries Service's Division of Financial Assistance (1969), was
562.8 traps per full time equivalent northern lobster boat.




estimates yielded the following results:

x = -31.82 - .00002807(T) + 1.846(°F)

(6.55) (4.99)

2

R® = 0.962

D-W=2.38

where T = 562.8(K): Q = 0.0156; é = -31.82 + 1.846(°F)

In (23), T is equal to the number of traps fished per year and
t- ratfos are in parentheses. Both T and °F are statistically
significant at the 5 percent level and exhibit the correct
sign; the Durbin-Watson statistic indicates no significant
autocorrelation. '

The only step requived to obtain the biotechnological
paraméters is an estimate of4the biomass (Qb) consistent with max-
imum sustainable yield. It has been calculated that

(assuming a temperature of 48°F) the fishable stock of'
U.S.:inshore northern lobster consistgnt with maximum sustainable
yield is equal to 31 million pounds (U.S. Department of the
Interior, 1970).

' Fina]]y, on the basis of recent cost studies, we have

: 1
derived an estimate of‘? for 1966_equa1 to $12,070. °

15 Cost data from the National Marine Fisheries Service's
Division of Financial Assistance (1966) reveal the following
cost breakdown for a representative lobster boat: operating
expenses, $4,965.16; fixed expenses, $1,180.20; returns to capital
and labor, $5,825.48. This gives a total of $12,070.84. The

latter figure was updated to 1969 by income increases in Maine to
obtain $13,191.
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Therefore, on the supply side, the estimated parameters

for 1969 are the following:

1.85379
2.9899 x 1078
5.1562 x 10~%

;2> <> o> >

= $13,191 (see footnote 15)

B. The Demand Function for Northern Lobsters

Only know]édge df 4 and @%s~needed in order to complete
the empiriéa] éomponent of the study. The estimatioﬁ pro-
cedure is rather straightforward. We may specify the following

demand function for all Tobsters:

C=F -m(P'/CPI) + g(Y/N) o (24)
N | |

Where C is ‘equal to consumption of all lobsters, P' is the money
ex-vessel price of northern lobsters, Y is aggregate U.S. personal
income_(196f prices), N is U.S. population, and CPI is the
consumer price index. Since there are no exports of lobster,

the following identity holds:

C=1+0Q,* Qin
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where I; Qé; and Qin are the level of imported lobsters,
" U.S. prdduction,of all other 1obsteks, and U.S. production of
inﬁhore northern'Iobsters,.respectively. Given (25), equation

(24) may be solved in terms of P, or,

P=P =|F_1(q I) + gY (26)
T [a'm(°1n+°°+ “%v‘]

If Qo’ I, Y, CPI and N are held constant, equation (26)
givés a uniqug re]ationship between the ex-yesse] price of
nofthern 1pbstérs and quantity 1andéd.

: USing data over the 1950-1969 period (see appendix),
the parameters of equation (24) were estimated usihg
least-squares:

CPI

C = -.0632 - .005029(P >+ .00051@) (27)

N .

(2.06) (5.38)
R® = .816
D-W=.619

A1l of the independent variables are significant at the
.05 ]éve]. However, the Durbin-Watson statistic indicates’

the strong possibility of positive autocorrelation. Nonetheless,
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we will use these estimates as rough approximations to obtain
the price dependent relationship as shown in (26). Given
1969 values of exogenous variables (N = 199,100,000
Y = $567,635 million; CPI = 109.8 with a base of 1967 = 100;
Q0 + I'= 158.8 million pounds), wé have, |
P=1.179 - (.99853 x 10‘8)Qin (28)
Thus initial values for Q'(1.179) and B (.99853 x ]0_8) have
been obtained.
HOW THE MODEL WORKS: THE IMPACT OF CRITICAL VARIABLES
To illustrate the power of the model in explaining the
impact of changes in critical variables, we may‘derive initfﬁ]
quantitative estimates of the ecological equilibrium and
econbmié steady state functions. In thi; section we will
illustrate the power cf the model in exp]éining the impact
of changes in critical variables. The year 1969 is selected
for initial quantitative estimates of the ecological equilibrium
and economic steady-state functions. Table 1 shows What happens
to the value of (X*, K*) as well as the equilibrium harvest
level, (Kx)*, when the following changes take place:
(a) A 25 percent increase in opportunity costs of
labor caused by the development of greater

régiona] industrial activity;

