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INTRODUCTION

The Gulf of Mexico shrimp fishery is
the most valuable fishery in the United
States today. In 1976 U.S. fishermen
landed over 5.4 billion pounds of fish
for a total value of $1,352.7 million.
United States shrimp landings were
403.6 million pounds, only 7.5 percent
of pounds landed, but accounted for
24.5 percent of the total dollar value.
Shrimp landed in Gulf of Mexico ports
made up 83.0 percent of the total value
of shrimp landed in the United States
and 20.3 percent of the total value of all
fisheries in the United States (Robin-
son, 1977).

The future well-being of the Gulf of
Mexico shrimp fishery is dependent on
economic as well as biological factors.
The size of the biomass, environmental
conditions, reproductive ability, and
other physical factors are only one part
of this complex system. Of equal im-
portance are the year-to-year changes in
fishing effort, and costs and returns
which make up the economic part of the
fishery. A complete analysis of the
fishery’s status should include all of the
above factors.

The purpose of this paper is to review
trends in the catch-effort and price-cost
relationships in the Gulf of Mexico
shrimp fishery. In addition, these rela-
tionships provide a rudimentary
framework for analyzing the effect of
Mexico’s extended 200-mile jurisdic-
tion. This paper updates the data series
presented by Nichols and Griffin (1975)
and also provides a more accurate esti-
mate of fishing effort by shrimp vessels
(Griffin, 1977).
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The information presented is based
on data from two sources. The catch-
effort data was collected by the Na-
tional Marine Fisheries Service
(NMES) from all vessels (5 gross tons
and larger) landing shrimp at U.S. Gulf
ports. This data is summarized in Ta-
bles | and 2. The price-cost data was
collected through personal interviews
with vessel owners operating in Florida
and Texas by Texas A&M University.
This data is summarized in Table 3.

TRENDS
Effort

There are several measures of fishing
effort available which help explain past
changes in landings and may help in
predicting future landings. Number of
vessels in the fishery is one such mea-
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sure of the trend in fishing effort. The
number of vessels of 5 gross tons and
larger landing shrimp at U.S. Gulf ports
is presented in Figure |. In 1962 the
number of vessels was 2,542; in 1974
their number had increased 28 percent
to 3,247. In 1974 vessels accounted for
70 percent of shrimp landed from U.S.
waters. The remainder was landed
primarily from inshore by smaller boats
not included in this study. Shrimp in
Mexican waters is caught exclusively
by vessels where most of these vessels
have home ports in Texas or Florida.

A second measure of fishing effort is
the total number of nominal days
fished. This series for U.S. and Mexi-
can waters is indicated in Figure 2.
Each nominal day measured represents
a full 24 hours fishing on the shrimp
grounds. Nominal days fished in U.S.
waters by vessels has increased sub-
stantially since 1962 while decreasing
by over 50 percent in Mexican waters.
The total of the two areas shows an
increase in nominal days fished by ves-
sels. Subsequent to the recently
negotiated agreement with Mexico,
fishing in Mexican waters is to be
phased out entirely by 1980.

Most observers agree that the total

Table 1.—Gulf of Mexico commercial shrimp landing data from U.S. waters by vessels and total Gult 1962-75.

U.S. waters

Index
. Nom- of Index
Total Gulf of Mexico inal days of
Land- No. Land- days fished Total effort
ings? Value? Ves- ings Value fished (1962= effon® (1962 CPUE
Year (105 1b)  ($108) sels (106 1p) ($106) (109 100) (103) 100) (Ib) $/lb
1962 89.0 60.3 2.542 454 33.4 88.5 100 144.0 100 315 0.74
1963 124.7 61.3 2,653 77.0 415 12,9 128 181.8 126 423 0.54
1964 1133 62.6 2.795 71.0 407 114.4 129 186.3 129 381 0.57
1965 123.4 712 2,804 80.1 49.1 113.7 129 187.6 130 427 0.61
1966 113.6 83.6 2,924 78.3 61.9 113.7 129 190.5 132 411 0.79
1967 140.6 90.1 3.098 99.7 68.5 116.0 131 201.7 140 494 0.69
1968 128.2 957 3.346 83.7 68.4 1216 137 218.1 151 383 0.82
1969 126.6 101.2 3.362 82.4 743 147.8 167 273.6 190 301 0.90
1970 145.3 108.1 3.298 96.1 81.4 134.6 152 249.1 173 386 0.85
1971 1431 136.1 3.282 91.3 100 8 137.0 155 259.0 180 352 1.10
1972 143.8 163.7 3.496 94.3 120.1 146.8 166 282.6 196 333 1.27
1973 114.8 171.0 3.453 71.0 118.6 140.0 158 269.7 187 263 1.67
1974 171 137.5 3.247 73.9 99.8 132.4 150 2438 169 303 1.35
1975 107.0 178.2

'Derived from NMFS data tapes on Gulf of Mexico shrnmp landings

2Includes catch by vessels and boats
dincludes value by vessels and boats
aEffort is real days fished.
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Table 2.—Gulf of Mexico commercial shrimp landings. Value and days fished from

Mexican waters, 1962-75.

