
The Magnuson Fisheries Conservation and Management Act:
 
An Economic Assessment of the First 10 Years
 

" ... introducing extended jurisdiction 
by itself will not immediately restore 
fish stocks off our coasts, nor will it 
necessarily inject new vigor into our 
fishing industry. The ability to re­
strict foreign ve96els from fishing off 
our coasts will be only a stopgap 
measure if proper management of 
national boats is lacking. Extended 
jurisdiction authority is an important 
first ~tep, but it will be meaningless 
unless proper fishery management is 
instituted ... " 

The above opinion was offered by Lee 
Anderson in the editorial introduction to 
the volume "Economic Impacts of Ex­
tended Fisheries Jurisdiction" (Ander­
son, 1977:v). 

The objective of this paper is to make 
an assessment of the economic perform­
ance of the U. S. fishing industry in the IO 
years since the passage of the Magnuson 
Fisheries Conservation and Management 
Act (MFCMA). Has the law increased 
net benefits for the U. S. fishing industry 
above what they would have been? Have 
the stocks of fish and shellfish within the 
fishery conservation zone (FCZ) recov­
ered from the low levels induced by U. S. 
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ABSTRACT-The Magnuson Fisheries 
Conservation and Management Act was en­
acted in 1976 and implemented in 1977. 1n 
an analysis of data collected by the Na­
tional Marine Fisheries Service one ob­
serves a significant increase in the landings 
of fish and shellfish and in nominal and 
real ex-vessel revenue. The present value of 
net variable revenues for the 1968-76 
period was estimated at $1.1 billion com­
pared with $3.8 billion for the 1977-85 
period. The increase in net revenues, how­
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and foreign overfishing? Do the manage­
ment policies currently employed under 
the MFCMA contribute to effective fu­
ture management or has "Anderson's 
Prophecy" come to pass? 

In the first section I briefly review the 
factors which led to the passage of the 
MFCMA and the management institu­
tions and procedures which were created 
or evolved under that act. In the second 
section, I review the static and dynamic 
theory of open access. This theory pro­
vides a useful conceptual framework to 
evaluate what has happened and what is 
likely to happen under the MFCMA, as 
currently in force. 

In the third section I assemble data to 
try to determine what has happened to the 
U. S. fishing industry since enactment of 
the MFCMA in 1976. These data suggest 
that I) the MFCMA resulted in a signifi­
cant increase in landings and net rev­
enues for the U. S. fishing industry during 
the seven-year period 1977-83, 2) net 
revenues, however, are declining and 
that the industry and resources on which 
it is based appear headed toward a second 
(but now purely domestic) open access 
equilibrium, and 3) current management 
policies are ineffective in limiting catch 
to optimum yield. 

In the final section I offer recommen­

ever, appears to be declining due to the 
increase in the number of vessels in the 
U.S. domestic fleet. The time path for net 
revenues suggests that the industry is 
headed toward a new (purely domestic) 
open-access equilibrium where revenue 
equals cost and the imputed value of the 
resource is driven to zero (rent dissipa­
tion). 1t is well known that open access 
results in welfare losses to both consumers 
and the fishing industry. If these welfare 
losses are to be avoided, the eight regional 

dations for new policies to manage sibgle 
and multispecies fisheries which have'the 
potential to encourage efficient (least 
cost) harvest and to maintain stocks of 
fish and shellfish at levels producing pos­
itive net benefits to the industry and soci­
ety at large. 

The MFCMA: Background,
 
Enactment, and
 

Management Policies
 

During the 1960's and early 1970's it 
became evident that the U. S. commercial 
fishing industry had gone into serious de­
cline in terms of historical landings and 
the age and efficiency of vessels in the 
industry. Much of the blame for this state 
of affairs was placed on the distant-water 
fleets of foreign countries. Large, mod­
em trawlers and factory vessels, often 
subsidized by foreign governments, were 
accused of unfair competition and over­
harvesting the fish and shellfish re­
sources that had traditionally supported 
the smaller nearshore vessels that com­
prised the U.S. fleet. International man­
agement organizations (such as the Inter­
national Commission for the Northwest 
Atlantic Fisheries-ICNAF) were often 
viewed as ineffective, and a situation of 
de facto open access was thought to exist. 

management councils and the Department 
of Commerce must adopt policies which 
will reduce yield in the short run (thereby 
allowing stocks to increase) and efficiently 
harvest optimum yield in the long run. 
Transferable quotas for single species fish­
eries and transferable effort quotas (rights) 
in multispecies fisheries are attractive be­
cause they encourage efficient (least cost) 
harvest and afford flexibility in a world 
where the stocks of individual species are 
subject to fluctuation. 
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(Under open access there is no regulation 
of effort or catch and individual vessels 
are helpless to effect conservation meas­
ures which might lead to increased stocks 
and ultimately larger yields). 

The intense competition for fish and 
shellfish was not limited to the nearshore 
waters of the U. S. coast. Several South 
American countries had unilaterally ex­
tended their territorial waters 200 miles 
seaward from their coastlines in an at­
tempt to restrict access to tuna and 
anchovy resources. Congressmen from 
coastal states were under increased pres­
sure in the early 1970's to write and enact 
legislation which would provide exclu­
si ve harvest rights to the U. S. vessels 
over a comparable coastal zone. While 
the United Nations had convened confer­
ences on the Law of the Sea (UNCLOS) 
in 1958, 1960, and 1973, progress was 
painfully slow and the rate of "enclosure" 
continued to accelerate on a unilateral 
(country-by-country) basis. 

On 13 April 1976 President Gerald 
Ford signed into law the Fishery Conser­
vation and Management Act (now called 
the Magnuson Fishery Conservation and 
Management Act in recognition of the 
important contributions by former U. S. 
Senator Warren Magnuson in the drafting 
and enactment process). As amended, 
the law (PL 94-265) provides for exclu­
sive Federal management of all fishery 
resources (except migratory species of 
tuna and whales) within a fishery conser­
vation zone (FCZ) extending from 
3 n.mi. to 200 n.mi. from shore. (The 
FCZ has been modified off the coasts of 
Texas, Puerto Rico, the Gulf side of Flor­
ida and in the Gulf of Maine where the 
boundary line between Canada and the 
U.S. was recently arbitrated by the 
World Court). 