(b) A 25 percent increase in the supply of other

lobsters traceable to the disgovery of a new

lobster ground;




Table 1.--The impact of exogenous shocks to the inshore northern

Tobster fishery on the effort, catch and biomass

Vessels,

full-time
equivalent

K* E*

Catch

KX*

Biomass

X*

(1) Initial equilibrium (1969)
(computed by model)

(2) New equilibrium

(a)

(b)

Increase (25%) in
opportunity cost
of labor

Increase (25%)1in
exogenous supply
of lobsters

Increase (5%) in

personal per capita
income

Decline in water
temperature by 1°

Changes (a)-(d)
simultaneously

Number

Number

1,936 1,089,000

861,718

533,000

1,228,310

1,041,710

509,356

Million pounds

28.56

28.62




(c) A5 percent increase in personal per capita
income; and
| (d) A decrease in water temperature from 48° to 47°

Fahrenheit.

Notice that these changes are for illustrative purposes; however

they do come about on a routine basis in the real world. Perhaps,

25 percent changes in selected variables do not come abouf in one
year so the reader can view the new equilibrium positions shown iﬁ
Table 1 to resu]t over a period 6f years from the 1969 initial equi]ib-
ium. - We may incorporate all of the four changes given separately
in (a) - (d) to ascertain their net impact. The sf}ength-of thef
simulation model is that we can study the separate and combined
influences on the fishery of important variables. Because we have
both positive and negative influences on fishing effort, it is

clear that changes in the total bioeconomic system will more than
Tikely be such that complete extinction of a particular species would

be somewhat d1'ff1'cu]t.]6

ECONOMIC IMPACT OF SELECTED MANAGEMENT ALTERNATIVES
Up to this point, we have been concerned largely with building
a bioeconomic ﬁode] that considers all important variables. The model
is based upon the fact that open access to the northern lobster fishery

is permitted. However, all States restrict geik to pots and traps.

16 ‘This is subject to two qualifications. First, since we are
plotting only equilibrium relationships, extinction is a possible
‘dynamic outcome (as was mentioned previously). Second, we have
implicitly assumed that in the case of northern lobster, the rate of
" technological advance is minimal. This a fairly realistic assumption
for the inshore trap fishery. However, in general, r=r(t), with r's0.




Each State (Maine, Massachusetts, New Hampshire, and Rhode Island)
has a minimum Tength requirement; permitted minimum lengths vary
from 3 1/8 to 3 3/16 inches. We are taking the array of existing

regulations as given. We shall consider the economic impact of

five alternative po]icies'that could be adopted to manage or to Timit

ehtry to the entire northern lobster fishery. These management
strategies assume that some central authority such as a regional
commission could impose these regﬁ]ations. The»specffic objectives
of these management strategies will be discussed below. ATl
strategies have two objectives in common which are (1) to protect
the resource from overexploitation.and (2) to allow maximum
freedom for operators to function in a free enterprise fashion. Further,
the following strategies are meant to be illustrative and do not
exhaust all possible alternatives. Also, two other management
strategies suggested by Reeves (MS.) and Sinclair (1961) will be
reviewed. As other management strategies are suggested bdth

iﬁéide and outside government, the model formulated above may

be used to predict their impact.
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Some Possible Alternative Management Strategies for Inshore
Northern Lobsters

1. Freeze on Existing (1969) Fishing Effort by Placing

a License Fee on Traps: Under this scheme, the regulatory authority would

calculate a license fee on traps which would keeb the Tevel of fishing

' . ]
effort constant despite an increase in the demand for Tlobsters.