Table 3.—Annual costs and returns for Gulf of Mexico vessels of steeland
wood construction, 51 to 80 feet n length, and 104 to 425 horsepower.'

YEAR

Nominal Index 1971 1973 1974 1975
days of R
eturns
Days  fished Totat effort Grose recsi
. _ o pts from
Rounds: Walue:  fished| (1862=c weffori® (163= GBUE shrimp sales $60.742 $74.135 $78.864 $101,324
Year (1ofy (s10% (foh  100) (103 _ 100) (Io) $ilg Lb. landed 50,656  39.907 46270  44.070
1962 19.1 15.7 38.0 100 61.7 100 309 0.82 Price/ib. $ 120 $ 186 $ 170 $§ 230
1963 14.0 10.2 26.3 69 43.6 71 322 0.73 Costs
1964 17.4 1.4 31.9 81 516 84 337 0.64 Variable:
1965 16.3 1.7 28.0 73 46.6 76 350 0.71 ice $ 1387 $ 1579 $ 1541 § 1766
1966 10.1 g1 17.5 46 290.8 48 430 0.90 Fuel 6.561 9.539 18.976 19.114
1967 10.8 9.1 14.6 38 33.2 54 300 0.91 Nets, supplies. groc. 2.358 6,747 9.885 11.211
1968 144 139 23.0 60 42.4 69 338 0.97 Repair & maintenance 11,708 9,593 9.337 11,643
1969 8.3 8.9 16.9 44 318 51 262 1.07 Subtotal variable costs
1970 9.1 9.1 15.5 41 28.3 48 320 1.00 not proportional to catch 22,014 27,458 39,739 43,734
1971 9.1 1145 14.8 39 28.9 47 313 1.26 Crew shares 19,437 28,728 26.593 32,422
1972 8 bl g 16.0 16.8 44 32.8 53 357 1.37. Payroll raxes 388 474 1,547 1.815
1973 10.1 188 177 47 34.7 55 291 1.85 Packing 2411 1,899 2,428 2.905
1974 10.2 15.0 18.7 49 353 57 289 1.47 Total variable costs 44,250 53,554 70.307 80.876
1975 75 16.3 11.5 30 2.15 Returns above
‘Denved from NMFS data tapes on Gulf of Mexico shrimp landings. Filsge:gserscos‘s 1oage 20581 8.557 AaELL
o : -
Etfogtis real days fished. insurance 3632 4291 4306 4,840
Depreciation 6.333 8.177 11,228 12,607
Overhead 0 2,415 3,201 3,073
Interest 2,256 2611 5,604 6,984
Total fixed costs 12,221 17.494 24,339 27,504
o Totai costs of operation 56,471 71048 94,646 108,380
00 Total profitloss
" from operations 4.271 3.087 —15782 7,056
) No. of vessels in class 25 103 109 101
3300 'Derived from unpublished cost and returns data collected by Department of
Agricultural Economics, Texas A&M University.
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creasing as vessels upgrade their poten-
tial productivity with larger horsepower
engines and net size. A precise
mathematical formulation for expres-
sing relative fishing power of vessels
based on horsepower and net size is
presented in Griffin et al. (1977). Ad-
justing nominal days fished by relative
fishing power of vessels, Figure 3
shows that in U.S. waters effort (now
defined as total real days fished) in-
creased perceptibly from 1966, reached
apeak in 1972, and has declined some-
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Figure 2.—Nominal days fished (24-hour equiva-
lent) by U.S. shrimp vessels in United States and
Mexican waters of the Gulf of Mexico, 1962-74.

what in later years. The impact of ad-
justing for this change in relative
fishing power over time is illustrated by
the index of nominal days fished and
index of effort series where the base
year for both series is 1962 equal to 100
(Fig. 4). Fishing effort in U.S. waters is

Figure 3.—Total effort units (real days fished)
expended by U.S. shrimp vessels in United States
and Mexican waters of the Gulf of Mexico,
1962-74.

increasing faster than nominal days
fished. While nominal days fished in-
creased by 55 to 65 percent from 1962
to a peak in 1972, total effort increased
by 80 to 90 percent during the same
time. The difference is due to the
gradual increase in vessel horsepower

25



REAL {U.S.}

NOMINAL (US)

INDEX

60 REAL (MEX.)

NOMINAL (MEX.)