Eight regional Fishery Management 
Councils were created and charged with 
the task of preparing management plans 
for the species of commercial or recre­
ational importance in their region. After a 
Council develops a fishery management 
plan (FMP), covering both domestic and 
possibly foreign fishing, it is submitted to 
the Secretary of Commerce for approval 
and implementation. The Secretary of 
Commerce may develop a preliminary 
fishery management plan (PMP) which 
covers only foreign fishing in the FCZ, 

or, if a Council fails to produce a FMP in 
a timely fashion, the Secretary is empow­
ered to produce a FMP covering both do­
mestic and foreign fishing. 

Foreign fishing in the U.S. FCZ is per­
mitted if the U.S. domestic fleet is unable 
or uninterested in harvesting the opti­
mum yield (OY) for a particular species 
or species complex. In cooperation with 
U.S. Department of State, the Depart­
ment of Commerce can negotiate with an 
interested foreign country a Governing 
International Fishery Agreement (GIFA) 
for that portion of OY that will not be 
harvested by U. S. vessels. After ap­
proval by the President it is sent to Con­
gress for review. If no objections are 
raised by Members of Congress of the 
affected coastal states, the foreign coun­
try may then apply for a permit for each 
vessel that will be fishing or receiving 
fish from U. S. vessels in the FCZ (the 
latter situation would occur under a "joint 
venture"). 

Various fees are collected from foreign 
countries operating in the FCZ. There is 
an application fee for each foreign vessel 
fishing or receiving fish in the FCZ. A 
poundage fee is charged for foreign ves­
sels actually engaged in fishing. A sur­
charge fee has been charged in the past to 
capitalize a fund which can be used to 
compensate a U.S. fisherman who suf­
fers damage to a vessel or gear from for­
eign vessels operating in the FCZ. Fi­
nally, an observer fee is charged to cover 
the cost of monitoring foreign fishing 
through U.S. nationals acting as observ­
ers aboard foreign vessels. 

The regional Fishery Management 
Councils are composed of members ap­
pointed by the Secretary of Commerce 
and the governors of the coastal states 
within the region. Appointments are 
made so that the council has representa­
tion from the fishing industry, proces­
sors, sportfishing associations, and other 
concerned (and politically influential) 
groups. Each council has a small staff 
headed by an executive director. The 
council can contract for studies of the in­
dustry or resources in their region and 
will also draw on the expertise of a scien­
tific committee in developing a FMP. 
Two or more councils may work together 
in developing a plan for a species that 
migrates or is harvested in more than one 

region. After development, a FMP is 
subject to public review and comments 
are taken in writing or at public hearings. 

To date, the FMP's have relied on a 
variety of management policies including 
annual quotas, quarterly quotas, trip quo­
tas, closed areas, size limits, and net 
mesh size in an effort to restrict catch to 
an amount less than or equal to optimum 
yield. Optimum yield is that rate of har­
vest that "( I) will provide the greatest 
overall benefit to the United States, with 
particular reference to food production 
and recreational opportunities, and (2) is 
prescribed as such on the basis of maxi­
mum sustainable yield from such fishery 
as modified by any relevant ecological, 
economic, or social factors." The second 
clause seems to have guided the delibera­
tions of most councils in determining 
OY, although the precise influence of the 
relevant ecological, economic, and social 
factors is difficult to identify, ex-post. 

As of I January 1986 there were 25 
fisheries being managed under FMP's 
and 7 being managed under PMP's. 
Many of the earlier FMP's have been 
amended since initial implementation as 
a result of unanticipated changes in the 
resource stock or industry. A detailed as­
sessment of the success or failure of each 
FMP is beyond the scope of this paper. 
Instead we will examine what has hap­
pened to the industry in terms of aggre­
gate measures such as landings of fish 
and shellfish, ex-vessel revenue, number 
of registered vessels and variable cost. 
Before examining the data it will be help­
ful to review the economic theory of open 
access. 

Open Access 

Prior to passage of the MFCMA it was 
maintained that the competition between 
U. S. and foreign flag fishing vessels had 
reduced offshore stocks of fish and shell­
fish to levels where the ex-vessel rev­
enues received by fisherman just covered 
the costs of fishing. Such a situation is 
symptomatic of open access-where har­
vest is essentially unregulated and ves­
sels enter the fishery (or existing vessels 
increase fishing effort) until net revenue 
is driven to zero. 

The tendency of a common property 
fishery to evolve toward an open access 
(zero profit) equilibrium was first dis-
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cussed by Gordon (1954). Gordon re­
ferred to this process as one of "rent dissi­
pation" because the resource was har­
vested to a level where competitive 
vessels, only covering the costs of fish­
ing, would be unable to pay (rent) for the 
right of access. If the resource were 
owned (by a private individual or by a 
government agency acting on behalf of 
its citizens), it would charge fishermen 
some amount for the right to harvest 
some portion of the resource stock. 
Under ownership or agency management 
the resource has value equal to the 
present value of future expected rents. 
Under open access, however, the dissipa­
tion of rents implies that the resource has 
been economically overfished to the 
point where it can earn no rent and is thus 
worthless. 

It can be shown that open-access equi­
librium is nonoptimal. There will be too 
many vessels chasing too few fish. If har­
vest could be restricted and stocks in­
creased, it would be possible to compen­
sate (buyout) the vessels who left the 
fishery and still have money (rent) left 
over. 