A license fee could not be Tevied on the individual vessel because this
would not control the number of traps fished per vessel. The

increased cost of operations due to the license fee would make it unecon-
omical for vessels to enter the fishery even though ex-vessel

prices'have increased. In essence, the license fee would siphon off in-
creased revenue (or profits) from an increase in ex-vessel prices

assuming the latter increases faster than cost of operations. For

7 The model can derive the "correct tax" (or license fee) in a number
of ways. Suppose, the regulatory authority wishes to freeze

effort at some specified level KY. We can derive the equilibrium
yield consistent with KO, call it (Kx)°, from the yield effort
relationship. The total tax and the tax per vessel are then res-
pectively given by: A
T, = (8 - Bikx)®) (kx)° - KOF
) A
Tk = [ - Blkx) %3k

In similar fashion, if the regulatory authority wishes to freeze
effort at a level consistent with maximum sustainable yield, we can
obtain the tax that will insure this level of exploitation.

The only other taxing scheme that requires further explanation is
a tax that will insure marginal cost pricing. Long run industry mar-

ginal cost can be defined as:

Q/ KX where 3Kx is the first derivative of (16). Total industry
oK 3K
cost can then be redefined as, A
( oKx/aK

This expression can be substituted into the toal revenue function and
solution for K, Kx, can be found by iteration. The tax consistent with
these solutions can then be derived by using the formulas given above,
i.e., Tx, Tx/K. .

) Kx
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‘purposes of illustration, let us assume that we desife to manage the
inshore northern Tobster' fishery commencing in 1974. Given the
estimated trend in importaht vafiab]es in the fishery‘(i.e.; ?,41,

QO, Y,(N; CPI) to the year 1974, it would be necessary to place an"
estimated annual license fee of $3.34 (in 1972 doT]érs) on each lobster
trap fished. This is'shown in Table 2. The regulatory authority would
collect over $3.5 million in license fee revenue which could be used to

finance resource research, enforcement, and surveillance. It should be

emphasized that these calculations are merely rough estimates and only serve

to qive‘the reader some idea of the magnitude of such license fee. The

illustrative Ticense fee is also based onn an extrapolation of trends
five years ahead of 1969. If we did nothing it is estimated that the
catch would be Tower and more fishermen and traps would be employed
in the fishery by 1974. Obvjously, the situatioﬁ would worsen as

démand for lobsters expanded and the fishery became increasingly over-

fished. The ]iceﬁse fee plan does have many disadvantages. First,

a_license fee on traps fished does not really get at the‘utf1ization rate.
One might expect that a license fee on an individual trap might induce
fishermen to fish each trap more intensively and thereby reduce their number
of traps. At this point, we do not have any information on utilization
rate§ whereby the tax could be adjusted upward if utilization increased.
Second, enforcement and surveillance might be difficult along the coast-
line from Maine to North Carolina. Third, and most important, the

quantitative tools and projected figures needed to calculate a




Table 2: The Impact of Various Management Schemes Imposed on the
Inshore Northern Lobster Fishery in 1974*

Impact after the imposition of selected management strategies for 1974

(1) - (2) (3) (4) (5)

Issue stock
certificate

Estimated

Economic values before Freeze at Reduce Reduce

variables

imposition of
~ management
strategies
(1969)

21969 Tlevel

of fishing
 effort

fishing
effort

to Eypy

‘fishing

effort
so MC=P

to vessel

owner while
freezing effort
at 1969 Tlevel

Do
nothing

Catch (mi11. 1bs)

Value of catch -

(mi11. $)

Vessels (full-time
equiv.)

