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ABSTRACT
i
In this study vessels from 13 mﬁjor shrimp ports were surveyed
‘to determine the cost and earning structure for Gulf shrimp
vessels,  This ihformation was combined with effort data for a
sample -of vessels spending 50 percent or more of their time on

the Tortugas shrimp grounds,

Using both these series of data, broken down into vessel size
éategories and specify%hg the distribution of landings between
three Flérida ports, a linear programming model was developed

for the express purpose of determining the optimal distribution

of vessels between ports based upon the effort patterns, the

distribution of species and the cost components of vessel

operations,

Using constraints based on various assumptions results were derived
which suggested considerable differences from current port use
patterns. Social benefits derived from their application demonstrate

the value of this technique,







TABLE OF CONTENTS

Chapter

I INTRODUCTION  « o v v e o e em e e e e e e

1

Scope of the 'Study . . . . . . . .
II LITERATURE REVIEW AND ECONOMIC THEORY . . . .

Externalities and Ccmmon Property Resources
Biological and Economic Theory .-« . . . .« .
Biological Model . . . . ¢ ¢ ¢ ¢ o o o 0 . .
Economlc Model . . . . e e e e e e s e e e
The'!Static Sustainable Yleld ve. A Stochastic
Sustained Yield . . . . « ¢ ¢ ¢ o o o .
Empirical Analysis in Fishery Economics . . .

BIOLOGICAL AND ECONOMIC CHARACTERISTICS OF THE
DRY TORTUGAS SHRIMP FISHERY . . . . . . . .

METHOD o & ¢ ¢« ¢ ¢ o o o o o &

ternative Spacial Mcdels . . . . .- ...
Linear Programming . . . . . e e e e e e e e e
Mdel T . . ¢ 0 v v v v o o e ee e e e e e e
Available Data Requirements . « « ¢« ¢« « ¢« o + « & .
Synthesized Data Requirements and Sampling. Drocedure.,.
Simplifying Assumptions . . « ¢ ¢ ¢ ¢ ¢ 0 sTe o 0 .

EMPTRICAL ANALYSTS « « v v o v v v o o o o v v o v v v
Model I: Allocation of Fishing Vessels and Effort
Under Existing Conditions .'. . . . . .
Model II: Reallocation of Fishing Vessels and Effort
Under Increased Vessel Capacity Utilization . . .
Social CosSt v v v ¢ v 4 6 o o o 0 o e s e e e e
SUMMARY AND CONCLUSIONS . .
POLICY IMPLICATIONS . « & ¢ v o o o o o
A Note on Regulatory Policy Measures

RECOMMENDATIONS FOR FUTURE RESZARCH . .




APPENDIX « v viv o o o o v v v v s

Appendix A. Gulf of Mexico Shrimp Vessel Operating Cost
and Physical Characteristic Questionnaire . . . . . . .
Appendix B. 1965 Pink Shrimp Price Variations Based on
Key West, Florida, Ex-vessel Prices . « « v v « « « . .
Appendix C. 1965 Dry Tortugas Pink Shrimp Depth-Shrimp
Size Relationships . . . ¢ ¢ ¢ ¢ ¢ v v o ¢ ¢ o o o o o
Appendix D. Dry Tortugas Sample Vessel Characteristics .
Appendix E. Transport Rate Matrix of the Dry Tortugas
Fishing Vessels by Port and Vessel Size Class . .
Appendix F. Migration Characteristics of the Shrimp
Fishing Vessels in the Dry Tortugas Fishery . . . . . .
Appendix G. Variable Production Cost Coefficients by
Port, Vessel Size Class, and Region of the Dry Tortugas
Flshed 1964y 1965 . . . e e e e e e e e e
Appendlx H. Nbdel I1 Coefflclents. ¢ o e, o o

BIBLIOGRAPHY . .




- LIST OF TABLES

Ex-vessel value relationships of the three most
valuable fishery resources . . . . « . .« « « o .

Distribution of Gulf of Mexico shrimp vessels by
- gross toNnage « « ¢ ¢ o ¢ ¢ o o e e 4 0 e e . .

Total trips for all vessels, by month, in the
Dry Tortugas fishery, 1964 and 1965. . . . . . .

Vessels fishing Dry Tortugas, by size class, 1964
and 1965 . . . - . . . ) c. . . . . . . . . . .

Yearly produqtion of shrimp from the Dry Tortugas

Shrimp landings by month, Dry Tortugas flshery,
1964 a-n-d 1965 . . . . . . . . . . . . 3 . . e« o

Shrimp productlon by region, Dry Tortugas, 1965

Landings of Dry Tortugas shrimp by ports, 1965 . . . ..

Thirteen selected ports; geographical pattern.of fishing.

Diétribution\of vessel size classes within sample
POTtS, 1965 v i v v v v bt e e s e e e e e e e e e

Dry Tortugaslvessels randon sample breakdown, 1964-1965

Tortugas sample vessels, 1964 and 19653 total catch and
number of trips « ¢ ¢« ¢ 4 4 e e b e e e e e e e e

Average nuﬁber of trips to Tortugas per vessel size
class, 1964 and 1965 . . ¢ . ¢« ¢ & 4 o e 0 0 oo .

Distribution. of sﬁrimp fishing vessels, Ports 1, 2,
aIld 3; 1965 . . . . . . o o . 3 . . . 0 . . . o e .

Capaciﬁy coefficient per vessel size class within
Ports 1, 2, and 3 . . . . . . . .

Average percent capacity utilized per average trip,
Tortugas sample vessels « ¢« ¢ ¢« ¢« v ¢ o o o o o o




Percentage of migratory vessels in Tortﬁgas, 1965 . .

Categories of vessel operating expenses included
in the analysis . « + ¢ v v 4 ¢ ¢ 4 4 0 4 e . .

Average fixed and variable costs (1964 and 1965)
per pound of raw headless shrimp per vessel size class

Total costs (1964 and 1965) per pound of raw headless
shrimp per vessel size class .« . v ¢ o ¢ 0 0 0 0. ..

Optimal allocation of vessels from port to fishing
ground in the Dry Tortugas, 1965. . . « « v « i « . .

Total flxed cost incurred in 1965 under bbdel I effort
allocation conditions . « v ¢ ¢ v ¢ ¢ v e ek e e e o .

Estimated real tbtal cost of pfoduction, Dry Tortugas,‘
1965 & v i e e e e e e e e e e e e e e e e e e e e

Estimated employment of fishernmen in Model I allocation
of vessels and fishing effort, 1965 . . . . . . . . ..

Average income p@r:fishefman derived from Dry Tortugas,
1965; and the effects of the distribution of savings in
Model I L] . . . . . . o o . Ll L] . . . . . . . L] . L L .

Model II catch per trip and percent capacity
utilization, Dry Tortugas, 1965 . . . . . « v ¢« « « « .

. Model II port capacity coefficients, Ports 1, 2, and 3,
- by vessel size class, Dry Tortugas, 1965 . . . . . . .

',Mbdei II allocation of vessels from port to fishing'
ground in the Dry Tortugas, 1965 . . . .

T t»‘ ’1xed cost incurred in 1965 under Model II effort
°ll 'Won conditions . . .

twf?*ed employment of flsher len in the Model II .
allocatlon of vessels and fishing effort, 1965 . . .

i

q;'The effects of equal distribution of the savings in
.Model II on the individual fisherman!s 1ncome,
,Dry Tortugas, 1965 . & v ¢ ¢ v ¢ o o ¢ o o o o o o o &

! . ,
Excess capacity reflected in pounds, vessels, and social
cost, Model I solution, Dry Tortugas, 1965 . . . . ..

Model I excess undepreciated capital investment in
Dry Tortugas, 1965 . . . . . v v v v v v v v v u v o




Excess capacity reflected in pounds, vessels, and
social costs, Model II solution, 1965 . . . . . . . . . . 99

Model II excess undepreciated capital investment in
Dry Tortugas, 1965 . . . ¢« ¢« ¢« v o « o &

Average fixed and variable costs per pound of raw
headless shrimp per vessel size class, 1964-1965, :
Dry Tortugas . . « « ¢ v v o v v v v v b e e e e 0 .. 103

Average'prdfit margin per pound of raw headlesé shrimp
per size class, Dry Tortugas, 1965 & v v i i e e e e e 104







LIST OF FIGURES

Gulf of Mexico shrimp fishing grounds .
Biological sustainable yield . . . . . . . .

Gordon's "optimum" degree of utilization of a
fishing ground . . . . . . . . ..

Dissipation of rent on intraﬁarginal fishing grounds
Stable equilibrium of a fishing ground . . . . . .

Equilibrium of a fishing ground under alternative
cost functions . . . . . . . ... ...

Meximization of social gain from a fishing ground .

Sustainable yield curve under conditions of
stochastic variation . . . .. .. . ... .. ...

Production under stochastic variation of a fishery
population . . . . . . .0 0 0 0 e e e e e e e

Long run equilibrium of a fishing induStry
Dry Tortugas fishing ground, Gulf of Mexico .

Gulf of Mexico shrimp fishing grid zones .

Legislated Dry Tortugas closed fishing area .







CHAPTER I
'INTRODUCTION

Shrimp»is the most valﬁable fishery resource in the United

States. It has held this position since 1952 with the exception of
1961 (Table 1). Domestic landings in 1966 were valued at £95.8
million and were $28.7 million_greater than the value of salmon, the
nation's second most valuable fishery. Historically, approximately
80 percent of the domsstic annual catch has been landed in the Guif
of Mexico. Landingé in the Gulf have increéased from 84.5 million |
gounds (heads off weight),? valued at $2.76 million in 1936 to 139.4
rillion pounds (heads off weight) valued at $70.8 million in 1965.2
The disproportionate growth between pounds of shrimp-landed and

dollar value has resulted fron rapidly'expanding markets and increasing

domestic demand for‘fresh and frozen shrimp. Domestic demand increas-

ing at a more rapid rate than domestié supply has increased the

1Heads off weight is defined as the weight of shrimp after
removal of the head (protocephalon) and the thorax (gnathothorax)
or the weight of the abdominal section.

2The increase in value relative to quantity landed is further
‘demonstrated by deflating the 1965 values to 1936 levels via the
wholesale price index for all commodities. A value of $30.53 million
for 1965 is yielded by such deflation.




Table 1.--Ex—veséelvvalue relationships of the three most
valuable fishery resources.

"Percent of total value of
Relative value (000)$ landed fishery resources
Shrimp  Salmon Tuna Shrimp Salmon Tuna

95,800 67,100 44,608 21.1  .14.8

82,409 65,159 41,734 8.5 14.6

M S

70,376 55,995 39,398 18.1 144
70,044 49,012 40,170 18.6  13.0
73,236 56,353 45,112 18.5 14.2
51,688 52,027 42,346 . 4.3 1.4
66,932 44,730 37,571 18.9  12.7
58,133 35,741 37,429 16.8  10.3
72,930 45,904 43,184 9.7 12.4
73,145 39,830 37,523 20.8 1.3

. L L] . . L] . . .- .
o0 3 o o83 o 3 &~ o

70,894 46,220 43,574 20.2  12.5

.
-t

61,782 40,704 39,516 17.4 11.4

o

60,831 43,948 53,375 7.1 12.4
76,641 37,806 47,173 21.8 . 10.7
55,103 45,241 49,456 15.3  13.0
51,%62 . 52,509 ,47’887 14.4 -.. 14.6
43,452 37,450 61,419 12.6 10.9




ex-vessel price3 for fresh shrimp and has made the United States
market attractive for foreign shrimp and shrimp products. Similarly,
rising ex-vessel prices have stimulated investment by entrepreneurs
in shrimp fishing vessélé. |
Between Vorld War II and 1950 the number of vessels engaged
'in shrimp fishing activity increased 260 perceht to a fleet numbering
2,200 vessels. The established fishery during this period was con-
centrated in the nortbérn_Gulf of Mexico in sounds, bays, bayous, and
adjacent coastal waters of the Gulf states out to a distgnce of
approximately ten miles. The rapid growth in the number of vessels
resulted in intense competition among hundreds of vessels for the

stock of shrimp in the established fishery.

The discovery of offshore and distent water shrimp fishing

grounds in 1950 altered the spatial diétribution of vessels azbng ports
and across the fishingvgrounds and somewhat eased the cqmpetition among
individual producers exploiting the inshore_waters, but set the stage
for an increase in the derall intensity of competition for shrimp
resources in the Gulf of.México. Today thé'Gulf fishery extends frgm
the Florida Keys arpuhd the Gulf coast of the United States and Mexico
to the eastern tip of the Yucatan Peninsula. Shrimp populations to a
depth of 40 fathoms are'being exploited (Figure 1).

" The alteration of the spatial distribution of fishing activity

3Ex—vessel price is the dockside price paid the vessel owmer
for fresh shrimp.- The only processing that has occurred is the heading
process (removal of the head and thorax) and has been accomplished by
the vessel!s crew while at sea.




