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Growing demand for limited quantities of fish has led to systematic 

planning for the conservation and management of U.S. fishery resources. 

There is a need for better understanding of the complex biological and 

social environment on which regulation for conservation, social, and 

economic purposes is imposed. The behavior of commercial fishermen, who 

in many instances use multi-purpose vessels to exploit multi-species 

fisheries, is difficult to assess and predict. 

The purpose of this thesis is to describe and analyze selected 

aspects of Oregon commercial fishing fleets. The focus of this study is 

on the short-run decision-making behavior of Oregon trawl fishermen for 

the period 1974-1979. A general review of the activities of Oregon's 

multi-purpose fishing fleets is followed by an attempt to measure the 

responses of trawl vessel operators to varying economic and biological 

conditions. 

Several models of the short-run allocation of fishing time by a 

multi-purpose vessel operator are developed. The limited amount of 

economic literature on multi-purpose fleet behavior is briefly reviewed. 

An important feature not explicitly recognized in the theoretical models 



is that fishermen operate in an uncertain environment. Fishermen are 

hypothesized to react to expectations about economic returns in the 

fisheries which they can exploit. 

Simple Nerlovian agricultural supply response models were adapted 

for statistical analysis of the allocation of fishing time.  Fishermen's 

short-run behavior was hypothesized to depend on expectations of current 

rather than normal returns to fishing time. Four versions of models 

which explain allocation of fishing time for a stable subfleet of trawl 

vessels were estimated using ordinary least squares regression. 

Monthly days of fishing by fishery were significantly explained by 

variables representing expected gross revenues per unit of effort, weather 

conditions and seasonal regulations. The analysis also indicates that 

fishermen are able to respond rapidly to perceived variations in gross 

returns.  In the shrimp and crab fisheries, elasticities of days fished 

with respect to expected gross returns were estimated to be in the range 

of 0.45 to 0.40. 

Regulatory implications are that:  (1) fisheries managers need to 

monitor the effects of regulation with little delay and (2) the use of 

taxes and subsidies to shift significant amounts of effort among 

fisheries is not likely to be successful. 

Additional research effort could profitably be spent to refine 

measurement of the explanatory variables, or to measure the response of 

individual fishermen to suitable explanatory variables. 
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MULTI-FISHERY ACTIVITY IN OREGON COMMERCIAL 

FISHING FLEETS: AN ECONOMIC ANALYSIS OF 

SHORT-RUN DECISION-MAKING BEHAVIOR 

CHAPTER I 

INTRODUCTION 

The situation in developed marine fisheries is one of realized or 

potentially excessive exploitation. The fundamental sources of the 

problem are the free access and fugitive nature of the fishery resources, 

and the incomplete and inefficient rules for resource allocation. 

Fishery resources are often considered to be common property re- 

sources. A characteristic attributed to common property resources is 

that they are available to all with the desire and means to exploit them. 

Unlike farmlands and privately or socially managed forests, fish re- 

sources have traditionally been harvested by many independent economic 

units. This absence of exclusive use rights is one of the most impor- 

tant causes of fishery problems. 

Consider the fish stock in a fishery as an element of the capital 

stock of a fishing industry. In any industry one can define the "user 

cost" [75] for a particular firm as "the sacrifice incurred by employing 

capital instead of leaving it idle" [72] . A farmer might let a portion 

of his land lie fallow for a time in order to increase its fertility in 

future years. A forester might plan to let his trees grow until the 

present value received from harvesting them was the greatest. However, 

in the absence of exclusive use rights to a fish stock, a fisherman 

would be unable or unwise to consider the "user cost" with respect to 

the fish stock. If the fisherman reduces his current catch to allow the 



existing stock to grow and multiply, he is not likely to benefit from 

such an investment. Other fishermen are free to harvest, sooner or 

later, those fish which he spared. 

Beginning with Gordon's seminal article J34] in 1954, economists 

have produced a great deal of literature on the economic aspects and 

problems of fisheries.  In this literature, economists have pointed to 

the inefficient use of the fish stocks and cooperating factors in the 

harvest of fishery resources. 

Among the most important consequences of the free access condition 

are:  (1) a- possible reduction in the number of fish harvested on a 

sustained basis; C2) the possible deviation in length, weight and 

quality from the socially preferred characteristics; C3) a lack of cost 

effectiveness for any given level of harvest; C4) potentially turbulent 

conflicts among user groups; and C5) undesirable impacts on ecologically 

related fish species. 

Economists have also argued that under open access the rent attri- 

butable to the productive nature of a fish stock will be dissipated as 

more and more harvesters enter the fishery to capture a share of the 

rent. By way of analogy, a farmer is able to capture the rent from his 

land and to invest in ways necessary to maintain this return in the 

long run. 

There are other types of economic surplus in fisheries production 

Csee Anderson [3J for a demonstration of how the components of economic 

surplus are related to one another). These include consumer surplus, 

producer surplus, and non-pecuniary benefits to fishermen (worker satis- 

faction bonus).  In some simpler fishery economic models the maximiza- 

tion of resource rent is treated as society's economic efficiency goal 



for fishery management. Conceptually, the other components of economic 

surplus would also be part of society's maximand under an economic 

efficiency optimum. 

From a historical perspective, exclusive use rights to fishery re- 

sources have not been generally established for several reasons. The 

doctrine of freedom of the seas was argued for convincingly over three 

hundred years ago by Hugo Grotius in Mare liberum and De jure belli ac 

pacis [16]. However, freedom of the seas probably was not completely 

accepted until the middle of the nineteenth century. Since that time 

it has become a well-established tradition. 

The nature of ocean resource use has been influenced by this tradi- 

tion, and by economic conditions associated with establishing property 

rights in such resources. Establishing and maintaining exclusive use 

rights over most fish populations would have been terribly expensive 

or impossible. In oceans perceived to have inexhaustible wealth, the 

costs clearly were greater than the benefits from establishing such 

property rights. 

Yet, in recent years, increased demand for fishery products and 

technological improvements in harvesting have led to heavy rates of ex- 

ploitation and decreasing returns to fishing effort in many fisheries. 

The notion that the wealth of the seas is inexhaustible has been replaced 

by a growing belief in the need for social controls to produce wise use 

of ocean resources. 

The earliest and still the most prevalent forms of controls in 

fisheries have been biologically oriented. The "right to conserve" £17] 

has been exercised generally by state and federal governments. This has 

involved the establishment and enforcement of rules and regulations 



designed to prevent depletion. Such techniques as gear restrictions, 

fishing seasons, and catch quotas are usually aimed at conserving ex- 

ploited stocks of fish. 

On the international level, there has been a multitude of fisheries 

treaties and commissions. Agreements for stock or regional regulation 

and for cooperation in scientific research have been effective in miti- 

gating some fisheries problems. 

The authority of coastal states over their territorial seas is a 

well-established principle. Even the nations which support the doctrine 

of freedom of the high seas have found ample justification for estab- 

lishing some form of territorial sea Csee Jacobson 148]). In the past the 

territorial sea, which for the United States extends three miles from 

the coastline, has been used as an effective defensive buffer zone. The 

coastal state has complete sovereignty over its territorial sea except 

that ships of other nations have traditionally been granted the right 

of "innocent passage." 

At the 1958 Law of the Sea Conference in Geneva, the concept of 

a "contiguous zone," extending an additional nine miles beyond the 

territorial sea, was given international sanction. The coastal nation's 

authority in this zone is more limited than in its territorial sea. 

Another 1958 Geneva treaty established the further right of a 

coastal state to exercise control over the natural resources of its 

continental shelf. The treaty did not grant nations the right to control 

resources in the water above the shelf. 

Increased pressure from foreign fishing vessels and coastal states' 

resentment of foreign exploitation off their coasts led to the latest 

institutional inventions: the establishment of exclusive economic 



zones or "fishery conservation zones" CFCZ). Unlike th_e previous ex- 

tensions of coastal states' rights, these zones have been unilaterally 

implemented without the sanction of international agreement. An example 

is the fishery conservation zone established by the United States with 

the passage of the Magnuson Fishery Conservation and Management Act [84], 

often referred to as the FCMA. 

The main features of the FCMA provide: 

(1) That the United States have exclusive management authority 

over all fish, except highly migratory species, within its 

FCZ. 

C2) That the United States have management authority beyond 

the FCZ for certain anadromous and continental shelf 

fishery resources. 

(3) That eight regional fishery management councils be 

established. 

(4) That the management of fishery resources be consistent 

with seven national standards for conservation and 

management. 

C5) That mechanisms be established to allocate the catch of 

fish between U.S. and foreign fleets with preference 

to U.S. fishermen. 

C6) That fishery management plans be prepared, monitored, and 

revised by the regional councils. 



A fishery management plan CFMP) is to specify how to achieve and 

maintain, on a continuing basis, the optimum yield from the fishery. 

Optimum yield is defined in the FCMA as the amount of fish:  (1) which 

will provide the greatest overall benefit to the Nation; and C2) which 

is prescribed as such on the basis of the maximum sustainable yield from 

a fishery, as modified by any relevant economic, social, or ecological 

factor. 

An FMP is also required to contain an assessment and specification 

of the capacity and extent to which U.S. vessels, on an annual basis, 

will harvest the optimum yield specified. The obvious use for such in- 

formation is in allocating the allowable catch between domestic and 

foreign harvesters. The information also reflects the potential for 

conservation problems and the degree of economic inefficiency for cases 

where it is believed the domestic harvest capability will exceed the 

allowable catch. 

The measures necessary for the conservation and management of the 

fishery must be specified in a fishery management plan. Under the sec- 

tion of the FCMA describing discretionary provisions of an FMP the kinds 

of measures which might be used are specified. These measures include 

the traditional fishery management tecfmiques mentioned earlier. Another 

discretionary provision permits the establishment of a system for 

limiting access to the fishery in order to achieve optimum yield. Other 

measures which are determined to be necessary and appropriate may also 

be permitted. The purpose of conservation and management measures is 

to promote efficiency in the utilization of fishery resources. However, 

such measures may not have economic allocation as their sole purpose. 



Fleet Capacity and Mobility 

As indicated above, the FCMA requires an assessment of the capacity 

and extent to which U.S. vessels annually will harvest the optimum yield 

specified in a fishery management plan. An amendment to the act requires 

a similar appraisal of processing capacity. 

In the last few years much thought has been given to the methods 

and problems of making such assessments in a fisheries context Csee 

Huppert [45], Prochaska [71J and Herrick 141]]. Although this literature 

will not be reviewed in detail, a number of important points have emerged. 

First, there is a clear distinction between capacity per se and 

capacity utilization. The point here is that physical and economic 

capacity are often quite different. Physical capacity is a technical 

construct.  CA. vessel's hold capacity is an example.) Economic capacity 

describes the utilization of physical capacity in the pursuit of 

economic goals such as profit maximization. As Prochaska puts it: 

"In summary, the theoretical components which determine 
capacity and the extent of capacity utilization are the 
factors affecting individual firm cost structures such 
as input prices and catch per unit of effort, prices and 
quantities of substitute products and input constraints" 
171, p. 1021]. 

Other measures of capacity, such as peak capacity and maximum con- 

tinuous capacity have been offered as descriptive of certain situations 

that occur in fisheries and other industries. For example, one might 

want to describe or estimate the ability of a fleet to harvest a parti- 

cular group of fish which passes into and through a fishing area in a 

relatively short period of time. Clearly, the fleet may be able to 

maintain a higher catch rate for very short seasons than over a long 

period. 



For fisheries management purposes, an assessment of the potential 

harvest and expected harvest are two things needed to evaluate long- and 

short-run regulatory options. As a practical matter these harvest levels 

are difficult to estimate because they are heavily influenced by a wide 

array of environmental and economic factors. The estimation problem is 

even more difficult in a multi-species fishery.  It is also more diffi- 

cult when multi-purpose fleets operate in a number of distinct fisheries. 

The problem can also be viewed as one of measuring or estimating 

the expected or potential fishing effort which a fleet will apply to 

one or more fish stocks.  In this case the fleet's capacity can be con- 

sidered to be the expected harvests when the fleet's expected effort is 

allocated among alternative fisheries. 

Consider the situation in a number of West Coast fisheries, such 

as the troll salmon and shrimp fisheries Calso see Chapter II for a de- 

tailed description of Oregon fisheries). There are at least three modes 

by which the number of vessels operating in such fisheries can vary: 

(.1) through investment and disinvestment (often referred to as entry/ 

exit); C2) through regional or geographical mobility of vessels into 

and out of the region; and (.3) through interfishery mobility among 

fisheries by multi-purpose vessels. 

Factors influencing the number of vessels operating in a fishery 

often work in the same direction with regard to the three modes of entry. 

For example, a high ex-vessel price (paid to the fisherman) or abundant 

biomass would be expected to increase investment, geographical mobility 

and switching from other fisheries into a particular fishery. Other 

factors are likely to have an influence on one mode of entry but not 

on others. For example, a government program such as the Capital Con- 



struction Fund would affect investment. Regulations applied in other 

states might influence geographical mobility into Oregon fisheries. 

Short-run biomass conditions in one Oregon fishery might produce shifts 

of effort from other Oregon fisheries but not be sufficiently good or 

poor to influence investment or geographical mobility. 

The investment mode of entry tends to occur over longer periods of 

time and hence becomes somewhat distinct from the other two modes. 

Geographical mobility and interfishery mobility may be quite important 

in the short run—say within a fishing season. Of course, there is also 

an investment dimension to these modes. For example, a fisherman has 

to invest in different types of fishing gear in order to make his vessel 

multi-purpose. Thus, there are conceptual overlaps among the components. 

Another example of an overlap would be a Washington groundfish trawler 

moving into the Oregon shrimp fishery. 

In terms of response to biological and economic conditions the con- 

ceptual distinction between the three modes of entry may be useful. 

Analyzing the response to biological and economic variables may be done 

quite differently when the response involves interfishery mobility 

rather than investment. 

Several interesting studies of investment response in fisheries 

have been done in the last few years Csee Bockstael 19], Herrick [41], 

and Bockstael and Opaluch [10]). In these studies investment is re- 

cognized as being a long-run or intermediate-run phenomenon. 

In fisheries exploited by multi-purpose fleets, short-run decisions 

may also be of interest, particularly when programs have been instituted 

to restrict the entry of new vessels. One example of such a short-run 

decision is the choice of fisheries by a multi-purpose vessel operator. 
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Movements out of one fishery into anotfier may be made in very short order, 

assuming that fishermen react rapidly to changing biological and economic 

conditions, and that gear changeover can be accomplished rapidly. 

In certain fisheries both short-run and long-run supply responses 

may result in additional effort being applied to the biomass. The 

modeling of fishery supply responses of both kinds may be quite important 

in these cases. Also, the kind of model used to explain long-run response 

will be less suitable for explaining short-run response. 

Fisheries Regulation and Fishermen's Behavior 

A complete review of the literature on fisheries regulation is be- 

yond the scope of this thesis. However, the reader is referred to the 

recent articles by Scott [77] and Crutchfield J22] as good examples of 

economists' thoughts on fisheries regulation and particularly the con- 

trol of fishing effort. 

The first major purpose of regulation or effort control is conser- 

vation.  Included under this purpose are such objectives as maintaining 

or improving the reproductive capability of fish, stocks, attaining some 

optimal catch level and getting the proper species, age and size com- 

position of the catch. 

A purpose of regulation of particular interest to economists is the 

economic rationalization of fisheries. Objectives include preventing 

waste in the use of capital and labor; using the right numbers and con- 

figurations of vessels for harvest; and, in general, maximizing the net 

value of production taking into account the costs of harvesting, pro- 

cessing, research and regulation. 

A purpose of regulation of greatest interest to user groups and. 
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perhaps, the public is the provision of employment opportunities and a 

desirable distribution of benefits from fisheries production. The de- 

finition of desirable will vary among interested parties. 

Fisheries can be regulated in a variety of ways. The traditional 

methods were mentioned above. Economists have supported regulatory 

techniques to achieve economic rationalization. Measures which are 

aimed at controlling the number of vessels and extracting resource rent 

fall into this category. Three such regulatory techniques are license 

limitation, the use of taxes and subsidies, and the use of fishermen's 

quotas or marketable individual fishing rights. 

Which combination of techniques is actually applicable and desir- 

able depends on a number of biological, legal, economic, political and 

social factors. Political considerations are quite important because 

of the need to get authority for the application of particular techniques. 

For example, the use of traditional regulatory techniques such as gear 

restrictions has generally been possible for a long time. Only re- 

cently in the United States have programs for limiting access been 

sanctioned in even a moderate number of cases. 

From a researcher's point of view, one of the most important tasks 

is to assess or predict the actual effects of a proposed regulatory 

option. Wilen [85] has remarked on the importance of testing hypotheses 

about fishermen's behavior Cin terms of input configuration choice] for 

predicting and designing efficient fisheries regulations. Bockstael 

and Opaluch [10]  have cited the scarcity of, and need for estimation 

of actual behavioral relationships in fisheries. They suggest that, in 

the absence of entry restrictions, prediction of changes in effort from 

changes in biological and economic conditions is necessary for effective 
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management. Herrick [41] has stated the need for models capable of ex- 

plaining long-run and short-run supply responses of fishermen with re- 

spect to changes in their planning and operating environments. 

These are not easy tasks given the available information and data 

on fishing activities. Scott [77] has noted that mathematical bio- 

economists have "pressed ahead, beyond their data, more than is familiar 

or acceptable in biology." As he remarks about the economic literature 

of fisheries regulation: 

"The majority of models introduce controls in a purely 
formal or negligently offhand manner ... Thus most of 
the theoretical 'regulatory literature' simply arises 
in the process of examining models' comparative static 
or dynamic properties. It is not part of a literature 
on detailed multiobjective, real-world regulatory options" 
[77, p. 727]. 

The complex biological and social aspects of fisheries make the task 

of modeling difficult. The pervasiveness of multi-species fisheries and 

multi-purpose vessels make simple bioeconomic models seem inadequate ex- 

cept for conceptual purposes. The existence of fish stocks which don't 

"fit" the population models, and our limited understanding of complex 

environmental influences increase the difficulty of modeling for fisheries 

regulatory analysis. Nevertheless, it is a goal of this research to 

attempt to explain some aspects of fishermen's behavior. 

The study continues with an overview of commercial fishing activities 

on the Oregon coast. The multi-purpose nature of fishing fleets oper- 

ating off this coast is described in detail. Next, several theoretical 

models are considered for use in the analysis of fishermen's response to 

biological and economic variables. Some models for multi-purpose fleets 

are carefully explored. The abstractions in these tLeoretical models 
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are discussed at some length. Some simple econometric models of aggre- 

gate effort supply response and fishermen's behavior are developed and 

estimated using data for a subset of the Oregon trawl fleet. The results 

of the estimations are discussed. Finally, a summary and conclusions 

section touches briefly on the implications of the descriptive and 

empirical analysis for application to fisheries management and direction 

of additional research. 
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CHAPTER II 

OREGON COMMERCIAL FISHING FLEETS 

Overview of Commercial Fishing Activity 

Several major species groups of fish are landed commercially in Oregon 

using a variety of fishing gear types. Detailed information on several 

of the most important fisheries can be found in Fishery Management Plans 

of the Pacific Fishery Management Council (see [27], [28], for example). 

What follows is a brief description of Oregon's principal fisheries. 

Salmon are taken in the ocean troll (hook and line) fishery and in 

the Columbia River gillnet and setnet fisheries. Historically, gillnets 

were also used to catch salmon in a number of bays, smaller rivers and 

streams. Chinook salmon and coho salmon are the predominant species 

caught although chum, pink and sockeye salmon were taken in the past.  Com- 

mercial quantities of steelhead (ocean-run rainbow trout) are captured 

in the setnet fisheries permitted under historical treaties with Native 

Americans. 

Groundfish are caught, primarily in the ocean, using trawl nets, 

pots, jig gear, troll gear, and longline gear. A number of species 

comprise the groundfish complex. These include such flatfish species 

types as English sole, Dover sole, Petrale sole, and other soles and 

flounder.  In addition a number of roundfish species including the many 

rockfishes, true cod, ling cod and sablefish (black cod) are landed. 

The Dungeness crab fishery is by regulation restricted to the use 

of pots for fishing gear. Crabs are captured primarily in the ocean, 

although a small scale fishery exists in some of the larger Oregon bays. 
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The ocean pink shrimp fishery is of fairly recent origin (1957) 

and has been one of Oregon's most rapidly growing fisheries until re- 

cently. Shrimpers fish with trawl nets and often take substantial 

quantities of incidental groundfish along with the small pink shrimp. 

The albacore tuna fishery is basically a troll fishery. Albacore 

are members of a highly migratory pelagic species which are found off 

the Oregon coast for several months in the late summer and early fall. 

Pacific whiting or hake is a mid-water species found in high abun- 

dance off the Pacific coast. Until recently hake were harvested almost 

exclusively by the foreign fleets. Now there are several joint venture 

operations composed of domestic mid-water trawlers which deliver their 

catch to foreign factory vessels while at sea. A number of these do- 

mestic vessels have recently begun to harvest substantial quantities 

of several rockfish species by mid-water trawling. 

With certain notable exceptions such as hake and some rockfish, 

fisheries have developed sufficiently to harvest the sustainable yields 

of commercially valuable species available along the Oregon coast. Many 

of these fisheries are probably "overcapitalized," i.e., the same har- 

vest levels could be taken by significantly smaller fleets. The growth 

of fishing fleets has been relatively rapid over the last four decades, 

with the trawl fisheries growing particularly rapidly in the last few 

years. 