62 63 64 65 66 67 68 69 70 71 72 73

YEAR

Figure 4. —Index of nominal and real days fished
by U.S. shrimp vessels in U.S. waters of the Gulf
of Mexico. 1962-74.

and net sizes used in the industry
(Griffin et al., 1977).

Effort in Mexican waters (Fig. 3) has
trended downward as observed above
in the nominal days fished series (Fig.
2). The decline in total effort appears
slower than the decline in days fished
(Fig. 4). again reflecting an increase in
fishing power of the average vessel.

Another area of interest with respect
to total fishing effort in U.S. and in
Mexican waters is the seasonality of
effort. This is depicted in Figure S.
Total effort in U.S. waters is of mag-
nitudes 3 to over 20 times that of total
effort in Mexican waters over a year;
however, the oscillations in each are
completely opposite—the highest ef-
fortin U.S. waters corresponds with the
lowest in Mexican waters. During the
first 4 months of the year, from 20 to 28
percent of total effort in the Gulf takes
place in Mexican waters. This has
caused serious adjustment problems for
those vessels no longer able to fish in
Mexican waters.

Catch

Little change is noted in the composi-
tion of shrimp landings in the past de-
cade. Brown, Penaeus aztecus, white,
Penaeus setiferus, and pink, Penaeus
duorarum, shrimp compose nearly all
of these landings. The most noticeable
shift among these has been a relative
decline in landings of pink shrimp from
22 percent in 1965 to 15 percent in

MONTH
Figure 5.—Seasonality of total effort units (real
days fished) by U.S. shrimp vessels in United
States and Mexican waters of the Gulf of Mexico.
1963-71.

1975. Brown shrimp landings have in-
creased in share from 51 percent in
1965 to 57 percent in 1975.

Shrimp landings from the Gulf are
presented in Table 1. With the excep-
tion of years 1962, 1973, 1974, and
1975, shrimp landings by vessels in
U.S. ports show only an approximate
25 percent increase in landings from
U'.S. waters, despite the large increase
in total effort. Year-to-year variations
in total catch are significant and are
influenced by poor environmental con-
ditions in some years which prevent
either adequate growth in the shrimp
biomass or the shrimp fleet from fishing
(Fig. 6). The catches in 1962, 1973,
and 1974 serve as examples of large
variations in yearly catch when the
Mississippi River discharge was high
(Barrett and Gillespie, 1973; Griffin et
al., 1976).

The decline in shrimp landings from
Mexican waters, however, is entirely
consistent with the decrease in total
fishing effort in Mexican waters over
time (Table 2). Evaluating U.S. shrimp
landings from the Gulf of Mexico as a
whole shows no clear increasing or de-
creasing trend over the 1962-74 period,
as others have pointed out before
(Nichols and Griffin, 1975). In fact,
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Figure 6.—Landings of shrimp by U.S. vessc
from United States and Mexican waters of the
Gulf of Mexico. 1962-74 (heads-off weight).
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Figure 7.—Catch per unit effort for U.S. vessels
S gross tons and larger. United States and Mexi-
can waters of the Gulf of Mexico. 1962-74
(heads-off weight).

landings have been stabilized at
roughly 195 million pounds, heads-on
weight, since 1950.

Catch/Unit

Catch per unit effort (CPUE) is cal-
culated by simply dividing the appro-
priate catch statistic by its accompany-
ing total effort statistic, as developed
earlier. The result is illustrated in Fig-
ure 7, which shows catch per unit effort
for vessels landing shrimp from U.S.
and from Mexican waters. Of interest is

Marine Fisheries Review



that while U.S. CPUE has declined
over time from approximately 400
pounds to approximately 300 pounds,
CPUE in Mexican waters has stayed
relatively constant at approximately
300 pounds.