Shrimp fishing grounds - Shrimp fishing grounds
prior to 1950 - F in 1965

Figure 1. Gulf of Mexico shrimp fisﬁing grounds.




has shifted the invesiment pattern from relatively small inshore
vessels requiring investment of approximately $30,000 to larger, more
powerful vessels requiring investments ranging from'$50,000 to $80,000.
The shifting investment pattern is a result of the individual decision
maker!s attempt %o enhance his.¢ompetifive position by investing in
vessels that are physically capable of fishing the new distant water
fishing grounds for extended periods of time, ﬁhich in turn would
enable him to incfease his landings. |

Currently there exis%s a fishing fleet which includes'2;849

© vessels ranging from SIgfoss tons to those gxceediné 150 tomns (Taﬁle 2). -

Preliminary analysis has shown that today's fleet is characterized by
vessels that are underutilized in terms of  their potential productive
fishing time.* Interviews by fhié author with Vessel ovmers disclosed
that the production planning by the individualifirm within the shrimp
fishing fleet is concentfated on incfeasing physical production. The
current trend in the Gulf shrimp fishing industry ié still toward
larger vessels; but increased horsepower and increased size of nets
are nov being'eméhasized. Inaividual decision makers in the industry
believe that such investment patterns will increase revenue because of

increased production. Little concern is directed by individual members

,ARoy L. Lassiter, Jr., Utilization of U.S. Otter Trawl Shrimo
‘Vessels in the Gulf Areas, 1959-1961 (Gainesville: Bureau of Economic
and Business Research, University of Florida, 1964).

Carter C. Osterbind and Robert A. Pantier, Economic Studv of
the Shrimp Industry in the Culf and South Atlantic States (Gainesville:
Bureau of Economic and Busiress Research, University of Florida,

1965).




Table 2.--Distribution of Gulf of Mexico shrimp vessels by gross
tonnage.

Gross - 1964 1965

Tonnage (number) (number)

5-9 | 104 124
10-19 . B | 512
20-29 340 321
30-39 387 - 379
40-49 399 385
50-59 265 260

60-69 o535 534

72019 o 2l ~ 220
80-89 - | 4 | 50
9099 9 53
160-109 8
‘110-119.
130-139
140-149
160-169
Total vessels
Total gross tonnage 116,837 121,693
Aver;ge gross taonnage 41.99 42;71

Percent increase in average tonnage -- 1.7

Y




of the industry toward production costs or returns to capital.
Similarly, little effort has been devoted to the most effective way
té utilize a given‘fleet of vessels to minimizé the costs of producing
given quantities of raw headless shrimp or to maximize returns to

given levels of investment.

Scope of the Study

The purpose of this study is to analyze the existing shrimp
fleet which is now exploiting a portion of the offshore fishing grounds
in the GuU1f of Mexico. Analysis Vill be directed toward determining
the necessary conditions of fleet use which minimize the total produc-
tion costs for a predétermined level of physical productioﬁ from the
fishing grounds. _Emphasis will be on the optimal allocation of |
fishing effort in time and space to achieve this objective. Chapter II
includes a review of the current literature in fishery economics and
develops the individual fishing firm concept in the short and long run
and its relationship to the industry.b The equilibrium of a fishing
industry characterized by unregulated ent;y is described, as are problems
confronted by developers and exploiters of common property resources.

Biological sustained yield concepts arg treated aé a static variable
aﬁd as a stochastic variable, and are presented in the-literature

review section. Chapter III covers the biological and economic char-

.acteristics of the shrimp fishing grounds that will be utilized in the

empirical analysis followed by methodology, empirical analysis,
interpretation of empirical analysis, and policy implications in

subsequent chapters.




CHAPTER 11

i

LITERATURE REVIEW AND ECONOMIC THEORY

L

Externalities and Common Property Resources

Exploiters of marine fishery resources are confronted by
external economies and diseconomies similar to those faced by users
of any other natural resources vhich have no formal property struc-

tures. These resources have been aggregated and called common property

resources,5 Natural resources often classified under this general term:

are air: in some cases vater, i.e. oundwater: public grazing land;
J 3 . ) 2

petroleﬁm deposits; and marine resources.
| A common property resource is_characterized by its ability

to be utilized simultaneouély by more than one individuasl or economic

unit. No user has exclusive rights to the resource, nor can he pre-

vent others from sharing in its exploita{ion. Common property resource

externalities are primarily fostered by this characteristic. Exter-

‘nalities as defined by McKean6 are the uncompensated effects on‘the

- costs or receipts of any industry caused by the actions of another

5An exception to this case is the pubiic park. It has a
:formal property structure but is still considered a common property
resource. :

6Roland McKean, Efficiency in Government Through Systems
Analysis, With Emphasis on Water Resource Development ﬂNew York:
Wiley & Sons, 1958), p. 134. - ' '




7 define

industry or productive unit. Hartman and Seastone
externalities as "a concept applied to those economic effects which
lie outside the decision making scope of micro units. . . ."

The term externality is an ambiguous concept for ?t includes
external costs, external benefifs,»and monetary as well as nonmonetary
externalities. Inclusion of such diverse components make quantifi—
cation of externali?ies an extremely difficult task. One should hote,
however, that éome in@ividual(s) or producing unit(é) alvays enjoy or
suffer from the effects of externalities. Observing a harmful or
beneficial effect, and noting that the costs of bringing the éffect
"to-bear'on the deciéions‘of one or ﬁore of the interacting persons
are too high to méke it worthwhile, will éualify an effect to be con-

sidered an externality. 'In the marine fisheries an individual vessel
engaging in fishing a'particular portion of a fishing'ground
immediately subsequent to another veséel having just fished the same
portion of the fishing ground would be a case in which an externality
is being absorbed by the second vessel. The sééoﬁdbvessel would incur
additional costs per unit of catch because of the decrease in the
fishable biomass caused by the first vessél's effort.

External economies could be incurred if there. are vessels

engaged in fishing on a fishing-groﬁnd with no adjacent port facilities.

As the number of vessels fishing on the ground increased, adjacent port

7L. M. Hartman and D. A. Seastone, "Welfare Goals and
Organization of Decision Making for the Allocation of Water Resources,"
Committee on the Economics of Water Resources Development of the .
Western Aericultural 'Econormists Research Council Repert No. 12
(Salt Lake City, 1963), p. 1. ;




10

facilities may be constructed, thus offering the vessels economies in

“transporting fish from the fishing ground to port.

Basically there are four externality characteristics for

marine common property resources:

1.

8

The private costs of approbriating and defendiﬁg exclusive
use rigﬁts may be higher than the‘aaded retuins that such
an appropfiation and defense might bring. The reasoning
behind this is that common property resources can extend
indivisibiy over larger geographic areas because of their
mobility and fluidity. |
Private‘o@nership of the resources may have low extra
anticipéted returnst Appropriating and defending exclusive
rights which inSu;e‘restricting the freedom of use of a
resource fay be considered to be of little or no advantage
to the users. Anticipation of low extra returns usually
occuré when the resource appears to be of such magnitude
that its use by one individual will not diminish the use

of the resource by others. This basic philosophy was

instrumental in establishing the "ffeedom of the seas"

doctrine under which individual commercial fishermen~argue:
fish as long and as hard as you wish because there will
always be fish." There is biological evidence available

that demenstrates the fallaciousness of such an argument.

8Francis T. Christy, Jr. and Anthony Scott, The Common VWealth
in Ocean Flsherles, Resources for the Future (Baltlnore. Johns Hogpkins

Press, 1965),

. 6-17. ]




The concept will be developed theoretically in the
following section.
The pr&ductidn decision for meﬁberé of the industry, in
terms of labor and capltal that is applled in the exploita-
tion ¢f a common property resource, is not subJect to the
economic constraints that govern the rational exploitation
of resourées that have formal institutional propefty
relatiohships. Within the framework of common property
the individual user is in competition with all other users
of the same resource base. Thué, the individual will
attempt to exploit the largest share of the resource tha;
is economlcally possible. from his 1nd1v1dua1 productlon
decision;’ It would be unreasonable to assume that the
individual would restrain his efforts and not exploit this
share because any portion he does not exploit wiil be
. exploited by other users of the same resource.
There a;e social costs incurred throﬁgh customs,~l£ws,

and 6ther institutiénal arrangements that prevent ‘
gcquisitibn of eﬁclusive rights to the use of a common
prope?t& resource. Acquisitioﬁ of such rights could
interﬁalize many of the»externalities. Marine fisheries
have "grandfather clauses" in most fishing treatiés and

international agreements to insure the use of the resource

by individuals, provinces, or countries who were exploiters

of the resource during the initial use phase.
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The marine ?isheries serve as an excellent example to discuss
the four preceeding externality chéracteristics in economic terms.
Direct unrestrained competition for use of a common property fesource
requires the individual exploiter within the industry to consider the.
firm production decisions in terms of averagé productivity rather than
marginal productivity. The individual firm engaged in commercial
fishing in a short run marine fishery situation is forced, by the
motive of self interest, to harvest the largest.quantity of fish that
is physically possible under his given short run labor-capital combination.
To reduce uncertainty ih his decision process the individual firm will
consider the averaée pr&ductivities of each fishing ground. For |
example: assume two fishing grounds, A and B; A having theﬂhigher’
average productivity. fndi;idual fifﬁé ﬁill allocét;‘fishing efforf_
to ground A until the average productivities of the two fishiﬁg grounds
are equated. At th%s level a long run stable equilibrium between fish-
ing grounds is achiev§d. Under these aecision,conditions; nany firms
will allocate effort to ground A and increase the probability of
over-investment, i.e. over allocation of labof and capital to‘groqnd A

and production in stage III on the fishing ground.

Frank Knight, discussing the allocation of resources to

intermarginal and marginal farmland,concludes,9 "It is the social

function of ownership to prevent this excessive investment in

10

superior situations." He further states, "The owner of a

;-

9F. H. Knight, nSome Fallacies in the Interpretation of ,
Social Cost," Quarterly Journal of Economics, Vol. 38, 1924, p. 586.

101bid., p. 587.
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superior opportunity for investrent can set the charge for its use
at any amount not greater than the excess of the product of the first
unit of investment above what that unit could produce on the free

opportunity."

Internalizing externalities frequently requires a shift in the

institutional property arrangement to bring the external effects to
bear on all interac%ingéindividuals. External effects may be ignored
and a second best alternative selected, the classical tax-subsidy
policy could be adoﬁted,11 or the affecﬁed parties mighf engage in
bargaining and éttempt to arrange a solution betweeﬁ themselves.

' The difficulty of quantifying externalities has led this author
to consider externalities only to the effect that they are expressed in
the empirical cost data. It was felt, however, that the existence of

externalities should be brought to the attention of the reacer.

‘'Biological and Economic Theory

A review of fishery économics literature reveals the occurrence
of a metamorphic proces;; Early considerations ﬁeré by fishery’ |
biologists who developed physical relatioﬁéhips between the fishable
biomass and its gnvirohment. The natural resource exploiter,
i.e._the.commercial’fisherman, vas treated as an exogenous .variable
: in_the biologi;al—eéonomic analysis. - As the developmental stages of

economic analysis occur, the fishermen becomes an endogenous variable

in much of the literature.

M1 fred Marshall Princioles of Economics (London: The
Macmlllan Company, 1961), pp. 467- 476
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The present study begins a short review of the literature at
the endogenous variable stage and traces the development of fishery

economic analysis through the sustainable-yield concept, the effects

of an unrestricted entry fishery, and a bionomic equilibrium model.

i - Biological Model

The biological concept of sustainable yield has been concisely

summarized by Crutchfield.1? He maintains:

The key variable determining production possibilities from
a fish populatibn can be grouoed under four headings: rate of
entry into the !'fishable! age (recruitment); growth rates of
individual fish; natural mortallty (from disease, old age, and
nonhuan predauors), and fishing mortality. In the absence of
human intervention, any marine populatlon tends toward a maximum
aggregate weight, or biomass, at which net increments to stock
from recruitment and growth are exactly offset, by decrements from
natural mortality. Thus, at zero and at maximum population the
instantaneous ‘rate of change in the weight of the fishery popu-
lation is zero. . At intermediate levels, the aggregate weight of
the stock, in the absence of other disturbances, will tend to
rise toward its maximum value, and the instantaneous rate of
change in weight will be positive.

Assuming for the moment that recruitment and growth rates
are independent of population size, these relationships can be
translated into a simple physical productlon function. As
fishing effort (expressed in terms of standard units) is
increased from zero level, sustainable yield--that is, the
catch equal to the instantaneous rate of change in the biomass
in the absence of fishing by man increases at a decreasing rate
while the number and average size of fish will decline continu-
ously. If the selectivity of the gear with respect to fish of
different sizes is held constant, the sustainable yield will
peak at some level of fishing effort. Further increases in
fishing effort wiil produce an absolute decline in sustained
physical yield.  The common sense of this is apparent

125 ames Crutchfield, "The Marine Fisheries: A Problem'in
International Cooperation," American Economlc Review, Vol.. 54,
No. 3, May 1964, pp, 207-218.

1bid., p. 209.
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Assuming a trecruitment rate independent of population and a
sigmoid growth function, fishing by man vould yield a larger
net physical product as long as the marginal reduction in
weight losses from natural mortality is greater than the
marginal rate loss resulting from capture of individual fish
before they achieve maximum weight.14

Effort expended at level Xq will yield a catch of OA (Figure 2)

per ﬁnit of time. At this level of effort intremental increases of
effort would inCreaée.the aggregate weight of the catch.

Most biologists subscribe to the expansion of effort to level
X5. This level of éffort would result in a catch of OB per unit of
time or a maximum sustainable yield. Incrementally increasing units
of effort beyond level X, would decreasé the wéight of the tgtal catch.
For exampie: effort expended to level X3 ﬁould result in mgrginal.
weight loss from capfure and natural mortality exceeding the weight.
gains from growth and recruitment, thus affecting the population size.
The extent of the effects are dependent on thg level of effort expended
beyond X,. A‘level.of effort could be.expended that results in a fish
population reaching the critical Sr nonrenevable zone1? and the
fishery "destroyed" by human-action. |

Crutchfield asserts:

"The assumption that recruitment iS/independent‘of population

obviously cannot be of completely general validity. For anadromous
fish such as salmon the relationship is critical. Nature is so

14Grutehfield, op. cit., pp. 209-210.