Trabs (mi11.)
Ex-vessel price

Total license fées
collected (mi1l1. $)

Lic. fee/vessel ($)]

Lic. fee/trap ($)

Return per vessel
and fisherman

28.6
28.0

1,900

1.069
.98
0

0
0
6,365

28.6
36.8

1,900

1.069
1.29
3.56

1,877
3.3
8,400

28.7

3%.9
1,798

1.011

1.29°

5.58

3,119
5.54

8,400

23.9
31.9

1,060

.597
1.33
- 13.3

12,622
22.43
8,400

28.6
36.8

1,900

1.069
- 1.29
0

0

0
10,278

Projection of 1974 impact of selected management strategies. Assumes that F° = 48°; Y = $677.9 billion,
(1969 prices); POP = 212.4 million; Q, * I =183.6 million pounds, and % = $15,292. A11 prices and
dollar valuwes projected for 1974 are expressed in 1972 dollars.

The Ticense fee per vessel was obtained by mu]tip]yihg the tax per trap by the average number of traps
(562.8) fished per full-time vessel. ] P




Ticense fee are at best crude and would have to be used for
calculations each year. '

2. Reduce the Existing LeveT of Fishing Effort to that

Necessary to Harvest MSY by Placing a License Fee on traps: With this

scheme, the regulatory authority would calculate a license fee on
traps which would reduce the level of existing effort to that
necessary to harvest maximum sustainable yield (i.e., estimated

to be about 1,011,910 traps)_despite an increase in demand for

1obste1r‘s.]8 Because we are actually reducing fishing effort

as opposed to freezing it at the 1969 level, the estimated

1974 license fee per trap must be higher or $5;58 (in 1972 dollars). Actual
catch will not be significantly higher. The regulatory authority would
receive approximately $5.6 million in license fee revenue. However, this
;ian has the same disadvantages of a general license fee plan.indicated

under alternative one.

3. Reduce the Existing Level of Fishing Effort to that

Necessary to Make the Marginal Cost of Landings Equal to

Ex-Vessel Price by Placing a License Fee on Traps: The idea here is

to obtain the greatest "net economic benefit" and has been suggested-'
by such economists as Crutchfield and Pontecorvo (1969). If a reg-

u]atbry authority were to try this for 1974, it would have a drastic

18 The fishing effort needed to harvest MSY was obtained
from equation (23) with the 1950-69 average water temperature.




impact on the fishery as the number of full-time equivalent

vessels and traps would be reduced by approximately 47 percent.

To accomp]ish this objective an estimated 1974 license fee of $22.43 (in

1972 doT]ars) per tfap would be needed. This would yield the

regulatory authority approximately $13.3 million in revenue.

From an economic point of view, it 15 arqued that this management
strategy will result in the most efficient opgration of thgj
fishery if fishermen and vessels can easily move to other fisheries
or industries. However, this strategy may be particularly
unwise in rural areas such as Maine where labor‘mobility is

Tow. A drastic cutback in the number of fishermen may create
social problems where the coét would greatly exceed any bene-
fits derived from this management strategy. Therefore this
management strategy is difficult, if not impossible, to justify
on economic grounds for many rural areas where the fishing
indﬁstry is located and also has the same disadvantages of a
general 1icense'feé plan on traps as discussed above.

-4, Issue "Stock Certificates" to Each Vessel Owner Based

Upon Average Catch over Last Five Years While Freezing the

Existing Level of Fishing Effort: Under this scheme, the his-

toric rights of each fishing firm would be recognized. In a
similar manner to a private land grant procedure, the regulatory
authority would simply grant each fisherman a "private" share of
an existing resource or catch. The stock certificate would be

evidence of private ownership. Individual fishermen would be




free to catch up to their allotted share through the use of

pots 6r other biologically permissible technoloQY; or, if they
desired, trade their stock certif%cateS‘to others for cash.
Suppose the regu]étory authority were to freeze the level of fishing
effort;at'theJ1969 level, and distribute the estimated catch

vié a "stock certificate" to the existing fishermen. It should
be pointed out that the regu]atory authority fixes effort when
it selects a given catch. The selected catch could be either
MSY or any other level of catch deemed by the regulatory author-
ity not injurious to the viability of the stock. The expansion
in demand for lobsters by 1974 would generate excess profits