Table 1 shows the pattern of growth in the number of Oregon licensed 

fishing vessels since 1960, along with the number of individuals engaged 

in commercial fishing. The pattern presented is one of fairly steady 

fleet growth. 

More interesting, perhaps,is the pattern of size distribution of 
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Table 1. Commercial Fishing Vessel and Individual Licenses Issued in 
Oregon, 1960-1979. -' 

Year Vessel Licenses— Individual Licenses 

1979 4,263 8,258 

1978 4,359 8,566 

1977 4,095 7,980 

1976 3,452 5,990 

1975 3,067 5,540 

1974 2,978 5,556 

1973 3,567 6,668 

1972 3,314 5,989 

1971 3,487 6,428 

1970 3,025 5,584 

1969 3,042 5,663 

1968 3,048 5,923 

1967 2,433 4,553 

1966 1,868 3,448 

1965 1,729 3,199 

1964 1,686 2,864 

1963  -Z 2,810 

1962   2,904 

1961   2,756 

1960   2,565 
__ 

— Oregon Department of Fish and Wildlife. 

— Does not include single delivery licenses issued in lieu of vessel 
and individual licenses. 

c/ 
— A complicated arrangement of delivery and gear licenses existed be- 

fore 1964. 
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the fleet during a recent period of fleet expansion. Table 2 shows 

the size (represented by vessel length category) distribution of vessels 

licensed in Oregon during the last six years. Other than the growth in 

total fleet size, the most noticeable change is in the number of large 

(over 70 feet) vessels. Most vessels in the smallest class operate 

primarily in the salmon fisheries. 

A better way to describe the changes which have occurred in the 

major fisheries is to look at the pattern of vessel usage over the 

last few years on an individual fishery basis.  In Table 3 the numbers 

of vessels operating in major Oregon fisheries for the period 1975-1980 

are presented.  Using this breakout, the patterns of growth become 

clearer. 

The picture given by Table 3 shows patterns of growth in most major 

fisheries. The exception is the albacore fishery. Vessels pursuing this 

fishery seem to be more geographically mobile than the typical vessels 

of other fisheries. Only the gillnet fishery has not grown substantially. 

This is probably the result of stringent seasonal regulations imposed 

on the Columbia River to protect depressed salmon runs. Some proportion 

of the increase in the numbers of vessels operating in the troll salmon, 

gillnet salmon, and shrimp fisheries in 1980 is due to the establishment 

of license moratorium programs. 

Legislation enacted in 1979 required vessels, which qualify by 

historical participation— or construction during a base period, to carry 

an annual permit for these fisheries, in addition to the boat and in- 

—  Historical participation in the salmon fishery was defined as the 
landing of one salmon in Oregon during the period 1974-1978; in the shrimp 
fishery the requirement was landings of 5,000 pounds during the period 
January, 1974 to June 30, 1979. 



Table 2. Numbers of Oregon Licensed Commercial Fishing Vessels by Year and Length (Feet) Category (1975- 
iqsrn a/ 1980).a/ 

Year 
b/ Total-7 

Under 
30 30-49 50-69 

Over 
70 

Data 
Missing 

1980 

1979 

1978 

1977 

1976 

1975 

4,928 

4,465 

4,675 

4,467 

3,796 

3,048 

2,681 

2,383 

2,549 

2,502 

1,998 

1,591 

1,681 392 174 0 

1,530 400 152 0 

1,607 406 113 0 

1,537 347 90 0 

1,353 347 98 0 

1,043 322 86 6 

b/ 

Unpublished data, Oregon Department of Fish and Wildlife. 

Total for 1975-1979 includes single delivery licenses.  1980 total does not include single delivery 
licenses. 

OO 



a/ Table 3. Numbers of Licensed Vessels Operating in Major Oregon Fisheries (1975-1980).— 

Fishery- V 

Year 
Troll 
Salmon 

Gillnet. 
Salmon—' 

3,86(4/ sioi/ 
(891) 

3,114 470 
(1,079) 

3,158 419 
(1,400) 

3,108 387 
(1,272) 

2,770 381 
(1,661) 

2,304 413 
(1,328) 

Crab Albacore Shrimp 
Goundfish 

Trawl 

1980 

1979 

1978 

1977 

1976 

1975 

627 

587 

468 

383 

250 

256 

236 

286 

1,041 

423 

491 

827 

270^ 

203 

187 

103 

87 

92 

155 

148 

104 

81 

78 

78 

a/ 
— Unpublished data, Oregon Department of Fish and Wildlife. 

— Totals are greater than those of Table 2 because of multiple fishery activity by many vessels. 

c/ 
— Gillnet salmon may be landed legally in Oregon by fishermen licensed in the state of Washington.  The 

numbers in parentheses include Washington vessels not licensed in Oregon.  The numbers in parentheses 
for 1978 and earlier probably include a number of mis-identified or "phantom" vessels. 

— The establishment of restricted vessel permit systems (essentially license moratoria) drew a number 
of historically active vessels into these fisheries in 1980. 

to 
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dividual licenses previously required.  In order to requalify for permit 

renewal in 1981, landings of one salmon or 5,000 pounds of shrimp were 

required. 

The effect of this legislation was to set a "ceiling" on the number 

of vessels authorized to operate in the three fisheries. However, the 

number of vessels which qualified for 1980 permits exceeded the number 

which had typically fished in any one year. The effect of the landings 

requirement for requalification was to bring most of those who obtained 

permits into active participation.  In this way, permit holders were 

able to retain fishing privileges for use or speculative purposes. 

The geographical mobility of Oregon fishing vessels cannot be accur- 

ately described because data on their activities in other states are not 

available at this time. However, the residences of vessel operators 

licensed in Oregon are available. Therefore, the distribution of Oregon 

landings in particular fisheries by the license holder's state of re- 

sidence was examined. Tables 4, 5, 6, and 7 show this distribution for 

the albacore, crab, groundfish trawl, and shrimp fisheries, respectively. 

Not surprisingly, the albacore fleet appears to be the most geo- 

graphically mobile group of vessels, by the criterion suggested above. 

This is probably due to the highly migratory nature of the albacore, 

and the necessity of pursuing the stocks along the coast during periods 

of abundance. 

In most of the other fisheries Cexcept possibly troll salmon) the 

vessels are able to leave home ports in other states, fish on the fishing 

grounds off Oregon and return home to land their catch. Thus, unless 

unusually high abundance or bad weather is encountered, most vessels 

would not need to land their catch out of state as is necessary in the 



a/ 
Table 4.  Percentages of Vessels Landing Albacore in Oregon by License Holder's State of Residence.— 

Year Oregon California Washington Alaska       Other 

1979 44.7 

1978 71.6 

1977 60.5 

1976 53.1 

1975 53.9 

1974 51.6 

California Washington 

35.2 19.0 

14.0 14.2 

25.8 13.5 

31.4 14.5 

33.8 11.8 

36.2 11.6 

0.7 0.4 

0.2   

0.2   

0.6 0.4 

0.4 0.1 

0.3 0.4 

—  Unpublished data, Oregon Department of Fish and Wildlife, 



a/ 
Table 5. Percentages of Vessels Landing Crab in Oregon by License Holder's State of Residence.— 

Year Oregon California Washington Alaska       Other 

1979 94.7 2.8 2.4 —- 0.2 

1978 97.0 1.3 1.5 --- 0.2 

1977 93.0 

1976 96.8 1.6 1.2 0.4 

1975 97.6 

1974 94.6 

—  Unpublished data, Oregon Department of Fish and Wildlife. 

California Washington 

2.8 2.4 

1.3 1.5 

2.9 4.9 

1.6 1.2 

1.2 1.2 

4.4 1.0 



Table 6.  Percentages of Vessels Landing Groundfish by Trawl in Oregon by License Holder's State of 
Residence.£/ 

Year Oregon California Washington Alaska       Other 

1979 92.1 

1978 91.5 3.8 3.8 --- 0.9 

1977 93.8 

1976 93.7 

1975 95.8 

1974 91.7 2.4 3.6 1.2 1.2 
—- _     _  _____ 

—  Unpublished data, Oregon Department of Fish and Wildlife. 

California Washington 

7.3 0.7 

3.8 3.8 

1.8 4.4 

4.5 1.8 

2.8 1.4 

2.4 3.6 

M 
O) 



Table 7. Percentages of Vessels Landing Shrimp in Oregon by License Holder's State of Residence. a/ 

Year Oregon California Washington 

16.3 3.5 

16.6 8.0 

2.9 4.9 

8.0 2.3 

5.3   

8.9 2.2 

Alaska Other 

1979 

1978 

1977 

1976 

1975 

1974 

79.7 

75.4 

92.2 

87.4 

94.7 

86.7 

0.5 

2.3 

1.1 1.1 

a/ Unpublished data, Oregon Department of Fish and Wildlife. 

to 
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albacore fishery. There may be a certain amount of geographical migra- 

tion for whole seasons at a time. A more detailed analysis of geographi- 

cal mobility awaits the development of a coastwide data series covering 

21 
a substantial number of years.— 

Multi-Fishery Activity in Oregon 

A significant number of multi-purpose vessels land fish from more 

than one fishery each year in Oregon. Others may switch fisheries from 

year to year. It has become profitable and perhaps essential for these 

vessels to be designed and equipped for operations in several fisheries. 

Multi-purpose vessels have emerged because of seasonal regulations, 

fluctuating abundance (either within year or between years) and varia- 

tions in ex-vessel price in the major fisheries. 

Not all vessels engage in multi-fishery activities in a given year. 

There are, for example, large subsets of the troll salmon and gillnet 

salmon fleets which do not operate in more than one fishery. Some 

fishermen appear to dabble in other fisheries, perhaps testing the waters 

only to find low stock abundance, or to discover they do not have either 

the equipment or skills to fish profitably. Many of these fishermen 

may have jobs in non-fishing occupations and may not wish to fish through- 

out the year. Others may choose to fish in only one fishery because they 

can make good returns by skillful operations in that fishery. Table 8 

shows the number of vessels which had significant activities in only 

one fishery for the years given. 

21 
—  There is at this time a coastwide (Oregon, Washington, and California) 
data file for 1974-1976 kept at the National Marine Fisheries Service, 
Southwest Fisheries Center at La Jolla, California. 
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Table 8. Numbers of Vessels Having Significant 
Fishery. 

a/ Activities in Only One 

No, . of Vessels 
With No Other 

No . of Si Lgnificant 
Fishery Year Vc ssels Acti Lvity in Oregon 

Groundfish Trawl 1979 
1978 
1977 
1976 
1975 

148 
104 
81 
78 
78 

63 
37 
31 
25 
24 

Shrimp 1979 
1978 
1977 
1976 
1975 

203 
187 
103 
87 
92 

64 
79 
20 
21 
23 

Crab 1979 
1978 
1977 
1976 
1975 

587 
468 
383 
250 
256 

145 
94 
78 
45 
38 

Troll Salmon 1979 3 ,114 2: ,505 
1978 3 ,158 2, ,128 
1977 3 ,108 2, ,480 
1976 2 ,770 2, ,253 
1975 2 ,304 1, ,559 

a/ There can be no generally agreed upon definition of "significant" 
activity. For the shrimp fishery, if troll salmon landings were 
less than 500 pounds and groundfish trawl landings were less than 
2,000 pounds, such activities were not considered significant. For 
the groundfish trawl and crab fisheries, if troll salmon landings 
were less than 500 pounds, the activity was not considered signi- 
ficant . 
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This thesis is concerned particularly with the extent of and reasons 

for multi-fishery activity. Probably the combinations most likely for 

multi-purpose vessels fishing in Oregon are: [1)  for larger vessels-- 

groundfish, shrimp, crab, albacore or a subset of these four; (2) for 

smaller vessels — troll salmon, crab, albacore, or a subset of these 

three. 

In the last few years the sablefish pot and longline fisheries have 

shown potential for both the larger and smaller multi-purpose vessels. 

There is also a group of larger vessels involved in mid-water trawling 

for Pacific whiting and certain highly abundant species of rockfish. 

Mid-water trawl vessels probably could be used in one or more of the 

groundfish trawl Chottom trawl as opposed to mid-water trawl), shrimp or 

crab fisheries if properly equipped. Stock conditions would have to 

support high volume catches if such operations were to be profitable. 

These newer and larger vessels are not the focus of this study and will 

not be discussed further here. 

Tables 9 through 14 show multiple fishery activities on a two-fishery 

basis for the years 1974-1979. The tables show the number of vessels 

that participated in a particular fishery down the diagonal; two-way 

fishery combinations are in the off-diagonal elements. Each element 

represents the number of vessels that had landings in both the fishery 

row and fishery column corresponding to the element. Note that the level 

of activity need not be significant as defined in Table 8. For example, 

many groundfish and shrimp trawlers run a troll line when large schools 

of salmon are discovered during trawling or on the way back in from a 

fishing trip. 

As a casual emprical exercise one can try to explain year to year 
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Table 9. Two-Way Multiple Fishery Activity Chart for 1979.— 

Groundfish Shrimp Crab Albacore Salmon 

Groundfish 148 73 27 7 41 

Shrimp 203 72 11 67 

Crab 587 62 449 

Albacore 286 159 

Salmon 3,114 

a/ 
—  Unpublished data, Oregon Department of Fish and V'/ildlife. 

a/ 
Table 10. Two-Way Multiple Fishery Activity Chart for 1978.-' 

Groundfish Shrimp Crab Albacore Salmon 

Groundfish 104 55 21 18 24 

Shrimp 187 59 32 44 

Crab 468 193 345 

Albacore 1,041 821 

Salmon 3,158 

a/ 
—'  Unpublished data, Oregon Department of Fish and Wildlife. 
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a/ 
Table 11. Two-Way Multiple Fishery Activity Chart for 1977.— 

Groundfish Shrimp Crab Albacore Salmon 

Groundfish 81 32 16 6 36 

Shrimp 103 38 3 35 

Crab 383 63 282 

Albacore 423 289 

Salmon 3,108 

a/ 
—■  Unpublished data, Oregon Department of Fish and Wildlife. 

a/ 
Table 12. Two-Way Multiple Fishery Activity Chart for 1976.- 

Groundfish Shrimp Crab Albacore Salmon 

Groundfish 78 34 9 14 51 

Shrimp 87 24 15 58 

Crab 250 62 204 

Albacore 491 315 

Salmon 2,770 

a/ 
—  Unpublished data, Oregon Department of Fish and Wildlife. 
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a/ 
Table 13. Two-Way Multiple Fishery Activity Chart for 1975.— 

Groundfish Shrimp Crab Albacore Salmon 

Groundfish 78 36 16 16 47 

Shrimp 92 22 25 48 

Crab 256 113 207 

Albacore 827 449 

Salmon 2,304 

a/ 
—  Unpublished data, Oregon Department of Fish and Wildlife. 

a/ Table 14. Two-Way Multiple Fishery Activity Chart for 1974.— 

Groundfish Shrimp Crab Albacore Salmon 

Groundfish 78 48 11 16 44 

Shrimp 113 25 38 66 

Crab 216 108 170 

Albacore 783 445 

Salmon 2,253 

a/ 
—  Unpublished data, Oregon Department of Fish and Wildlife, 
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variations in the two-way activity charts by looking at aggregate landings 

(as a reflection of abundance) and ex-vessel values as presented in 

Table 15. Since the focus of this study is on the trawl fishery vessels, 

landings and value data are presented only for the four fisheries in 

which they are most apt to be engaged--groundfish trawl, shrimp, crab, 

and albacore. 

This exercise may yield some insights, but, since numbers of vessels 

and fishing effort are not held constant from year to year, no definitive 

conclusions about the causes of these patterns can be drawn. In Chapter 

IV a statistical analysis of the behavior of a fixed set of multi-purpose 

vessels is attempted. 

Many of the vessels which operate in two fisheries also operate in 

a third or fourth fishery, although not necessarily all in the same year. 

Table 16 shows the numbers of vessels operating in selected three and 

four way combinations of fisheries for the years 1974-1979. These 

categories are not mutually exclusive. Note also that the table de- 

scribes only activities within the given years. There may be more 

vessels capable of operating in three or four fisheries (without major 

investments and gear) than are shown in Table 16. The pattern of vari- 

ations from year to year is not shown in this table. 

The Oregon Shrimp and Groundfish Trawl Fleet 

In this section a brief history of the Oregon shrimp and ground- 

fish trawl fleet is presented. The groundfish trawl fishery and shrimp 

trawl fishery are treated separately because the shrimp fleet developed 

later than the groundfish fleet. Oregon landings of groundfish and 

shrimp from 1952 to 1979 are shown in Table 17. The groundfish poundages 
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Table 15. Oregon Landings and Ex-Vessel Values for Selected Fisheries 
1974-1979.1/ CIn Thousands of Pounds or Dollars). 

Fishery- 

Crab 
Year   Groundfish        Shrimp        (Ocean)       Albacore 

.  b/     64,384 29,587        15,588 3,107 
C$17,414)        C$11,340)      C$11,590)       C$ 2,113) 

37,056 56,666        12,502 11,285 
C$ 8,026)        ($14,904) C$ 9,599) C$ 7,414) 

23,366 48,580        19,902 4,420 
C$ 4,391)        C$11,173) ($14,927) ($ 2,564) 

26,930 25,456 8,134 5,934 
C$ 4,302)        ($ 5,091) ($ 5,288) C$ 2,848) 

21,024 24,083 4,027 17,166 
C$ 2,974)        ($ 3,237) C$ 3,221) ($ 5,794) 

22,098 20,314 3,917 25,225 
($ 3,234)        ($ 4,420) ($ 2,761) ($10,341) 

__ 

— Oregon Department of Fish and Wildlife. 

— Landings and values for 1979 are preliminary. Substantial quantities 
of pot and longline sablefish landings and mid-water trawl rockfish 
landings are included in the groundfish total. 

1978 

1977 

1976 

1975 

1974 
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Table 16. Numbers of Vessels With Selected Three-Way and Four-Way 
Patterns of Fishery Activities, 1974-1979.— 

Pattern^ 1974     1975    1976    1977    1978   1979 

G+S+C 7       8      5      8      16     20 

G+S+A 14 9 6 1      11 6 

G+C+A 2 7 2 14 2 

S+C+A 8 10 5 1      13 5 

G+S+C+A 1 4 0 0       3 2 

C+A+T 96      95      55      52     165     56 
__ 

—'  Unpublished data, Oregon Department of Fish and Wildlife. 

K / 
—  Symbols used for pattern description are: 

G = Groundfish Trawl 

S = Shrimp 

C = Crab 

A = Albacore 

T = Troll Salmon 
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Table 17. 
a/ 

Groundfish and Shrimp Landings in Oregon, 1952-1979.— 

Year 
Groundfish               Shrimp 
(Pounds)               (Pounds) 

1979^ 64,383,974 29,586,586 

1978 37,056,208 56,666,109 

1977 23,365,634 48,580,070 

1976 26,929,976 25,456,007 

1975 21,023,739 24,083,568 

1974 22,097,723 20,313,760 

1973 21,944,140 24,517,194 

1972 22,801,367 20,731,151 

1971 22,039,881 9,075,006 

1970 21,392,381 13,572,174 

1969 23,243,151 10,268,433 

1968 22,436,252 10,858,975 

1967 22,381,920 10,155,251 

1966 26,747,968 4,684,548 

1965 33,320,192 1,575,152 

1964 31,972,035 5,279,494 

1963 31,353,101 3,027,746 

1962 32,929,371 2,777,023 

1961 27,781,671 1,452,099 

1960 27,378,424 1,148,797 

1959 25,398,092 2,734,193 

19582/ 23,161,126 1,751,618 

1957 26,980,622 495,388 

1956 26,720,563 6,320 

1955 21,224,013                   

1954 20,720,425                   

1953 17,488,367                   

1952 21,109,587                   
_ 

— Oregon Department of Fish and Wildlife. 

— Preliminary. 

c/ 
— Information prior to 1959 is for license year April-March. 
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include landings by all gear types including incidental shrimp trawl, 

pot, longline, jig and troll. 

Although the groundfish trawl fishery was not firmly established 

on the Oregon coast until the beginning of World War II, a number of 

sporadic attempts were made to start such a fishery beginning as early 

as 1884 [39]. The development of the trawl fleet was stimulated by 

somewhat unusual circumstances, shortly before 1940. This country's 

source of Vitamin A had been cheaper foreign fish livers and liver oils, 

which supply had been cut off by the war in Europe. The impetus to trawl 

fleet development was the demand for the livers of dogfish shark and 

soupfin shark, which are found off the Oregon coast. 

Harry and Morgan note that fishermen were paid $150 a ton (.$.075/ 

pound) for dogfish in Astoria in 1940. By comparison, fishermen were 

receiving only $.01 to $.03 a pound for Petrale sole in 1940. Petrale 

sole is probably one of the premium soles landed on the Oregon coast, 

and has commanded a relatively high ex-vessel price—$.09/pound in 1961; 

$.24/pound in 1976; $.46/pound in 1979. 

In 1940, some 20 vessels landed approximately two million pounds 

of dogfish at Astoria. When the war reached the United States, the 

demand for dogfish and frozen bottomfish surged. According to Harry 

and Morgan, "near the height of the fishery in 1945, 73 trawl 

vessels delivered about 26 million pounds of bottomfish to Oregon ports." 