The analysis by Gordon (1954) was es­
sentially a static or equilibrium analysis. 
Smith (1968) presented a dynamic model 
represented as a system of two differen­
tial equations. Suppose X represents the 
biomass of some species at time t, and E 
represents the level of fishing effort. The 
resource is presumed to exhibit net 
growth without fishing according to the 
function F(X). The rate of harvest (fish­
ing mortality) is given by the production 
function H(X,E). Thus, the rate of 
change in biomass is given by the differ­
ential equation 

X = F(X) - H(X,E) (1) 

The change in effort (perhaps meas­
ured by vessels, vessel-days, or net­
hours) is presumed to depend on the level 
of net revenues (profit rate). In particu­
lar, if net revenues are positive effort will 
expand, while if net revenues are nega­
tive effort will contract. Suppose the 
price per pound for a ton of fish at the 
dock (that is, the ex-vessel price) is given 
by p while the cost of effort is given by k. 
Then, since H(X,E) represents the rate of 
harvest, pH(X,E) represents ex-vessel 
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revenue, while kE represents cost. The 
rate of change in effort might be de­
scribed by the differential equation 

E = n[pH(X,E) - kE] (2) 

where n > 0 is a "stiffness" parameter 
indicating the response of effort to net 
revenue. Taken together, equations (1) 
and (2) comprise a two-dimensional 
(planer) nonlinear dynamical system. If 
p, k, and all other parameters are time­
invariant, the system is autonomous and 
the identification and stability analysis of 
stationary states might be accomplished 
by phase plane analysis. 

For a general system similar to equa­
tions (1) and (2), Smith (1968) noted the 
possibility of multiple equilibria, some 
stable and some unstable. Open access 
extinction was a possibility if it were 
profitable to expand effort at low stock 
levels or if vessels did not leave an un­
profitable fishery rapidly enough. 

Consider the Gordon-Schaefer model 
(Clark, 1976:203 and 1985:16) where 

X = rX( I-X/K) - qXE and (3) 

E = n(pqXE - kEy (4) 

[ 

The net growth function is thus F(X) = 
rX( l-X/K) which is the logistic function 
where r is the intrinsic growth rate and K 
is the environmental carrying capacity. 
The production function is H(X,E) = 
qXE where q is the catchability coeffi­
cient. As before, the parameters p, k, 
and n represent the per-unit price for 
landed fish, the per-unit cost of effort, 
and the adjustment parameter. The iso­
clines of Gordon-~chaefermqdel are ob­
tained by setting X = 0 and E = 0, with 
the latter immediately implying that the 
stationaryJequilibrium) stock under open 
access is X =: k/(pq). The isocline asso­
ciated with X = 0 is given by the line 
E = r( I-X/K)/q and thus the stationary 
~vel of effort under open access is 
E = r( I-X/K)/q. The isoclines are 
drawn in the phase-plane diagram in 
Figure I. 

The equilibrium (X,E) is stable (a node 
or spiral). Limit cycles are precluded by 
the Bendixon-du Lac test (see Clark, 
1976:203-204). Ei~ure 1 shows a_spiral 
covergence to (X,E). When X <X = k/ 
(pq), net revenues are negative and effort 
decreases, while when X >X = 
k/(pq) net revenues are positive and effort 

X' rX (1- X/K)-qXE 

E' n (pq X E - k E) 

r Iq 

E 

L 
'-- -:----L .::::..... +_ X 

j(, k/(pq) K 

Figure I.-A,phase plane diagram for the system. 
~ = rX(1 - XIK) - qXE 

E = n(pqXE - kE) 
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Figure 2.-The time path for net revenues for spiral convergence to 
open access equilibrium. 

increases. A possible time path for net 
revenues is shown in Figure 2. It exhibits 
a damped oscillation.its net ~venues are 
driven to zero asX~X, E~E, and (~OO. 

In any empirical investigation price, 
cost and other parameters will be chang­
ing. Individual stocks of fish and shell­
fish often show significant fluctuation 
presumably due to stochastic environ­
mental conditions. It is unlikely, there­
fore, that a "real world" fishery would 
ever exhibit convergence to a stationary 
point. In a changing, stochastic world 
open access might be characterized by 
more or less random fluctuations in net 
revenue about N = 0 (the (-axis in Fig­
ure 2), as the resource stock, price, or 
cost is subject to random variation. 

Empirically, then, if a fishery has ex­
hibited damped oscillation toward zero 
net revenues or random fluctuation about 
zero net revenues, a strong case might be 
made for de facto open access. Policies 
which increase expected net revenue 
(thus fishery rent) would be consistent 
with a move toward improved fishery 
management. (Policies which reduce the 
variance of net revenues would pre­
sumably confer benefits to risk averse in­

dividuals). What evidence can be assem­
bled on the status of U. S. commercial 
fisheries both before and after implemen­
tation of the MFCMA? 

The U.S. Commercial
 
Fishing Industry: 1968-85
 

An economic assessment of the U.S. 
fishing industry is made difficult because 
of the large number of independent ves­
sels employing often vastly different gear 
to harvest over 100 different species of 
finfish and shellfish. The NMFS defini­
tion of a vessel is any craft of 5 net tons 
or greater. In 1977 there were 17 ,545 
vessels registered with the U. S. Coast 
Guard for commercial fishing. The vast 
majority, 13,235 or 75 percent, were less 
than 50 gross registered tons (GRT). The 
modal and median class (cell) was 10-19 
GRT while the average vessel was 
43.7 GRT. The largest vessel class was 
3,270-3,279 GRT. 

These vessels do not fish year round 
and may change gear and fisheries within 
a single year. In a 1982 study of 60­
100 GRT otter trawlers, Mueller et al. 
reported an average of 158.6 days absent 
from port and an average of 98.2 days 

fishing during the 5-year period 1976­
80'. Thus, the number of vessels in the 
industry is a very crude measure of fish­
ing effort. Its only advantage is that 
NMFS data on vessel numbers exists for 
the period 1968-84. We will use the sym­
bol E( to denote the number of vessels in 
year ( , where ( = 0 corresponds to 1968 
and ( = 17 corresponds to 1985. 

The NMFS also keeps track of total 
landings of fish, shellfish, and ex-vessel 
revenue. Given the highly decentralized 
nature of the U. S. fishing industry and 
the tax incentive for cash transactions, 
one can safely assume that the reported 
data for landings and ex-vessel revenues 
understate the amount and value of U. S. 
catch. The extent of the understatement is 
not known. We will denote the aggregate 
landings of fish and shellfish (exclusive 
of mollusk shell weight) by YI and ex­
vessel revenue by R I • 

Given estimates of YI and R( one can 
obtain an average price PI = R/YI . With 
Y( measured in metric tons and RI in dol­
lars, PI is interpreted as the price per met­
ric ton ($/mt). 