155, v. Ciracy-Wantrup, Resource Conservation Economics and
Policies (Berkeley: University of California Press, 1963), p. 39.
"Critical zone means a more or less clearly defined range of rates
below which a decrease in flow cannot be reversed economically under
presently foreseeable conditions." '




Figure 2, Biological sustainable yield.
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prolific in her production of fertilized eggs, however, that the
case in vwhich the, number of fish surviving to catchable size is
independent of the total biomass over relevent ranges is the rule
rather than tre exception. The other assumptions are less tenable.
Growth rates are almost certain to be density dependent as are
some types of natural mortality and the production possibilities
implicit in the foregoing analysis are not necessarily reversible.
As the size of the desired stock is reduced through commercial
fishing, permanent shifts in predator prey relations and in rela-
tive numbers of competing food users may occur. Moreover, large
and frequent shifts in parameters are inevitable in the ecological
. setting of the sea.l

Most fishery biologists associate the maximum sustained yield
with optimum yield despite the insistence by a few that the optimum
yield involves social considerations that are not explalned by the

phy51cal relationships. Dr. Martin D. Burkenroad, an eminent fishery

biologist, has written, "The henagement of fisheries is intended for

the benefit of man, not fish; therefore, the effect of management upon

fish stocks cannot be regarded as beneficial per se. 17

Economic Model

H. Scott Gordon,18 in his pioneering paper in the field of
fishery economics, explains the social consideration by combining
phyeical and economic reletionships to consider the optimum degree of
utilization of a fishing ground. ConstruC£ion of his initial .model

views the optimum degree of utilization as the maximization of net

16Crutchf1eld, op. cit., p. 210.

17y, . Burkenrgad, "Some Principles of Marine Flshery Biology,"
Publications of the Instltute of Marine Flsherv Biology, Vol. 2 No. 1,
University of Texas, September 1951.

18H Scott Gordor.,, "The Economic Theory of a Common Property
Resource: The Fishery," Journal of Polltlcal Economics, Vol. 62,
1954, pp. 124—142 :
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econcmic yield (tofal fe%enue minus total costs) éf'ﬂhe fishery.
.Total cost and total revenue are considered to be functions of the
intensity of fishing effort.

Gordon, using a production-function approach (Figure 3),
assumes a linear decreasing functional felationship between average
productivity (prodﬁctivity per unit of fishing effort)--as well as
marginal productivity--and the quantity of fishing effort expended.

Marginal factor cost is equal to average fac@or cost under the
assumption that costs (including opportunity costs) do not affect the
quantity of effort expended.. The optimum intensity of effort on the
fisﬁing ground and the resource is OX which provides a maximum net
economic yield -of apgc. Maximum physical sustained yield occurs when
marginal productivity equals ze?o“with a corresponding fishing effort

of 02.19 Gordon concludes that the optimum fishing intensity, in
economic terms and directed toward the fishing ‘grounds, is less than

the intensity which would maximize physical sustainable yield. Area

apqc reflects the rent yielded by the fishery resource and the economic

productivity of the‘fisﬁing ground. This éimplified apalysis describes
the intensive margin of utilization of the intrémarginal fishiﬁg ground.
Gordon complicates his analysis by iﬁtroducing the common
property aspéct of the fishery resource. Under this condition, eptry
to the fishing industry is unrestricted and fishefmen are free to fish

wherever they please. Rent yielded by the intramarginal fishing ground

194, Scott Gordon, "Misinterpretation of the Law of Diminishing
Returns," Canadian Journal of Economics and Political Science,
February 1952.
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cannot be appropriated by a single individual. The reéult is a pattern
of spatial competition among fishermen that culminates in a dissipation
of the rent yielded by the.intramarginal gfounds.

Any expended effort of fishing grounds number 2 (Figure 4)
will yield a lower averagé revenue product than on fishing grounds 1.
Maximization of net economic yield on grounds 1 and 2 is accomplished
when the marginal revenue products are equal on both grounds, i.e. when
marginal cost equais C, OX and OY effdrt intensities will maximize‘
net economic yield. Fishermen, however, are not interésfed in mar-
ginal revenue product, but in average revenue product and, being free
to fish any'fishing grounﬁ, will fish ground 1 because the average
revenue product ac (ground 1) isAgreaterithan be (grouhd 2). The

allocation of effort on ground 1 would predominate until the average

revenue product of ground 1 is equal to the éverage revenue product of

ground 2. Wheﬁ the average revenue prgducts are equél, a stable
equilibrium for both fishing grounds will exist.

On the extensive margin, average cost equals average revenue
product; average revenue product for all fishing grounds equated by
the free competition of fishing. Since it is assumed that average
cost is‘equal for all grounds, other intramarginal grounds will yield
no rent because fishing effort has been misallocated. Through gross
misallocation of fishing effort it is feasible for a fishing groﬁnd

-to exist that is being exploited in the range of negative marginal
productivity. This situation clea.fly represents an over-expenditure

of fishing effort,
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Developing the long-run static equilibrium éoncept one step
further, Gbrdon considers a bionomic equilibrium for a fishing in-
dustry. Under simplifying assumptions of constant product prices,
fixed prices of factor inputs, and a nonlinear landings function, the
" relative quantities of expended effort, total cost involved in fishing
~activity, and the value of landings are described. Generation of a
stable equilibrium'results'in the derivation pf four basic equations:
P = P(L) (1)
L = L(P,E) . (2)
G = G(E) (3)
c=1 - )
populationhof fish or the fishable biomass.
landings‘ih-valué terﬁs;h“. o -
intensity of fishiﬁg effort.
total cost Sf expenditure 6fifishing effort.
Point A (Figure 5) describes the stable equilibrium as the

equalization of total costs for expended fishing effort and. landings

in value terms. Crutchfield and Zellner20~explain this analysis and

point out:

At this point, total receipts just cover total costs including
a minimum necessary return to the vessel ovmer. At any lower
level of fishing effort profits in excess of this minimum would
be earned and vessels would enter the fishery. At higher levels
returns would not cover total costs and fishing effort would be
curtailed. Some vessels would be diverted to other operations
and the usual reductions in number of vessels due to depreciation

20James Crutchfield and Arnold Zellner, "Economic Aspects of
the Pacific Halibut Fishery," Fishery Industrial Research, Vol. I,
No. 1, Fish and Wildlife Service, April 1962, pp. 14-15.
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and losses would not be fully replaced. Obviously any increase
or decrease in prices received by fishermen vwhether caused by an
increase in retail demand or a reduction in the cost of marketing
services would increase or d~crease the fishing effort. Simi-
larily, increases or decreas:s in fishing costs would restrict
or stimulate fishing activit;-

It is interesting to not: that, given the yield-revenue
function, the point of stable equilibrium of total costs and landings
in value terms is dependent upon the slope of the cost function.
Figure 6 poses threé possible general stable equilibriums for alter-
natively sloped cost functions. Effort, landings, and total costs in
Figure 6a would be stable equilibrium at a point less than the maximum
sustainable yield; in Figure 6b equilibrium is reached at the maximum
sustainable yield level; and in Figure 69 equilibrium is reached at a
level greater than maxifum sustainaple yield. -

Scott, Crutchfield, Zellner, Turvey, and Christy do not differ
in their interpretation of an unrestricted fishery.21 All have con-

sidered a long-run equilibrium of a fishery in generally the same terzs

as Gordon in his analysis.

21Christy and Scott, op. cit.

James A. Crutchfield, "The Economic Objectives of Fishery
Management ;" The Fisheries: Problems in Resource lManacement (Seattle:
University of Washington Press, 1965).

Crutchfield and Zellner, op. cit.

Anthony Scott, "The Fishery: The Objectives of Sole Cwner-
ship," Journal of Poljtical Economics, Vol. 66, 1955, pp. 116-124.

Ralph Turvey, "Optimization and Suboptimization in Fishery
Regulation," American Economic Review, Vol 54, No. 4, March 1964,
pp. 64-76.

Ralph Turvey and Jack Wiseman, Editors, The Economics of
Fisheries (Rome: Food and Agriculture Organization of the United
Nations, 1957). :
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These authors advocatela management practice that would
maximize the social gain, and propose that a fishery be fished at
a point where the net economic yield is maximizea. Graphically,
(Figure 7) this would be a point less tharn the maximum sustéinable
yield. Under these conditions the fishéry would operate'as a monopoly

or as a single firm would operatzs. Gordon summarizes by saying,

"In this case we are maximizing the yield of a natural resource,

not a privileged position, as in standard monopoly theory. The rent

here is a social surplus yielded by the resource, not in any part due

to artificial scarcity, as in monopoly or rent 122

The Static Sustainable Yield vs.
. A Stochastic Sustained Yield

The static industry approach considered by all fishery
economists is a valuable contribution to the literature, but has
shortcomings when appliéd to real life situations. Such is the case
with the preceeding analysis. Consideration of the minimization of
producfion coéts for a particular fishing ground within an industr&
requires an understanding of the actions and reactions of the indir'

. vidual firm under the assumption of unrestricted entry. There is a
defigite gap in the literature that must be filled if continuity between
the theory of ;he fishing firm and the theory of the fishing industry

“is to be achieved.

22H. Scott Gordon, "The Economic Theory of a Common Property
Resource: The Fishery," op. cit., p. 141.-
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A second shortcoming of the current literature and its
application to reél life situations is the development of a theoretical
body of knowledge that considers only the stable sustainable yield
curve. As population dynamics theory increases in sophistication, the
biologist is becoming increasingly awafe of considefable shorﬁ run
variations around the sustained yield curve. 2> The vafiations are
phenomena resulting from natural causes éucﬁ as large and sudden changes
in salinity, water temperature, availability of food supplies, etc.
McHugh explains, v, ., . rational developmeﬁt of a single'épecies
fishery usually cannot be accomplished under the single concept of -

a single maximunm sustainable yield." 24

The sustainable yield curve (Figure 8) is actually an

expected or mean yield curve. Tre expéndifure“bf effort (X4,

Figure 8) will yiela an expected catch of OA. The actual catéh

varies within a range of about catch level OA (Figure 8) with effort
expended at level X1. The actual catch Qill be a gtochasticbvari— .
able following some distribution around the long run expected
sustainabie yield.25

The implications of the stochastic variation have the most

impgct on the individual firm. The uncertain variations in yield per

233. L. McHugh, "Conservation of Fishery Resources," An
Appendlx to Food from the Sea and World Protein Deficiency, unpubllshed

Rhrpid.

25This stochastic variation concept was applied by Drs. Virgil
Norton, Darrel Nash, and Harvey Hutchings, economists with the Bureou
of Commercial Flsherles, Fish and Vildlife Service, Departrment of the
Interior, to long run fishery industry analysis. .




Expected
yield
function

Figure 8.

Sustainable yield curve under conditions of
stochastic variation. : :

Effort




30
unit of effort has made the short run production decision similar to

one based on game ﬂheory. The "player" under conditions of game

theory is completely ignorant of what act or strategy his so-called

opponent will follow;26

The individual fishing fifm in a short run
situatién is uncertain of the combinations of variable factér inputs
to utilize in order to maximize profit under stochasticaily variable
yield conditions. Thé firm's logical alternative is to assume the
expected yield function and constant prices and develop decision cri-
teria under these conditions. Essentially, the rational firm will
calculate expected mafginal cosfs, averagé costs, and avefage variable
costs and deveiop an expected_output level (Figure 9).' The absence of
a stochastic variation in the yield per unitkof4effort would result‘in
an output level of X1 per unit of time and profit of APCE. The
occurrence of a stochastic variation that increased the yield per
unit of effort would result in a downward shift, to the right in the
SAC and SMC curves relative to the increase in yield per unit of
effort. A "windfall" gain in production X5 - X1 would occur with a
"windfall" gain in profit, area ADBFCE.

.The occurrence of a stochastic variation that decréased the
yield per unit of effort would increase and shift the SAGC" and SMC"

upward and to the left relative to the increase in yield per unit of

26Two introduciory books are available to the reader who
wishes to expand the concepts of giame theory presented here:
W. J. Baumol, Economic Theory and Operations Analysis
(Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1965.)
C. West Churchman, Russel L. Ackoff and E. Leonard Arnoff,
Introduction to Operations Research (New York: John VWiley and Sons,

1957) .
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effort. A decrease in profit, zero prpfi£, or a short run loss could
occur, depénding upon the relative shift in the cost curves.

The shért'run'equilibrium of the industry under conditions of
stochastic variations is simplified consi@erably by the assumption:
constant ex-vessel prices. In effect, this simplifying assumption
assumes the short runlequilibrium of the industry awéy.27‘

The long run éituation and its relationship to the individual
firm allows for greater variation in tﬁe level of output for any in-
dividual firm. The long run allows for changes in the/utilization of
the existing facilitigs and changes in tﬁe number and scale of the
fishing vessels. Assumptions of freedom of entry and exit allow new
firms to enter the industry as.well as existing firms to leave. These
assumptiops will increase the elasticity of the individual firm's supply
curve because fixed costs become fewer aslthe time period is extended.

The short run.analysis of the firm implied the cost curves
of the firm were dependent.on the law of variable proportions and
considered capital and management as fixed factor inputs. in the long

Tun the rational individual firm will "consider" a finite series of

short run averége cost curves, and "fit" a long run cost curve that

is tangent to some short run cost curve at each scale of plant and

level of output.28

- ?TThe assumption is realistic for the Dry Tortugas shrimp
analysis because the intrayear price variation is relatively stable
‘between periods of high and low productivity (Appendix B).