The end of the war and the synthesis of Vitamin A signaled an end 

to this era. By 1953 the groundfish trawl fleet had dropped to 44 

vessels and landed about ten million pounds for human consumption along 

with five million pounds for animal Cprimarily mink) feed. Astoria 

was the only port where groundfish fillet production was important. 
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Reportedly, a large number of the vessels which "dragged" during the war 

had converted to the salmon, crab, and albacore fisheries. Shrimping was 

not to begin in earnest until 1957. Market limits were in effect for 

all species of otter trawl fish. 

After the decline in landings in the early 1950's, groundfish 

landings began to recover due to increased demand for mink, feed, and the 

existing harvest capacity developed during World War II. Landings of 

whole bottomfish for mink feed rose from two million pounds in 1953 to 

over 14 million pounds in 1957, which was more than half the total catch 

of bottomfish (see Jones and Harry [49]). Quantities landed for human 

comsumption did not reach World War II levels again until 1960. 

As the fishery developed a number of technical improvements were 

adopted by the fleet. Harry and Morgan summarized the developments up 

to 1961: 

"Many gear improvements have been introduced: otter trawls 
replaced beam trawls; drums with wire rope replaced capstans 
and manila rope; splitting straps replaced the brailing 
method of bringing fish aboard; dandy-line gear was intro- 
duced to free the doors while the net was being recovered; 
synthetic materials were substituted for cotton and other 
natural fibers in webbing; and reels were added to aid in 
handling nets. 

"The average size of fishing vessels has increased and larger 
engines, heavier otter doors, and drums with greater cable 
capacity have been installed. 

"More instrumentation has been added to aid the trawl 
fisherman—radios, fathometers, radio direction finders, 
iron mikes, loran, radar, and fish-finders have been 
used to make the trawlers more efficient. Some boats 
have abandoned ice for refrigeration in favor of chilled 
sea water in tanks" [39, p. 24]. 

Technological progress has continued since 1961. A discussion of 

these changes is beyond the scope of this research; however, several 
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points should be made. Somewhat different types of trawl nets are used 

when fishermen are dragging "hard on bottom" for flatfish species than 

for roundfish, which are slightly off the bottom. For the flatfish, 

trawl nets have continuous footrope contact with the bottom; while for 

roundfish, roller or bobbin trawls are used because of contact on rocky 

reef areas. Many vessels are now equipped with combination trawls and 

can switch from flatfish gear to roller gear while at sea, particularly 

when equipped with a split net reel. As mentioned earlier, mid-water 

trawling for certain species of rockfish has developed more recently. 

The following brief recapitulation of the history of the Oregon 

shrimp fishery is based on Zirges and Robinson [88] •  In 1957, seven 

vessels from Astoria harvested less than one-half million pounds of 

shrimp to mark the beginning of the Oregon shrimp fishery. Originally 

there were no seasonal regulations in Oregon, but beam trawls were 

the only gear allowed, in order to reduce the incidental catch of other 

fish species. 

After fishermen complained that the beam trawl gear was inefficient 

and unsafe, the Oregon Fish Commission experimented with semi-balloon 

shrimp trawls, which were extensively used in the Gulf of Mexico. Shrimp 

and incidental catches were found to be higher with the semi-balloon 

trawl, but the quantities of incidental groundfish landed were still 

relatively minor. As a result the rule restricting shrimp gear to beam 

trawls only was rescinded in late 1957. Landings increased somewhat, 

but were constrained at the processing level by the need to hand pick 

the shrimp. 

In 1964, fishermen became concerned about possible effects of in- 

creased landings on the shrimp stocks. There was also resentment of 
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California shrimpers who came to Oregon waters before the California 

season opened in April. Oregon shrimpers who also fished for crab 

wanted to continue crabbing further into the spring without losing 

shrimp markets. 

At that time both crab and shrimp were hand picked, so a number of 

processors supported a winter closure on the shrimp fishery to prevent 

problems of processing large volumes of shrimp and crab simultaneously. 

Also, reduced meat yield was believed to result from the processing of 

female shrimp that were bearing eggs during the winter.  In spite of 

staff testimony that no bilogical basis for the closure could be justi- 

fied, the Oregon Fish Commission established an open season from March 1 

to October 31 effective in 1965. 

After 1966, the introduction of pre-steam blanch peeling machines 

and new processing facilities produced a substantial increase in landings. 

The late 60's saw the development of the separator trawl and the end of 

mesh restrictions. In 1969, the first double-rigged shrimp vessel 

entered the fishery and demonstrated increased catch per unit of effort 

over the single-rigged trawl. This encouraged the conversion of some 

single-rigged shrimpers and the importation of larger double-riggers 

from the Gulf of Mexico. 

In 1972, the season was reduced to run from April 1 to October 15, 

as it has remained to date. The Fish Commission staff had recommended 

the adjustment because of a desire to protect all gravid shrimp. 

As Zirges and Robinson report: 

"For the period 1972-1976, increased fishing power, due 
initially to the shift to double-rigged vessels and later 
to the introduction of large high-opening box trawls, good 
market conditions and a shift in vessels from the depressed 
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fishery, raised Oregon landings to an average of nearly 
23 million pounds per year" [88, p. 5]. 

Landings jumped to 48 million pounds in 1977 and to nearly 57 million 

pounds in 1978, as new vessels entered the fishery along with the old 

to take advantage of high abundance and good market conditions. Table 18 

shows the growth of the shrimp fleet. 

Harvests did not continue to increase in 1979 Cor 1980) and actually 

decreased to slightly over 29 million pounds.  The increased levels of 

effort were not believed to have affected stock productivity; however, 

this aspect of fishing activity continues to receive careful study. 
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a/ 
Table 18. Number of Vessels Landing Shrimp in Oregon, 1957-1980.— 

Year Total Vessels Single Rigged Double Rigged 

1980 27(£/ --   

1979 203 67 136 

1978 187 69 118 

1977 103 44 59 

1976 87 39 48 

1975 92 49 43 

1974 113 64 49 

1973 87 64 23 

1972 67 57 10 

1971 57 51 6 

1970 56 54 2 

1969 53 52 1 

1968 41 41   

1967 45 45   

1966 26 26   

1965 24 24   

1964 29 29   

1963 27 27   

1962 29 29   

1961 11 11   

1960 11 11   

1959 21 21   

1958 15 15   

1957 7 &   

a/ 
— Zirges and Robinson [88] and unpublished data, Oregon Department of 

Fish and Wildlife.  In the development of data for this research, 
the author discovered some minor differences between his vessel 
counts and those of Zirges and Robinson for 1974-1980. The differ- 
ences are minor and probably result from landings by transient 
vessels, which were counted by the author. 

— Shrimp permit system established in 1980 (see Table 3). 

c/ 
— Beam trawl gear. 
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CHAPTER III 

THEORETICAL FRAMEWORK FOR MULTI-PURPOSE FLEET ANALYSIS 

Some Preliminary Considerations 

The traditional literature (e.g.,  Gordon [34], Scott [76]) in 

fisheries economics has been quite useful in analyzing the main long-run 

consequences of commercial utilization of free access fishery resources. 

Other more complex bioeconomic models have been developed to describe 

socially optimal harvest policies under economically and biologically 

dynamic conditions. 

Most of the models from the kinds of literature suggested above 

either were not intended for empirical use or may be difficult to adapt 

for empirical use. For the purposes of this project a model was needed 

that would focus on the behavior of individual vessels Cor fishing 

firms) operating in free access fisheries. 

Because of the multi-purpose character of the Oregon trawl fleet, 

the model used should be either a multi-fishery model or roughly adapt- 

able to such a situation. Both short-run and long-run (bio-economic 

equilibrium) effort and harvest levels may be of interest to fisheries 

managers, so the model should have potential for describing both the 

short-run and the long-run. 

If the model is to be used in empirical work, it should permit 

the use of biological and economic information in the forms collected 

by fishery management agencies. This is a practical necessity because 

the time and money costs of gathering harvest and vessel activity in- 

formation in other formats probably would be prohibitive. 
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Finally, it is desirable that the model be structured so that 

aggregates of individual vessel activities can be analyzed (along with 

the individual activities separately). This would aid in applying any 

empirical results to fishery management problems where the impacts of en- 

tire fleets of fishing vessels on fishery resources need to be assessed. 

One model which has many of the characteristics suggested above 

is Anderson's [1] [2] model of the relationship between firm and fishery 

in common property fisheries. Anderson argues that his model represents 

the integration of the theory of the firm (under perfect competition) 

and the traditional theory of commercial fishing. He further argues that 

his model has more potential for empirical use because it "focuses 

attention on the level of fishing effort as the output of individual 

fishing vessels rather than on the catch rate...". Further, it does 

allow for the use of catch per unit of effort data collected by fishery 

management agencies. 

The model is best discussed with reference to Figure 1, which shows 

the relationships between vessel and firm in long-run open access and 

maximum economic yield situations. The left panel depicts the situation 

for a typical vessel; the right panel is for the fishery as a whole. 

Assume that sustainable yield from the fish stock is a single- 

valued function of effort and stock size, and that stock size itself is 

a function of effort.—  Then sustainable yield is determined by total 

effort. Assume also that the ex-vessel price of the fish is constant. 

Then production and revenue from the fishery are determined by the total 

level of effort. 

—  Note that effort is measured in standardized units so that effort in 
the left panel of Figure 1 is additive and comparable to aggregated effort 
in the right panel. The actual practice of effort standardization may be 
quite difficult empirically.  For purposes of exposition the problem can 
be ignored by assuming a fleet of identical vessels. 



R2 \_ 

Ro > C i 

FISHERY 

LMC=LAC 

Figure 1.  Relationships Between Vessel and Fishery:  Long-Run Open Access and Maximum Economic Yield 
Situations. 
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Catch per unit of effort and average revenues per unit of effort 

(LRVAPg) are parameters determined in the fishery that individual vessels 

take as given. Anderson suggests that the LRVAPc curve may be thought 

of as a derived demand curve for effort. The downward slope of LRVAPg 

is assumed to be the result of the long-run effects of effort on stock 

size. 

Cost is taken as a function of effort, determined at the vessel level 

by characteristics of the vessel and units of effort (e.g., fishing days) pro- 

duced. This assumes that gear competition and crowding externalities 

do not exist. Essentially, gear competition and crowding externalities 

are external effects on the cost function of the individual vessel which 

may occur when congestion occurs on a fishing ground as the result of 

interactions among vessels.  (See the more detailed discussion in the 

last section of this chapter.) 

Then, cost is controlled at the vessel level as represented by the 

cost curves in the left panel of Figure 1. AVCg and ATCg are the aver- 

age variable and total cost curves for the vessel's effort production. 

MCg is the vessel's marginal cost of effort curve. That portion of MCg 

above AVCg may be thought of as the vessel's supply curve of effort. 

Returning to the right panel of Figure 1, LRVMPg is the fishery-wide 

marginal revenue curve, and represents the social marginal value of 

effort. The EMC curves are the fishery-wide supply curves of effort for 

fleet sizes of Ki and K2 vessels, respectively.  (Note that this is true 

because it has been assumed that there are no crowding externalities or 

gear competition.) 

SRVAPp0 and SRVAPg1 are short-run return to effort curves. They 

will be discussed in the next section. 
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In an open access fishery with Ki vessels, long-run equilibrium is 

determined by the intersection of LRVAPp and EMC. The corresponding 
Ki 

average return per unit of effort is Ro, which each vessel owner takes 

as the perceived marginal return per unit of effort. Profits are maxi- 

mized by producing Eo units of effort, at which level perceived marginal 

return equals its marginal cost. All of these things are assumed to 

occur simultaneously. 

If there were fewer vessels, say Kz,   in the fleet to begin with, 

the fishery-wide supply curve of effort would be EMC and the marginal re- 

turn perceived by each vessel owner would be Ri. Each vessel owner would 

increase his vessel's effort level to Ei, producing a fishery-wide level 

of effort equal to Ei.  In this case, each vessel would be making more 

normal profits and entry into the fishery would be encouraged. Entry 

would continue until average returns per unit of effort were reduced 

to the same level, Ro, as the minimum point on the ATCg curve. At this 

point there would be Ki vessels each producing EQ units of effort for a 

total of Eo units of effort fishery-wide, produced at constant long-run 

average and marginal costs, LAC and LMC. 

Anderson next discusses the attainment of long-run maximum economic 

yield (MEY) in the fishery. MEY is achieved where the value of the 

marginal product of effort equals the long-run marginal cost of effort 

production.  In the right panel of Figure 1, this occurs at E2 units of 

effort. However, in order to reach MEY, fleet size must be reduced from 

Ki to K2 and each vessel's effort level must be constrained at level Eo 

Csee left panel). 

If this can be done, each vessel will be earning a share of the "re- 

source rent" equal to (_Rz  - Ro) per unit of effort. An interesting point 
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to all this is that even if the number of vessels is restricted, MEY 

will not be achieved without the constraint on individual vessel effort 

2/ 
production. This implication— for limited entry programs was not ap- 

parent in the analysis of the traditional model (e.g., Gordon [34]) be- 

cause variations in individual effort levels were ignored. 

Because this thesis is concerned with the short-run behavior of 

multi-purpose fleets under open-access, the discussion of MEY will not 

be pursued further. The essential concepts that will be used are the 

notions of using effort as the unit of vessel production, and using 

average returns (ex-vessel price times catch per unit of effort) as the 

perceived demand for effort in a fishery. 

A Two Fishery Model 

Assume that the perceived return to effort for a vessel in an open 

access fishery is determined in the fishery as a whole. As in Anderson's 

single fishery model. Figure 1, there is a short-run average returns to 

effort curve (SRVAPj:) which serves as a short-run fishery-wide demand 

curve for effort. For each fishery, this curve "shows how the return 

per unit of effort changes as total effort is changed and hence shows 

the effect fishery-wide changes in effort will have on return to the 

individual boat" [2, p. 59]. 

The SRVAPg curve is pictured in Figure 2 as downward sloping. It 

is not as steeply sloping as the LRVAPE from Anderson's exposition be- 

cause long-run stock effects (stock externalities) are not reflected in 

the slope of the curve. One can best think of SRVAPg as applying in a 

21 
—     See Anderson ([1] [2]) for a brief discussion of problems with the 
British Columbia salmon limited entry program. 
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Figure 2. Relationship Between Short-Run and Long-Run Average Returns to 
Effort. 
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fishery for a short period of time. That is, the downward slope of the 

SRVAP may occur because of the effect that increasing amounts of effort 

have on the catch per unit of effort within a particular area and time 

period. This is not the kind of long-run effect on the popu- 

lation from reduced reproduction implied by the long-run curve, LRVAPg. 

It merely reflects the assumption that the increasing of fleet fishing 

effort on a particular biomass beyond some total fishery effort level 

may result in a diminishing average return to the period's or season's 

effort.  For example, in the Dungeness crab fishery, there is a fixed 

number of legal size male crabs in the traditional fishing grounds along 

the Oregon Coast in any one season. Heavy fishing reduces the density 

of legal-size crabs on the grounds so that, as the season goes on, catch 

per pot-day will decline, bringing down the seasonal average catch per 

pot-day.  CThis may also lead to a compression of the profitable season 

into a shorter period of time. The effect may also be to stimulate 

exploration of more distant fishing grounds. Cost per unit of effort 

would probably increase in these cases due to additional travel and ex- 

ploration time.) The effect of the heavy fishing on long-run stock pro- 

ductivity is probably negligible because the size and sex regulations 

effectively prevent damage to the reproductive capability of the stock. 

Each point on the LRVAPg curve can be considered to be a point on 

the relevant SRVAPg curve. For example, two SRVAPg curves are drawn in 

Figure 2. Higher biomass density levels associated with SRVAPg0 might 

be a reasonable explanation of the higher average return at each level 

of effort. 

The relationship between SRVAPg and LRVAPg may not be as pictured. 

Stocks that fluctuate radically from year to year could not be repre- 
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sented in this fashion, while stocks whose growth/mortality responses 

are described by the Schaefer or Generalized Stock Production models 

can be. However, in any short period beginning with some biomass density, 

it is reasonable to represent the returns to effort by a SRVAPg curve. 

The equilibrium average return to effort is determined by the inter- 

section of the VAPg curve and the fishery-wide supply curve of effort. 

In Anderson's single fishery model, this fishery-wide supply curve is 

constructed by summing the individual vessel marginal cost curves. When 

a fleet is composed of vessels capable of fishing in more than one fishery 

(such as the bottomfish and shrimp fisheries) the analysis must be modi- 

fied.  It is likely that the supply of effort to one fishery and the 

supply of effort to the other fishery or fisheries are interrelated. 

In a short-run model involving two fisheries, we take a SRVAPg 

curve to be the relevant returns to effort curve for each fishery. The 

situation depicted is also short-run in the sense that entry and exit 

of vessels from the combined fisheries vessel population is assumed not 

to occur during the period. 

In Anderson's single fishery long-run model, shifts in the fishery- 

wide supply curve of effort are produced by the entry or exit of vessels. 

In a multiple fishery model, shifts in one fishery-wide short-run supply 

curve of effort might also occur because of shifts in the SRVAPg curve 

of the other fishery. 

3/ 
An initial short-run "equilibrium"— in both fisheries might look 

like those depicted in Figure 3. Where there are no other constraints 

3/ —  This refers to an "equilibrium" in the sense that none of the vessels 
operating in either fishery would reallocate effort. Entry or exit may 
occur at the start of the next period due to above-normal profits, sub- 
normal profits or seasonal regulations; reallocation may occur at this 
time due to shifts in the SRVAP's. 
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on the amount of effort a vessel can produce, the individual vessel equili- 

brium levels of effort in each fishery would be at e^0 and 62°, as de- 

picted in Figure 3. The following model describes a situation where the 

revenues and costs experienced by a particular vessel are functions of 

effort. 

The revenue function for a vessel operating in fishery i in a parti- 

cular period is: 

\ =  ^Cf^ i = 1,2 CD 

where f. equals physical yield of fish. Assuming f. is a function of the 

effort applied by the vessel in fishery i. 

f-fiCe.). C2) 

Then, 

R. = R.If.CeJ] C3) 
1   11 1 1 J 

and 

3R.   3R.  3f. 

3e.  3f.  3e. L J 

111 

where both R. and f. are assumed to be well-behaved continuous functions 
1     1 

with first and second order derivatives. Interpreting (4), 

3R. 
-— = perceived marginal (and average) return (in $) per unit 

i  of effort in fishery i for the period 

3f. 
—— = perceived MPP^ and APP^ (or catch per unit of effort) in 

i  fishery i for the period 
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9R. 
——■ = Pj^ = constant (by assumption) ex-vessel price of catch in 

i      fishery i for the period. 

Excluding the possibility of large incidental catches of the species 

targeted in the other fishery j from effort applied in fishery i. 

3R. 

i i ^ 3 

A simple cost function for this model is: 

C = C(e., ej + I C5 ) 
i  j 

where it is assumed: 

^i* j   _    _ marginal cost of effort production in 
3e. fishery i;    i = 1,2 

32CCe., e.) rate of change of marginal cost of 
 — >_ 0        = effort in fishery i with respect to 

3e.2 effort production in fishery i; i = 1,2 

32CCe., e.) rate of change of marginal cost of effort 
—-———2— >^ o   = in one fishery with respect to effort pro- 

i j duction in the other fishery; i = 1,2, 
j = 1,2 and i ^ j. 

I   = capital costs for the period. 

The cost of switching from fishery to fishery within the period is 

assumed to be negligible. 

Assume the fisherman is a profit maximizer. A simple profit func- 

tion is: 

TT = RiCei) + RaCez) - CCei, ea) - I (6) 
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No effort constraint is specified here because the effective limitation 

on effort production in both fisheries is assumed to result from the in- 

creasing marginal cost of effort production within the period. The 

vessel's marginal cost of effort production in one fishery is assumed 

to be a function of the vessel's level of effort in both fisheries in 

the period.  In this short-run model, it is assumed that cost is per- 

ceived as independent of the number of vessels in the fleet. As depicted 

in Figure 3, the marginal cost of effort in fishery one, with 62 at the 

level 62°, is increasing. This might occur because increasing the 

effort level in fishery one with 62 = 62° can be done only by increasing 

the rate of effort production in fishery one.  Increasing the rate of 

effort production may require operating for a greater number of days in 

a period, increasing the amount of time actually spent fishing per day 

or trip or foregoing maintenance which might enhance the performance of 

the vessel during the period. The skipper and crew might eventually 

have to sacrifice leisure time, which may make them less efficient 

workers. Additional compensation might be necessary to induce the crew 

to stay at sea longer during a trip or period. 

Figure 4 is a simple representation of the relationship for the 

vessel between the marginal cost of effort in one fishery and the level 

of effort in the other fishery. Suppose a particular vessel was "scheduled" 

to operate at effort levels ei0 and 62°. But by operating at level 

62° in fishery two, the vessel would be producing too much effort in 

that fishery, for the last few scheduled units of effort would yield a 

negative net marginal revenue. To increase profits, the vessel's effort 

production should be rescheduled to produce less effort in fishery two. 