for those individual fishermen who werg initially endowed with

the property right. By 1974, it is estimated that a full-time

lobsterman would be earning $10,278 (in 1972 dd]]ars) a year of
which $1,878 would be excess profits (i.e., above opportunity cost).
If profits become excessive, a license fee would be ]eyied on the fishermen
holding stock cértificates to insure against increased abnormal
returns and provide fhe regulatory authority with funding to

conduct scientific investigations and enforcement. It should

be noted that this plan is identical to the license fee scheme which
fréezes effort at its 1969 level. However, in the latter case
excess profits are taken by the regulatory authority while

for this strategy fishermen are allowed to hold onto the profits
generated in the fishery. Since many fisheries are located in

rural areas where earnings are traditionally low, this strategy




might be justified on the basis that it will raise income Tlevels
and thereby help improve 1iving standards to’comparab1e levels

to those keceived in urban areas. This management strategy
would, of course, be popular with those already in the fishery.
However, new entrants would have to buy stock certificates

from those initially in the fishery. This would bring up certain
questions of equity and legal precedent which is beyond the

scope of this article.

5. No Management Strategy: When considering the economic

consequences of alternative management strategjes (1-4), it is
always wise to assess the results of doing nothing. This gives
policymakers a better perspective in evaluating the benefits
from taking action. The consequence of "doing nothing" would be
overcapitalization by 1974 With an expansion in the number of
bfu11-time equivalent fishermen and traps fished. Approximately
96,000 excess traps (i.e., above that necessary to take‘MSY) woul
in the fishery and the catch would fall to 28.1million pounds.
The fishery would grow increasingly overcapitalized and the
resource greatly overexploited as demand increased for lobsters
during the 1970's. On economic grounds, fhese results are hardly
acceptable because more fishermen and vessels will probably be

catching less.

6. Other Suggested Management Strategies: Reeves (MS.) has

proposed a hike in license fees to "eliminate" the marginal or part
time fishermen. He suggests that the present $10 yearly fee in

Maine be raised $10 a year over the next nine years to a top of $100.
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In 1969, a 1ittle less than one half of the lobster fishermen

were part-time. A part-time lobster fisherman is defined as one

who gains less than one-half of his annual income from lobstering.

The first step in most suggested limited entry schemes is usually
“to restrict the fishery to full-time utilization of capital and
labor. Two problems occur with this policy. First, the part
time fishermen may represent the most efficient way of taking the
catch. If so, the full-time fishermen may be eliminated by
increased license fees. Second, license fees do not directly
control fishing effort since fishermen may fish more traps.
However, Reeves also goes on to argue strongly for limiting the
number of traps each fisherman is allowed to set. It is not
quite clear whether anyone knows the optimum number of traps
per vessel.
Rutherford,‘wilder and Frick (1967) in their study of the
“Canadian inshore lobster fishery endorse the system suggested
by Sinclair. (1961). They state: |
| - "An alternative management system is that suggested
by Sinclair (1961) for the salmon fisheries of the Pacific
Coast. This would use the licensing of fishermen to limit
entry into the fishery. In the first stage, lasting about .
five years, licenses would be reissued at a fee but no new
entries would be licensed, and it would be‘hoped thét during
the period there would take place a reduction in the Tabour

and capital input, to take the maximum sustainable catch of




salmon at a considerably Tower cost. After the end of the
first stage, licenses would be issued by the government under
competitive bidding and only in sufficient numbers to approx-
imate the most efficient scale of effort; the more competent
fishermen would be able to offer the highest bidg and it

would be expected that the auction would recapture for the public

purse a large portion of the rent from the fisheries that

would otherwise accrue to the fishing enterprises under the more-
efficient production conditions in the fishery. |