28y finite series of short run average cost curves will be
considered because of the indivisibilities associated with the scale
of fishing vessels.
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The freedom of entry assumption will allow for new firms to
enter the inaustry if profits are present and may bid up the price
of the factor inputs. The increased competition for the resource base
-will also give rise to externalities which will increase the long run
average cost curve of the industry via fhe short run average cost
curves. Theoretically, firms will be attracted to the industry as
long as profit is pfésent, aﬁd a long run equilibrium (Figure 10)
will result in which loﬁg run average cost is tangent and equal to
the marginal revenue and long run marginal cost.

‘The entry of new firms in the long run causes an increase in
outéut, i.e. a shifting of the indusiry §upp1y-curve to the right;

to maintain the constant price it is also assumed thét the industry:

demand will shift upward and to the right relative to the increase

-in demand.

The long run analysis can be complicated, as was the short run
analysis, by the short run stochastic variation in yield per unit of
effort: The iﬁéividu;l firm'in the long run attempts to develcp a
scalé of plant and, hence, a Iong run average cost curve that con-
siders the expected mean yield per unit of effort. The individual
firm also considers‘the‘disﬁfibution.of the stochastic variation in
yield per unit. of efforf. These two factors are prime input in the
decision process for the optimum scale of the priﬁary production unit.
It should be clearly evident that any catch which results in total )
revenue exceediﬁg total cost will be inducement fgr the new firms t?
‘enter the industry.- The résu}t is an iﬂdustry that'is perbaps over-

capitalized and underutilized in relation to the expected sustainable
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Figure 10. Long run equilibrium of a fishing industry.
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yield concept. This is to say that the total costs incurred‘by the
industry exploiting a fishery, in the short run, may exceed the total

revenue.

Empirical Analysis in Fishery Economics

Fishery economics literature to date has been theoretical in

context with very little emphasis placed on extenéive empirical
analysis. This should not be interpreted as a harsh criticism because
there have‘been numerous impedimenfs to detailed empirical analysis.

Fishery economics is a relatively new area of research‘endéavor
for the economist. The first detailed ecoﬁomic literature contributicn
was made by H. Scot£ Gordoﬁ in 1954. His efforts were directed toward
developing a theoretical framework for common property fishery re-
_goufces for the serious fisherf economics student.?? Additional
efforts have been undertaken by other economists to develop a sound
theoretical economic framework.Bo

A second impediment is the lack"of econcmic data. Any
empirical analysis requires reliable data as the major input. The
Bureau of Cbmmercial Fisheries has been engaged in gathering biological
aﬁd secondary economic statistics on a systematic basis for the last |
decade, but to date no provisions ﬁave been made to collect priméry

economic statistics. Canada has made démonstfabls efforts to collect

2%94. Scott Gordon, "The Economic Theory of a Common Property
Resource: The Fishery," op. cit.

3oSee footnote 9, literatufe review and economic theory
section, for a brief bibliography.
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economic statist?és ak testified by their current publications.31
Canadian economisﬁs-are presently engaged in an empirical bio-economic
study of a/limited enﬁry lobster fishery in soutﬁeastern Canada, and
published results will be available in late 1967.’

Pressing public policy issues have necessitated research
emphasis to be directed toward management problems. Crutchfield
and Zellner32 and Tprvey33 have engaged in Hypothesizing the effects
of various management techniques on the allocation of labor apd capital
to a fishery resource. |

Another major impediment to empirical analysis has been the
lack of financial assistance to thé development of mathematical models. _
The construction of general economic mathematical models requires the
aid of skilled professional peréonnel to develop mathematical rela-
tionships, both biclogical and economic, and generate the necessary
data to test these models.

_The preceding impediments to empirical analysis are recognized
by public policy makers, howeVer;-and serious éfforts are being
undertaken to rectify the situation. It is through this recoénition
that this study has been made physically énd financially possible.

The purpose of this studytis to develop one gener;l empirical approach

to fishery economics and to extend the preceding theoretical and

3por example: John Proskie, "Costs and Earnings of
Selected Fishing Enterprises Atlantic Provinces 1962," Primary
Industry Studies, Vol. 12, No. 1 (Ottawa: Department of Fisheries
of Canada, 1964). - '

32Crutchfield and Zellnzr, op. cit.

33Turvey, op. cit.
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incomplete empirical analyses into a mcre sophisticated economic
approach which will be usefu% to the public policy decision maker

and to members of the fishing industry. By increasing the knowledge

of how and why the fishing industry acts and reacts as it does, it

-t

is hoped that the economic efficiency of the industry can be ihcreased.




CHAPTER III
BIOLOGICAL AND ECONOMIC CHARACTERISTICS OF THE
DRY TORTUGAS SHRIMP FISHERY

The fishing ground to be emphasized in the development of a
general production cost minimiéation model is the Dry Tortugas f;shingv
ground in the Gulf of Mexico. The Dry Tortugas is an offshore fisbing
ground north and south of the Florida Keys and west of Key Hest
Florlda (Figure 11). It is bounded geographlcally by 81° and 8.4°
longltude and 24° and 26° 1at1tude. The fishery is dlstlngulshed by 2

~ four characterlstlcs whlch make it suitable'for initial empirical
-analysis:

1; The fishery has an indigenous species: Penaeus duorarum
(commonly called pink shrimp). Thére is little or no
interactlon with populatlons found in other fisheries.

The Tortugas fishery is a year-round fishery and the
population exploited throughout the célendar year |
(Table 3) |

The fishery is exploited by numerous vessel 51zes.‘
These sizes range from 10 gross tons to over 80. gross
tons (fable ). .

The fishery has received prime consideration in biological

research. Biological research programs have been underway

in this fishery since the mid-1950!'s. Shrimp life cycles,

population movement, and population dynanmics have all
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Figure 11. Dry Tortugas fishing ground, Gulf of Mexico.




Table 3.--Total trips for all vessels, by month, in the
Dry Tortugas fishery, 1964 and 1965.%*

Month 1964, Trips 1965 Trips

January ‘ 1,687 997
February | 1,102 . 735
March 927 866

April 555 877

May 47b 386

June : 385 ' ‘ 240
July ‘ | ‘ 145 . 128
~ August . T 176 o 200
September ' . ' ‘ - 276
October 2 599
'ﬁovember 728

December y : 82/,

¥Trips vary in length‘by area fished and size of vessel.
The length of the trips range from 4 to 7 days.




Table 4.——Vesséls fishing Dry Tortugas, by size class, 196/ and
1965. “ .

Size | 1964 1965

class . ) (number) (number)
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been studies on the Dry Tortugas and numerous biological

publications are available.*

34Kenneth N. Baxter, "Abundance of Postlarval Shrimp--One
Index of Future Shrimping Success,” Gulf and Caribbean Fisheries
Institute, 15th Annual Session, November 1962, pp. 79-87.

Albert ngkef Collier, The Shrimp :Fishery of the Gulf of
Mexico, Bio notes .and recommendations, Gulf States Marine Fisheries
Commission, 1959. ' ' ‘

T. J. Costello and Donald M. Allen, "Migration and
Geographic Distributién of Pink Shrimp, Penaeus duorarum, of the
Tortugas and Sanibel Grounds, Florida Fishery Bulletin, Vol. 65,
No. 2, pp. 449-459. '

T. J. Costello and Donald M. Allen, Migrations, Mortality,
and Growth of Pink Shrimp in Galveston Biological Laboratory, Fishery
Research, U.S. Fish and Wildlife Service, Cir. 129, pp. 18-21.

T. J. Costello and Donald M. Allen, "Hotes on the Migration
and Growth of Pink Shrimp (Penaeus duorarum)," Gulf and Caribbean
‘Fisheries Institute, 12th Annual Session, November 1959, pp. 5-9.

Williah C. Cummings, "Maturation and Spavming of Pink Shrimp,
Penaeus duorarum, Burkenroad," Transactions of the American Fisheries
Society, Vol. 19, No. 4, pPp. L62-L68. '

Sheldon Dobkin, Early Developmental Stages of Pink Shrimo,
Penaeus duorarum, From Florida Vaters, Fishery Bulletin 190, U.S. Fish
and Wildlife Service, Vol. 6, 1961, pp. 321-349.

Bonnie Eldred, Robert M. Ingle, Kenneth D. Voodburn,
Robert Hutton, and Hazel Jones, Biological Observations on the
Commercial Shrimp, Penaeus duorarum Burkenroad, in Florida Waters,
Professional Papers Series, No. 3 (St. Petersburg, Florida: Florida
State Board of Conservation, October 1961).

Clarence P. Idyll, The Commercial Shrimp Industry of Florids,
Florida State Boafdlof Conservation, Educational Service, No. 6, p.

Fdwin S. Iverson, Andrew E. Jones, and C. P. Idyll, Size
Distribution of Pink Shrimp, Penaeus duorarum, and Fleet Concentrations
on the Torturas Fishing Grounds, Special Scientific Report--Figheries

No. 356, U.S. Fish and Wildlife Service, August 1960.
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The fishery, established in 1950 during the rapid growth

period of the Gulf of Mexico shrimp fishery, has produced approximately
11 million pounds of beads off shrimp annually (Table 5). The fishingl
grounds are comprised of approxinately three thousand square nautical
miles of sea, but fishing activity is céncentrated in an area.60 miles
long, east and west, 4nd 25 miles wide, north and south; and is

located west and northwest of Key West, Florida. The southeast

corner of this activeiy fished area is approximately 50 miles west

of Key West. The shrimp population occurs outside this area of

concentrated activity; but the ccean bottom is covered by loggerhead

sponges, coral, and rOék outcroppings, making fishing difficult.

For purposes of this study, however, the entire Dry Tortugas fishing
ground vill be considéred to maintain continuity with the statistical
area designations developed by the Bureau of Commercial Fisheries for
their catch-landing stétistics. The sfatistical areas designated for
the Dry Tortugas are 0010, 0020, and 0030 (Figure 11).

The commercially exploited shrimp. population on the Tortugas

grounds is almost entirely pink shrimﬁ, Penaus duorarum. The life
cycle of the pink shrimp is approximately 13 months. The pink shrimp
spavn at sea and the larvae migrate via tides and currents to the

éstuarine and bay area adjacent to the Florida Keys and the southwest

34(Continued) Edwin A. Joyce, Jr. and Bonnie Eldged,
The Florida Shrimping Industry, Florida State Board of Conservation,
Educational Series, No. 15, November 1966.

Joseph H. Kutkuhn, Dynarics of a Penaeid Shrimo Population
and Management Imolications, Fishery Bulletin, Vol. 65, No. 2,
pp. 313-338. o




Table 5.--Yearly production of shrimp from the Dry Tortugés.

(Pounds, heads off weight)

Pefcent of Percent of Gulf
- Total ten-year of Mexico yearly
' . " total production

1956 12,366,554 1141 6.00
1957 9,664,755 8.92 ~5.00
1958 13,733,249 C 12.68 _ ,’ 7.00
1959 7,658,696 - 7.07 3.00
- 1960 14,068,192 - 12.99 6.00
1961 | 10,113,859 | 9.33 7.00
1962 8,281,319 . 7.64 . 5.00
1963 9,620,137 8.88  4.00
1964 16,919,561 10.68 6.00
1965 11,867,562 10.96  6.00
Ten-year total 108,294,763 100.00

Ten-year average - 10,829,476.3
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coast of Florida. Generally, the juvenile shrimp remain in these
areas until they attain a body length of approximately 100 milli-

meters. Upon attaining this length, the shrimp begin migrating from

the estuarines and bays in northwesterly, westerly, and southwesterly

directions opto the fishing grounds. Biological research and
observation ﬁave eétablished that most of the migration occurs in
a northwesterly direction.

Ahnual periods of peak spawning activity are typical of the
Tortugas pink shrimp. These pe;iodsAresult in a popu%ation tavel
migrating onto the fishing grounds in September of each'year. The
population wave is feflected in the fishing effo%t and catch statistics
from October through March oflﬁhe following yéar (Table 6). The shrimp
are rapidly increasing in size during the early phases of migration,
but are subject to natural mortality estimated by Costello and,Allen
to be 19.7 percent per tw0—wéek périod.35 The migration from %nshorg
waters to offshore waters is accompanied by a direct relationship
between size of shrimp and oceanldepth.36 Dispersion of the shrimp
poﬁulatioh is also 6ccurring as the migration of the population con-
tinues over time. It is estimated that the disperéion rate is of éuch
magnitude that fishihg becomes uneconomical after a depth of

40 fathoms.

357, J. Costello and Donald M. Allen, "Mortality Rate in
Pink Shrimp, Penaeus duorarum, Populations of the Sanibel and
Tortugas Grounds, Florida," unpublished report of the U.S. Fish
and Wildlife Service.’ ‘ ,

36see Appendix C.




Table 6.--Shrimp landings by month, Dry Tortugas.fishery, 1964 and
1965. . | : .

Month

1964

1965

January
February
March

- April
May

June
July
August
September
October
November

December

1,526,403
1,090,877
1,099,618

898,876

678,570 |

519,798

251,200

413,022
736,909

. 719,859

1,734,954

1,232,307

1,478,744
902,843
1,262,147 
828,827
421,988
239,076
172,627
304,546
638,842
1,900,437
2,067,341

1,644,911
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The Dry Tortugas fishing fleet;‘ranging at various points in
time from 300 to 500 vessels, intercepts the po?ulation "yave! migra-
tion in 9 to 11 fathoms of water in the southeast corner of the
actively’fishedvperiion of the Tortugas grounds. ﬁeather permitting,
" the fleet follows the'migration'pattern of the population until the
dispersion reaches a level where there is no established or identi—
fiable migration direction.