If effort in fishery one were held at e^0, the effort in fishery two would 
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be reduced to 62'. However, if the marginal cost of effort production 

in one fishery is affected by the vessel's level of effort produced in 

the other fishery, the relevant marginal cost curve for fishery one be- 

9C 
comes -r— 36} 

62=62' 
So, to increase profits, an increase in the produc- 

tion of effort in fishery one toward e^' would be called for. This, in 

turn, would shift the relevant marginal cost curve for fishery two. As 

shown in Figure 4, this hypothetical process could stabilize with effort 

allocated as ei'■ and 62'', and with the relevant marginal cost curves 
3C 
3ei 

and9C 

le2 = e2"    
9e2 ex = 6!" 

It should be noted that the fishery-wide effort supply curves would 

not be simple summations of individual vessel marginal cost curves. The 

derivation in Figure 4 was done under the assumption that all other 

vessels operating in either of the two fisheries had already determined 

optimal levels of effort, thus establishing the fishery-wide returns to 

effort at R^0 and R20. This analysis would need to be modified to de- 

scribe the vessel-fishery interactions for a typical (rather than parti- 

cular) vessel. A mathematical profit maximization model can be examined 

to see what would occur if such a stable allocation of effort exists. 

The problem is to: 

Maximize    TT = R1O1) + R2Ce2) - CCe]., e2) - I C?) 

The first order conditions for the profit maximization are: 

dTr = 0 ( 8 ) 

or, alternatively. 



and 

air 
9ei 

3RlCei) 
3ei 

3CCei,   e2) 
3ei 

=   0 

56 

C9) 

362 
3R2Ce2) 

362 

Equivalently, 

MRex = MCex 

and 

MRe2 = MCe2 

30(6!, eg) 
362 

(10) 

(9a) 

(10a) 

or 

NMRei = NMRe2 = 0 

The second order conditions for profit maximization can also be 

stated. Given dn = 0 at the profit-maximizing effort levels ej* and 

62*, it is required that d2TT be negative definite, 

d2TT < 0 (11) 

for a maximum.    This means. 

*ll  < 0 (TT22   <   0) (lla) 

and 

TU 

1T21 

TTX2 

^22 

>   0 (lib) 
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Condition  (Hb)  can be rewritten as: 

^11^22   "   1Tl27r2l   >   ^ CUc) 

Now TT. . < 0 implies that the net marginal revenue to effort in 

fishery i (>•) must be decreasing at the maximum profit levels of effort. 

Such a situation is depicted in Figure 3. The other second order condi- 

tion (lie) says that at Oi*, ©2*): 

9^ 92Tr 
- 

^ 32TI 

9e22 9e19e2 9e23ei 
> 0 CUd) 

If condition CHa)  requires that TTH  and 1122 both be negative,   then 

1711^22  is positive.    The terms TTH,  •n'22>  7rl2»  anc^ ^21  are: 

TTH 

Tr22  = 

3ZTT 

dei2 

9e22 

9 
9ei 

3Rl(ei) 

L    3ei 36! 

9 
362 

>>— 

3R2(e2) 
362 

30(6!,   e?) 
962 

= 32Ri(ei)       32C(e1,   62) 

961 3ei 

3R2(e2)   . 32C(e1,   e2) 

362' 0 62' 

C12) 

1TX2 
3^ 

9ei9e2      96^ 
9R2Ce7)   _  30(6!,   e?) 

962 362 
32C(e1,   e?) 

96^ 362 

1121 
32TT 

3ei3e2      362 
aRiCeQ       9C(ei 

3ei       ' 3e 
,  ez)! 32C(e 
1        J      '      3ei 

ei,   e?) 
362 

So we can rewrite the second order condition for a stable,  profit-maxi- 

mizing allocation of effort as: 
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32RT(e1)   _ d2C(e^,   e2) 

aei2 3ei2 

92R2Ce2)   _  32CCe1,   e2) 

362' 362' 

32CCe1,e2) 
3e13e2 

32C(e1, e2) 
36236! 

(13) 

> 0 

This condition must hold for the projected allocation (ei*, 62*), which 

maximizes profit. 

If TriiT'22 ~ ^12^21   >  0 ^ut ^l 1 > Q>   then (ej*, 62*) is a minimum pro- 

fit allocation. If ^111122 - 1Ti27r2li= 0 an^  not all TT. • = 0 (i,j = l,2), then 

(©!*> ©2*) is a saddle-point, and not a maximum point.  In either of 

these cases, a reallocation of effort would produce a higher level of 

projected profit. There is a limit, of course, to this reallocation, 

which has not been explicitly stated as a constraint.  It is that ej >_ 0 

and 62 ^_ 0.  It is quite possible that a fisherman would choose to 

schedule all his vessel's effort for the period in one fishery, parti- 

cularly if the net revenue per unit of effort is high in that fishery 

compared to the other.  It is also quite possible that, given low prices 

or low catch rates in both fisheries, he would decide not to fish at all. 

Finally, there is a global requirement, which would have to occur in the 

long-run, that total profit be non-negative. 

It may be more reasonable to model the problem as one of the fisher- 

man's allocation of a limited amount of fishing time among those fisheries 

in which he has the capability to operate. If so, in any short period, 

an equilibrium situation of the type shown in Figure 3 may not be the 

binding restriction on net revenue. The time available for fishing may 

be the binding constraint. 

Recasting the analysis to show this time constraint, assume the 

skipper of a vessel is a profit maximizer. Under this behavioral assump- 
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tion, a model of how he decides to allocate fishing time can be developed. 

A two fishery model is presented first. 

Suppose the revenue earned in each fishery in a period is 

R. = R.(f.), where f. is the physical yield of fish (say, in pounds) 

from fishery i. Let 

f. = f.(T.) 
i   11 

wh ere T. is the days fished in fishery i for the period. Then, 

R. = R.(T.) 
i   ii 

and 

8R.   9R.  9f. 
 i _  i .  i 
3T. " 3f. " 3T. 
ill 

3R. 
TTp— is the perceived marginal return to a day of fishing in fishery i. 

i 

3R. 3f. 
■r-£— = P. is the ex-vessel price for the period in fishery i; •?=—   is the 
ox •     1 o1 . 

1 1 

marginal catch per day of fishing in fishery i and, by assumption, the 

average catch per day of fishing, too. 

Assume the costs of operating the vessel are given by C(Ti, T2), 

where T. is the number of days spent fishing in fishery i. Also, assume 

capital costs of I per period. 

Digressing, in Figure 3, above, the marginal cost of effort curves 

were shown as increasing with the amount of effort produced in a fishery 

for the period. Determination of the actual form and parameters of a 

vessel's cost function is, of course, an empirical problem. The marginal 
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cost of producing effort may be constant or actually decline over a range 

of effort. Eventually, for a particular vessel, this marginal cost would 

tend to rise as the rate of effort production increases. Otherwise, at 

least hypothetically, one might observe the vessel producing extremely 

large amounts of effort in a short period of time and taking all the 

catch in the fishery. 

In this short-run model, operating cost is specified as C(Ti, T2), 

but nothing is assumed about the second partial derivatives of the cost 

function.  Instead, the fisherman is likely to be constrained by the 

number of days available for fishing in the period. Capital costs for 

the period are designated by I. Profit for the vessel is: 

TT = RxCTi) + R2(T2) - CCTi, T2) - I-7 (14) 

The time constraint is: 

Tl + T2 + TL = T (15) 

where 

T = total days in the period 

Tj = days scheduled to fish in fishery 1 

T2 = days scheduled to fish in fishery 2 

T. = days not available for fishing due to weather, main- 
tenance requirements or the need for rest and leisure. 

4/ —  Note that the equation could be rewritten in terms of effort (e.) 
rather than time fished. Suppose t^ is the number of trawling hours 
fished per day. Then ei = tiTi. The number of trawling hours per day 
could vary for a number of reasons; thus, there is no reason to assume 
ti would be constant. 
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Assume that TT is exogenously determined by such things as weather con- 

ditions, time required for maintenance and time required for rest and 

leisure. In reality, days of maintenance and leisure may be reduced, 

postponed or foregone entirely for a variety of reasons. 

To develop the necessary conditions for profit maximization, form 

the Lagrangian expression: 

L = RxCTi) + R2(T2) - CCTi, T2) + X [T - CTi + T2 + TL) J       (16) 

The necessary or first order conditions are: 

Ll , Ik. = 3RiCTi) _ acd,, T2) 
1   3T!    3T!       3T! l  J 

3L . 3R2(T2)  aCCTx, T2)     _ n (18) 

3L 
'X ~    dX     - * - v*i ■ *z ■ *L^ L, = ~- = T - (Ti + T2 + TT) = 0 (19) 

From equations (17) and (18): 

3Rl(Ti)   SCCTT, T2)      3R2(T2)   3C(Tlf T2) (20) 
3T!   "  3T!     ~      3T2   "   3T2 

The obvious interpretation of the first order conditions is that at 

any profit-maximizing allocation of time between the fisheries, the net 

marginal revenue which could be obtained in one fishery must equal the 

net marginal revenue which could be obtained in the other fishery. 

Otherwise, it would be possible to increase profit by reallocating time 

from one fishery to the other. However, some care must be taken in 

interpretation. The obvious interpretation is valid only when:  (1) both 

net marginal revenue expressions are non-negative; and (2) the net mar- 

ginal revenue obtained in one fishery does not exceed the net marginal 
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revenue that can be obtained in the other fishery throughout the entire 

fishing time available for allocation, T - TL, during the period. For 

example, it is possible that NMR1  >  NMR2 > 0 for all ?! < T - T .  It 

is also possible that NMR2 = 0 for all T2 in a particular period and 

NMRj > 0 for at least some li  in the range 0 < Tj < T - T..  In either 

case, the profit-maximizing allocation of days would be for some days in 

fishery 1 (Ti > 0) and T2 = 0, provided that total revenues would exceed 

variable costs for the period. 

A look at the second order conditions for profit maximization will 

be helpful. Rewrite the Lagrangian and first order conditions as follows: 

L = irCTi, T2) + X[T - (Ti + T2 + T.) ] 

Li = in \  =  0 

L2 = 772 - X = 0 

lx  = T - (Ti + T2 + TL) = 0 

Then, the second order conditions can be written as: 

Lii = m < 0» J22 = 7722 
< 0 (21) 

and 

Lll L12 -  1 

L21 L22 -  1 

-1 -1 0 

>  0 C22) 

From the first order condition. 

^ 
and 12- « 1, 

A 
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and since L..  = TT. .  because X is a constant. 

TTH 

r21 

-"V, 

r12 

T22 -    TTc >   0 

Expanding equation  (23), 

or 

■no ■"'iTr? ifi-n? 
-irii-*—    + TT12  —»—^    +  ir2i  -^ - ■^22 >  0 

(23) 

Next,  multiply by X2 and assume Tri2 = ^21  t0 get: 

2iTi2'Tl'n'2   " 7:111T22   "  'n'22'n'l2   >  0 (24) 

In Figure 5, -rz—   measures the slope of the "constant net revenue" 

contour TI-QTTQ  at any allocation of Tj and T2.  Only those combinations 

of Tx and T2 on the line Tj + T2 = T - T. (or combinations nearer the 

origin with Ti >_ 0 and T2 >^ 0) are feasible. The rate of change of the 

slope of a constant net revenue contour is: 

d To 1     , 2       i 2i 
 f-=   011*2      "   2lr 12n^2 +1T227T1   J 
dTi2        TT23 

(25) 

The term in parenthesis in equation (25) is the same as the second order 

condition in equation (24) except for the signs. Therefore, when the 
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constant net 
revenue contour 

^o" 

Figure 5. Multi-Fishery Profit Maximization. 
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d^T 
second order condition is satisfied,  2. > 0, as for curve (contour) 

dTi2 

TTQTTQ  in Figure 5. 

The interpretation of all this is that the second order condition 

for profit maximization is satisfied in this model only when the constant 

net revenue contour is convex to the origin. As mentioned earlier, it 

is quite likely in a short period that all fishing time will be allocated 

to one fishery.  (See the constant net revenue contour TTO'TTO' in Figure 5.) 

In fact, if it is assumed prices, catches per day and operating costs per 

day are constant throughout a short period, then a "corner solution" 

would always be projected, as shown in Figure 5 for TTO'^O' a't T21' For 

longer measures of time, extending over several short periods, when fluctu- 

ations in prices and catch per unit of effort can be measured, multiple 

fishery activity might be predicted on the basis of several iterations 

of the model. 

The Lagrange multiplier, X, is the marginal net revenue which could 

be obtained if the time constraint were relaxed by one unit.  In the 

case where the time constraint is binding, X is greater than zero be- 

cause the marginal net revenue from an additional day of fishing within 

the period would be positive.  If the model were more flexible, there 

would be an imputed value to a day used for maintenance or for leisure. 

This cannot be reflected explicitly because of the assumption that (T - T.) 

is strictly exogenously determined. 

In addition to the first and second order conditions, a total profit 

condition must also be satisfied. In the long-run, the vessel owner/ 

operator would require IT   > 0. In the short-run, operating revenues 

would be expected to exceed operating costs in any period. If the latter 

condition did not hold, the firm would do better by not fishing at all. 
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The possibility of long-run below "normal" pecuniary profits has been 

discussed elsewhere.— 

Economic Literature on Multi-Purpose Fleets 

A recent draft paper by Anderson [4] contains an analysis of the 

allocation of fishing time using a time constraint that is an inequality, 

not an equality as in the previous model. The treatment is similar to 

the application of Kuhn-Tucker optimization methods in the analysis of 

a multi-product firm [68, 64, 69, 26]. The multi-purpose vessel is 

treated as a multi-product firm producing two products with one fixed 

"input"--the fishing time available to commit to either or both fisheries. 

It may be more accurate to describe the fixed input as the vessel com- 

plete with equipment, skipper, and crew. 

The purpose of Anderson's paper was to "provide a detailed discus- 

sion of multi-purpose fleet behavior using several static models" [4]. 

Specifically, his goal was to describe both individual vessel and fleet 

behavior for open access long-run equilibrium and maximum economic yield 

situations using two-fishery models. This thesis (as opposed to Anderson's 

paper) is concerned primarily with the short-run behavior of multi-purpose 

vessels. There is much in Anderson's models that can be applied to the 

short-run situation to clear up some ambiguity in the models of the pre- 

vious section.  In particular, the models and Kuhn-Tucker methods used 

by Anderson explicitly permit a corner solution (to the fishing time 

allocation problem), that is, a vessel's allocation of the entire 

period's fishing time to one fishery. 

—  A brief recapitulation of the discussions on this subject in fisheries 
economics literature can be found in Scott [77]. Anderson [3] has an 
interesting discussion of the worker's satisfaction bonus (WSB). 
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The first model presented is for a multi-purpose fleet of identical 

vessels operating in two fisheries, where switching from fishery to 

fishery is permitted at any time. The following notation is used for 

variables of interest: 

N    =    number of multi-purpose vessels in fleet 

Pi, ?2 = constant output prices 

Ci, C2     =    constant operating costs per day in each 
fishery 

I     =    annual capital cost 

ti, t2     =    days fished in fisheries 1 and 2, per 
vessel 

Xi = Xi(Nti)     "^   sustainable catch rate equations for 

x2 = x2(Nt2)      J    £isheTy 1 and 2 

r
l = CP1X1 - Ci)     "^   net operating return per day fished in 

r2 = CP2X2 - C2)     J        each ti^ry- 

There are several differences from the formulation in the last section. 

First, sustainable catch per vessel per day is a function of the number 

of vessels in the fleet and the number of days fished. Fishing effort 

is measured by days fished, and the sustainable catch equations describe 

the long-run impact of fishing on the stocks and hence, on catch per 

day. 

Second, operating cost per day of fishing is assumed constant. Thus, 

declining net return per day comes from diminishing marginal productivity 

per day fished—that is, from the revenue side rather than the cost side. 

This does not mean that the individual operator causes his own return 

per day to decline throughout the period. The catch per day (and return 

per day) is a parameter to each vessel.  Instead, the marginal produc- 

tivities per day fished are function of fleet size, N, and fleet days fished. 
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In Anderson's first model, T represents the maximum possible days 

fished per year for a vessel, taking weather, repair time, and other 

things into account. The constraint on days fished is that ti + t2 <_ T. 

The model can be expressed as follows: 

Maximize 

TT = (PiXi - CJt! + (P2X2 - C2)t2 - I 

subject to 

T - tl - t2 >_ 0 

tl >_ 0 

t2 >_ 0 

Kuhn-Tucker methods can be applied to this problem if: 

a. The set of constraints must define a feasible region 

which is everywhere convex. 

b. For a local maximum the original objective function must 

be concave in the neighborhood of the maximum point — [5 ]. 

To accomplish this maximization, form the Lagrangian: 

L = irCtx, t2) = XCT - tx - t2). 

The necessary conditions for a maximum at (t^0, t2
0) are: 

at! 
< 0 (26) 

—  For a more rigorous discussion of the conditions in which the Kuhn- 
Tucker necessary conditions are sufficient for a maximum, see Roberts 
and Schulze [73], especially the section on Arrow and Enthoven's quasi- 
concave programming theorems. 
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3L_ 
3t2 

< 0 (27) 

3L 
at! • ^1 = 0 (28) 

9L 
3t2 

• tz = 0 (29) 

9L 
3X 

> 0 (30) 

3L = 0 (31) 

> 0 (32) 

> 0 (33) 

AL > 0 (34) 

It will be useful to examine these conditions as applied to the model be- 

cause they clarify some situations (i.e., corner solutions) suggested in 

the previous section, but not explicitly permitted in the equality time 

constraint model. The necessary conditions which must hold at a profit- 

maximizing allocation of time are: 

n - x 

T2   - X 

tito - X) 

<  0 

< 0 

= 0 

(26a) 

(27a) 

(28a) 
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t2 - (r2 - A) =0 (29a) 

T - t1   -  t2 >_ 0 (30a) 

X • (T - t! - ta) = 0 (31a) 

ti >_ 0 (32a) 

t2 >_ 0 (33a) 

X ^0 (34a) 

The Lagrange multiplier, X,   is interpreted as the opportunity cost of 

the constraint T - tj - t2 ^_ 0. 

There are three patterns (cases) of fishing time allocation which a 

vessel might have under the necessary conditions: 

Case A. t^ > 0, tj0 > 0 

1. n0 = r20 = X0 > 0; t^ + t20 = T 

2. V = r2
0 = X0 = 0; t^ + t20 < T 

Case B. t^ > 0, t20 = 0^ 

1. n0 = X0 > 0; r!0 > r20; tj0 = T 

2. r!0 = X0 = 0; r^ > r2
0; t^ < T 

Case C. tx0 = 0, t20 = 0 

1. Ti  <  0; r2 < 0; X = 0 

—  The case where tj0 = 0 and t20 > 0 is essentially identical to this 
case, so it is not listed. 
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Case A.l is a solution permitted with the equality constraint model, 

where the total time constraint is binding. Case A.2 is another solu- 

tion permitted by the equality constraint model where the total time con- 

straint is not binding. Cases B.l and B.2 are corner solutions not ex- 

plicitly permitted in the equality constraint model. In case B.l the 

total time constraint is binding; in case B.2 the constraint is not 

binding. Case C.l is an optimal allocation when no positive net oper- 

ating revenue are possible in a particular period due to some combination 

of low prices, low catch rates, or high operating costs in both fisheries. 

In cases A.l and B.l, the opportunity cost of the time constraint 

O) is positive. This is because if additional time were available for 

fishing it would be used to fish and to increase net operating revenues. 

In cases A.2 and B.2, the opportunity of the time constraint is zero. 

Because net operating revenues from an additional unit of fishing time 

would be zero, there would be no reason to want additional fishing time. 

In this model, as in the equality constraint model, there is no explicit 

way to have a positive "shadow price" assigned to time used for mainten- 

ance or for rest and leisure.  In reality, it is likely that one would 

observe cases where positive net operating revenues could be obtained 

from additional days of fishing in a period, yet the vessel would not 

fish those days. The alternative use of those "idle" days must have an 

implicit worth greater than the net operating revenues foregone. 

Because he is interested in describing the behavior of vessels in 

an open access equilibrium situation, Anderson adds a tenth condition 

to the Kuhn-Tucker conditions. The condition is that the annual profit 

rate per vessel is zero. When this occurs, entry to or exit from the 

fishery will cease. The equilibrium size of the fleet of identical multi- 
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purpose vessels is thus determined. For purposes of this thesis, the 

equilibrium zero profit condition will not necessarily be assumed to 

hold from period to period. 

Following Anderson, one can graph the possible fishing patterns 

suggested previously (see Figures 6 and 7). Total time, T, and times 

ti and t2 allocated to each fishery are plotted on the horizontal axis, 

while net operating revenues are plotted on the vertical axis. 

In cases A.2 (with tj + t2 < T) and B.2 (with tj < T) there is 

"idle time" projected on the graphs. Anderson argues that this "idle 

capacity," as he calls it, will probably not exist under open access 

equilibrium. Under equilibrium, the number of vessels will adjust 

through entry or exit to the point where (for case A.2)   the ^ and r2 

curves intersect at a level I/T. The "range of idle capacity" [4] 

occurs only where long-run profits are negative; hence, there could not 

be a long-run equilibrium in this case. 

In the short-run such situations are permitted. Furthermore, with 

the fluctuating biomass levels one sees in many fisheries, one could ex- 

pect to see some periods with idle time and other periods with returns 

substantially above I/T. 