In addition to calculating CPUE, a
relationship was established between
shrimp landings and total effort from
U.S. waters by vessels. In this way,
holding all other factors constant, Jand-
ings can be predicted at various levels
of total fishing effort. One other factor
considered in this relationship was river
discharge during the months that
shrimp are in their nursery grounds. A
high discharge reduces temperature and
salinity, causing population and, in
turn, landings to be reduced (Griffin et
al., 1976). The yield relationship used
was of the form

Y=b0Db2(l.0——(b1)E) (1

where b,D"? is the maximum yield the
function approaches for a given level of
river discharge, D'. Here, the Missis-
sippi River discharge, reported by the
U.S. Army Corps of Engineers (1961-
74), is used for D. E is the total effort in
U.S. waters. The term b, indicates the
ratio by which incremental products of
E decline. The above equation was es-
timated using regression analysis and
time-series data for the period 1962-74
as follows:

Y=6,593 D
-0.60134 (1.0—0.995701%) (2)

where Y is in million pounds and E is in
thousand units.?

Using an average daily river dis-
charge of 696 cubic feet per second, the

'Because of the regression technique used,
the actual equation estimated was
Y= b,D020.0-b,Eya_Theoretically, a = |; there-
fore, b, was solved for through an iterative pro-
cedure such that a approaches 1.

2Coefficients were significant at the 99 percent
level. R? was 78.5; Durbin-Watson was 2.25.
The simple correlation coefficient between land-
ings and effort is 0.64 and between landings and
discharge is —0.63.
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maximum yield for vessels in the
shrimp fishery is estimated to be 128.7
million pounds annually. This relation-
ship is such that the maximum yield is
approached asymptotically by in-
creased effort. An increase in effort in
U.S. waters by 50 percent from
180,000 units to 270,000 units would
cause an increase in expected catch
from 69.4 million to 88.5 million
pounds, respectively, which is an in-
crease of 27.5 percent. The estimated
equation indicates that CPUE was 15
percent less in the early 1970’s than in
the early 1960’s.

Prices-Costs

Attention is now turned to the indi-
vidual vessel’s costs and returns for
operating in the Gulf of Mexico. While
the number of vessels interviewed
make up a very small sample of all
vessels, the data presented in Table 3
generally reflect changes felt by all ves-
sels. Average gross receipts ranged
from a low of $60,742 in 1971 to a high
of $101,324 in 1975. Average landings
per vessel was highest in 1971 at
50,656 pounds; lower landings in
1973-75 reflect a high level of river
discharge experienced in those years.
The price per pound received by these
vessels almost doubled from $1.20 in
1971 to $2.30 by 1975.

Costs are broken into three
categories: Fixed costs, variable costs
proportional to catch, and variable
costs not proportional to catch. Vari-
able cost items not proportional to catch
include ice; fuel; nets, supplies, and
groceries; and repair and maintenance.
These costs almost doubled during
1971-75, with fuel tripling in cost and
nets, supplies, and groceries increasing
by five times. Costs proportional to
catch include crew shares, payroll
taxes, and packing charges.

Total variable costs for these vessels
almost doubled from $44,250 in 1971
to $80,876 in 1975. Returns above vari-
able costs remained relatively constant
from 1971 to 1975 at approximately
$20,200, except for 1974 when it drop-
pedtoonly $8,557. Thus, in 1974, after
paying for variable costs, very little was
left over to pay for fixed costs.

Fixed cost includes insurance, de-

FIXED COSTS

INDEX

73 7% 75
YEAR

Figure 8.—Indices of costs and revenues for U.S.
shrimp vessels operating in the Gulf of Mexico,
1971 and 1973-75 (1971 =100).

preciation, overhead, and interest. Of
these four items the significant in-
creases are in depreciation and interest
since these two items reflect the cost of
a new vessel®. Thus, based on new ves-
sel prices, depreciation and interest
more than doubled. This caused fixed
costs to more than double from $12,221
in 1971 to $27,504 in 1975.

Total costs (variable plus fixed) al-
most doubled during this 5-year period,
from $56,471 to $108,380. Since rev-
enues increased at a slower rate than
costs, this caused negative returns in
1974 and 1975 of $15,782 and $7,056,
respectively.

Rates of increase in the cost compo-
nents and in total revenue are illustrated
in Figure 8. Costs and revenues are in
the form of indices (1971 =100) which
are calculated so that they reflect the
nominal percentage increase in each
item. All items showed the first sig-
nificant increase in 1973. Fixed cost
shows the most increase of 125 percent
while revenue shows the least increase
of 66 percent.