The fishing fleet exploiting the Dry Tortugas is concentrated

_in four ports in southwest Florida--Key Vest, Marathon, Fort Myers,

and Tampa; The vessel size typically ranges from 10 gross tons to

over 86 gross tons and the vessels are generally of wood construction.37
The vessels generallj return to their homeports upon conoletlon of a
trip. A typical trip of a vessel fishing the Dry Tortugas is 5 to

10 days in duration, of‘which L to 7 nights are engaged in the fishing
process.38 A vesdel traveling frem its homeport over the fishing
ground tows a try net'on the bottom until a concentratien of shrimp

is located. When a‘vessel comes in contact with a concentration,
tw0‘1arge nets nanging in width from 40 to 65 feet are attached to
cables which are in'turn attached to booms extending over the gnnnele
of the vessel. ~The vessel then ﬁews the nets along the subetrata and
.plcks up shrimp, flsh benthlc organisms, and debris. During peak

periods of dense shrimp populatlon movement the nets are towed along

the bottom for approximately three hours. The nets are then raised

3’7See Appendix D for vessel and crew characteristics.

38P1nk shrimp are nocturnal in habit; consequently, fishing
act1v1ty is conducted at night.
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to the vessel and the contenits of the nets are emptied on the stern
deck. The boat crew--typically consisting of the vessel captain; the
rig man whose dutieé include lowering the net, controlliné the net oﬁ )
the bottom, and raising the net; and a headef who is ?esponsible for
deheading the shrimp--begin sorting_thé.shrimp from other orgahisms

and debris.

Heading shrimp.is a manual process and occurs after the shrimp
have been separa{ed from the extraneous materials and organisms.
Headed‘shrimp are then piaced in the hoia of the vessel and are
"iced down" in a one to one ratio by weight with shaved ice. Shrimp
remain in this conditioﬁ‘until the vessel reaches port. Upon return-
ing to their homeporté, the shrimp are unloaded af dockside intermeaiate
processing facilities.39 Remunefation per pound of shrimp varies with
size, thus the inte;médiate processing facilities grade the shrimp by
size and Qeigh each size count ﬁefore the payment is made. A ?rocess— ‘
ing and handling fee is usually exacted and the burden of payment
falls on the vessel owner. ' |

Remuneration of the crew is on a sharevbasis. A typical créw
share agreement in southwestern Florida is two;thirds of the gross

receipts for the boat owner and one-third for the crew. The boat

crew agrees to purchase groceries utilized during the fishing trip

and the boat owner usually agrees to cover all other expenses, both

fixed and variable, associated with the fishing trip.

39Intermediate processing facilities are facilities wvhere
shrimp are landed, weighed, graded, sometimes headed, and repacked
in ice for shipment by truck to fresh wholesale markets or secondary
processing facilities. '
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With the exception of Tampa, the major ports servicing the
Tortugas fishery (Key West, Marathon, and Fort Myers) are unloading -

and intermediate processing ports. Tampa is the oniy Tortugas port

with substantial secondéry processing capécity.Ao Fresh, rav

headless shrimp are tranéported from the other ports to Taﬁpa for
?ackaging and freeziﬁg, breading, and portion packing and wholesale
distribution. Key”Wes£, Marathon, and Fort Myers merely offer
dockage and feései supply facilities adjaéént to the fishing grounds;
Most of the fresh raw'Shrimp landed in these three ports are
transferred by truck to secondary processihg facilities or to

fresh wholesale markets.

40y secondary processing facility is a facility where shrimp
are packaged vhole or peeled and deveined and packaged, breaded,
or portion packed for wholesale distribution. :




CHAPTER IV

METHOD

Alternative Spacial Models

The optimum allocation of fishing effbrtvin time and space

to minimize total production costs for a éfedetermined level of

physical production can be attained via two alternative spatial

models: (1) The standard equilibrium formulation utilizing demand
and supply relations; or (2) act1v1tv analy51s models involving pby51ca1
production activities and demand ;elatlonshlps. "The two groups of
models are not mutﬁally exclﬁsivé-—both may portray partial or complete
"equilibrium, ‘their, renresentatlon of shipping and consumption act1v1t1e=
are similar, and the simplest model of each is the standard transoor—'
tation model with preassigned regional quantities produced and
consumed. " 41

The activity analysis transportation model is appropriate for
this study because this type model usually specifies discreté regions,
representative producing points, and representative consuming points.
Regional consumption can be preassigned, perfectly elastic ét a.coh-
stant price, or a fﬁnction of a pfice range. Supply functions are
replaced by production costs‘for at least éne level of the production

process and are specified for each region.

41p, Lee Bawden, "An Evaluation of Alternatlve Spatial
Mbdels," Journal of Farm Economics, Vol. 46, No. 5, December 1964,
p. 1372. :




51
The regibnal resources may be assumed'geographically fixed or
mobile between regions. Likewise, the physical plant may be assumed
to be‘fixed_or variéble. Transportation costs are specified between
regiohs for all ﬁébile resources, intermediate goods, and final
products. A purely competitive market éYstem‘is also_assumed fo be

present.42

Linear Programming

Standard linear programming techniques for minimizing an
objective function were found to be most applicable to this study;
hence, they were utilized. The standard techniques havelthree basic
componenté which reflect the data specifications:

1. A linéar‘objective function stating the objectives of
the model. The objéctive function can be either maxi-
ﬁization of the objectiQe or ?inimizgtion of the‘
objective. Formplated,‘a general:linear objective is:

F(X) = § 054 BN €
3=

J=1,2,3, ¢ .. , n; i.e. activities
C: = price or cost coefficient '

X% = structural variable; i.e. competihg activities

2. Linear structural constraints which embody the technical

specification and resource capacities:

421pi4., pp. 1372-1373.
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y AX Shi
=1

1, 2,3, .« 1
1, 2,3, « « ¢« 5,1
. = set of structural coefficients reflecting
the technizal specifications of the problem
bi = set of constants reflecting the maximum resource
capacities cr minimum resource requirements

3. Nonnegativity constraints for:
(a) structural variables
yzo o - (7)
j=1,2,3, .. .,n

These constraints do not allow negative production
‘or shipments.

slaék variables
i - 0 : i ) ’ ' (8)
i = 1, 2, 3’ ] [ ., ] m

These variables prevent resource use. in excess of
the original supply. '

artificial slack variables )
A3 | | | 9)
i=1, 2, 3, .
The constraints denote the use of requirements of
resources by the artifical variables.
The g;nerél concept of the fransportation problem in iinear'
programming restricts the values that can be assigned the structﬁral

coefficients (Aij)Vand 1imits the constraints to only one type of

unit. One can conclude that the general linear programming concept

can be reduced to the transportation problem if two conditions are met:




"The AiJ

coefficient; 1.
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.ts are restricted to values of zero or a positive

e. the decision to be made is simply whether

or not to transport goods from origin to destination.

There exists homogeneity of units among the constraints.

Model I

Nine vessel size classes were-chosenlfrom the Gulf of Mexico

shrimp fishing fleet.

These classes are:

1. 5t0 9 grossftons

2. 10 to

20 to.

30 to

.. 50 to

60 to

3
.4
5. 40 to
6
7
8

70 to

19

29

39
49
59
69
79

gross
bross

gross

gross

gross

gross

gross

tons
tons
tons
tons
tons
tons -

tons

9. Over 80 gross tons

Also noted is the absence of vessel size class one (5-9 gross tons)

utilization in the exploitation of the Dry Tortugas fishery.

Ut111z1ng the standard Bureau of Commerc1al Fisheries regional

blologlcal catch data techniques, it was noted that the Dry Tortugas

comprises 13 separate production reglons (Table 7) Landings are

recorded for three ports in the Dry Tortugas——Key West Fort Myers,

and Tampa. Landlngs in other ports are of such 1n51gn1flcant mag-

nitude that they can'ea51ly be assumed zero and the capacity assigned

to the nearest major port (Table 8).




Table 7.--Shrimp proéduction by region, Dry Tortugas, 1965.

Production
region

Area

Depth

(fathoms)

Pounds
Production

6-10
11-15
16-20 -

6-10
11-15

16-20

21-25

. 26-30

31-35

1115
16-20
21-25

26-30

116,550
9,527
1,600

301,354

8,604,223
2,028,821
301,419
19,149
5,153
140,071
331,296
6,584
1,815

Total -~ 11,867,562




Table 8.--Landings cf Dry Tortugas shrimp by ports, 1965,

Port

Pounds
landed

Combined
landings

Port
number

Key West, Florida

'Marathon, Florida

Fort Myers, Florida

Punta Gorda, Florida

Tampa, Florida

Alabama
Bayou La Batre, -

8,986,729
97,696

2,505,450
68,486

207,937

1,264

‘Total = 11,867,562

- 9,084,425

2,573,936

209,201

Key West, Florida
Fort Myers, Florida

Tempa, Florida
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Substituting the Dry Tortugas charaéteristics into standard
linear programming jargon, the folloﬁing objective function and
constraints are obtained:

13 9 3 b b
Minimize: ¥ y ¥ G, X, (10)
p=1 i=2 j=1 M

s $ 33 1 1 1 1 Lol
i.e. minimize C 21X 21 + C 31X 31 +C 41X1Aﬂ + ..

13 13
 Clo3t 7oy
1, 2, 3, « « « , 13 production regions‘
2, 3, 4y « « « 5 9 vessel size classes
1, 2, 3 ports ' ' ‘

Cbiijij = Cost of traveling to the fishing ground, catching,
. and transporting X quantity of raw headless shrimp
from region b by vessel size class i to port j.

Cost of traveling to region b, cafching'in region b,
and transporting from region b by vessel size class 1
to port j one pound of raw headless shrimp. ’

Quantity of raw headless shrimp caught in region b by
vessel size class i from port j. - C :
13 9

T £ XY:. = A
b=1 i=2 1 J

subject to: (11)

Sum of &ll prbduction in regions 1 through 13 by vessel
size classes 2 through 9 and landed in port j is equal
to the capacity of pqrt j.

Aj = Capacity of port j.

9 3 b
¥ y X, %B (12)
- i=2 §=1 M

Sum of all production by vessel size classes 2 through
and landed in ports 1 through 3 from region b is equal .
to or less than the production capacity of region b.

b

B® = Production capacity of region b.

43Capacity of port j is defined as the number of pounds
landed in port j during the time period under consideration.




%5 b <« |
x°.. 2D, ' (13)
=1 _
Sum of all productlon by vessel size class i in port ]
from regions 1 through 13 is equal to or less than the
: productlon capacity of vessel size class i in port j.

DlJ = Production capacity of vessel size class i in
port j.

13 b 3 ‘
z =2 A : (14)
b=1 j=1 4

Production capacity of region 1 through 13 is equal
to the capacities of ports 1 through 3. ’

The purpose of this simplifying assumption equating supply of
"~ raw headless shrlwp from the Dry Tortugas w1th the demand, i.e. port
capacity, for raw headless shrimo fron the Dry Tortugas during the
time period under consideration is to insure that no accumulation,
inveptory, or waste of ffeSh raw headless shrimp occurs.
X’ 0 L (15)

This is a nonnegativity constraint to insure Qegativé prodthion or

'shipment of raw headless shrimp does not occur in the model.

Available Daté Requirements
Data requirements-for the model are pfoduction capacity in
pounds of each of the 13 indiyidual regions in the Dry Tortugas; port -
capac1t1es for shrlmp caught in the Dry Tortuaas, capacity coefficients
for each vessel size class within each of the three principal ports,
and traveling, product;on, and transportlng cost per pound coefficients

for each individual size class within each of the three principal

porté.
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Constructipg a general linear programming model and performing
.an empirical analyéis‘of the minimization of total production costs
for a predetermined level of physical prodﬁction from a fishing ground .
‘requires the introduction of a time element. The decision was made to
lpattern the general model and analysis to 1965, the latest éalendar
year for which complete statistics were’available for the Dry Tortugas.
Regional produ;tioh capacity44 for the ny Tortugas for 1965
ﬁas obtained from the biological catch data. Bureau'of Commercial
Fisheries personnel stationed in each major shrimp landing port collect
landings statistics by individual vessel for each trip.- Also, re-
cordea on a random interview basis, is the area, depth fished, size
composition, and valug’of the landings. Table 7 reveals the quantity
of shrimp caught in each region. T
Recording the individual veséel;s landings in each port

automatically records the total pounds of shrimp landed in individual

ports. Summing over individual vessels will yield this figure

(Table 8).

Synthesized Data Reaquirements and Sampling Procedure'

Capacilty coefficients for all vessels within a size class for

an individual port and travel, production, and transport cost-per-pound

44The 51mp11fy1ng assumption--physical production capacity
for each region is equal to the total number of pounds of raw headless
shrimp landed in each region--has been made in this analysis. Con-
sideration was not given to “he size composition of the shrimp landed.
Such consideration would be essential if the objective function was
to maximize total or net revenue because of the value differential
between size counts.
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cqefficients required data not available to this author. Consequently,
a vessel technological characteristic and oéerating cost questionnaire
(Appendix A) was developed ané administered to shrimp vessel owners
who exploited shrimp populations in the Gulf of Mexico. The question-
naire was administerea in a manner tha£ would génerate daté which would
be readily accessibie were the general -model expanded to consider
the entire Gulf of Megico shrimp.f‘ishery.45 The author administered
the questionnaire to vessel owners on a personal interview basis.
Vessel éwners responding to the questionnaire had vessels actively
pafticipating in shrimp fishing during the calendar years 1964 and
i965, or 17965.1"6 The population for the survey was obtained from the
landinés, value, and area fished data held in computer étofage by the
Bureau of Commercial Fisheries, Division of Economics, Branch of
Statistics. Essentially, all vessels aétively participating in the'
Gulf of Mexico shrimp fishery are recorded in this date.