An important time series not estimated 
annually by the NMFS is industry cost. 
Given the diversity of vessel size, design, 
and gear operation, this is understand­
able. The NMFS will periodically con­
duct studies into the costs and returns of 
various types of vessels operating in the 
major commercial fisheries. In addition, 
the aforementioned report by Mueller et 
al. I describes a financial simulator which 
has been used to estimate vessel costs 
based on design and operating character­
istics, days absent from port, cost of 
food, fuel, and ice and other variable and 
fixed-cost components. 

In 1977 the NMFS reported that the 
variable cost of operating a 42 GRT 
trawler in 1974 was $44,901. Since the 
trawler is a dominant vessel type, and the 
"average" vessel in 1974 was 43 GRT, 
this variable cost figure was used as an 
initial condition to generate variable ves­
sel cost for other years. Let k( denote the 
variable vessel cost in year (. Then the 
difference equation 

'This analysis was reported by Mueller, et al. in 
"Some notes on modeling the financial perform­
ance of commercial fishing fleets," National 
Marine Fisheries Service, Northeast Regional 
Office, Gloucester, Mass. 1982. 
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Table 1.-Delinition 01 variables In Table 2.	 Table 2.-The U.S. commercial fishing Industry, 1968-85. 

I = year index I ~ 0 (1968) 10 t ~ 17 (1985). Y, R, Pt E, CPI, k, C, N, 
Y, = yield of fish and shellfish (106 melric tons (t)), (No. of 

exclusive at mollusk shell weight. (Year) (lOst) ($109) ($!I) vessels) (1967=100) ($Ivessel) ($109) ($109) 

R, = ex·vessel revenue ($109) in year I. 
P, ~ average price ($It) for finfish and shellfish in year 1968 1.9 0.5 263 13,150 104.2 31,675 0.4 0.1 

I 1969 1.9 0.5 263 13,187 109.8 33,378 0.4 0.1 
E, = number of vessels ~ to 5 net tons in year t. 1970 2.2 0.6 272 13,591 116.3 35,354 0.5 0.1 

CPI, = consumer price index (1967 ~ 100) in year I. 1971 2.3 0.7 304 14,008 121.3 36,874 0.5 0.2 
k, = variable operating cost of a 42 gross registered 1972 2.2 0.7 318 14,507 125.3 38,090 0.6 0.1 

ton (GRT) trawler ($Ivessel) in year I. 1973 2.2 0.9 409 15,367 133.1 40;462 0.6 0.3 
C, = total variable cost ($109) for industry in year I. 1974 2.3 09 391 15,891 147.7 44,901 0.7 0.2 
N, = net revenue ($109) for industry in year I. 1975 2.2 1.0 454 16,211 161.2 49,005 0.8 0.2 

1976 2.4 1.3 541 16,875 170.5 51,832 0.9 0.4 
1977 2.4 1.5 625 17,545 181.5 55,176 1.0 0.5 
1978 2.7 1.9 703 18,100 195.4 59,401 1.1 0.8 
1979 2.8 2.2 785 18,400 217.4 66,088 1.2 1.0 
1980 2.9 2.2 758 18,900 246.8 75,025 1.4 0.8 
1981 2.7 2.4 888 19,500 272.4 82,807 1.6 0.8 
1982 2.9 2.4 827 20,400 289.1 87,883 1.8 0.6 
1983 2.9 2.4 827 21,100 298.4 90,710 1.9 0.5 
1984 2.8 23 821 24,000 311.1 94,570 2.3 0.0 
1985 2.8 2.3 821 25,000 322.2 97,944 2.4 0.1- CPI)/CPlt ]kt (5) 

See Table 3 (g) (g) (b) (c) (d) (e) (f) (g) 

where CPlt denotes the consumer price 
index (1967 = 100) was used to generate 
variable vessel costs for all other years 
(1968-73 and 1975-85). z 

Knowing the number of vessels Et and 
the variable cost of the average vessel, kt , 

one can estimate variable cost for the in­
dustry as Ct = ktEt . Net revenue, de­
noted by Nt, can be calculated as 
Nt = Rt - Ct· This is actually net vari­
able revenue, and the vessel owner would 
need to cover fixed costs and taxes from 
net variable revenue. Given the wide 
range of fixed costs and taxes for similar 
vessels, no attempt was made at estima­
tion. (Economic theory would suggest 
that the fishing decision in a given year 
would be based on variable cost consider­
ations, although future investment deci­
sions would require fixed costs to be cov­
ered as well.) 

Table I provides a summary of nota­
tion and definition of variables. Table 2 
contains data on Yt , Rt , Pt' Et , CPlt , kt , 
Ct , and Nt, for the period 1968-85. 
Table 3 contains notes on the sources and 

2Reviewers have suggested that a more appropri­
ate index to construct estimates of variable vessel 
cost would be the Producer's Price Index (PPJ) 
or the Fuel Price Index (FPI). The PPI for all 
commodities was 102.5 in 1968 and 308.8 in 
1985 and would generate slightly lower esti­
mates of variable vessel costs. The FPI increased 
dramatically from 98.9 in 1968 to 634.2 in 1985. 
This would significantly increase the estimates 
of variable vessel costs and greatly reduce the 
estimates of net revenue, especially in the post­
MFCMA period. Thus, it should be acknowl­
edged that the estimates of the net revenue will 
be influenced by the choice of index used in 
equation (5). 

methods of calculation for the data in 
Table 2. Figures 3-7 present graphs of the 
time paths for Yt , Rt , Et , Ct , and Nt. 