- An arbitrary reduction in the number of fishermen by
restriction of Ticenses to a specified number would entail
injustice and inequity as well as grave administrative probTems in
determining who should be allowed to continue'fishing. The
auctioning of licenses to exploit a public property resource is
justifiable in a private enterprise systém of production, part-
icularly when the state is incurring heavy expense to administer
and conserve the resource; the recovery by the state of some part
of the net economic yield by means of a tax on fishermen (or on
the catch) would recoup at least part of such public expenditures,
or could be used to assist former fishermen (See strategies
discussed above), for instance, by buying their redundant equip-
ment; A tax on fishermen through the auctionihg of licenses has,
at Teést, the merit of using economic means instead of arbitrary
regulations to achieve a desired economic objective-—fhe limitation

of fishing effort to increase the net economic yield from the




fishery. Regulations have to be enforced, usually at consid-
erable cost, but economic sanctions tend to be, if not impartial,
at least imperéona] and automatic in their operation."

Actually, this latter management scheme is simi]af to the taxing
scheme, but uses an auction rather than a direct tax. |
Conclusions e

TheApurpose of this article is to explain the use of
bioeconomic models in assessing aiternative management strategies..
For this purpose the data are less than optimal. However, this
does not mean that we cannot take steps in the direction of
fishery management. In fact, these steps must be taken to pro-
tect the resource from destruction and to achieve a better use
of vessels and fishermen. It is hoped that the following conclu-
sions will provide a helpful framework in which to consider the
merits of 11mited entry:

1. For the inshore northern lobster resource, there is
every indication that the fishery has achieved maximuh sustainable
E yieid and is fully capitalized. This has been brought about
by a rapid expansion in effort (i.e., traps fished) produced by

(1) free access to the resource and (2) a rising market for

Tobsters of all species; and (3) a secular decline in sea-

water temperature.




2. MWe have presented the bioeconomic impact of alternative

management strategies to both conserve the resource and use it
efficiently. The choice of which strategy to’pursue is in the
pubTic domain and beyond the scope of this paper.- However, the

economic alternatives are pointed out.
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APPENDIX

Economic variables associated with the U.S.Hinshore northern lobster fishery, ]950—69

: co T Ex-vessel

Catch Traps Catch Ex-vessel price divided

by traps Value - fished "~ per trap price ‘by consumer
: : - _price’ index

Thousand Thousand Number Pounds Cents per Cents per
pounds dollars . pound pound

22,914 i 578,930
25,749 512,812
24,681 . 544,730
27,509 ' 569,081
26,628 ' 628,209
27,886 669,229
25,386 666,887
29,358 688,815
26,143 ' 753,503
27,752 _ 856,794

29,345 844,110
25,621 895,098
26,728 909,318
27,210 866,900
26,844 904,233
24,737 | 949,045
25,606 947,113
22,098 907,956
26,918 3 . 966,335
26,930 1,061,807
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Economic variab1es associated with the U;S. inshore northern lobster fishery, 1950-69 (Continued)

. Per. capita . Mean annual
Per capita . disposable Consumer seawater temp-
consumption personal. income price index erature at
of lobsters divided by (1967=100) Boothbay Harbor,
- ' consumer price Maine
index

Pounds . ~* Dollars , Degrees
(1ive weight) ‘ : A : Fahrenheit

1950 . 585 1,892
1951 S 651 1,888
1952 .638 1,909
1953 | 710 1,976
1954 . .690 | 1,969
1955 .734 o 2,077
1956 .704 2,141
1957 .806 2,136
1958 U736 - | 2,114
1959 .763 2,182

49.3
51.4
50.2
52.0
50.3
50.0
48.6
48.8
47 .4
47.0

1960 o .830 2,185
1961 : .810 2,214
1962 » .855 » 2,280
1963 : .938 2,333
1964 .935 | 2,459
1965 | | .884 2,578
1966 .873 2,680
1967 .882 ' 2,751
1968 960 2,827
1969 - - - . ,999. . . . o . 2,851
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Source: Fishery Statistics of the United States, various years, U.S. Department of Commerée, Bureau
of Labor Statistics and Robert Dow.