Anderson continues his analysis to provide a complete description 

of the static long-run open access equilibrium situation. This includes 

the determination of the open access equilibrium fleet size and the dis- 

tribution of effort between the two fisheries. 

A summary of the analysis of the attainment of static maximum 

economic yield (MEY) for a multi-purpose fleet follows. Several essen- 

tial differences in the MEY analysis are worth discussion. First, the 

size of the fleet is directly addressed as the number of vessels in the 
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Case A.l. 

Case A.2 (1st vari 
ation 
ti + tz = T) 

Case A.2. (2nd 
variation 
tl  +  t2 < T) 

Figure 6. Fishing Time Allocation, Cases A. 
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Case B.l. 

Case B.2, 

Figure 7. Fishing Time Allocation, Cases B. 
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fleet becomes a decision variable along with the allocation of fishing 

days between the two fisheries. 

It is necessary to address the question of fleet size because of 

the potential effect the introduction of an additional vessel will have 

on the profit levels of the remaining vessels in the fleet. Because con- 

stant ex-vessel prices are assumed in the model, effects on consumer 

surplus need not be considered. Thus, MEY is equivalent to the maximum 

profit situation for the fleet as a whole. 

Second, returns per day fished cannot be taken as a parameter for 

the individual vessel. Decisions on a vessel's production and allocation 

of effort must take into account the stock effects of expanding effort 

on all other vessels. 

The essential differences between open access equilibrium and MEY 

are: 

1. The allocation of days fished at any given fleet 

size will not, in general, be the same. 

2. The optimum number of vessels at MEY will be less 

than the open access number. 

3. Average revenue per vessel will be higher under 

MEY. 

4. There will generally be too many boats and an im- 

proper allocation of effort under open access. 

These differences lead Anderson to conclude for policy recommenda- 

tion purposes that regulation of a multi-purpose fleet will require the 

specification of both fleet size and effort distribution. If the number 
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of vessels is controlled, through a license moratorium for example, 

but not at the MEY level, then the control of effort distribution will 

still lead to an improvement in terms of industry profit.  Idle capacity 

should exist in this case. 

Finally, Anderson repeats the open access and MEY analysis with a 

different model. In this second model it is assumed that the two species 

can be harvested only at different times of the year. This model will 

not be discussed because the first model better describes the Oregon 

trawl fleet situation. 

In a concluding paragraph Anderson suggests directions for future 

work: 

"For one thing the model is static whereas to get a complete 
picture of optimal utilization, a dynamic analysis is neces- 
sary. In addition the current model looks at switching be- 
havior only from an annual point of view. The analysis 
would be much more robust and much more useful for policy 
analysis if it could consider switching on a week-to-week 
or even a day-to-day basis. Mathematical programming may 
be one way of attacking this aspect of the problem" [4]. 

There are several other pieces of literature on multi-purpose fleets 

(see Meany [59] and Huppert [46]D•  Both are concerned with the manage- 

ment of such fleets and movement toward optimal fleet size, whereas this 

research has been more concerned with the identification and behavior of 

multi-purpose trawlers in Oregon under free access. 

Meany advances five reasons why fishermen may choose to buy and 

operate multi-purpose vessels:  (1) changes in relative abundance of 

different fish, (_2)  changes in relative prices, (3) seasonal factors, 

(4) differential changes in gear costs, and (5) skippers' personal pre- 

ferences. The suggestion is that the fisherman's decision to change 

fisheries will be influenced at least in part by whether or not it will 
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be profitable for him to do so. 

Meany demonstrates in a hypothetical four fishery example, the un- 

desired effects of the successive introduction of license limitation on 

the fisheries and multi-purpose fleet. As Huppert summarizes in his .re- 

view of Meany's article. 

"Eventually a bewildering array of single and multiple 
fishery licenses emerges. Under this system of limited 
entry there is far too much potential effort for some 
species (due to the inclusion of part participants), 
while at the same time some vessels have too little 
flexibility in fishing methods to survive the inevitable 
failure of recruitment in individual stocks" [46, p. 848J. 

Meany suggests a seven-point program for managing this kind of 

situation: 

1. Identify the fisheries that form part .of the multi- 

purpose multi-species mix and distinguish them from 

those fisheries which could be managed in isolation. 

CAn attempt to do this for the Oregon fisheries was 

presented in Chapter II of this thesis.) 

2. Freeze the number of vessels eligible to participate 

in the multi-fishery complex. 

3. Considering relevant biological, economic, social 

and political factors, determine an optimal number 

of vessels for the multi-fishery complex as a whole. 

4. If necessary, develop some strategy for reducing the 

number of boats to the optimum. 
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5. Introduce differential license fees for each of the 

fisheries to encourage fishermen to fish lightly- 

exploited fisheries more intensively, and heavily- 

exploited fisheries less intensively. 

6. Supplement the license fee system with landings fees 

and other restrictions when necessary to limit fishing 

efficiency. 

7. Refine and review estimates of the optimal number of 

vessels to reflect changing conditions in the fisheries. 

Adjust license and landings fees as required to reach 

the new optimum. 

In practice, none of these steps is particularly easy given the state 

of fisheries data development and the political factors involved. 

In his article, Huppert develops a two fishery model to show how 

fisheries managers might attack the third task—determining the optimum 

fleet size. 

Huppert suggests there are two separable aspects of economic 

rationalization, regulation of catch, and regulation of long-term commit- 

ment of resources to fishing and processing capital. His point here is 

that catch regulation will likely be accomplished through the interaction 

of biologists, fishermen, managers and economists; while further regula- 

tion for cost minimization will be developed largely by economists and 

appended to pre-existing catch regulations. 

Accordingly, Huppert discusses some considerations in determining 

optimal fleet size (for a two-purpose fleet) under the assumption of 

two different catch regulation schemes, fixed annual quotas and variable 
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annual quotas. The nice thing about the presentation is that it appears 

to be potentially useful. Only a brief summary of the variable annual 

quota case is presented here. 

Variable annual quotas may be necessary when environmentally caused 

variations in stock sizes produce variations in catch rates. This and 

fluctuating prices may result in occasional switching of the relative 

profitabilities between the two stocks.  If both fisheries are developed 

it is possible that neither stock could be relied upon to support a 

fishing fleet in every year. Thus, it is possible that a multi-purpose 

fleet would be more profitable and less risky Cfrom the fisherman's point 

of view) than two specialized fleets. 

Next, a joint probability distribution showing the probabilities of 

encountering various combinations of stock quotas is specified. Other 

assumptions are that vessels can fish up to a certain number of days 

per year, and that each vessel fishes the more profitable stock until 

the quota is reached. 

Huppert's analysis (which depends on the particular assumptions on 

quotas and profitability) shows that the optimal multi-purpose fleet is 

likely smaller than the optimal size of two separate fleets. Such ad- 

vantage is greater the more negative the correlation between stock 

abundances. The potential advantage is lessened if high gear acquisition 

or switching costs, higher enforcement or monitoring costs, or shorter 

fishing seasons Cwhich may increase processing and storage costs) are 

more associated with the multi-purpose fleet than the specialized fleets. 

Management implications are: 

1. Multi-purpose fleets are an economically rational re- 

sponse to economic and environmental variability. 
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2. Since profits per vessel fluctuate, any fees charged 

to inhibit entry or to extract rents for the public 

treasury should be flexible.  (Annual license fees 

cause hardship in lean years, while landings taxes 

fluctuate with the fishery.) 

3. With a multi-purpose fleet, there will be apparent 

excess effort for one of the stocks in most years 

and for all stocks together in some years.  (There- 

fore,) management of harvest rates must rely upon 

annual quotas or some other control besides fleet 

size. Limited access simply provides some long-run 

average control over effort. 

Specific Forms for Two and Three Fishery Models 

In this section specific functional forms are assumed for a typical 

multi-purpose vessel's revenue and cost functions in the equality time 

constraint model developed in the second section of this chapter. Sup- 

pose for a vessel capable of operating in two fisheries: 

RiCTi) = PiX^i 

R2(T2) = P2X2T2 

where 

P. = constant ex-vessel price for fishery i. 

X. = constant expected catch per day fished in fishery i. 

T. = days per period spent in fishery i. 
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Expected revenue per day spent in fishery i is p.x.; expected revenue 

per period for fishery i is P.X.T.. 

Assume a cost function of the form CCTi, T2) = ao + a-iTi2 + biTi + 

a2T22 + ^2^2 + gTiT2. This functional form is assumed for illustrative 

purposes because it could be used to describe a wider range of cost be- 

havior than could a simple linear function. 

To derive the first order conditions for profit maximization, form 

the Lagrangian expression combining profit function and constraint. 

L = PiXxTx + P2X2T2 - [a0 + a^!2 + biTi  + a2T22 + b2T2 + 

gTiT2] + X[T - (Tj + T2 + TL)] 

The first order conditions are: 

Ll = fjr- = P1X1  - [2alT1  *  b! + gT2] - X = 0 

L2 = |^- = P2X2 - [2a2T2 + b2 + gTi]   - X  = 0 

L3 = |Y = T - CTi + T2 + TL) = T - TL - (Tx + T2) = 0 

C35) 

(36) 

(37) 

The second order condition for profit maximization is: 

Lll 

L21 

-1 

L12    -1 

L22   -1 

-1     0 

From equations (35) and (36), 

> 0 

Ln = -2ai 

L12 = -g 

L21 = -g 
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L22 = -2a.2 • 

Therefore, the second order condition can be rewritten as: 

ai + a.2 >  g. 

The first order conditions can be used to obtain equations which 

describe the vessel's supply of days fished to each of the fisheries. 

From the first two conditions, 

PlXi - [2a!Ti + bi + gTz] - P2X2 - [2a2T2 + bz + g^]. 

Rearranging and combining terms, 

C2a1 - g)Tl  = PjX! - P2X2 + b2 - bi + C2a2 - g)T2. 

From the third condition, 

T2 = (T - TL) - Tu 

therefore, 

(2a!   - g)Tl  = P1X1   - P2X2  + b2   - bi   +   (2a2   - gKT - T.   - TJ 

2Ca1  + a2  - g)Ti  = bz  - bl  + P^   - P2X2  +  C2a2  - g) (T - TL) 

Solving for Ti, 

T,   » b2   - bi +  PiXj PZXZ + 
1       2(3!  + a2  - g)     2(3!  + SL2  - g)       2Ca1  + a2  - g) 

2a2  - g 

(38) 

2(ai  + a2  - g)CT " V 

Similarly, 
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T, ^ - b2  +  
?J^2 Pi*, 

^  2(a1 + a2 - g)  2(3! + a2 - g)  2(3! + a2 - g) 

2al - g  (T - TJ 

(39) 

2(a1 + a2 - g)      L 

These last two equations can be rewritten as: 

Ti = A0 + A1P1X1 - A2P2X2 + A3(T - T ) (38a) 

and 

T2 = BQ - BiPjXi + B2P2X2 + 63(1 - TL) (38b) 

The only reason these separate equations for Ti and T2 can be written 

without both variables present in each equation is because the equality 

time constraint was assumed to hold. Essentially what the equations 

suggest is that the fishing time allocated by a dual purpose vessel to 

a fishery is influenced by the returns available in both fisheries and 

the time available for fishing. Under the equality constraint model, 

time available for fishing is strictly determined by weather/ocean con- 

ditions, maintenance needs, and time required for leisure or other non- 

fishing activities. 

When the second order condition Oi + a2 > g) is satisfied, the para- 

meters of equations (38a) and (38b), Ai, A2, Bi, and B2 would be positive, 

which is intuitively plausible. Also, the size of the parameters of the 

cost function (a^ a2, bi, and b2) influence the allocation of days to a 

fishery. 

Measurement of fishery yield, when it occurs, is usually not ex- 

pressed as catch per day, but rather as catch per trawling hour. The 

model can be modified in response to this data limitation. Assume one 
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can measure catch per hour but not catch per day. Suppose catch per day 

is related to catch per hour as follows: 

X. = U.t., 
i   11 

where t. is trawling hours per day, and U. is catch per trawling hour. 

If one assumes t. is constant, the Lagrangian becomes: 

L = PiUitiTi + PzU2tz^2   + [a0 + alTl2 + bi?! + S-zTz2   + 

b2T2 + g^Tz] + X[T - (Ti + T2 - TL) ] 

Following through with the derivation of the first order conditions 

to produce equations similar to (38) and (39) one obtains: 

Tl = ,> ' b1 ,+ Tr h 7 Pi"! - Tr h 7 Wz 1  2(a1 + a2 - g) 2(3! + a2 - g)  i i  2^  + a.z  -  g) <■ ^ 

-, (40) 
+  2a2_1_g     _ 

2(3! + a2 - g)      L 

and 

T2 = 9r 
bl " b?-  > - ^7 ^ 7 P2U2- T7 h T Pl^l 2(ai + a2 - g)  2(ai + a2 - g) z z 2(ai + 33 - g)  i i 

+  2a? - g  (T - T ) 
2 (a! + a2 - g) U  1LJ 

(41) 

In this version, Ti and T2 depend on returns per hour in each fishery, 

days available for fishing and parameters of the cost function; they also 

depend on the parameters ti and t2, hours fished per day. 

In effect, ti and t2 are assumed to be constant throughout the 

period. This is a restrictive assumption since trawling hours per day 

in the shrimp and groundfish fisheries may vary with weather conditions, 

catch per tow (which is probably related to abundance) and crew size, at 

least.  In his study of the Washington otter trawl fleet Huppert [44] 
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found statistically significant relationships between hours fished per 

day and both catch, per unit of effort and crew size. 

Equations (40) and (41) are of interest because they suggest a direc- 

tion for empirical analysis. If one hypothesizes that expected gross 

revenues per unit time influence fishermen's decisions on allocation of 

fishing time, then this direction may provide the means for testing such 

hypotheses. 

Consider also the potentially useful information that could be 

developed from estimated versions of such equations. For example, 

suppose 

?! = A0 + AxPiUj + A2P2U2 + A3CT - TL)      e (42) 

Taking the total differential of equation (42) one gets: 

dTx = AiCUidPi + PidUi) + A2(U2dP2 + Psdl^) + A3d(T - T ). 

Assuming dTi is a continuous and well-behaved function, 

gL . A, (U^fl ) . A2 CU2^ ♦ P2|HZ., + As^ti     (43, 

Equation (43) suggests the effect of a change in ex-vessel price in a 

fishery on days allocated to that fishery may depend on the parameters 

and levels of variables in the system, and relationships between vari- 

ables. For purposes of deriving expressions such as (42) we have assumed 

away many of these interrelationships between variables. The empirical 

analysis in Chapter IV will follow along this path in order to concen- 

trate on what are felt to be a few of the most important variables ex- 

plaining the allocation of fishing time. 
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To develop an effort or fishing time allocation model for the kind 

of vessel which operates in the Oregon trawl fisheries, 

it is necessary to extend the model to at least three fisheries because 

of the extensive operations in the crab fishery by many in this class of 

vessels. Let fishery one be the bottomfish fishery, fishery two be the 

shrimp fishery, and fishery three be the crab fishery. The revenue func- 

tions perceived by a typical fisherman are: 

. R! = PiU^T! 

R2 = P2U2t2T2 

Ro = P,CqT 3^3*3 

where 

P. = ex-vessel price for the period in fishery i 

U. = catch per trawling hour for fishery i 

C3 = catch per day for the crab fishery 

Assume a cost function of the form: 

CCTi, T2, T2) = a0 + ajV + blTl + a.2T22 + b2T2 

+ a3T32 + b373 + gizTiTz * gl3^1^3 

+ g23T2T3 + dlRl + ci2R2 + £^3 

The last three terms of the cost function represent those costs which are 

proportional to the rate of catch value. Examples are poundage fees 

(such as state and marketing association assessments] and crew share. 

Here, crew share is assumed to be a fixed proportion of gross stock 
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Ctotal ex-vessel revenue). Huppert [44] notes that in the Washington 

State trawl fishery crew share is a fixed percentage of net stock (gross 

stock minus gross stock expenses for fuel, oil, and poundage fees),- 

The profit function for this model is: 

TT = RiCTi) - R2(T2) + R3(T3) - Cdi, T2, T3) 

The constraint on the fisherman's time is: 

T = Ti + T2 + T3 + TL, 

where T. equals time not available for fishing. Again, TT is assumed 

to be exogenously determined by weather conditions, maintenance time, 

and time allocated to rest, leisure, and other activities. 

To maximize profits subject to the time constraint, again form 

the Lagrangian expression: 

L = u + X[T - (T! + T2 + T3 + TL)] . 

The first order conditions for profit maximization are: 

Ll = W[= C1 " dl) PlUltl " C2aiTl + bl + gl2T2 + gl3T3] 

- X = 0 

L2  = f^h =  (1 - d2)  PaUatz  -   [2a2T2  + b2 + giz^i  + gzsTa] 

- X = 0 

L3   = |^- =   tt-da)   P3C3   -   [2a3T3  + bs   +  gl3Tl   +  g23T3] 

- X = 0 

(44) 

(45) 

(46) 

L\  = IT    = T -   (Ti   + T2  + T3  + TL)   =  0 (47) 
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One can algebraically rearrange and combine equations (44) through 

(47) to obtain expressions like (40) and (41) for this three fishery 

case. The expressions are: 

T, = b3 - b; + n^
1 - dij p.u. 1      2(a! + as - g13)  2(a! + a^  - gi3)        1 

.   LjLi2  P3C3+ C2a3 - g^tt   ( _  j      (48) 
2(ai + ag - g13)  

d d 2(a! + ag - g^)      LJ 

_ 2a^ + £12 - gia - 22^ T 
2(ai + as - gja) 

and 

T9 =  
b3 - bg  + ^Cl - d^)  

^  2(a2 + aa - gas)  2(a2 + as - gas)   * 

.  Cl - da)       C2a3 - gg3)t2      _ T .      C49) 
2(a2 + ag - g2 3)  ^ ^  2(32 + a3 - g2 3J       L 

_ (2a3 + gl2 - gl3 - 823^ To 
2Ca2 + as - g2 3) 

Rewriting (48) and (49) yields a system of two simultaneous equations 

with the two endogenous jointly determined variables, Ti  and T2, and 

exogenous variables representing gross returns in the three fisheries and 

time available for fishing: 

Ti = A 0+ \1P1U1  + A2P3C3 + AaCT - TL) + A4T2 (48a) 

and 

T2 = BQ + B1P2U2 + B2P3C3 + 63(1 - T ) + Bi^Ti (49a) 

These equations could be used as the basis for a statistical analysis. 

Presumably one would use a method such as two-stage least squares regres- 

sion to estimate the parameters of the model. By manipulating the first 
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order conditions differently one could obtain alternate expressions 

where, for example, Ti might be a function of P1U1, P2U2, and T3. 

However, it would be useful to estimate with one equation the effects 

of variation in all of the fishery return variables on Tj, rather than 

have to estimate several sets of equations, with potentially inconsistent 

results, to determine such own and other fishery return effects. 

If annual observations of individual vessel activities are made, 

there are (as shown in the second section of Chapter II) many instances 

of multi-fishery activity. Shortening the period of observation to one 

month eliminates nearly all observations of individual vessel activity 

in more than one fishery. This suggests that with monthly observations, 

one should be able to dispense with the more complex simultaneous system 

suggested in (48) and (49) in favor of single equation models. 

Abstraction in the Theoretical Models 

Models are abstractions of a complex reality. The development of 

a model and its associated assumptions and hypotheses is aimed at getting 

to the essential elements of the phenomena under investigation. Some 

elements of reality are, of necessity, imperfectly treated or ignored 

in any model. The goal is to generate testable hypotheses useful in 

explaining the phenomena or capable of yielding predictions about the 

phenomena. Complete descriptive accuracy is not the goal. 

In applied economic research, one seeks to construct a model which 

can be used to answer questions associated with the socially perceived 

problem which is under investigation. In this case, the model provides 

a framework for investigating how fishermen who operate vessels with 

multi-purpose capability decide to allocate fishing time among fisheries 
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in response to variations in hypothetical!/ important economic vari- 

ables. 

Nevertheless, because this study is preliminary in nature, a number 

of potentially important facets of the fisheries environment have been 

imperfectly treated.  In this section, a number of factors potentially 

important in empirical work but not explicitly included in the models 

of the second and fourth sections are examined. 

Perhaps the most needed modifications of the models are to indicate 

explicitly that decisions are made under conditions of uncertainty and 

imperfect information. Fishermen cannot know with certainty how many 

days will be available for fishing in a given period because of varia- 

tions in weather and ocean conditions. They probably do have a good 

idea of the number of fishing days they will lose because of bad weather 

at different times of the year. This could affect their planning in 

several ways. 

First, fishermen may plan to do heavy maintenance and take vacations 

during the winter, when weather is usually the worst. 

Second, if it is easier to operate in a particular fishery during 

marginal weather or ocean conditions, they might be more likely to plan 

to fish in that fishery during periods when such conditions are expected. 

Fishery regulations, particularly seasonal closures, may encourage or 

prevent this from being an important factor. 

Fishermen do not know with certainty the returns that they can make 

in the various fisheries. Both prices and yields may vary from month to 

month and year to year.  In cases where fishermen's marketing associations 

secure price agreements (market orders) from processors, there may be a 

fair degree of certainty about ex-vessel price within a season. Yield 
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or catch per unit time varies significantly from year to year, especially 

in the shrimp and crab fisheries. There may be variation from month to 

month, especially in fisheries like the crab fishery, where the legal 

size crabs are thinned out fairly rapidly as the season progresses. There 

may also be seasonal variations in abundance or concentrations of the 

target species. 