To expedite the sampling propedgre;_13 ports from which
samples were taken were selected. These pprts vere selected on the
basis of two criteria. First, ﬁhen they aré'aggregated, the selected
inférviéw ports must adequately cover the'geographical areas currently
comprising thé shrimp fishery (Figure 12 and Table 9.) Second, the

ports must give adequate representation of the vessel size classes

~

45The sampling process relates to the entire Gulf of Mexico
shrimp fishery, but the empirical analysis in this study is confined
to the Dry Tortugas fishery. The entire Gulf was sampled to generate
data concerning the aggregate Gulf of Mexico shrimp fishery. This
data can be utilized to expand the current study. '

46Two calendar years were used to reduce intra-year variations
in characteristics and costs., :
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Table 9.--Thirteen seleéted ports; geographical pattern of fishing.
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being considered in the sample (Table 10).

' The veséels and vessel owners were selected on the basis of
a stratified randomvsample drawn from the major strata based on vessel
size class. The vessel size class limits for each stratum were 5-9,
10-19, 20-29, 30—39; 40-49, 50-59, 60-69, 70-79, and 80 and over gross
tons. Stratum sgmple sizes were determined by consideration of two
factors: (1) size of %he stratum, and (2) expecﬁed veriations within
the stratum.

Sampling size was at least 10 percent of the population in
the 5-9, 10-19, 20-29, 30-39, 70-79, and 80'and over gross ton
classes; and at least 15 percent in the 40-49, 50-59, and 6Q—69._
gross ton classes (Table 11). The reascn for an increase sampling
.percentage in the 40-49, 50-59, and 60-69 gross ton classes is that
these veésels are in a transition zone;. These vessels are physically
capable of fishing both inshore and offshore, whereasAthe vessel
classes smaller than 40 gross tons generally are limited to inshore
fishing and those vessels. larger than 69 gross toné are primarily
offshore fishing vessels. A set of alternatives for each stratum
was chosen. If needed, alternatives were brought into the sﬁu&y in

the order that they were drawn. If the vessel ovmer was at sea or

was unavailable for interview, two additional contact attempts were

made. If, after three attempts, the vessel owner was hot contacted,

an alternate was seleced. Likewise, alternates were chosen for
elements of the sample 'who had sold their vessel, moved, died, retired,
quit fishing, or refused to cooperate. The questionnaire was

t
pretested on ten vessel owmers chosen at random from the population,




Table 10.-=Distribution of vessel size classes within éample ports, 1965. -

Vessel size class
Port City and State BCF code . 3 4 5 6

Key VWest, Florida 1 ‘ 15 68 88 31
Fort Myers, Florida 2 ) 1 30 31 21
Tampa, Florids . 4 o 1 2 3
Bayou La Batre,:gié. 21 43 28 22 14 10
Lafitte, Louisiana | 45 . 12 12 20 11
Golden Me~dow, La, A7 47 "35 28 13

Houma, Louisiana L8 57 16 g

Morgan City, La. 49 : 0 12 . 20

Galveston, Texas 72 40 16 6 5

Freeport, Texas 73 15 20 ': 26 32 13

Aransas Pass, Texas- = 78 14 | 18 25 11 51 27 175
Port Isabel, Texas 81 0 0 1 1 14 25 67 39 21 178
Brownsville, Texas 82 0 10 6 16 24 80 34 18 179

Total ' 53 232 171 267 323 209 484 202 108 2,049
‘Total fleet o124 512 321 379 385 260 534 220 114 2,849

Percent of fleet 42.7 45.3 53.2 70.4 83.8 80.3 90.6 91.8 94.7 71.9




Table 11.--Dry Tortugas vessels random sample breakdéwh,

1964-1965. % :

Vessel size Number sampled
class - in Ports 1, 2, 3

90

*During the analysis it was decided that 4 vessels in size class 6
were not conducive to the sample, hence were not included. The

15 percent quota in this size class was not met for the Dry Tortugas,
but this investigator believes this will not affect the analysis.
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but were not included in thé sample.

The number of Dry Tortugas sample vessels was 63 for 1964,
and 88 for 1965. These sample vessels were then.subjected to
analysis in order to derive cgpacity coefficients for each vessel
size class within each of the three principal Dry Tortugas porﬁs,

and traveling, production, and operating cost per pound coefficients

for each individual size class within each of the three %rincipal

Dry Tortugas ports.
Capacity coefficients for each vessel size class within each
of the three principal porfs are determined via ‘the equation:

Port j capacity coefficient for vessel

size class i = (Average catch per trip

of vessels in class i) (Average number . (16)
of trips per year by vessels in class i) )
(Number of vessels of size class i in

port j)

1, 2, 3
2, 3, 4y « « ., 9

Average catch per trip in the Dry Tortugas per vessel size
class is determined by summing the 1964 and 1965 landings of sample
vessels within size class i and the number of trips within size
class i for 196/ and 1965 (Table 12).

Avefage catch per trip =

Total catch 1964 and 19675 per size class i (17)
Total trips 1964 and 1965 per size class i '

Average number df trips per year is derived from Bureau of
Commercial Fisheries data. These data record all trips for all
vessels fishing the Dry Tortugas fishery. A two—yeér average

- (1964-1965) was determined (Table 13).




Table 12.--Tortugas

sample vessels, 1964 and 1965; total catch and number of trips.

Size

Catch Trips - 2-yr. average

class 1964

1965 ~ Totel ‘ 1964 1965 catchi

81,605
172,891
297,791
649,806

82,311
355,385

25,255

15,356

473686 129,285 35 3 2,229.052
160,831 333,722 BT | 1,581,621
286,023 583,814 o ' 1,367.246
553,195 1,203,001 | e, 1,815,
136,460 218,771 ' . 2,221,

.
|

542,659 898,044 7i. 2,4

7/
O

102,109 127,364 ' . 2,358.

55,351 70,707 2,280.

#2-year average catch figure represents average catch per trip.




Table 13.;—Average rdumber of trips to Tortugas per vessel size
class, 1964 and 1965.%

Vessel , Two-year
size average
class (number of trips)

10
16
7
17
13

*¥Includes all vessels fishing the Tortugas in 1964 and 1965.
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The number of vessels of size class i in port j is also taken
from Bureau of Commercial Fisheries data (Table 14). |

The computed'capacity coefficient for each vessel size class
within each port is reflected in Table 15.47

Throughout this portioﬁ‘ofbthe data input computation it is
assumed that the average catch per trip and the average number of
trips per year per vessel size class is constant'among ports 1, 2,
and 3. Examination of the data‘offers no reason why such an assumption

is invalid.

An interesting sidelight in the determination of port capacity

coefficients within vessel size classes is the noticeable lack of
individual vessel capacity utilization on a trip basis (Table 16).
- This study, in tfyiﬁg,téhmaiﬁtéiﬂ-a realistic approach, will not alter
this inadequate utilization in the first portion of the analysis.

The developmernt of traveling, production, and transport cost
coéfficients for raw headless shrimp relies on the data géneraﬁed iﬁ-
the questionnaire administered to the industry. v

Traveling to the fishing ground and trahsporting rav headlesé

"shrimp from a region to port can be éggregated and referred to as

transport rates. This reference is valid because a vessel, in order

to transport raw headless shrimp from a fishing region to a port must

47A sample computation of capacity coefficient for vessel
size class 2 in port 1 is showm below: ‘
Size class 2--Average catch per trip: 2,229 pounds
Size class 2--Average number of trips per year: 10
Size class 2--Vessels of size class 2 in port 1: 2 <
Substituting into the general .formula (equation 16): Port 1 capacity
coefficient for vessel size class 2 = (2,229) (10) (2) = 44,580 pounds.




~ Table 14 .--Distribution of shrimp fishing vessels, Ports 1, 2, and 3;

1965.% :

Vessel size , o
- class Port 1 Total

Total ' 253

" #Port 1: Key West, Florida
Port 2: Fort Myers, Florida
Port 3: Tampa, Florida .




Table 15.--Capacity coefficient per vessel size class within

Ports 1, 2, and 3.

Vessel size Port 1
class (pounds)

Port 2

(pounds)

44,580
379,680
1,580,252

" 2,715,240
895,063
637,824,
207,592

57,025

22,290

25,312

697,170

956,505
519,714
1,236,992

358,568

136,860

23,239
61,710
86,619

1,623,552

641,648
193,885




Table 16.--Average percent capacity utilized per average trip;
Tortugas sample vessels.

Vessel . . Shrimp Avérage "~ Percent capacity
size Average. . capacity catch utilization
class net tons*  in pounds¥¥ per trip per trip

10.0 8,500 2,229 26.22
15.0 12,750 1,582 | 12,40
12,4 10,540 1,367 12.96
18.4 15,640 1,815 11.60
8.6 24,310 2,221 | 9.13
32.2 27,370 2,416 8.82
38.8 32,980 2,359 7.15

68.3 58,055 2,281 . 3.92

¥One net ton equals 100 cu. ft. of cargo space.

#x8.5 pounds of shrimp mixed with an equal volume by weight
of 'shaved ice occupies one cu. ft. of cargo space.
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jncur a cost in traveling to the region to catch the shrimp it will
transport. Deve}opment of thé transport rate requires a round trip
mileage coefficient from each port to thefcenter of each fishiﬁg
reglon in the Dry Tortugas. Average tfaveling speéd, average fuel

consumption, and average fuel prlce per gallon data were generated
from the questionnaire for each vessel size class. The average
transport rate pér veésel size class per port was developed via the
equations:

Travel hours to and from fishing

region b for vessel size class i=

Miles round trip port j ,
Average mph veéssel size class 1

Gallons of fuel consumption of vessel’

" size class i on round trip to region b
from port j = (equation 18) (gallons
of fuel conSunptlon per hour by vessel
size class i)

Average cost of round trip of vessel
size class i to region b from port j
= (equation 19) (fuel cost per gallon
in port j '

Average transport rate per pound of raw

headless shrimp for vessel size class i

fishing in region b to port j = ©o(21)
: Equation 20

Average catch per trip for vessel 51ze class 1

A complete tabular description of the transport rates is presented
in Appendix E.
rAssuming copstant production costs for a given vessel size

class within ports and regions fished in the Dry Tortugas, fixed and

variable cost coefficients can be developed for each vessel size class

487ne determination of the transport ‘rate is simplified by ,
considering no fixed costs and only one variable cost: fuel.




from the questionnaire data.

Individual vesselé within the sample that fished the Dry
Tortugas have been stratified according to size class. Migration
characteristicsAg'were.noted‘when the data were subjected to analysis
(Table 17 and Appendix F).

It has become necessary to adjust ever& cost element for each

sample vessel so that realistic costs would be allocated to the Dry

Tortugas within vessel size classes. Adjustment is merely multiplying
the cost elements of an ipdividual vessel by the percentage of effort
allocated by the owner-decision-maker to the Dry Tortugas for the
calendar years 1964 and 1965.°°

Vessels were then reaggragated according to size class and

" cost elements éummed éver vesséls within the size class and a two-year

average calculated for each cost element per vessel size class. Cost

elements were then aggregated into one of the two groups: fixed cost

4914 has been noted that vessels migrate freely throughout
‘the Gulf of Mexico and fish alternativé fishing grounds. Producers
‘have concluded that they should fish grounds during their peak
periods of production. This practice, however, is not necessarily
the best allocation of fishing effort because little -consideration
has been given to transport differentials. Such a practice is visi-
- ble evidence of the consideration of average product1v1tv of a
fishing ground discussed in Chapter 2.

50The general equatlon is:
(Yearly cost element of individual
vessel) (% of total effort by (22)
individual vessel in Dry Tortugas
during calendar year under consideration)
Exanple:
Individual vesselt!s yearly cost of fuel = $100
Individual vessel allocated 20% of fishing effort in Dry Tortugas
during 1965. ‘

($100) (.20)

= $20 ost of fuel allocated to Dry Tortugas for
individual !-ssel in

OA:




Table 17.--Percentage:of migratory vessels in Tortugas, 1965.

Total vessels Number of :
Vessel size fished in migratory - Percentage
class. Tortugas vessels migratory

50.00
1053
7.7
15.27
16.00
39.47
-54.00

37.50

25.52




and variable cost (Table 18).
Average variable cost per vessel size class was computed:

S variable cost elements (R-year average)
size class i
(Average number of trips per year in size (23)
class i) (Average number of pounds of raw
headless shrimp landed per trip by vessel
size class i) '

Table 19 lists the average variable cost per pound of raw headless
shrimp per vessel size class. |
Avérage fixed cost per vessel size class was corputed:

y fixed cost elements (2-year average)
size class i

(Average number of trips per year in size

class i) (Average, number of pounds of rawv

headless shrimp caught per trip by vessel

‘size class i)

(24)

" Table 19 lists the average fixed cost per pound of raw headless shrimp

per vessel size class.
Production cost per pound of raw headless shrimp in each region
per vessel size class i in port j is computed:

Production cost per pound of shrimp in each

region for vessel class i in port j = :
(Variable cost per pound of raw headless (25)
shrimp in size class i) + (Transport rate

of vessel size class i to region b from

port j)
Appendix G lists the total production cost incurred by each vessel
size class fishing eééh region from each port.

o Total cost incurred by the'vessels,'éomputed after theﬁmodel
is optimized:

Total cost =_£?2 (Total production cost per

i=

vessel size class i} + (Total fixed cost per
~ vessel sigze class i)

(26)




Table 18.--Categories of vessel operating expenses included

© in the.analysis.*

Fixed

Variable

Hull Depreciation
Engine Depreciation
Electrical Gear Depreciation
Other Depreciation
Taxeé Business Property
Insurance

Legal

Interest

Association Dues

Eank Charges

Office Supplies

Travel

Miscellaneous

Licenses

Taxes

Telephone |

“Radio

Repairs
Salgries

Fuel'

Galley

Ice

chkaging and Handling
Supplies ‘
Nets

FICA

¥The expenses (on a per pound basis) are presented in Tables 19 and 20.