Simple analysis of the data in Table 2 
provides the following insights into the 
performance of the U. S. fishing industry 
in the 9 years before (1968-76) and after 
(1977-85) implementation of the 
MFCMA. 3 

Landings of fish and shellfish signifi­
cantly increased in the post MFCMA pe­
riod. The mean for landings during the 
period 1968-1976 was 2.2 million metric 
tons as compared to 2,8 million metric 
tons for the period 1977-1985. A simple 
test for the difference of two means 
(Ho: IJ-z - IJ-I = 0, where IJ-z is the un­
known mean yield for the ex-post 
MFCMA period and IJ-I is the unknown 
mean yield for the ex-ante period) 
yielded a test statistic of t* = 7.57, lead­
ing one to reject equal mean landings at 
the I percent level. The time path for 
landings is shown in Figure 3. Increased 
U.S. landings in many fisheries were 
likely the result of exclusion of foreign 
vessels, While data is not available for all 

31t has been pointed out that because this analysis 
was conducted at the industry level, it may not be 
representative of the performance in any specific 
fishery (e.g. sea scallops). This is technically 
correct. The same industry data could be gener­
ated from an aggregation of very profitable and 
very unprofitable fisheries. A detailed (micro) 
financial analysis of even the major commercial 
fisheries, however, would have resulted in a 
book-length manuscript, and was thus beyond 
the scope of the present study, 

Table 3.-0ate source method 01 calculation, and 
comments on data In Table 2. 

(a) Source: "Fisheries of the United States: 1985: p. 3, 36. 
(b) Calculated: Pt = R,IY,. 
(c)	 Source: "Fisheries of the United States: 1980-85, and 

"Fishery Statistics of the United States: 1968-77). 
Comment: The number of vessels reported in 1984 
seems suspiciously high. Comment: The number of 
vessels reported in 1985 is an estimate by the author. 
No estimate was available from the NMFS during data 
collection (June 1986). 

(d) Source: "The Handbook of Basic Economic Statistics, 
April 1986, 91-101 

(e) Source: The 1974 estimate of variabie cost for a 42 
GRT trawler was estimated by the NMFS in "Revenues, 
Costs and Returns from Vessel Operation in Major U.S. 
Fisheries: 1977, p. 7, as $44,901. Calculation: Using 
k, = $44,901 for t = 6 (1974). The other values of k, 
were obtained from the difference equation k,+ 1 

(1 +(CPI/+ 1 - CPI,)ICPI,lk,. 
(f)	 Calculated: C, = k,E,. 
(g) Calculated: N, = R,c,. 

the major fisheries, on the U.S. east coast 
foreign landings declined from an annual 
average of 1,226.1 x 106 mt for the pe­
riod 1970-74 to 107.4 x 106 mt in 1982 
(NMFS, 1983:13). A similar redistribu­
tion (from foreign to U.S. flag vessels) 
undoubtedly occurred in the Pacific 
Northwest and Alaska. 

Ex-vessel revenue also increased in the 
post MFCMA period (see Figure 4). The 
numbers reported in column three in 
Table 2 are nominal and thus reflect the 
increase in landings as well as inflation. 
Deflation by the consumer price index 
will, however, reveal that real (deflated) 
revenues also increased. The average for 
the 1968-76 period was $0.80 billion 
while it was $2.2 billion (nominal) for 
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Figure 3.-Landings of fish and shellfish, 1968-85. 
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Figure 5.-Number of vessels, 1968-85. 
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Figure 4.-Ex-vessel revenues, 1968-85. 
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Figure 6.-Variable costs, 1968-85. 

the 1977-85 period. 
An indication of expected profitability 

is reflected in the increase in the number 
of vessels in the U.S. fleet. Even during 
the pre-MFCMA period there was signif­
icant entry. This might reflect current 
profitability (as in equation (2) in the pre­
ceding section on open access) or it may 
reflect an anticipation of future profits 
under extended jurisdiction. Certainly by 
1973 it was suspected that some form of 
extended jurisdiction would be unilater­
ally adopted by the United States. During 
the 9-year period before implementation, 
vessel numbers increased by 3,725. In 
the 9-year period after implementation, 
the number of vessels increased by ap­
proximately 7,455. The time path for the 

number of vessels is shown in Figure 5. 
Industry cost (estimated as the product 

of average variable cost per vessel times 
the number of vessels) is shown in 
Figure 6. The cost of operating our 
"average" vessel increased over threefold 
from 1968 to 1985 (see Table 2, column 
seven). This was the result of general in­
flation and the dramatic increases in the 
cost of crude oil and distillate products 
(including diesel) during the Arab oil em­
bargo (1973-74) and the disruption ac­
companying the initial stages of the Iran­
Iraq War (l98W. In the early 1980's, 

4Attaching a higher weighl 10 fuel prices would 
reduce the estimates of net revenue. See footnote 
2. 

interest payments on new vessels ap­
proached 10 percent of the gross boat 
share (Mueller, et al. I ). The increase in 
industry variable cost in 1984 and 1985 is 
more influenced by the number of new 
vessels entering the industry (estimated 
at 3,900) than by per-vessel cost (which 
only increased 8 percent over that 2-year 
period). 

Industry revenues, variable costs, and 
net revenues are shown in Figure 7. 
There are two interesting aspects about 
the time path for net revenues. First, net 
revenues are significantly greater in the 
post-MFCMA period, particularly during 
the years 1977-83. Using a 10 percent 
discount rate the present value of net rev­
enues for the 1968-76 period was 
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Figure 7.-Revenues, variable costs, and net returns, 
1968-85. 

$1.1 billion versus $3.8 for the 1977-85 
period. While other factors may have 
contributed to the favorable "bottom 
line" during the latter period, it seems 
likely that the MFCMA was the major 
factor. 

The second, more disquieting, aspect 
is the rapid decline in net revenues in 
1984 and (estimated for) 1985. Recall 
zero net revenues or oscillating (positive 
and negative) net revenues were symp­
tomatic of open access. It would appear 
that the U.S. fishing industry may be set­
tling down to a second open access equi­
librium. Only now the vessels that are 
economically overfishing the stocks of 
fish and shellfish are U.S.-flag vessels 
and reducing their collective catch will be 
politically more difficult. Again, the 
costs of open access are under­
performance costs, in the sense that 
larger yields could be obtained by a 
smaller fleet fishing a larger stock. This 
increase in net revenues from a well man­
aged fishery would more than exceed the 
difference in opportunity costs of those 
fishermen and vessels leaving the fish­
ery. 