This suggests that the revenue function presented in the previous 

models should be specified as an expected return. That is, R. and P.X. 

in the models should be replaced by ECR.) and ECP.X.). This kind of 

modification is made in the development of empirical models in the next 

chapter.  In addition to using point estimates, it might be desirable 

to bring some measures of dispersion of the point estimates, such as the 

variance or mean squared error, into the analysis. This was not done. 

One of the problems with the equality constraint formulation of the 

model is that corner solutions to the maximization problem were not per- 

mitted. This difficulty was avoided in Anderson's inequality constraint 

model. However, there are several problems with either type of constraint 

model as formulated. 

One problem is the omission of variables representing time spent in 

activities other than fishing, such as time spent for vessel maintenance, 

for leisure or in other work.  In terms of the equality constraint model, 

the quantity T - T. is really not exogenous to the fisherman's time 

allocation decisions. Rather, it varies in response to things other 

than ocean conditions and seasonal regulations. 

When the fishing vessel becomes the focus of analysis, influences 

on the fisherman's allocation of time, other than those directly associ- 

ated with fishing time allocation, are neglected. For trawl fishermen 
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who presumably are mostly full-time fishermen, this omission may not be 

a major flaw for the purposes of this study. However, the inclusion of 

other non-fishing opportunities would certainly enrich the analysis. 

An assumption of the models is that fishermen maximize net pecuniary 

returns to fishing time. This is a simple application of the notion 

that firms are profit maxiraizers. As such, it is subject to the criticisms 

directed at such models. Non-pecuniary benefits and costs in fishing are 

real phenomena not explicitly treated by the model. Decision-making 

calculations might actually include such benefits and costs. 

For example, from the standpoint of a labor-leisure tradeoff, the 

implicit labor costs may increase substantially under cold and possibly 

hazardous weather and ocean conditions. On the other hand, worker satis- 

faction bonus [3] may substantially increase perceived benefits to the 

fisherman. 

Extending this notion, suppose a fisherman had a strong preference 

for one kind of fishing or an aversion to another. A superior fisherman 

with these preferences might make a high enough rate of return in his 

preferred fishery to ignore the possible pecuniary gains from switching 

to a less preferred fishery. The need to make a sufficient long-run 

rate of return to survive as a fisherman may reduce but probably not 

eliminate these tendencies. 

Fishermen do not necessarily think in terms of fixed periods or 

planning horizons. They may be continually re-evaluating fishing con- 

ditions in each of the fisheries in which they can operate, observing 

prices, taking suggestions and commitments to buy from processors. 

Thus, the casting of the problem into a periodic framework may be con- 

ceptually misleading even though practically necessary. 
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A more important problem is the selection of the proper period 

length for analysis. One can clearly observe interesting patterns of 

multi-fishery activities over a period as long as a year. As a practical 

matter, a period length of one month is probably the shortest which one 

can use for empirical analysis, because of the way fisheries information 

is typically aggregated by management agencies. 

Note that fishermen are not required to make their decisions monthly 

or annually. The most successful fishermen are those highly skilled 

individuals who can accurately perceive changes in yield and price, and 

can react as rapidly as needed to maximize their returns.  In some 

fisheries significant changes in stock abundance or vulnerability may 

occur very rapidly--in less than a months, perhaps. Skilled fishermen 

are also successful in seeking out pockets of abundance and being the 

first to exploit them. 

There is also a problem with using days Cper period) as the unit 

for the dependent variables. The problem is that all days, even those 

in the same fishery, are not the same in terms of actual fish production. 

Trawling hours and number of crab pots fished may be varied by day, as 

well as days fished may be varied within a period. Perhaps the model 

should be reformulated with revenue and cost functions such as: 

R = R (Tj, ei, T2, 62, . ..) 

and 

C = C CTi, ei, T2, ej, ...) 

where e. represents effort measures such as trawling hours or pot days. 

Huppert [44] developed a model for the groundfish trawl fishery 
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which included these considerations. Roughly, in Huppert's formulation, 

catch rate per vessel (a production function) was: 

Yd = qp(X)ed(X, B) B 

where 

Y, = yield of fish in pounds per day, 

q = catchability coefficient for the type of gear and fish, 

X = vessel characteristics, 

pCX) = fishing power coefficient, 

B = biomass density, 

e_,(X, B) = effort rate function—the number of trawling hours 
fished per day. 

Huppert developed a general expression for the effort rate function: 

T 
max 

d " 1 + o(X) q p(X) B 

where 

T = hours available for trawling or fish handling per 
day (crew rest and travel time to fishing grounds 
use up the rest of the day) 

a(X) = hours required for handling fish per unit catch, 

q p(X)B = catch per hour trawled. 

He suggested that effort (©J) 
and therefore production (Y,) are subject 

to diminishing returns to biomass density.  In fact, they are bounded 
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by a kind of "capacity constraint," in that the capacity of the crew and 

deck equipment—reflected in the a(X) parameter--provide a limit to the 

vessel's harvest per day.  In his empirical analysis Huppert discovered 

that hours fished per day were indeed related to catch per unit of 

effort Ca measure of biomass density) and crew size (a measure of fish 

handling capability) in the ways hypothesized. This suggests that, 

although there is an upper bound, the response to increased abundance may 

be a variation in hours fished per day, as well as variation in days 

fished per period. 

In the models presented in previous sections, revenues, costs and 

constraints are represented by continuous functions.  In reality, the 

relationships are not smooth and continuous. The models may deal only 

roughly with decisions about the movement of vessels out of one fishery 

into another (or to no fishing), when discrete changes are associated 

with this switching. For example, the discrete nature of the costs of 

changing gear is not represented in the models. 

The notion of switching costs is well developed in the theory of 

the multi-product firm (see Ferguson [26] and Pfouts [68]). The potential 

for switching fixed factors of production exists in the multi-product 

firm. Switching costs are associated with the transfer of a fixed factor 

from the production of one product to the production of another.  In a 

sense, this makes a fixed input a variable input from the standpoint of any 

one output [26] • 

The fisherman with a multi-purpose vessel is somewhat like the 

manager of a multi-product firm because he can use his "fixed input" in 

different lines of production. As suggested earlier, the fixed input 

in Anderson's model (see the third section of this chapter) is repre- 
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sented by the fishing time (available for allocation) of the vessel com- 

plete with equipment, skipper and crew. The different production lines 

are the fisheries in which the vessel is capable of operating. Following 

Pfouts [68]> each of these fisheries "competes" (in the mind of the 

skipper) with the other fisheries for the use of the available fixed 

factor. 

In all of the models developed in this chapter there is the implicit 

suggestion that there are no money or time costs to a fisherman's 

decision to reallocate effort in response to perceived periodic changes 

in ex-vessel prices and expected catches per unit of effort. However, 

if there are substantial costs (money or time) to regearing or switching 

fisheries, it is possible that the fisherman would appear insensitive 

to relatively small changes in price or yield. 

The costs of regearing could be thought of as "switching costs." 

Costs will be incurred the first time a skipper decides to enter a new 

fishery. The fishing firm would have to obtain new gear and train crew 

members. However, it might be better to think of this as investment. 

Switching costs are more like the costs of switching from one fishery to 

another for which the firm has gear and some prior operating experience. 

The changing of deck gear and other required preparations will take money 

and time that could be used in the fishery just left. 

In reality, the fisherman would consider these discrete kinds of 

costs; therefore, the use of a continuous cost function may not adequately 

describe influences on his fishing activities. 

Switching costs are more difficult to add to the multi-purpose 

fishery models than to multi-product firm models.  In general there may 

be a number of fixed inputs employed in a multi-product firm. Thus, the 
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switching of a portion of the fixed inputs from one product line to 

another is not an "all or nothing" decision. Switching costs are in- 

cluded in multi-product firm models, and enter into the first order 

conditions for profit maximization (see Ferguson [26] for such a develop- 

ment) . 

Another consequence is that switching may produce a discontinuity 

in the total cost function if there are switching costs. An aspect of 

having a discontinuous cost function (even in a single product firm) is 

that the usual marginal condition--marginal cost equals marginal 

revenue—need not hold at the "maximum maximorum" for profit [11] .  In 

fact, as Brems shows, one has to refer to the total cost and total revenue 

graphs to pick, the maximum profit level of production. 

A rough analogy to this notion can be made for the multi-fishery 

problem. If switching costs are significant, it may not pay to program 

time in two fisheries according to the rule that net marginal revenue of 

time in fishery one equals net marginal revenue of time in fishery two. 

Application of the NMRi = NMR2 rule ignores switching costs. Thus, the 

use of the continuous cost function may not correctly explain the fisher- 

man's behavior even (especially) if he is a profit-maximizer. 

Using fishing days as the argument of the cost function eliminates 

the possibility of treating such factors as fuel, electronic equipment, 

and labor as variables. Some have argued that capital and labor should 

receive explicit treatment as separate inputs [43] . As noted earlier, 

Huppert showed that crew size was important in explaining effort per 

fishing day. 

Unfortunately, suitable data on the capital and labor composition 

of fishing vessels was not available, and probably could not be obtained 
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at a reasonable cost. Further, for the purposes of this study, a treat- 

ment of separate variable factors was not believed to be necessary. 

Crowding externalities and gear competition are not explicitly in- 

cluded in the model, although they were discussed briefly in the develop- 

ment of the graphical representation of the fishery-wide effort supply 

curve. As discussed by Huppert [44J, there is a difference between these 

two terms.  Gear competition is a term used to describe either (1) high 

concentrations of effort on the best fishing grounds, which may lower 

the catch per unit of effort below that expected, given a more uniform 

density over a larger area; or (_2)  physical conflicts which lower the 

CPUE. Crowding externalities are produced by the crowding of trawlers 

on a good fishing ground, which necessitates the queuing of vessels 

during fishing operations. As Huppert [44] notes, "the reduction in 

catch may be the result of a reduction in effort per vessel per day, not 

a reduction in catch per effort." 

As in the development of the graphical treatment of the fishery- 

wide effort supply curve, crowding externalities have implicitly been 

ignored in the empirical work which follows in Chapter IV.  (Catch 

per unit of effort is used as a proxy for yield per day there.) It is 

not clear whether crowding externalities which may have occurred would 

lead to fewer or more fishing days per trip and per period. Because 

there is no adequate way to measure such effects, these possibilities 

are ignored. 

When looking at days fished by some aggregate of vessels, it may 

be difficult to distinguish between two types of response of fishing 

days to variations in expected returns. The problem is how to distinguish 

between additional fishing days taken by vessels which typically remain 
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in a fishery over a wide range of revenue levels, and days taken by 

vessels switching into the fishery in response to, say, excellent yield. 

This distinction may be important for fisheries management because 

switching into one fishery may reduce fishing pressure in another 

fishery. A partial answer to this problem could be developed by looking 

at response of individual vessels and counting the number of vessels in 

a "sub-fleet" of fixed vessel number which operate in a fishery at dif- 

ferent revenue levels. 

Another problem associated with aggregation is related to differences 

in fishing power of vessels in a fleet. The measures of CPUE available 

for empirical analysis in this study are aggregate and reflect fishing 

power differences only for the cases of single-rigged versus double- 

rigged shrimpers. Presumably, the returns available to particular 

vessels are influenced not only by some overall measure of fish avail- 

ability, but also by the fishing power of the vessels. Although returns 

to individual vessels might be adjusted if fishing power coefficients 

were available, it is not clear how such factors would be included in 

the analysis of an aggregate of vessels which have different fishing 

powers in each fishery.  Because the development of precise measures of 

fishing power is beyond the scope of this study, the problem was not 

pursued further. 

Finally, processors have often placed fishermen on "market limits," 

especially (but not exclusively) for certain groundfish species. This 

imposition of market limits may significantly affect the fisherman's 

perceived revenue from the fishery. Because fishermen are aware of these 

limits beforehand, their expectations will be affected and adjustments 

made. Fishery biologists' estimates of CPUE for the limited species 
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will reflect the limits and, hence, so will the overall CPUE for all 

groundfish. There could also be an effect on trawling hours per day 

and perhaps fishing days per period. 

A typical tow for bottomfish could yield a catch with both de- 

sirable and undesirable species. In addition to the normal "trash" 

fish which the crew discards at sea, at least some of the fish belonging 

to the limited species would also be discarded. Thus, an additional 

amount of handling time or search time would be associated with each 

day of dragging. This could reduce hours fished per day. Perhaps it 

could affect days fished per period because periods with equal estimated 

CPUE's might have different costs per day associated with them. Since 

the empirical analysis uses gross revenues as a proxy for returns, dif- 

ferences in days fished per period actually associated with profit maxi- 

mization will not be as accurately attributed to fishery returns as 

would be the case where there were never market limits. 

Unfortunately, there is no good historical information on when and 

what market limits have been in effect. No empirical evidence exists on 

the effect of such limits on costs per day. 

An extreme case of the market limits situation occurs when a shrimper 

is unable to find a processor who would be willing to buy groundfish trawl 

fish (as opposed to incidental catch from shrimping.) This inability to 

find a willing buyer would effectively prohibit the shrimper from switching 

into the groundfish fishery. 
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CHAPTER IV 

EMPIRICAL MODELS 

Introduction 

The last section of Chapter III suggested that decisions are made 

under conditions of uncertainty and imperfect information. Fishermen 

operating multi-purpose vessels do not know with certainty the returns 

they will be able to make in the fisheries in which they potentially 

can operate. Both ex-vessel prices and catches per unit of effort can 

vary from year to year and even month to month. 

As Huppert [45] has pointed out, fishermen are aware of the 

potential for wide variation in yield, and they design or purchase 

vessels capable of holding a very good catch, not just an average catch. 

Because there are periods of unusually high abundance, the wise fisher- 

man will have enough hold capacity for such extraordinary times.  If 

not, his average catch would be much lower and his profits would suffer. 

Furthermore, the acquisition and gearing up of a multi-purpose vessel 

reflects the realization that high returns will be available in one 

fishery in one period and in other fisheries at other times. 

In terms of the multi-fishery models presented previously, the 

revenues available in various fisheries should be specified as expected 

returns. If this is to be done, several questions surface. What are 

fishermen's fishery revenue expectations? How are these expectations 

formed? With what speed are expectations changed? Once expectations 

are formed, how fast can fishermen adjust to perceived changes in one 

or more fisheries? 
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The formation of expectations probably differs from individual to 

individual. Hicks [42] has suggested that there are three kinds of in- 

fluences to which Cprice) expectations may be subject:  (1) Non-economic 

influences such as weather and politics; C2) economic influences such 

as market "superstitions," or news that bears on future demand or 

supply conditions [e.g., crop reports); and C3) another type of economic 

influence—actual experiences with prices in the past and present. 

Hicks argues that economists can find the most to say about the third 

type of influence. He suggests treating the first two sorts of in- 

fluences as autonomous. 

Autonomous or not, when applied to short-run multi-fishery models, 

the first two influences probably will be quite important. The fisher- 

man's decisions on how to allocate fishing time may be very heavily 

based on expected yields, and perhaps on expected weather conditions. 

Thus, the expectations of gross revenues should reflect past and pre- 

sent experiences with catch and weather as well as factors affecting 

expected price. These expectations may also be based in part on the 

past and present experiences of other fishermen or forecasts by fishery 

management agencies and others. 

Hicks developed the notion of a person's elasticity of expectations. 

Suppose that Cl) a change in the current price of a product, X, affects 

expected prices of X at different times equally; and C2) the expected 

prices of other products are not affected. Then the elasticity of ex- 

pectations C© ) is the ratio of the proportional change in expected 

future prices of X to the proportional change in its current price. 

If e = 0, then past prices are the source of price expectations; 

if e =1, then a change in current prices will change expected prices 
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in the same direction and proportion. Typically, it is assumed that 

0 < e < 1. The suggestion is that people form price expectations on 

the basis of observations of both past and current prices.  If e > 1, 

then the person must feel he can recognize trends. If e < 0, then a 

person interprets a price change as the peak Cor bottom) point of a 

fluctuation. 

This notion of elasticity of expectations figures prominently in 

some of the agricultural supply response models which will be discussed 

later in this section.  In those models, short-run and long-run supply 

response are hypothesized to depend on expected normal prices of the 

crop and other crops. 

I argue that in making decisions on allocation of fishing time, 

fishermen may be quite sensitive to expectations of current price and 

yield, and that these expectations may influence their short-run be- 

havior more than expectations of normal price and yield. Fishermen's 

expectations of normal price and yield probably influence entry-exit 

or "investment" behavior more than "switching" behavior. That is, a 

decision by a dragger (groundfish trawl fisherman) to buy and keep 

shrimp gear is heavily influenced by his expectations about the normal 

price and yield of shrimp (and perhaps by normal prices and yields of 

bottomfish, crab, or albacore). Once the decision to buy shrimp gear 

is made, the allocation of fishing time is essentially a response to 

expectations of current price and yield. 

In a footnote to the text. Hicks suggests: 

"Even if a person expects prices to revert to normal after 
some interval of time, he will still behave sensitively if 
his conduct is much influenced by the price he expects in 
the near future; while the same prospect will cause a per- 
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son whose current conduct is only influenced by expecta- 
tions of the farther future to behave insensitively" |42, 
P- 271]. 

He also notes in the text: 

"People who have been accustomed to steady prices, or to 
very gradual price-movements, are likely to be insensi- 
tive in their expectations; people who have been accus- 
tomed to violent change will be sensitive" [42, p. 272] . 

The analogy for explaining a fisherman's behavior is that switching 

behavior is much influenced by the ex-vessel price and yield he expects 

in the very near future.  If he has gear for several fisheries, he 

should be able to react rapidly to such expectations in order to maxi- 

mize profits. 

Second, fishermen are probably accustomed to rapid changes in yield 

and thus should be sensitive to these changes. Whether or not they 

really are very sensitive to prices and yields in the present and near 

past is an empirical question investigated in the work presented later 

in this chapter. 

Models for estimating producers' response to economic variables 

have been well developed in agricultural applications. For this reason 

the agricultural supply response literature in agricultural economics was 

reviewed and adapted to the multi-fishery response problems in this 

thesis. Perhaps the most useful models for estimating agricultural sup- 

ply response were developed by Marc Nerlove. 

The theoretical underpinnings of the Nerlovian model are presented 

in Nerlove [65], along with extensive empirical work on the supply re- 

sponse of American farmers engaged in corn, cotton, and wheat production. 

Nerlove's approach has been widely used since his early work. Summaries 
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of the body of empirical work done using the Nerlovian approach to agri- 

cultural supply response [5] [66] indicate that this methodology 

lends itself to modification for a wide variety of practical applica- 

tions. 

The basic Nerlovian model for an annual crop can be represented 

essentially by three equations: 

At " At-i = ziAt ■ Vl3 i50) 

Pt ' Pt-1 = b(Pt-l " Pl-J C51) 

A* = a0 + a^* + a2Z1. + ut (52) 

Definitions of the symbols in this set of equations are as follows: 

A = actual area (acreage) under cultivation in the crop in year t. 

P = actual price received for the crop in year t. 

A* = equilibrium or "desired" area (acreage) to be under cultivation 
1      in t. 

p* = "expected normal" price in t for future periods. 

Z = other observed exogenous factors. 

u = unobserved, "latent" factors affecting area under cultivation 
Z      in t. 

b = coefficient of expectation, reflecting the response of expecta- 
tions to observed prices. 

g = coefficient of adjustment, reflecting the response of observed 
areas under cultivation to changes in equilibrium areas. 
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Note that acreage, which is only one input in crop production, is 

used as a proxy for planned output. This approximation is not perfect, 

but as Nerlove [65] suggests, it appears to be the best possible approxi- 

mation given existing knowledge and data. 

Nerlove [66] has argued that his basic supply response model 

(equations 50, 51, and 52) is dynamic in that it incorporates dynamic 

elements in two ways.  If the expected values of the exogenous variables 

influencing acreage are constant C.but not necessarily the same from period 

to period) a static optimization model could define the long-run equili- 

brium position which farmers want to reach.  If not, then there must be 

other ways to explain the difference between such an equilibrium posi- 

tion and the current position. 

One way to explain the difference is by introducing the notions of 

either inertia, ignorance, or adjustment costs which reflect institutional 

or technological constraints on the realization of the desired adjustment. 

This first "dynamic" element is represented by the simple ad hoc assump- 

tion that a portion of the difference between the current and equilibrium 

position is made up each period (see quation 50). 

The second way of incorporating dynamic elements is to describe the 

process of expectation formation. Suppose that expectations of normal 

price (an average price expected to prevail in all future time periods) 

influence farmer's decision on acreage allocation. Equation (51) sug- 

gests that expected normal prices are revised from period to period as 

some proportion of the difference between the previous period's expected 

normal price and the actual price. 

Simplified versions of the Nerlovian model have been used by Nerlove 

{65] and others (for example, Krishna [53]). The use of equations (50) 
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and C52), with P* in equation (52) replaced by P or P  , would produce 

a simple partial adjustment model. Equations C.51) and (52) t  with A re- 

placing A*, would yield a simple adaptive expectations model. Pre- 

sumably, the partial adjustment model would be used when lags in adjust- 

ment were assumed to be the dominant "dynamic" factor in theory. When 

lags in the formation of expectations are hypothesized to be the most 

important dynamic influence, the adaptive expectations model should be 

used. 