Table 19.--Average fixed and variable costs (1964 and 1965)
~per pound 6f raw headless shrimp per vessel
size class.

Vessel size Average Average
class fixed cost variable cost

.022 .086
.055 : .361
.155 416
.067 .283
082 .386
.08/, .352
173 , .410
.153 .541

Voo oonm~wWP

Table 20.--Total costs (1964 and 1965) per pound of raw headless
shrimp per vessel size class.

Vessel s1ze _
class . " Total cost

.108
416
.57
350
.468
436
483
694,

VoI ownxwD




9 . .
Total fixed cost = ¥ (Pounds of raw
i=2 .
headless shrimp caught per vessel size (27)
class i) (Fixed cost per pound of raw
headless shrimp per vessel size class i)

A social cost wili be derived because the total vessel-port

capacities exceed the total demand for raw headless Dry Tortugas
shrimp.
' -9 3
Social cost = ¥ ¥ (Pounds of excess
§=2 j=1 | (28)
capacity per size class i) (Fixed cost
per pound per size class i)

The derived social cost will reflect the magniﬁude of the cost to

society for idle vessel capacity in the "optimal" solution.

Simplifying Assumptions

An analysis of so bro§d a topic requires certain basic
assupptions and specificationé, in addition to those already specifieh
in this chapter, to narrow the problém to workable proportion.
Although these assumptions and specifiéations (stated below) simplify
the analysis considerably, they are not unrealistic since they retain

basic regional relatipnships.

"4. The abstract, perfectly competitive market in space, form, 1

_ and time, is assumed'throughoﬁt.
The individual firm and, therefore, the producing region
has minimum totalnproduction costs as an objectivé;
thus willvproducé and transport to the port from the
region which yields the lowest total'production cost

per pound of raw headless shrimp.




Supply and consumption éreas are treated as points.
Supply points are chosen as the center of presently
important producing regions. Consumption points afe
chosen whére rav headless'shrimp from the Dry Tortugas
are landed in large'quantifies.
Producers are considered to be indifferent as to the
source of this production as long as it is at least cost.
This assumes absgnce of size or other inherent character-
istic differentials amoné shrimp or different regions or
jindifferences on the part of producers concerning
existing differences. | .
Producers wiil return to the port from which they‘departed

~and, if“a'shbrtagéxof"Vessel capacity occurs in another
porﬁ, the producers are gobile and‘will migrate to the
port with the shortége of vessel capacity if there is
existing over—cépacity vithin vessel size classes affer
the homeport demand has Been satisfied.
The estimatgd costs of producing and transporting on a
pound basis are considered to be representative for

. vessels within the vessel size class landing shrimp
at each port.

. Shrimp are readily available on the Dry Tortugas fishing.

grounds throughout the calendar year. Peak production

periods do not exist.
Vessels do not migrate out of the Dry Tortugas fishery

-until all Dry To:tugas port dewmands are satisfied.
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9. The individual firmsvwithin the industry exploiting the

Dry Tortugas fishery are treated as members of one large

{
firm in the effort allocation process. This will insure

)
rational allocation of effort at minimum total production

cost.




CHAPTER V

EMPIRICAL ANALYSIS

Model I: Allocation of Fishing Vessels and
Effort Under Existing Conditions

Gon51der1ng the assumptions in the previous chapter, the next
step was to utilize the generated data in the linear programmlng model
13 9 3 v v .
The obJectlve functlon, to minimize ¥ )X Yy C..X", ., for the
b= s=2 g=1 . W4
calendar year 1965 unéer conditions in this model was equal to
$4,336,478. This figure represents the total variable cosp‘plus
'transpoft rate incurred by the uessel owners in the production of
11,687,562 pounds of raw headless shrimp. The allocation of vesselsv
from their respectlve ports is summarlzed 1n Table 21.
The fixed cost incurred per vessel size class is equal to
the number. of pounds landed in the optimum solution for each unlque
vessel size class multlplled by the flxed cost per pound coefflclenu:»
for the respective vessel class (Table 22). Under Medel I, the
aggregate fixed cost incurred by vessel owners fishing the Dry Tortugas
during calendar year 1965 is estimated to be $1,121,889.

Model I total cost involved in the production of raw headless

" shrimp from the Dry Tortugas, is estimatedito be $5,368,367.51

5170tal cost equals total variable production cost plus
total fixed cost. .
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Table 21. --Optimal &llocation of vessels from port to flshlng ground
in the Dry Tortugas, 1965.

Vessel Number of Pounds. Total production
class vessels Area landed cost : VC + TR*:

Port 1 -
Key Vest - 2.00
15.00
5.00

VA
.07
62.52
88.00
31.00
30.35
2.65
11.00
5.00

44,580 $ 4,101
379,680 140,102
116,550 48,834

9,527 4,001
1,600 672
1,452,575 618,797
2,715,240 - 790,135
895,063 350,865
586,653 210,022,

51,171 18,422
207,592 86,566

57;025 - 31,193

ORI ownmsNNNWD
#\noxknm\n\nuw—am\n

Migration of vessels
to assist in ful- .
£illing Port 1. ' _ 3
demand ' '
From Port 186,877 73,256
86,619 : 33,955
244,,329 87,225
1,231,732 440,960
358,568 149,523
459,044 191,421
= 9,084,425 Z = $3,280,050

6.47
3.00
12.64

19.00
24.32
Port 1

2
2
3
3 63.73
2
3

Port 2 4
' Fort Myers 22,290  $ 2,318
390,684 119,549
87,870 26,976
- 140,071 41,461
331,296 98,395
6,584 1,962
332,837 - 134,466
1,231,839 454 549
5,153 1,907
= 2,573,936 Z = § 891,277

1.00
1.00
12.66
2.85 .
L.54
10.74
.21
11.53
63.73
.27
Port 2

RSN R EGEC EC VLR X
h\ -—) ) ) .
o= O\ o MW Ut U B\

1.32 7 40,747 12,916
.62 8 19,149 6,070
.06 13 1,815 561

. 7.63 7 147,491 55,604
Port 3 £ = 209,201 £ =§ 75,151

Z % = 11,867,562 2Z = $4,336,478

*TR = Total transport cost.




Table 22.--Total fixed cost incurred in 1965 under Model I effort
allocation conditions. : ‘ .

Vessel size Pounds Fixed cost* Total fixed cost by
class _ landed Coefficient vessel size class

66,870 022 1,471

404,992 055 22,275
1,580,252 .155 244,939
3,733,455 067 250,142
1,501,396 . .082 123,114
3,498,368 .o.084 293,863
1,025,204 AT - 177,360

57,025 W53 8,725

‘ Fixed cost = $1,121,889

* ¥  fixed cost element (2-year average) size class i
(Average number of trips per yeer in-size class i) (Number of pounds
of raw headless shrimp caught per trip by vessel size class i)




Estimated real total costs are approximately $5,920,923.52

Comparison of this figure with the Model I total cost (Table 23)
reveals a possible total cost savings of'$552,556 available to the
.Dry Tortugas fishing industry through more efficient allocation of
‘fishihg effort. Eqﬁai distribution of the savings among the estimated
1,300 fishermen (?able 24) employed in the Model I allocation solution
ﬁould result in an increase in real income of $425 for each individqal
fisherman. An important implication vhen comparing this figure with

the average income per fishermen derived from the Dry Tortugas is that

there is a potential increase in yearly income from the Tortugaé ranging-,'

from 16 percent to 53 percent (Table 25).

- Model II: Reallocétion of Fishing Vessels and Effort
Under Increased Vessel Cavacity Utilization ’

It was noted in Chapter IV that, under existing conditions,
the Dry Tortugas.shfimp fleet did not utilize their garrying capacity
effectively. Model II was developed fo examine the effects of increséed
vessel capacity utilization dn a trip basis. One'ﬂéthod of increasing -
capacity utilization ié to force the vessel to spend as many days at

sea engaged in fishing as is physically possible. Economies could be

gained by decreasing the transport cost. A constraining physical

characteristic would be the fuel capacity. :In this section of the
“empirical analysis fuel capacity is treated aé the constraining element

limiting the number of days a vessel can stay at sea.

528ased on actual distribution of effort, actual total cost:=
(Z actual pounds of shrimp landed per vessel class) (Average transport
rate per vessel class + variable cost per vessel size class + fixed
cost per vessel class). ‘ o




Table 23.--Estimated real total cost of production, Dry Tortugas,
19650 - ) .- ’ .

Vessel size _ Estimated
class : total cost

$ 8,22
205,027
1,459,185
1,475,342
754,412
1,345,676
484,067

2
3

4

5

6
7
8
9

188,922




Table 2, .--Estimated employment of fishermen in Model I allocatlon
of vessels and fishing effort 1965. ,

Vessel size  Average number Number of vessels Estimated number -
class in Crew utilized in optimum of fishermen




8
Additional simplifying assumptions in this section of the
analysis are: | |
1. The average number of days fished per year within each
vessel class remains constant.
Landings per day is a 1ineér function.
Transshipment of rav headless shrimp is allowed to occur
but the av;rage cost functions are not affected by such
action.

. The moael I total catch pér trip and'the percentage of
carrying capacity utilized for each unique vessel size class is
_réflected in Table 26'.53 The pért capacity coefficients for each
' 54

unique vessel class are listed in Table 27.

139 3

The Model II objective function, minimize ¥ )3 Y C. X for
b=t i=2 j=1 A

the calendar year 1965 under Model II conditions equals $4,162,665.

53Mbdel II total catch per trip per size class i computed:
Model II days fished per trip per size class 1 =
Average fuel capacity per size class i
Gallons of fuel consumption per 15-hour day per (29)
size class i
minus 2 days travel adjustment

Model II tctal caﬁch per trip‘per éize class 1 = (30)
(Catch per day per vessel class i) (Equation 29)

54Mbde] II port capacity coefficient per size class 1i:
Model 11 ti1ips per year per size class i =
Avercge total days fished per year (31)
per size class i
Model II deys fished per trip per size class i

 Model II port capacity coafficient per size
class i per port j = (Equation 30) (Equation 31) (32)
(Number of vessels of size class i in port j)







Table 26.--Model II catch per trlp and percent capac1ty utilization,
Dry Tortugas, 1965. _

Vessel Catch/day’  Adjusted Capacity Model II Percent of
size fished/ days.at per total capacity
class vessel size sea/trip trip catch/trip utilized/trip

557.25 8,500 4,458 52.4
395.50 12,750 5,537 13 .4
273.40 ' 10,540 3,828 36.3

2
3
A
5 302.50 - 15,640 5,445 34.8
6 317.29 24,310 7,298 30.0
7
8
9

345.14 ' 27,370 11,390 1.6
393.17 / 32,980 16,120 48.9
325.86 58,055 14,012 24.1




Table 27.--Model II port capacity coefficients, Ports 1, 2, and 3,%*
' ) by vessel size class, Dry Tortugas, 1965. ‘

Vessel size Port 1 Port 2 Port 3
class (pounds) (pounds) (pounds)

44,,580 22,290

415,275 27,685 -
1;561,825 689,040 . 22,968
2,874,960 1,012,770 65,340
Q04,952 525,456 87,576
1,503,480 2,915,840 3,827,040
77,320 306,280 548,080

70,060 168,144 238,204

E = 7,552,451 T = 5,607,505 E = 4,789,208

Z = = 18,009,164

Key West, Florida
‘Fort Myers, Florida
Tampa,' Florida
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Thé_allocation of vessels from their respective ports is summarized
in Table 28.

The fixed cost incurred is~computed as in the éreceeding
section, and is estimated to be $1,043,179 (Table 29).

Model II total cost of productlon in 1965 is an estlmated
$5,205,844. Comparlsqn with the estimated real cost of $5,920,923
reveals a savings ofv$715g079 through realloéation og fishing effort.
Equal distribution of this savings among the 867 estimated fishermen
(Table 30) in the eallocation solution offers a potential increase
in real income of approximately 8825 for each individual fisherman.
The average increase in earnings ranges ffom 31 percent to 102 percent

(Table 31).

Social Cost

Social cost as defined in Cahpter IV reflects the magnitude
of the cost to society for jdle vessel capacity in the "optimal"
solution. |

. Model I allocation of effort at least cost indicates the

existence of'1,233,758 pounds excess vessel capacity or 70 vessel
equivalents (Table 32). The presence of excess vessel capacity can
be interpreted as overcapitalization in terms of labor and capital
among the fishing firms exploiting the Dry Tortugas. Reflecting
overcapltallzatlon as a social cost reveals an- estlmated 5001a1 cost
of $193,857 for calendar year 1965. -

*  An additional social cost can be imputed for the excess

undepreciated capital investmen® in the excess vessels. This social

cost is estimated to be £2,815,041 (Table 33).
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Table 28.--Model II allocation of vessels from port to fishing ground
in the Dry Tortugas, 1965.