In summary, it would appear that the 
MFCMA did play an important role in 
increasing industry net revenues during 
the 1977-85 period. However, the long­
term effectiveness of the management 
plans and policies currently in force is 
suspect. It would appear that a second, 
purely domestic open access equilibrium 
is being approached, along with the asso­
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ciated social cost of under-performance. 
"Anderson's Prophecy" appears to be 
borne out by the data on vessel numbers 
and estimates for net revenues5. 

If the above analysis is an accurate as­
sessment of industry performance under 
the MFCMA, then it is also an indictment 
of the management policies embodied in 
the FMP's and the PMP's. Recall that the 
objective of the eight regional councils 
was to encourage harvest of optimum 
yield (OY). To define optimum yield in a 
single-species fishery, most councils at­
tempted to follow the guidelines in the 
second clause of the definition; that is, to 
determine maximum sustainable yield, 
and then make appropriate modifications 
based on the relevant "ecological, eco­
nomic or social factors." While these lat­
ter factors introduce elements of impreci­
sion and subjective judgement, they 
cannot explain the failure of the MFCMA 
to, avoid or reverse the drift toward do­

5 11 should be emphasized that this is a "before 
and after" analysis which is different from a 
"with and without" analysis. The latter analysis 
is actually the preferred analysis for project and 
impact analysis. 11 generally requires the con­
struction of a model, such as the open access 
model, to stimulate what would have happened 
without a project or policy (in our case, the 
MFCMA). One approach would be based on em­
pirical estimation of growth and production func­
tions for a fishery and simulating the difference 
equation analogue of equations (3) and (4) for­
ward in time given actual observations on per 
unit prices and costs. For an empirical study of 
the North Sea herring fishery, see Bj0mdal and 
Conrad (1987). 

mestic open access. What went wrong? 
There are at least two factors that 

would contribute to the ineffectiveness of 
management based On OY. First, the esti­
mates of OY may presume a stock level 
larger than the current stock and a contin­
uation of harvest rates at OY only fos­
tered a continued decline in the resource 
stock or, at best, prevented recovery. In 
other words, yields considerably less 
than OY might be required to allow 
stocks to increase before OY could be 
harvested on a sustainable (yearly) basis. 

Second, the dramatic increase in the 
number of vessels has likely led to an 
increase in the amount of unreported 
landings. This is true even if the rate of 
under-reporting per vessel is unchanged. 
Reported landings less than OY might be 
associated with actual landings in excess 
of OY and ultimately lead to declining 
stocks. 

There are other possible explanations, 
but if the above two factors were 
paramount, then steps to improve man­
agement under the MFCMA must focus 
on 1) transitional yields (TY's) which 
will lead to stock levels capable of sup­
porting optimal yield, and 2) better mon­
itoring and enforcement of catch both in 
transition (along an approach path) and at 
optimal yield, Once the stock level sup­
porting OY has been reached. 

Economists are also interested in poli­
cies which promote efficiency; that is, 
policies which encourage TY's and OY 
to be harvested at least cost. As it turns 
out, policies which promote efficiency 
might also lead to better monitoring of 
actual catch. We now tum to a discussion 
of policies to promote and maintain a 
more efficient industry. 

Recommendations for 
Improving Management Under 

the MFCMA 
Recent theoretical work in bioeconom­

ics is based on a management objective 
which seeks to maximize the present 
value of net benefits. Under certain as­
sumptions this objective will be met by 
finding that stock level which satisfies a 
"singular solution," and setting transi­
tional yield at zero if current stock is less 
than the optimum, or harvesting at a 
maximum rate if current stock is greater 
than the optimum. In other words, it is 
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optimal to approach the optimal stock as 
rapidly as possible (Clark, 1976:39-41). 

The optimal stock within a bioeco­
nomic model will typically depend on 
price, cost, parameters of the growth and 
production functions, and the discount 
rate. The optimal stock may be greater 
than or less than the stock associated with 
maximum sustainable yield (MSY). This 
will depend on the magnitude of the 
"marginal stock effect" relative to the 
discount rate (Clark and Munro, 1975). 
In an empirical study of tuna in the east­
ern tropical Atlantic, Conrad and Adu­
Asamoah (1986) have estimated that the 
optimal stock exceeds the MSY stock. 
This is attributable to cost savings af­
forded by fishing a larger stock. 

The operational objective under the 
MFCMA is to manage coastal fishery re­
sources so they provide an optimal yield 
(OY) equal to MSY plus or minus some 
amount to reflect ecological, social, or 
economic considerations. Thus, the ob­
jective under the MFCMA is not incon­
sistent with the optimal stock which 
might emerge from application of the 
simple bioeconomic model. The manage­
ment policies espoused by economists to 
achieve and maintain fish stocks near the 
optimal level, however, are different 
from those usually recommended by bi­
ologists and those which have dominated 
applied management under the MFCMA. 

The key to understanding economic 
policies for fishery management is "user 
cost" (Conrad, 1986:390-396). User cost 
reflects an incremental cost imposed in 
future periods because an additional unit 
of the resource is harvested today. By 
reducing the stock an additional unit 
today, you reduce future stock by that 
unit and by the biological growth it 
would have provided. 

Bioeconomic policies have attempted 
to introduce economic incentives which 
would cause fishermen to behave "as if' 
they were cognizant of user cost. These 
incentive-based policies, in a single spe­
cies fishery, include landings taxes and 
transferable quotas (Clark, 1985: 157-175 
and Conrad, 1986:395-397). A landings 
tax is a tax per unit on the harvested re­
source (e.g., $100 per metric ton of yel­
lowtail flounder landed in New Bedford). 
A transferable quota is a certificate which 
entitles the owner to harvest a certain 

amount of the resource per unit time 
(e.g., 10 metric tons of yellowtail floun­
der in 1986). By transferable, economists 
mean that the owner of the quota may 
"fish it" or sell it to another fisherman. 
Within the single-species bioeconomic 
model it can be shown that landings 
taxes, transferable quotas, or a mix of 
both are capable of inducing competitive 
fishermen to collectively harvest some 
target amount, either a transitional yield 
(TY) or optimal yield (OY). In a mixed 
system, the higher the landings tax, the 
lower the bid-price for a quota in the 
transferable quota market. 