In many situations one would hypothesize both lags in adjustment 

and expectation formation. Nerlove [65] and Krishna ]$z]  have discussed 

the difficulties in estimating unique and distinct values for the co- 

efficients of adjustment and expectation.  In a section on the estima- 

tion of models with lagged dependent variables, Johnston [48] analyzes 

the statistical problems one can encounter in estimating various forms 

of either the simple or full versions of the Nerlovian model. 

A large number of researchers have modified or extended the Nerlovian 

model to fit their purposes (see Askari and Cummings [5 ], and Nerlove 

[66]). The main extensions of the model have involved: 

1. More realistic price formulations. Nerlove took the first 

step by inserting the prices of competitive crops into his 

model. Relative prices and deflated prices have also been 

used. 

2. Inclusion of other pertinent explanatory variables, especially 

as a means of avoiding the identification problems in the 

full model. Such non-market variables include expected 

yields, and trend variables to identify technological change 
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or changes in infrastructure. 

3. Introduction of elements of uncertainty. This has been 

accomplished through the addition of dispersion measures 

for prices and yields. 

4. Application to output other than annual crops, such as 

perennials and livestock. 

The adaptation of the simple Nerlovian models to the short-run 

response of fishermen has involved the use of assumptions different from 

those used in analyzing agricultural supply response. Several explana- 

tory variables also have been added. 

The notion of some long-run equilibrium output has been replaced 

by the concept of a short-run type of "equilibrium" suggested in the 

second section of Chapter III. There, equilibrium was used in the sense 

that none of the vessels operating in either fishery would re-allocate 

fishing time during the reference period. Entry to or exit from either 

fishery are assumed to occur at the start of the next period because of 

above-normal or below-normal profits, seasonal regulations, or changes 

in yield. 

A clear distinction is made between the motivation for fishery 

switching by existing vessels and for major investment (disinvestment) 

in new gear or vessels.  Investment behavior probably is related to 

expectations of long-run normal economic returns, while switching be- 

havior is motivated by conditions expected in the very near future. 

A rough analogy to this is provided in Nerlove's discussion of livestock 

and perennial supply response models. 



109 

"When long lived capital is involved in a production process, 
then, in principle, the distant future is involved in current 
decision-making, but, if the future is discounted and if 
capital depreciates, in practice only the near future will 
matter" [66, p. 880]. 

One can roughly substitute free access fish stocks in place of 

cattle as the capital referred to in the sentence above. Because there 

is no motivation for fishermen to defer harvest of free access stocks, 

one can conclude that only the very near future will matter for an 

existing multi-purpose vessel operator. 

There are a number of analogies between supply response in agri- 

cultural production and short-run multi-fishery production. Farmers are 

faced with allocating acreage among the crops which they potentially 

could produce. Fishermen who operate multi-purpose vessels have to de- 

cide how to allocate fishing time among the fisheries in which they can 

operate. This analogy is not applied to long-run fishery response be- 

cause such responses are believed to include entry-exit and large invest- 

ments in new vessels and new gear. These fishery phenomena are probably 

better explained through the use of investment models 19 J  [41]. 

In terms of the Nerlovian supply response models, desired or equili- 

brium acreage is used as a proxy for planned output in agricultural 

applications. Allocated fishing time is probably the best available 

measure of planned output in fisheries production. 

Farmers are hypothesized to react to expected normal prices in 

planning their desired acreage allocations.  In the short-run, fisher- 

men are hypothesized to react to expected ex-vessel prices and expected 

yield in deciding how to allocate available fishing time among fisheries. 

For the reasons mentioned earlier, the expected gross revenues which 

fishermen react to in the short-run are not the "normal" gross revenues 
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to which they may react in the long-run. 

Yield is brought into the fisheries models explicitly, because it 

is hypothesized to be an extremely important factor in fishermen's 

fishing time allocation decisions, due to their need and capacity to 

take advantage of periods of high stock abundance. 

Operating costs are brought into the empirical analysis explicitly 

in neither agricultural supply response investigations nor this fishery 

work. There is a paucity of time series data on multi-purpose vessel 

operating costs, which is reason enough for this regardless of the 

practice in agricultural response studies. 

Development of Empirical Models 

In this section four versions of short-run fisheries supply re- 

sponse models are developed. The models are based on simple Nerlovian 

supply response models. Statistical estimation of these models for a 

"subfleet" of 29 Oregon trawl fishing vessels is presented in the fourth 

section of this chapter. Several variations of each version of the model 

will be presented. 

Model A consists of four variations on the simple Nerlovian model. 

The first two are adaptive expections models. 

Model A.l 

Model A.l is essentially a direct conversion of Nerlove's simple 

adaptive expectations model. Expectations are updated each period by 

a fraction of the difference, in the previous period, between the ob- 

served value of gross revenues and the expected value of gross revenues. 

Expressed as a set of equations the model is: 
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Tt = a0 + axR* + ut C53) 

Rt = Rt-1 + btRt-l  " Rt-lJ C54) 

where 

T = fishing days allocated to a fishery in the current month. 

R* = expected gross revenues per day in the fishery in the current 
month. 

R* . = expected gross revenues per day in the fishery during the pre- 
vious month. 

R 1 = actual observed gross revenue per day in the fishery in the 
previous month. 

b = coefficient of expectation, 0 < b < 1. 

u = random error term. 

Since the expected values cannot be observed directly, it is necessary 

to transform the relationship between allocated fishing days and ex- 

pected gross returns into a relationship between days fished and lagged 

observed days fished. From the equations, 

Tt = ao + aitCl - tOR*^ + bR^] + ut 

Lagging the first equation one period, 

Tt-1 = a° + alRt-l + ut-l' 

or 

t-1       a.i 



112 

Then, 

T.   = a0  - aitCl  - b) 
t-1 - a0  - u 

t-1 
ai 

+ bR •. 1   + u 
t-lJ t 

and therefore 

Tt = a0b + a1bRt_1 +   Cl  - b)!^ +   [ut -   U  - l>)ut_1] C55) 

This suggests a regression of the form: 

Tt = PO * PlR,..! * P2Tt_1 + vt 

where the parameters of the regression equation are: 

p0 = a0b 

Pi = axb 

P2 = 1 - b, 

and the parameters of the structural model are: 

b = 1 - p2 

(56) 

1 - P2 

This provides estimates of the coefficient of expectations, b, and 

the parameter a^, which will be used to compute the elasticity of days 

fished with respect to gross returns. 

Model A.2 

In Johnston [48] there is another version of the simple adaptive 

expectations model which differs from the Nerlovian model in that: 
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R* = R*^ + b[Rt - R*^] (57) 

This says that expectations are updated each period by a fraction of 

the difference between the current observed value of gross returns and 

the previous expected value.  It is somewhat difficult to rationalize 

this formulation in these fisheries models since R* is interpreted as 

expected returns and not expected normal returns. One might expect 

R* = R if the decision-maker reacts very rapidly (within the current 

period) to observed returns. However, this formulation will be esti- 

mated as will the formulation with R* = R (see Models B, ahead). 

Model A.2 yields a regression form: 

Tt = Po 
+ PiRt 

+ P2Tt-1 + vt 

where 

Po = aob 

Pi = aib 

P2 = 1 - b. 

Structural parameter estimates are calculated as 

b = 1 - pa 

and 

ai = 

Model A.3 

-EL 
1 - P2 

The simple partial adjustment model outlined by Johnston yields a 
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regression form the same as Model A.2 except for the error term. Suppose 

where 

T* = a0 + a^ (58) 

Tt " Tt-1 - S(T* " Tt-P + Ut C59) 

T* = fishing days desired to be allocated to a fishery in the 
current month. 

g = coefficient of adjustment, 0 < g < 1. 

This says that a fisherman takes as his expected return the returns that 

are being received during the current period.  For such a thing to be 

true, the fisherman would have to form and revise his expectations very 

rapidly.  For example, fishermen may change their expectations with less 

than a one month lag. Since yield is usually estimated by fishery manage- 

ment agencies on no less than a monthly basis, it may be more accurate 

to represent expected returns by the current observed value of returns. 

The second equation says that in the current period the vessel will 

probably move only part way from last period's schedule toward the de- 

sired allocation of fishery time. The reasons usually given for partial 

adjustment are (1) ignorance, (2) inertia, and (3) costs of change. To 

this should be added a fourth reason, time required to change gear. 

Griliches [37] has demonstrated how a simple cost function including 

the costs of change can produce an adjustment function with the form of 

equation (59). 

Combining the two equations C58) and (59) yields: 

Tt = aog + a.igRt  + (1 - g)Tt_1 + ut C60) 
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suggesting a regression of the form: 

Tt = Po 
+ PlRt 

+ P2Tt_1 + ut (61) 

Note that the behavior of the error term in this model is different 

than in the adaptive expectations model. Otherwise the form of the 

regression equation is the same. The estimates of the structural para- 

meters are: 

g = 1 - P2. 

and again, 

.EL ai = 
1 - p2 

The interpretation of the b or g parameters calculated from regressions 

suggested by .Models A.2 and A.3 depend on which structural model is 

assumed. 

Model A.4 

A partial adjustment model yielding a regression form much like the 

one in Model A.l can be specified. The model is: 

T* = a0 + a1Rt_1 (62) 

Tt - Tt-1 = SCT* - Vp ♦ ut (63) 

In this case it is assumed that fishermen project last month's gross 

returns per day as their expectation of daily gross returns, but cannot 

make a full adjustment (unless g = 1) to take the "desired" fishing 

time. 
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For estimation purposes, the v from Models A.l and A.2 will be 

serially correlated and correlated with T , if the residuals, u , from 

Models A.3 and A.4 are not serially correlated.  If the u satisfy the 

auto-regressive scheme u = (1 - b)u   + e , the v will be serially 

uncorrelated. Unfortunately, this still does not provide a way to 

select between the adaptive expectations and partial adjustment formula- 

tions, because one cannot directly observe the true residual terms. 

The next set of models, designated Models B, dispense with the 

notions of adaptive expectations and partial adjustment.  In these 

models, expected returns are assumed to be a simple linear combination 

of returns from the current and/or previous periods. 

Model B.l 

In this model, expected returns are hypothesized to be a linear 

combination of returns in the current month, in the previous month, and 

in the month one year before the current period. Specifically, 

Tt = a0 + a^* + ut (64) 

R*t = w1Rt + W2Rt_1 + W3Rt_12 (65) 

Combining these equations: 

Tt = a0 + a1w1Rt + a^R^ + ^ (1 - wx - w2) Rt_12 + ut   (66) 

suggesting a regression of the form, 

Tt = PO 
+ PiRt 

+ P2Rt_i 
+ V*Rt-i2 + ut C67:) 

The structural parameter estimates for Model B.l are: 
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wx =  23  
Pi + P2 + P3 

W = 
Pl + pa + P3 

ai = Pi + P2 + P3 

Model B.2 

A simpler version of Model B.l can be developed assuming expected 

returns are a linear combination of observed returns for only two periods. 

For example, suppose expected gross revenues are a combination of current 

observed revenues and the previous month's revenues. Then, 

R* = wRt + Cl - w)Rt_1 (68) 

which combined with equation (64) above gives 

Tt = ao + a1wRt + a^l - w)Rt_1 + ut (69) 

suggesting the regression form: 

Tt = Po 
+ PiRt 

+ P2Rt_1 
+ ut (70) 

Structural parameter estimates for Model B.2 are calculated as: 

w = -Ei. 
Pl + P2 

ai = Pi + P2 

Several versions of Models B are estimated for the groundfish, shrimp, 

and crab fishery activities of a subfleet (29 vessels) of Oregon trawlers 

(see the fourth section of this chapter). In addition to Models B.l and 
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B.2, some regressions are done which use the simple assumption that ex- 

pected returns are based on only the current period's observed gross 

revenues, or one of the previous period's gross revenues per day. 

Models B can be extended to cases where returns in other fisheries 

are hypothesized to affect the allocation of fishing time to a particular 

fishery. These are referred to as Models C. The development of these 

models can be shown most easily using matrices. 

Models C 

The structural equations for Model C are: 

T = AR* + U C71) 

and 

R* = WRt + (I - W)Rt_1 (72) 

Rewriting the last two equations in matrix notation one obtains (ignoring 

constant terms): 

T 

T     * s,t = 

c,t 

A    A    A 
gg   gs   gc 

A    A 
sg   ss sc 

A    A    A 
eg   cs   cc 

-            ~ r        \ 
R*  ^ V 
R*  «. 
s,t 

+ Us,t 

*^ :<■>. 

(71a) 

R*  + 
g 

0 0 

R* ^ 
s,t = 0 w s 0 

R*  + c,t 0 0 w 

g,t 

s,t 

R 
L^t J 

1-W   0   0 
g 

0   1-W  0 
s 

0    0  1-W 
L        c 

g,t-l 

s,t-l 

c,t-l 

(72a) 
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T = AWRt + A(I - W}R 1  + U C73) 

or in matrix notation: 

f—            -> r» 

1 

T    ♦ s,t 
■ = ■ 1 

c,t i 

A    A    A 
gg   gs   gc 

A    A    A 
sg   ss   sc 

A    A    A 
eg   cs   cc 

■s 
W R „ 
g g,t 

W R ^ s s,t 

W R ^ c c,t 

A A A 
gg gs   gc 

A A A sg ss   sc 

A A A eg cs   cc 

(1-VRg.t-i 

^-VVt-i 

^-VRc,t-l 

u 
g*t 

s,t 

u 
c,t 

(73a) 

The last equation can be written out for, say, the crab fishery 

as follows: 

T = A    WR +A    WR    ..+A    WR    ,+A     (1-W )R    ^  . 
c,t eg g g,t        sc s s,t        cc c c,t        eg"-      gJ   g,t-l 

+ A    Cl-W )R    ^   .   + A    (1-W )R + u    tm. csv      s    s,t-l        cc"-      cJ  c,t-l        c,t 

This suggests a regression of the form: 

TC,t = PO + PlRg,t + P2RS,t + P3Rc,t 
+ P^g^-l + P5Rs,t-l 

+ P6Rc,t-l + UC,f 

The structural parameters are easily computed as: 

Acc = P3 + PG 
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Acs = P2 + P5 

Acg = Pl + pif. 

The same procedures can be followed to obtain regression forms for 

the groundfish and shrimp fisheries. Likewise, parameter estimates can 

easily be computed from those estimated regression equations. 

The final set of multiple fishery return models repeat the adaptive 

expectations or partial adjustment of Models A. The variations of Models 

D labeled D.l, D.2, D.3, and D.4 parallel Models A.l, A.2, A.3, and A.4 

respectively. Nerlove [65] performed the same kind of analysis when he 

hypothesized that desired wheat acreage depended on the expected normal 

prices for wheat and com. Since the rationale for using Models D is 

essentially the same as for Models A, only brief outlines of the deriva- 

tion will be presented. 

Model D.l 

Model D.l most closely resembles the Nerlovian specification of 

adaptive expectations. The essential structural equations for this 

model are: 

Tt = AR* + Ut (74) 

Rt = BRt-l + CI " B)Rt-l C75) 

The form of the estimating equations is developed as for Model A.1 and 

is: 

Tt = ABRt_1 + A(I - B)A"1Tt_1 + t^ - ACI - BDA^U   .      (76) 

The matrices represented in the equations above (ignoring the constant 
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Tt = 

L 

s,t 

s,t 

c,t 

A 
gg 

A 
gs 

A 
gc 

A 
sg 

A 
ss 

A 
sc 

Acs 
A 

cs 
A cc 

L 

B = 

Bg 
q 0 

0 B 
s 

0 

0 0 B 

Ug,t 
0 0 

U    = 
t 

0 Us,t 
0 

0 0 u c,t 

I is the identity matrix (3x3 in this case). 

B is a matrix of the coefficients of expectation for the three 

fisheries.  If it is assumed that B = B = B , the actual regression 
g   s   C & 

forms are simplified by the elimination of lagged fishing time variables 

for other fisheries. For example, under the assumption of different 

coefficients of expectation, the regression form for the crab fishery is: 
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T^=p     +p       R^T+P       R^i+p       R^-, C,t       ^OC       Fl,Cg g,t-l       ^1,05  s,t-l       ^i,cc  c,t-l 

C77) 

+ P T ,+p T ,+p T ,+v 
2.Cg   g,t-l        r2,CS   S,t-1        r2,CC   C,t-1 C,t 

The two symbols p  and v   represent a constant term and the random 

error term from equation C77) above. If it is assumed that the coeffi- 

cients of expectation for the three fisheries are equal, the terms in- 

volving T   . and T   . disappear from the crab regression equation, 
g, t-i    s,t—i 

The estimates of the structural parameters for Model D.l are some- 

what harder to calculate than in Model A.l. For convenience, rewrite 

matrix equation C76) as the set of equations estimated: 

Tt - PiR^ -  PzT^ + Vt. 

It can be shown that: 

B = P^CI - Pz)?l 

and 

A = CI - W1?!- 

Nerlove [65] indicates the estimated matrix B will not be diagonal 

as assumed. The off-diagonal elements of B jnight indicate the effect 

of past values of returns other than past own fishery returns on the 

information of the expected level of the latter.  In this multi-fisheries 

application, it is not clear why either past prices or yields from one 

fishery would affect expected prices or yields of another. 
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Model D.2 

The development of this multi-fishery returns model which represents 

an extension of Model A.2 is exactly like the development for Model B.l. 

Briefly, the structural equations are: 

T = ARJ + IL t    t   t 

R* = BRt + Cl - B)R*_r 

The regression form is: 

Tt = PiR, + P2Tt_l  * Vt. 

Structural parameter estimates are calculated in the same way as those 

of Model D.l. 

Models D.3 and D.4 

Models D.3 and D.4 employ the alternative assumption of partial 

adjustment. Only brief highlights of the derivations are presented. 

The structural equations for Model D.3 are: 

T*=ARt 

Tt = GT* + (I - G)Tt_1 + Ut. 

The only significant change is that the parameters represented by G are 

coefficients of adjustment. 

Gg  0  0 

G = 0 

0 

Gs 0 

0  £. 
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After running regressions of the form: 

Tt = PlRt ♦ PzT^ -  Ut 

one calculates the structural parameter estimates as: 

G = I - P2 

and, as for Models D.l and D.2, 

A = U - P2r1Pi 

Again, it is unlikely the off diagonal elements of the estimated G matrix 

will be zero. The interpretation of these elements is not clear either. 

Finally, a few important modifications must be made to the regres- 

sion forms. These modifications are the addition of exogenous variables 

to capture ,the direct effects of weather/ocean conditions and seasonal 

closures [in  the shrimp and crab fisheries) on the allocation of fishing 

time. 

Using Model A.l as an example, recall the regression form: 

Tt = Po + PiR,..! - P2Tt_1 + vt. 

After modification the regression equation is: 

Tt = PO 
+ PlRt_i 

+ P2Tt_1 
+ PS™* + P^DS + psDC + vt'.     (78) 

The TWX variable is a measure of the number of days in a month when 

weather/ocean conditions were good enough to permit bar crossings and 

fishing operations. The DS and DC variables represent the proportion of 

the month that fishing was permitted in the shrimp and crab fisheries, 

respectively. 
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The variables DS and DC appear in the equation as intercept shifters 

rather than slope shifters (i.e., as multiplicative "diimmy" variables for 

the returns variables).  The reason is that in each fishery there is one 

month during the year when fishing is permitted for only the first 

half of the month. Since returns are measured as expected revenue per 

day (or actually per trawling hour), a multiplicative dummy would in- 

correctly reduce the measured returns for those half months. 

Development of Data for Analysis 

Extensive work was done with "fish ticket" landings records and com- 

mercial fishing license records of the Oregon Department of Fish and 

Wildlife for the years 1974-1979.  Landings were compiled by licensed 

vessel by fishery for each year and month.  Using these data files of 

landings by vessel, it was possible to describe multiple fishery activity 

for all Oregon licensed vessels, and for those vessels which comprise 

the trawl fleet in particular. 

The analysis in this project is concerned more with fishermen's 

short-run responses to expected economic returns in the fisheries than 

long-run responses such as entry-exit and investment. To begin with, 

the activities of vessels which showed any trawl activity in Oregon 

fisheries during 1974-1979 were examined in detail. Next, vessels that 

landed fish in Oregon in every year from 1974 to 1979 were selected. 

The purpose of this step was to eliminate investment responses to 

changing fishery conditions. If days fished by vessels entering the 

trawl fisheries in the middle of the six year period were counted as 

responses, the measurement would not be one of static supply response 

and switching behavior. The selection process was also used to elimin- 
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ate, as much as possible, responses associated with geographical mobility. 

This was desirable because there was insufficient data available to 

chart the full range of vessels' activities outside the state of Oregon. 

Missing years of data for a vessel were thought to be an indication of 

proclivities for geographical mobility. Some 84 vessels were selected 

under these criteria. 

To complete the selection of this "static subfleet," the analysis 

was limited to those vessels (1) which had participated in either the 

groundfish trawl, shrimp, or crab fisheries in every year; (2) which had 

been licensed by the same person over the entire period; and C.3) for 

which adequate logbook data on days of fishing per month in the ground- 

fish and shrimp fisheries was available. This selection process further 

reduced the number of vessels in the "subfleet" to 29 vessels. 