#Detailed discussion of the methodology to calcu-
late depreciation and interest will not be presented
here as they are available elsewhere; see Robin-
son (1977).
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IMPLICATIONS OF
MEXICO’S EXTENDED
200-MILE JURISDICTION

Mexico’s 200-mile offshore fishing
zone officially went into effect on 27
July 1976. At present, U.S. vessels
must secure temporary permits until
1980 to continue shrimping in Mexican
waters. Without any future reciprocal
or bilateral agreements, vessels which
do some or all of their fishing off the
coast of Mexico will be forced to do all
of their shrimping off the Gulf coast of
the United States after 1980. The effect
of this will be to shift vessels and total
effort geographically by the Gulf
shrimp fleet. This in turn implies seri-
ous consequences for the individual
vessel owner and the industry as well.

The landings-effort relationship de-
rived in Equation (2) was used to help
trace through the effect of shifting ef-
fort from Mexican to U.S. waters.
Using average effort expended for
1970-74 as a base, if all effort in Mexi-
can waters were shifted to U.S. waters,
effort increases 12 percent (260,800 to
291,400 units) and expected catch in-
creases by 6 percent (87 million to 97
-million pounds); CPUE would decrease
from 325 pounds per unit to 310 pounds
per unit (Griffin and Beattie, 1977).

Assuming that part of the industry
operating in U.S. waters was in a state
of equilibrium, i.e., total receipts equal
total costs, increasing effort over the
equilibrium effort will result in finan-
cial losses for the industry. In fact, until
the industry moves back to an equilib-
rium the real cost to the industry is the
annual stream of net losses over time.
Depending on the ex-vessel price, the
numbers of years to adjust to an equilib-
rium, and the discount rate for evaluat-
ing net losses over time, real costs to
industry could vary between $4.2 mil-
lion and $27.0 miliion (see footnote 3).

To gauge the effect of Mexico’s ex-
tended 200-mile jurisdiction on indi-
vidual vessel owners, use is made of the
survey data presented in Table 3. The
landings-effort relationship indicates
CPUE would decline from 325 pounds
per unit to 310 pounds per unit. For the
average vessel depicted in Table 3 this
would mean 4.6 percent less landings.
Holding prices and costs constant over
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the survey years, the average vessel’s
gross receipts would be reduced by ap-
proximately $2,800, $3,400, $3,600,
and $4,700 for 1971, 1973, 1974, and
1975, respectively. It is only in 1971
that the representative vessels would
have earned a profit.

SUMMARY AND CONCLUSIONS

A review of trends in catch-effort and
price-cost relationships reveals the
necessity for monitoring year-to-year
changes in the fishery. Knowledge of
these trends will indicate the status of
the fishery in physical and economic
terms and may pinpoint causes for its
condition. The catch-effort and price-
cost relationships can also be a basis for
drawing up management plans by the
newly created U.S. Fishery Manage-
ment Councils.

Several points stand out in this re-
view of the Gulf of Mexico shrimp
fishery. First, changes in total effort
were shown to affect landings. Expres-
sed in a precise mathematical relation-
ship, increases in the industry’s total
effort causes landings of shrimp to in-
crease but at progressively lower rates.
This has serious implications for policy
makers and for private firms. For one, a
vessel must expend greater efforts for
marginal increases in catch; assuming
fixed prices and per unit costs, in-
creases in effort become less and less
profitable. For the industry, this rela-
tionship has a compounding effect as
the existing fleet increases total effort
and/or new vessels enter the fishery.

An on-going survey of individual
vessel costs also indicates items of
major importance to the firm’s opera-
tion. These items determine the ulti-
mate profitability of the vessel and, in
turn, its activity in the fishery. In the
period 1971-75, total costs increased at
a faster rate than revenue for the inter-
viewed vessels, causing net losses in
1974 and 1975. Items showing the
greatest increase included fuel, nets,
interest, and depreciation.

The extension of Mexico’s offshore
fishing zone was analyzed using the

effort-landings relationship derived
earlier and the survey of costs and rev-
enues. The extension would have ad-
verse effects on the U.S. Gulf fleet,
particularly the same type of vessels
interviewed. Although the largest cal-
culated loss from Mexico's policy
amounts to 8 percent of the value of all
shrimp landed, it would seem that the
ctfects will largely be felt in Florida-
and Texas-based vessels which do
nearly all the fishing by U.S. Gulf ves-
sels in Mexican waters. Finally, the es-
timates made of revenues reduced for
fishing vessels by Mexico’s policy is
based on the assumption that the effort
diverted from Mexican to U.S. water
will be distributed uniformly through
the year. However, as Figure 5 shows,
that effort is very seasonal which will
cause cash flow problems for vessel
owners during the winter and early

spring.
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