Management by landings taxes or 
transferable quotas has the advantage of 
economic efficiency; that is, they encour­
age harvest by the lower cost fishermen. 
With a landings tax only fishermen who 
can cover costs with "after-tax" revenues 
would be economically viable. With 
transferable quotas the lower cost fisher­
men would be able to offer higher bid­
prices and thus, in theory, would be able 
to purchase the quotas required for fish­
ing. 

Under the MFCMA, as currently 
amended, landings taxes are probably 
precluded (Christy, 1977:144). Thus, we 
will focus on transferable quotas in a sin­
gle species fishery and transferable effort 
quotas (rights) in multispecies fisheries 
(such as the groundfish fishery on 
George's Bank where cod, haddock, 
flounder, and other species may be har­
vested simultaneously by otter trawlers). 

Suppose we are concerned with a sin­
gle species fishery where the stock is 
below the level associated with optimum 
yield. Fisheries scientists on the Coun­
cil's scientific committee must determine 
a level for transitional yield (TY) which 
allows for escapement and growth which 
will increase the stock. There are, of 
course, many possible levels for TY in­
cluding a zero yield (i.e., a fishing mora­
torium) which would allow for the "most 
rapid" approach to the optimal stock. 
Suppose a moratorium is viewed as too 
extreme and some TY is adopted which 
scientists think will allow for some posi­
tive level of growth. 

The TY must now be divided up into 
some number of transferable quotas. For 
example, if TY = 1,000 metric tons of 
sea scallops, a total of 100 transferable 

quotas might be created entitling the 
owner to harvest up to 10 metric tons in 
1986. Care must be taken in specifying a 
quota amount which could be profitably 
fished by a single vessel during some part 
of a year. 

How are the quotas to be allocated 
among the potential fishermen? Fisheries 
economists suggest that they might be 
sold to the highest bidder at auction or 
distributed gratis to some set of "de­
serving" fishermen. Again, the MFCMA 
as currently amended may preclude sale 
by auction. It is also likely to be the case 
that there will be more "would-be" fish­
erman than quotas. One suggestion is to 
set up criteria based on a record of histor­
icallandings (involvement) in the fishery 
which would define a set of "legitimate" 
vessel owners eligible for a lottery. Say 
there are 200 such eligible vessel owners. 
After the drawing, 100 of the eligible 
vessel owners will have received a quota 
entitling them to harvest up to 10 metric 
tons of scallops. The 100 eligible vessel 
owners who do not have a quota would be 
able to negotiate with quota holders or 
submit bids to a quota marketing board 
that would serve as an intermediary be­
tween current holders (suppliers) and eli­
gible vessel owners wishing to acquire a 
quota (demanders). 

There are many details which would 
need to be worked out. Should a limit be 
placed on the number of quotas which 
could be owned by a single individual or 
corporation? Could a quota holder sell a 
portion of his quota? Should the quotas 
be annual or for a longer period of time, 
thereby allowing a longer horizon for 
planning investments in vessel, gear, and 
electronics? Should the TY's be specified 
for more than 1 year in advance, again 
providing the quota holder with a less 
risky management environment? 

While the answers to the above ques­
tions may have significant implications 
for the price of quotas and the flexibility 
with which managers have to alter TY's, 
they should not pose insurmountable 
problems if the concept of transferable 
quotas and the lottery-market process 
is viewed as acceptable. Over time, if 
initial TY's do allow stocks to recover, 
then the number of quotas would pre­
sumably increase as TY approaches OY. 

Transferable quotas may facilitate en-
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forcement and reduce the amount of un­
reported "overfishing." The U.S. Coast 
Guard would have a list of those vessels 
with quotas and any other vessels found 
on or near the fishing grounds of the spe­
cies in question would be suspect and 
subject to search. 

Management of multispecies fisheries 
is a much more complex and difficult 
problem (May et aI., 1979). In multispe­
cies fisheries where a nonselective gear 
harvests two or more species simulta­
neously, it is difficult to apply a system 
of transferable quotas on a species-by­
species basis. The New England Re­
gional Fishery Management Council will 
attest to this difficulty. They tried and 
abandoned quarterly quotas by species, 
trip quotas by species, and are currently 
operating under a minimum mesh size for 
the New England groundfishery. By 
studying trip-file data it should be possi­
ble to estimate the number of days absent 
or days fished and the likely total number 
of metric tons of groundfish (cod, had­
dock, pollock, flounder, and redfish). A 
transitional yield and associated number 
of "days-to-be-fished" (DTBF) is speci­
fied. The total DTBF is divided into a 
finite number of "effort quotas." As be­
fore, a set of eligible vessels is deter­
mined, and a lottery is employed to as­
sign effort quotas specifying the right to 
fish some number of days. Those vessel 
owners who did not win in the lottery 
would be free to negotiate with the holder 
of an effort quota directly or submit a bid 
to the administrator of the quota market. 

The value of an effort quota (or right) 
is more speculative than a catch quota in 
a single species fishery. This is because 
an effort quota entitles the owner to fish 
some number of days, but there is no 
guarantee on catch. No quotas would be 
levied on individual species and the com­
position of total catch would be likely to 
change from year to year. If managers 
had concerns about the abundance of a 
particular species within a multispecies 
complex, analysis of particular grounds 
may indicate areas which, if closed to 
fishing, would offer some specific pro­
tection to the species of concern. As mul­
tispecies biomass increases, the number 
of DTBF could be increased allowing 
total catch to increase toward the estimate 
ofOY. 
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Enforcement of a system of transfer­
able effort rights would be more difficult 
because it would require a monitoring of 
the number of days that a quota-holding 
vessel actually had its net in the water. 
Vessels might be required to submit "trip 
plans" to a central office indicating head­
ings and expected time steaming to, 
from, or between grounds and their home 
port. Coast guard vessels would be in­
formed of trip plans, and when encoun­
tering vessels would determine location 
and status (steaming or fishing). 