Vessel Number of Pounds Total production
class vessels Area landed cost : VC + TR*

“Port 1
Key Vlest 2.00
15.00
5.07
42
.07
62.44
88.00
31.00
33.00
7.83
3.17
5.00

. 44,580 $ 4,101
415,275 153,236
116,550 48_834
9,527 4,001
1,600 672

1 434,147 610,947
. 2,874,960 836,613
904 952 354,741
1,503,480 538,246
126,149 52,604
51,171 T 21,441
70,060 38,323

oY owumhrhrwN:
Y. NUECEURC R RV SRR RN

Migration of vessels
to assist in ful-
filling Port 1
demand : , .
From Port 2 R 231,294 82,572
2 . i 1,145,670 410,150
3 ’ 155’010 '55,494
Port 2
Fort Myers
22,290 $ 2,318
421,637 129,021
111,367 34,190
140,071 41,461
331,296 98,395
6,584 - 1,962
1,815 : 543
1,533,723 565 94l
5,153 - ,907
2,573,936 L =$ 875,74

46,191 14,643
19,149 - 6,070
143,861 54’236
209,201 L =% 74,949

11,867,562 LT = $4,162,665

ENEER A, SC R RN RS RN V]

>*TR = Total transport cost.




Table 29.--Total fixed cost incurred in 1965 under Model II effort
allocation conditions. E g

Vessel sigze Pounds
class landedl

Fixed cost
coefficient

Total fixed cost by
vessel size class

66,870
415,275
1,561,824

3,953,070
904,952

4,718,191
177,320

70,060

T =11,867,562

.022
.055
.155
067
082
.08,
A7
.153

$ 1,47
22,840
é42,083
261,856
74,4206
396,328
30,676

10,719

$ = $1,043,179




Table 30.--Estimated employment of fishermen in the Model II1
allocation of vessels and fishing effort, 1965.

Number of vessels Estimated

Vessel size Average number utilized in optimized  number of
class in crevw " optimum solution fishermen -




Table 31.--The effects of equal distribution of the savings in
Model II on.the individual fisherman's income,
Dry Tortugas, 1965.

. .Average percent
Vessel size Average individual change in income
class fisherman's income with equal distribution

1,242 - 66
1,60 19
2,032 S 41
2,699 | 31
R A BT

1,967 - 71

1,337 62
806




Table 32.--Excess czpacity reflected in pounds, vessels, and s001a1
cost, Model I solution, Dry Tortugas, 1965.

Vessel _ . Pounds Number Social cost
size excess of vessel  (pounds x fired
class capacity " equivalents cost/size class)

. 697,170 30 £108,061
136,860 12 20,940
23,239 g 3,602
182,604, 10 31,590

193,885 T 29,664

Z =1,233,758 70 Z = $193,857




Tahle 33.--Model I excess undepreciated capltal 1nvestmenu in

Dry Tortugas, 1965

Vessel size . Number of . Average cost
class vessels per vessel

Total
investment

31 21,063
10 46,611

[

29 58,482

$ 652,953
466,110
1,695,978

¥ = $2,815,041
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Model II,'the reallocation of effdrt under increased vessel

capac;ty utilization per trip reflecté éxcess vessel capacity amounting
to 6,141,602 pounds or 212 vessel equivalents (Table 34). The over-
capitalization interpreted as é social cost amounts to approximately
$668,492 (Table 34).

Additional social cost imputed for excess undepreciated
capital investment in fhe excess vessels is estimated to be

§9,167,950 (Table 35).




Table 3/.--Excess capacity reflected in pounds, vesséls, and
social costs, Model II solution, 1965.

Vessel
size
class

Port

Pounds
excess

- capacity

Number of
vessel

equivalents

Social cost
(pounds x fixed
cost/size class)

3
4
"
8
9
L
' 6
7
8
9

T = 6,141,602

27,685
689,040
525,456
306,é§o

168,144 -

22,968
87,576

3,528,169
548,080

238,204,

$ 1,523
106,801
43,087
52,986
25,726
3,560
7,181
296,366
94,817
36,445

T = 668,492

T




Table 35.--Model II excesé~undepraciated capital investment in
Dry Tortugas, 1965.

Vessel size Number of Avérage cost ) Total
class vessels per vessel. Investment

$ 9,800 9,800
21,063 652,953
36,357 763,497
46,407 3,573,339
46,611 2,470,383

58,482 1,695,978

L =.$9,167,950




CHAPTER VI

SUMMARY AND CONCLUSIONS

The application of linear programming techniques to empirical

. problems in ocean fisheries has demonstrated its usefulness to public
policy decision-makers and firm dec¢ision-makers by €lucidating the
possibilities of reducing the aggregate production cost for a
 specified quantity of raw headless shrimp.

| Utilizing existing vessel capacity qoefficients it has showm that
a reallécation of fishing effort couid reduce the total cost of produc-

“tion in 1965 by $552,556. The’solutign‘of Model I revealed an excess

vessel capacity of 1,233,758’pounds, or a social cost of $193,857.
In addition, thisvexbess capacity reflectéd in vessels amounted to
an estimated 70 excess vessel equivalents.’ These vessels represented
approxiﬁately $2.8 million in excess undepreciated capital investment.
The total social cost of overcapitalizétion amounted to $3,008,898
during calendar year 1965 for the Dry Tortugas. |

Increasing tﬁe vessel éapacity utilizéfion of the existing
fleet dn a trip basis and constrained by fuel‘carrying capacity
Model II revealed éAredthion invtotal production costs of $715,079
under efficient fishing effort alloca£ion’conditions. Based on this
model, excess vessel capacity in 1965 is estimated to have been -
6,141,602 poﬁnds, or a social cost of'approximately $668,492.
There are 212 excess vessel equivalents, or $9,167,950 in excess

undepreciated capital investment. The total social costs of
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overcapitalization amounted to $9,836,442 during calendar year 1965

for the Dry Tortugas.

The implication. of the entire empirical analysis is that the
total production cost of harvesting and transporting raw headless
shrimp to intermediate processing facilities can be reduced through
more efficient spacial allocation of fishing effort. This implication,
hovever, is perhaps not the most important contriﬁution of the -
analysis. Overcapitalization occurs and is reflected as exéess
capacity. The social cost of such overcapitalization is a substantial
sum in each phase of the empirical analysis. The presénce of over-
capitalization substantiates Knights! hypothesis which was elucidated
in Chapter II. Common propertyiowngrship of naturél resources will
result in excessive allocation of labor and capital because average
product is considered instead of marginal product.

The most efficient vessel size clésses are implicit in the
analysis, but tabulation of average fixed and variable costs in‘
Table 36 describes the vessel size classes which are moSf efficient
in terms of production cost. Vessel size classes 2 and 5 are
clearly most gfficient. The emﬁhasis by vessel ovmers on maximum |
physical prodﬁction with little cor.cern for production costs results
in investment in the most inefficient (in terms of production cost)
vessel class. Vessel owners are apparégtly not e%tremely rational
in investment decisiouns. Tlis conclusion is further subsﬁantiatéd
when comparison is made between average total cost per pound per
vessel size class and 1965 average ex-vessel value of raw headless

shrimp per vessel size class (Table 37). Vessels of size class 9




Table 36.--Average fixed and variable costs per pound of raw
headless shrimp per vessel s1ze class, 1964-1965,
Dry Tortugas.

Vessel Average Average v Average
size fixed variasble total
class - cost/1b. cost/1b. cost/1b.

.022 - .086 ' .108
.055 | 361 416
155 416 57
067 o 350
U082 ST 386 468
.084, .352 | 436
A 410 ‘ -583

2
3
4
5
6
7
8
9

.153 S04 694




Table 37.--Average profit margin per pound of raw headless shrimp
per size class, Dry Tortugas, 1965.

Vessel Average. Average Average
size value - ~ total cost profit margin
class . per pofnd per pound per pound

$ .370 $ .108 .$ .262
.428 416 | .012
.533 : 571 -.038
577 .350 S am
ST S468 109
570 436 - 134
.636 583 .053
.633 .6 -.061
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lost an average 6.1 cents per pound of shriﬁp while fishing in the

Pry Tortugas, while vessels in size classes 2 and 5 received an

average profit per pound of raw headless shrimp of 26.2 and 20.7

1
. cents, respectively. : !

Dry Tortugas fishermen éppear to be exploiteg in a social
sense of the word. 'Emphasis on larger vessels has resulted in a
lower average income for fishermen on the larger vessels than for
any other vessel size class.‘ It should not be inferred that tﬁe
éxploitation of the f%sherﬁan is intentional, but rather they are
" exploited because of lack of knowledge on the part of the individual
investor. '

‘The major concluéion of this:analysis.is that an economic
.andvsocial problem>éoéswéxis£-iﬁuihe-Dry fortugés fishery. The
magnitude of this problem can be expected to increase over time if
emphasis is maintéined on larger, more costly vessels in eanticipaticn
of increased physical producfion, and if the véssel capacity

utilization does not change significantly.




CHAPTER VII

POLICY IMPLICATIONS

The results of the preceeding analysis clearly indicate
that management policies for the Dry Tortugas should be re-evaluated.
Currently the State of Florida has a ciosed area (Figure 13) that
insures against over—expioitation of the Dry Tortué;é shrimp fishery.
The area was established under the assumption, "It ip desirable to
catch the greatest possible numger of pounds of shrimp, this désir—
ability being enhanced as the'sfzes of shrimﬁ caught are increased."”?
.The laﬁ esiablishiné‘a portion'of the Dry Tortugas fishing grounds as
a closed area was passed in the 1957 session of the Florida Legiélature.
It was incorporated into the Florida Statute as Chapter 370.151

(Ervin end Henderson, 1957). The controlled area 1s sempled

periodically, and when the survey shows that the shrimp in the area

are of a size less fhan 5Q to the pound (heads bff), the area 1is
closed. If the survey finds the shrimp larger than 50 to the pound
(heads off) the afea is opened tolcommercial'shrimp fishing. The
law was to expire iﬁ’1962, but was'reinstatea for another five years.
Thé 1967 Floriéa legislature is debating the penefits of a 70 count
law for the Dry Tortugas. Such a law would make it illegal to catch

sh:imp smaller than 70 to the pound (heads off).

9 Robert M. Ingle, "Synoptic Rationale of Existing Florida
Shrimp Regulations," Proceedings of the Gulf and Caribbean Fisheries:
Institute, Thirteenth:Annual Session, November 1960, p. 22.
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Clearly evident is the lack of economic consideration in

either regulatory measure. The emphasis is on maintaining a stock
of shrimp. Such a goal is noble, but should be integrated with

economic analysis.

A Note on Regulatory Policy Measures

There are two immediate ﬁolicy'recommendations that can be
made based on the preceeding analysis. The Florida legislature
should begin consideration of management polic& that treats economic
and technological, as well as biological, impliéations. Such con-
sideration would necessitate establishing precige rescurce manégement
policy objectives which would be uéeful in comparing alternative

regulatory measures.

The Bureau of Commercial Fisheries, which has initiated

A

vessel loan and vessel subsidy programs for United Stateé fisheries,
should consider tﬁe;effects that such programs have on overcapitali-
zation in the Gulf of Mexico shrimp fishery. If the effects are
determined to be positive, a recommendation woula be to cease such
prograns in the Gulf for a period sufficient fo retfre a significant
portion of the excess fleet. Vhnen the excess vessels have been
retiréd frﬁm the fléet the programs could be reinitiated and.aét to

direct the construction of vess3ls that are technologically and

ecohomically efficient. Such action would have a positive effect

by improving thé competitive position of the firms in the Gulf shrimp

industry in the world market.
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In the long run there are many altérnative objectives fbr
management policy:

Maximize the physical production of this fishery.

Maximiz= the aggregate revenue to the industry.

Maxiﬁiﬁe :egional ﬁncome.

Minimizé total production costs of harvesting specified

levélé of. oufput and transpbrting.to onshore processing

facilities. |

Maxinize the opportunity for employment %f labor and

capital in the fishery. |

Facilitate the continued availability of fish and

fishery producté to meet projected demand in the

United States.

Maintain the status quo of the fishery and attempt to

increasé the physical production of individual vessels.
8. Maximize the net yield from the resource.

_ The important point is that ?olicy decision-makers should.be
completely avare of their objectiveslbéfore maﬂagement criteria are
established. It is apparent that maximization of physical production
may not be conducive with the overali objectives. State and federal
agencies are becoming increasiugly aﬁare of thé compléxity of estab-
lishing objectives for management programs, and somé aré attempting
to specify them as precisely as possiblé. The Bureau of Commercial
Fisheries, for example, is currently engaged in*evaiuating the
objectives of management programs. 'This is clearlf,a step in the

correct direction in attemptirg to establish Yoptimal" recource

management.
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Suppose the management objective is to minimize the total pro-
huction c&st of a specified level of raw headless shrimp from the ny
Tortugas in the short run, as it was in this anéljsis, the management
policy decision-maker is confronted with the problems of excess
capacity, i.e. ovefcapitalizatign in térms of labor and capital, and
numerous alternative fegulations.that céuld be establishéd:56
Restricting the size of fishing gear
. Regulation by size and weight limit
Sex or condition'limits -
Closed fishing areas
Limitation of landings by gear efficiency57
Limitation of landings by quota
Limited entry into tﬁé.f;shery
Limitation.of the number of Fishing units is probably the
most unpopular method of regulaﬂion,rbut perhaés the most efficient

in terms of economics. Oppqnehts to this method see it as a step

toward a managed economy. To the economist a concept of limited
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