In both the single and multispecies 
fisheries the presence of "natural fluctua­
tions" in fish stocks will present a con­
flict between managers who wish to fre­
quently change TY's or DTBF in 
response to fluctuating stocks and fisher­
men who want to know their future quo­
tas or DTBF with certainty. Both the re­
gional councils and the fishermen will 
have to maintain flexibility as managers 
learn about the recruitment effects of pre­
vious TY or DTBF quotas. The trade-off 
would hopefully be between a more prof­
itable fishery, subject to changing man­
agement policies, versus a static, low 
profit, de facto open-access fishery. 

Conclusions 

Let us return to the three questions 
posed in the introduction to this paper. 
The first asked whether the MFCMA in­
creased net revenues above what they 
would have been during the 1977-85 pe­
riod. Our conclusion would be "yes," 
based on our estimates of industry cost 
and the calculation of a present value for 
net revenues of $1.1 billion for the 1968­
76 period vs. $3.8 billion for the 1977-85 
period. 

The second question asked if the 
stocks of fish and shellfish in the FCZ 
have increased since passage of the 
MFCMA. This question cannot be an­
swered definitively, but it is likely that 
stocks have not increased appreciably. 
The U.S. fleet expanded rapidly and 
much of the net revenue gains were prob­
ably the result of a redistribution of for­
eign catch to U. S. vessels. The estimated 
decline in net revenues suggests that the 
U.S. commercial fishing industry may be 
converging to anew, purely domestic, 
open-access equilibrium. Open access re-

suits in underperformance costs. There 
are too many vessels chasing too few 
fish. The industry and society (the fish­
consuming public) would be better off if 
stocks were allowed to increase and 
higher yields could be sustained based on 
larger standing stocks of fish and shell­
fish. 

The third question asked if current 
management policies adopted under the 
MFCMA would provide a basis for long­
term, positive net benefits. The answer 
would seem to be "no." While the 
MFCMA probably precludes landing 
taxes as a means to "internalize" user cost 
in the decisions of fishermen, it does not 
preclude the use of a system of transfer­
able quotas in single species fisheries or 
effort quotas (rights) in multispecies fish­
eries subject to nonselective harvest. A 
transitional yield-lottery program of 
management is recommended according 
to the criteria of efficiency (least-cost 
harvest), flexibility in the face of natural 
fluctuations, and holding the best 
promise of providing positive net bene­
fits to the industry and fish-consuming 
public. 
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The Magnuson Fisheries Conservation 
and Management Act: An Economic 
Assessment of the First 10 Years. Discussion 

IVAR E. STRAND 

Jon Conrad has offered a provocative 
paper addressing the important issue of 
the effectiveness of MFMCA. The issue 
is whether we, as a nation, are attaining 
any or all of the potential rewards from 
the resources in our 200-mile economic 
zone. 

The author has provided a well-written 
theoretical section that should be accessi­
ble to persons without much background 
in economics or mathematics. It also pro­
vides a reasonably elegant way to estab­
lish a working hypothesis, which is pur­
ported to be tested in the empirical 
section. The hypothesis is that the aggre­
gate net revenues in the fishing industry 
have increased significantly over the pe­
riod 1977-85 compared with net revenues 
over the period 1968-76. If one observes 
a significant increase in net revenues in 
the post-MFCMA period, we are to con­
clude that this is both beneficial to the 
United States and the result of MFCMA. 

Ignoring the proof of causality and the 
data for a moment, one is still left uncom­
fortable with the conclusion that the U. S. 
benefits when the hypothesis is true. An 
alternative conclusion could be drawn 
from the maintained hypothesis. First, 
the cost of capital in the latter period was 

Ivar E. Strand is with the University of Mary­
land, College Park MD 20854. 

substantially larger than in the former. 
This requires greater net revenues to 
cover the fixed costs. It is also possible, 
although not likely, that the exclusion of 
the foreign vessels drove up consumers' 
prices from imported seafood. If this 
were true, then there might be nothing 
more than a transfer of wealth from U. S. 
seafood consumers to U.S. producers, 
without any net gain to the United States. 

This latter possibility raises a serious 
conceptual problem with the maintained 
hypothesis-how do consumers enter 
into the analysis. Whereas Conrad proba­
bly is reflecting accurately the philoso­
phy and value judgments of the National 
Marine Fishereies Service, the hypothe­
sis and analysis should also reflect con­
sumer welfare. MFCMA would indeed 
be of little value to the United States if 
consumption remained the same, produc­
ers net revenues rose by $2 billion, and 
consumer expenditures rose by $4 bil­
lion. It is recognized that the data prob­
lems expand when the consumer is con­
sidered, but that is no reason to ignore 
entirely the conceptual issue. 

The empirical analysis in this paper 
underscores the gap between economic 
theory and applied economics in fish­
eries. This gap was made obvious to me 
the other day when an agricultural 
economist asked me to cite a "seminal" 

applied work in fisheries. Every article 
which came to mind had serious flaws, 
mostly relating to data quality and 
availability. It is particularly troublesome 
when someone must use vessel costs, as 
with Conrad. At some point, NMFS 
should consider undertaking cost studies 
on a regular basis. Conrad derived costs 
in a naive but likely necessary fashion. 
However, it really detracts from my con­
fidence in the results. 

There are also some practical problems 
which must be raised. The analysis does 
not attempt to remove species which are 
not under the jurisdiction of MFCMA. 
Important species such as tuna or men­
haden (which is under MFCMA jurisdic­
tion but not managed) can strongly influ­
ence the results. The hope or assumption 
that changes in these extra-jurisdictional 
species offset one another may be unjus­
tified. In fact, production from most of 
the extra-jurisdictional species familiar to 
me have declined over the period of anal­
ysis. This would suggest that Conrad's 
estimates of benefits are understated. 

Whereas I likely agree with the conclu­
sions of this paper, it is not because of the 
analysis. There are good deductive argu­
ments to reach these conclusions, and 
their force is likely stronger than the evi­
dence presented here. In fact, recent 
work by Norton, Miller, and Kenney 
(1985) reaches similar conclusions based 
on a better analysis, in my opinion. The 
paper might be stronger if it had accepted 
the Norton et al. (1985) conclusions and 
developed more completely some of its 
interesting thoughts on the development 
of transferable quota system under 
MFCMA. 
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