The reason for using (1) as a selection criteria was to eliminate 

vessels which were not really trawlers, but had groundfish landings 

using other gear types, that had been miscoded and recorded as trawl 

landings. This would eliminate, for example, salmon-crab-tuna vessels 

which landed only troll, pot, or jig-caught groundfish. The assumption 

here is that the gear type for their groundfish landings would probably 

not be recorded incorrectly across the entire period.  In addition, the 

vessel identities were cross-checked against vessel lists kept by bio- 

logists in charge of monitoring groundfish and shrimp logbook data. 

The second criterion was used in an attempt to eliminate the in- 

fluence of entry-exit behavior and to avoid shifts in personal preferences 

within the 29 vessel subfleet. Such changes in ownership might prevent 

changes in subfleet behavior from being interpreted as purely short-run 

responses to changing price and abundance in the fisheries. 
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The third criterion was used to obtain the necessary data on days 

of fishing per period. Data on days fished was extracted directly from 

logbooks or trip analysis records for the vessels. Days fished for 

groundfish for 1976-1978 came from computerized summaries of logbook 

data. 

For the crab fishery, days fished by vessel was taken directly from 

fish ticket landings records. Since logbooks are not used for the crab 

fishery, each fish ticket was assumed to represent a day's fishing. 

Conversations with Oregon Department of Fish and Wildlife personnel in- 

dicate that most vessels take day trips in the crab fishery, harvesting 

their catch and rebaiting the pots for the next trip, usually 48 hours 

later. However, the potential for underestimating days fished in the 

crab fishery is real. 

Next, days fished in the groundfish trawl, shrimp, and crab fishery 

were aggregated by month across the subfleet of 29 vessels. In a way, 

this whole process was designed to treat the subfleet as though it 

existed over time as the "industry" under consideration. Vessels com- 

prising this static fleet were hypothesized to react to returns avail- 

able in the groundfish, shrimp, and crab fisheries only by varying days 

fished in one or more of these fisheries. 

There is some danger in generalizing the results of any empirical 

analysis using data on only part of the fleet as an indication of the 

actual behavior of all vessels. Vessels which entered the fisheries 

since 1974 may not have the same response to changes in abundance and 

price. Furthermore, the entry of new vessels may have affected the pro- 

ductivity of the existing fleet. Positive effects might come from the 

discovery of new productive fishing grounds. Negative effects might in- 
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elude crowding and gear competition, which affect costs, and short-run 

and long-run stock effects which could affect returns per unit of effort. 

Summary data on the 29 vessel subfleet are presented in Tables 19 

and 20. Table 19 shows the mean, median, and range of physical character- 

istics for the subfleet. Table 20 shows the number of vessels from the 

subfleet which operated in the groundfish trawl, shrimp, and crab fisheries 

from 1974 to 1979. 

Some vessels in the subfleet operated in the albacore and sablefish 

pot fisheries in selected years. For example, seven vessels fished for 

albacore in 1974, six in 1975, and one each in 1976 and 1978. Strictly 

speaking the analysis should be extended to include these fisheries. 

However, sufficient data on days fished and returns to fishing were not 

available. The errors introduced from this are probably not of major 

importance, since the amount of activity in these alternative fisheries 

was relatively small. 

Table 21 shows the aggregate days fished by the 29 vessel subfleet 

in each year from 1974 to 1979. An interesting exercise in casual 

empiricism is to relate the days taken in each fishery to some gross 

measures of abundance and price in each fishery, such as the landings 

and ex-vessel value information in Table 15 of Chapter II. 

Consider the shrimp fishery. During the years 1974, 1975, and 

1976, total shrimp landings ranged from 20 to 25 million pounds, but in 

1975 the ex-vessel price was particularly depressed. In 1975 the sub- 

fleet spent fewer days in the shrimp fishery.  In 1977 and 1978, price 

and abundance were high. Substantially more days of shrimp fishing were 

taken by the subfleet in those years.  In 1979, yield dropped off, al- 

though price remained high. Fewer days were taken by the subfleet than 
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Table 19. Physical Characteristics of the 29 Vessel Subfleet. 

Length Horsepower Net Tons 

Mean 

Median 

Low 

High 

61.4 270 

62.0 280 

48.0 120 

73.0 450 

38 

35 

13 

90 

Table 20. Number of Vessels From the Subfleet Operating in Groundfish, 
Shrimp, and Crab Fisheries 1974-1979.£/ 

1974 

1975 

1976 

1977 

1978 

1979 

Groundfish Shrii 

16 21 

16 16 

1$ 18 

15 22 

16 23 

17 22 

Crab 

8 

8 

7 

8 

9 

9 

a/ 
—  Row totals do not add to 29 because of multi-fishery activity by 

many of the vessels. 
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Table 21. Days Fished by the 29 Vessel Subfleet in Groundfish, Shrimp, 
and Crab Fisheries 1974-1979. 

Groundfish Shrimp Crab 

1974 

1975 

1976 

1977 

1978 

1979 

969 1,166 173 

1,099 960 264 

1,358 1,268 280 

717 1,624 287 

861 1,418 221 

1,176 1,096 268 
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in the previous two years, while activity in th.e groundfish fishery in- 

creased, compared to 1977 and 1978. 

Certainly one should not draw strong conclusions from such an exer- 

cise.  It does suggest that vessels in this subfleet show response to 

changing price and abundance. 

Another interesting exercise is to compare the annual activities of 

the 29 vessel subfleet to those of (1) the larger subset of 84 vessels 

which fished in Oregon over the six year period, and (2) an aggregate 

of all Oregon licensed groundfish and shrimp trawlers (including newer 

entrants). Data on days of fishing activity could not be obtained for 

these separate sets of vessels, so numbers of fish landing tickets are 

presented along with the poundages. Table 22 contains these descriptive 

data. 

Year-to-year shifts in activities are discernible in Table 22, and 

appear to be roughly correlated with relative stock abundances and prices. 

Once again, one must be cautious about drawing conclusions from the dis- 

play, but general trends of effort allocation and fleet growth are ap- 

parent. 

The next major task was to develop data for use as explanatory vari- 

ables in the empirical models suggested earlier in this chapter. Those 

variables are (.1) catch per unit of effort CCPUE) in each fishery, (2) ex- 

vessel prices for each fishery, C3) days when weather/ocean conditions 

were good enough for fishing, and (4) seasons when fishing was permitted 

by regulation for each fishery. 

Groundfish and shrimp CPUE data are available only as catch per 

trawling hour. As mentioned earlier, the number of trawling hours per 

day is not necessarily constant, so the conversion of catch per hour to 
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Table 22. Vessel Activity of Selected Subsets of Fishing Vessels in the Groundfish Trawl, 
Fisheries, 1974-1979. 

Shrimp, and Crab 

 1 

Groundfish Shrimp Crab 

Year 8 Fleet 
Pounds 

(in thousands) Tickets 
Pounds 

(in thousands) Tickets 
Pounds 

(in thousands) Tickets 

1974 

All Trawlers 
84 Vessel Subfleet 
29 Vessel Subfleet 

17,613 
11,900 
7,S4S 

1,653 
915 
437 

19,310 
9,415 
3,759 

2,577 
1,383 
670 

608 
595 
296 

363 
400 
173 

1975 

All Trawlers 
84 Vessel Subfleet 
29 Vessel Subfleet 

14,432 
11,061 
6,245 

1,742 
1,166 
539 

23,329 
11,548 
5,837 

1,980 
1,102 

514 

540 
621 
303 

390 
541 
264 

1976 

All Trawlers 
84 Vessel Subfleet 
29 Vessel Subfleet 

22,707 
11,851 
6,415 

2,067 
1,111 

523 

24,191 
13,814 
6,506 

2,391 
1,487 

701 

1,493 
1,182 

539 

735 
652 
280 

1977 

All Trawlers 
34 Vessel Subfleet 
29 Vessel Subfleet 

19,761 
8,025 
4,200 

2,343 
1,063 

572 

47,233 
23,307 
11,868 

2,896 
1,629 

855 

3,883 
3.075 

947 

1,307 
1,182 

287 

1978 

All Trawlers 
84 Vessel Subfleet 
29 Vessel Subfleet 

31,900 
11,364 
5,176 

2,795 
1,23S 
551 

56,512 
16,832 
8,551 

3,938 
1,463 

757 

3,254 
1,671 

610 

1,166" 
748 
221 

1979 

All Trawlers 
84 Vessel Subfleet 
29 Vessel Subfleet 

46,196 
14,425 
7,068 

3,912 
1,636 
674 

29,587 
6,364 
3,038 

3,231 
933 
436 

4,438 
1,986 

537 

1,482 
787 
268 
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catch per day was undesirable. Therefore, catch per hour was used as a 

proxy for catch per day in the groundfish and shrimp fisheries. CPUE 

data for groundfish were monthly aggregates across all species for inter- 

national statistical areas IC to 5A. Shrimp CPUE data were monthly aggre- 

gates for shrimp for appropriate statistical areas.—  Separate data were 

prepared for both single and double rigged shrimp vessel aggregates. 

In doing the statistical analysis for the 29 vessel subfleet, it 

would be necessary to select single-rig CPU^ double-rig CPUE or some 

weighted combination of the two as the proxy for yield.  Information on 

the configuration of shrimp vessels was obtained from biologists in 

charge of shrimp logbook data. As it turned out, approximately half the 

vessels fishing shrimp in each year were single-rigged and half double- 

rigged. Therefore, an average of single and double rig CPUE was selected 

as an alternative proxy for yield. 

Catch per day data for the crab fishery were developed using landings 

data for vessels 50 feet and over in length. The number of crab tickets 

was used as a proxy for days fished, as mentioned earlier. To develop 

observations for 1974 on catch per day lagged by one or 12 months, it 

was necessary to use 1973 crab landings data. However, 1973 data on 

catch per fish ticket in the crab fishery were not available. Monthly 

catch per ticket data for 1973 were generated as the product of the ratio 

of 1973 to 1974 monthly landings and 1974 catch per ticket. 

Ex-vessel prices were obtained from a variety of sources including 

Oregon Department of Fish and Wildlife fish tickets (especially for 1978 

— 1977-1979 shrimp CPUE data was for Oregon state statistical areas 
18, 19, 20, 21, 24, 26, 28, 29, 30, and 32.  1973-1976 shrimp CPUE data 
was for Pacific Marine Fisheries Commission areas 92, 88, 86, 84, 82, 
75, 74, and 72 which cover essentially the same areas as those listed 
for the state. 
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and 1979) and miscellaneous records of prices paid to fishermen; National 

Marine Fisheries Service Market News Reports; Fisherman's Marketing 

Association's market orders; and personal correspondence with representa- 

tives of fishermen's marketing associations. Averaging and discretionary- 

choices were used when data from different sources did not agree. Price 

differences from port to port were not observed to be particularly large. 

A weighted average price was computed for the groundfish species 

aggregate.  In fact, three separate weighted prices were computed for 

each month.  If the weighted price was to be the multiplier for current 

month aggregate CPUE, the weights assigned to each species price were 

the same as the catch weights.  If the weighted price was to be the 

multiplier for lagged CPUE, current species prices were weighted by the 

past month's catch composition. 

The implicit assumption here is that groundfish fishermen are aware 

of the prices they can expect to receive because of prior agreement 

between their marketing association and the processor. These price 

agreements or market orders were believed to have been followed closely 

during 1974-1979. Processors would put "market limits" on landings of 

certain species when they wanted to avoid buying more than they believed 

they could profitably market. 

"Expected" gross revenues per hour (groundfish and shrimp) and per 

day (crab) were computed using the CPUE and price data. These gross 

revenues, deflated by the consumer price index, were used as explanatory 

variables in the estimation of the models presented earlier. 

Next, a proxy variable had to be devised for the measure of days 

when weather/ocean conditions would permit fishing. No suitable time 

series or ocean condition information was available from the Coast 
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Guard or other port authority. 

There has been some research on nearshore wave climatology off 

Yaquina Bay, Oregon, conducted at the Oregon State University Marine 

2/ 
Science Center [19]. Since 1972, a wave-measuring system— has been in 

operation to gather information on wave height and period at six-hour 

intervals. 

Plots of daily significant wave heights were reviewed for each 

month in the six-year period. Two measures of "bad weather" were 

selected: The number of days per month (.1) when significant wave 

heights exceeded eight feet and C2) when the heights exceeded ten feet. 

The rationale was that these would indicate marginal bar crossing condi- 

tions, even for trawl vessels. 

The number of days per month in which conditions Cl) or [2)  were ob- 

served was recorded for each month, 1974-1979. These days were subtracted 

from the number of days per month to arrive at an estimate of the number 

of "good weather" days for each month. Although bar conditions and 

weather vary from port to port, this probably provided a reasonable 

proxy for the variation in weather conditions from season to season. 

Aggregate days of good fishing weather for the subfleet were com- 

puted by multiplying the number of good weather days per month by 29, 

the number of vessels in the subfleet. Of course, the fisherman's deter- 

mination of whether or not to fish is much more complex than this.  It 

27 
—  The system consists of a seismometer connected to a strip chart re- 
corder. Seismometer readings were calibrated to actual observations of 
wave height and period. Estimates of the average height and period of 
the highest ten percent of the waves in any record (a ten minute obser- 
vation set every six hours) were computed. These were converted to an 
estimate of the average height of the highest 33 percent of the waves. 
These estimates, designated Hs, are referred to as "significant wave 
heights." 
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depends not only on bar conditions, but on sea and swell, on expected 

weather and ocean conditions for the trip under consideration, and on 

the needs, abilities, and toughness of the individual fisherman. 

Of the three fisheries examined, crab and shrimp have seasonal 

regulations, while groundfish is open all year. Shrimp seasons ran from 

April 1 to October 15 throughout the entire period 1974-1979. Crab 

season traditionally opens in the ocean on December 1 in Oregon and runs 

until late summer, although usually most crab fishing in the ocean ends 

before that time. Bays are open for crab fishing the entire year. 

Because of their size, trawlers which turn to pot fishing for crab 

do so only in the ocean. For this reason, the ocean seasons were assumed 

to be binding on the subfleet of 29 vessels. Seasons were from 

December 1 to September 15, except in 1975 when the season ended on 

August 15. 

Seasons were introduced into the model as "quasi-dummy" variables. 

Because both shrimp and crab seasons end in the middle of a month, it 

was necessary to assign a value of 0.5 to the dummies for those months. 

The interpretation of the seasonal variables is that they represent the 

proportion of the month when fishing was permitted. 

In April 1975 shrimpers went on strike, as did crabbers in December 

1976. Since no shrimp Ccrab) landings were made during the strike period, 

it seemed reasonable to set the seasonal variables equal to zero for the 

appropriate month, to reflect the fleet imposed restriction. 

Fleet Regressions and Analysis 

The regression models developed in the second section of this chap- 

ter were estimated using the method of ordinary least squares. The 
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period length chosen for observations on the dependent and explanatory 

variables is one month. 

Dependent variables in the estimated equations are days spent each 

month in the groundfish, shrimp, and crab fisheries for the 29 vessel 

subfleet in aggregate. Regressions for each fishery are estimated and 

displayed by model (A, B, C, and D). 

As suggested in the last section, independent or explanatory vari- 

ables include:  (1) total monthly days of "good weather" for the sub- 

fleet; (2) seasonal "quasi-dummy" variables for the shrimp and crab 

fisheries; (3) gross revenue variables computed as the product of cur- 

rent, deflated ex-vessel prices and either CPUE (for groundfish and 

shrimp) or catch per day (for crab) for the appropriate month; and 

(4) days of fishing lagged by one month. Symbols used for these vari- 

ables are presented in Table 23. Since the analysis covers the years 

1974 to 1979, there are 72 observations on each variable (i.e., n=72). 

The time series of data on the dependent variables and on selected 

independent variables is presented in Appendix Table A-l. The TWX 

variable shown in the appendix is the number of days for each month when 

significant wave heights at Yaquina Bay did not exceed eight feet.  (See 

the previous section of this chapter for details on the development of 

this data.) 

In the text, up to six regressions are shown for each fishery and 

model type. Estimated coefficients for the explanatory variables in 

the regressions are arranged in order from top to bottom in Tables 24 

3/ 
to 35.—  The associated t-statistic is shown in parentheses below each 

—  Alternative regressions for Models A and B are in Appendix Tables 
B-l to B-6. 
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Table 23. Symbols Used for Independent Variables in Regression Presen- 
tations. 

Symbol Explanation of Symbol 

TWX 

DS 

DC 

GFRT 
GFRT1 
GFRT12 

SAVRT 
SAVRT1 
SAVRT12 

CRRT 
CRRT1 
CRRT12 

GFD1 
SD1 
CRD1 

Subfleet days per month of weather/ocean conditions 
suitable for fishing. 

Proportion of days during the month when shrimp fish- 
ing was permitted by regulation.  (Shrimp season 
"quasi-dummy" variable.) 

Proportion of days during the month when crab fishing 
was permitted by regulation, 
dummy" variable.) 

CCrab season "quasi- 

Fishery-wide gross revenues per trawling hour in the 
groundfish fishery in months t, t-1, and t-12, re- 
spectively. Calculated by multiplying current price 
by CPUE for the appropriate time period. 

Fishery-wide gross revenues per trawling hour in the 
shrimp fishery in months t, t-1, and t-12, respectively 
(based in equal proportion on returns to single and 
double rigged shrimp vessels). Calculated by multi- 
plying current price by CPUE for the appropriate time 
period. 

Gross revenues per day in the crab fishery in the 
months t, t-1, and t-12, respectively (based on catch 
per fish ticket for vessels 50 feet and over in 
length). Calculated by multiplying current price by 
catch per day for the appropriate time period. 

Subfleet aggregates of days of fishing in the ground- 
fish, shrimp, and crab fisheries respectively in 
month t-1. 
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coefficient. Also presented below each equation are the coefficient of 

multiple determination (R2) and the Durbin-Watson statistic for the esti- 

mated residuals of the regression. 

Structural parameter estimates for each regression have been cal- 

culated and displayed below the Durbin-Watson statistic. The structural 

parameters are:  (1) the coefficient of expectation or adjustment for 

Models A and D; (2) the weights for current and lagged gross revenue 

variables for Models B and C; and (3) the structural coefficient of ex- 

pected gross revenues. Finally, computed elasticities (and cross- 

elasticities) of days with respect to expected and observed gross returns 

complete each regression equation column. 

The elasticity of groundfish days with respect to expected gross 

revenues in the groundfish fishery is calculated (for Model A) from the 

structural parameter estimate of a^ in the structural equation (53). 

Denoting T and R* for the groundfish fishery as GFD and GFRT*, observe 

„. + 3GFD    _   ,  *• •*  -•     •    i  i * J   r^CFD . rGFRT*. that ai = 3GFRT*' The elasticity flgure is calculated as (3GFRTJ • ^Q^p 

where the subscripts indicate evaluation at some associated pair (GFD, 

GFRT*).  In other words, the elasticity of groundfish days with respect 

to expected gross revenues is the percentage change in groundfish fishing 

days relative to the percentage change in expected gross returns. A 

similar procedure is used for Models B, C, and D. 

Model A Regression Results - Groundfish Fishing 

Regressions of the simple adaptive expectations (or partial adjust- 

ment) form were done for groundfish, shrimp, and crab fishing days (see 

Tables 24, 25, and 26). Alternative regressions of this form are also 

presented in Appendix Table B-l. 
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The groundfish days regression results CTable 24) were somewhat 

disappointing because the signs on the coefficients of the gross returns 

variables were negative, rather than positive as hypothesized. As a 

result, the elasticity estimates were negative and larger (negatively) 

than expected for the short run. 

The probable cause of this result is that the measure of ground- 

fish gross revenues was inadequate. The groundfish fishery is a multi- 

species fishery, unlike those for shrimp and crab. Fishermen have some 

ability to target on particular species (or species groups—such as 

flatfish) of groundfish. Therefore, the use of an all-species aggregate 

CPUE may not represent adequately the perceptions of fishermen about 

potential yields and species mix. 

The coefficient of TWX (weather and ocean conditions) was positive 

and significant at the 99 percent level. This was expected because the 

groundfish fishery is open throughout the year. 

The coefficient of DS (the shrimp season "quasi-dummy") was nega- 

tive, as expected. In equation (2), Table 24, the significance level 

of the coefficient was under 90 percent, using a one-tailed test.  In 

equation (4), the significance level of the coefficient on DS was greater 

than 90 percent, but less than 95 percent. 

Some care should be taken in interpreting the coefficient on DS or 

DC. The effect of the DS and DC terms in the estimated equation is to 

"shift" the constant term (intercept). Thus, the t-test on the coeffi- 

cient of DS is testing whether there is any significant difference 

between the groundfish equation "intercept" in shrimp season and the 

rest of the months. 

The coefficient of DC (the crab season "quasi-dummy") was positive. 



Table 24. Model A Regressions Explaining Monthly Groundfish Fishing Days, 1974-1979 (t-statistics in parentheses). 

Independent Variable (n=72) 
or Item 

Equatioi] ation Equation 
(2) 

Equation 
(3) 

Equation 
(4) 

Equation 
(5) 

Equation 
(6) 

Constant Term 

TWX 

DS 

DC 

CFRT1 

CFRT 

CFD1 

Durbin-Watson Statistic 

Estimated b. Coefficient of 
Expectation^ 

Estimated ai, Coefficient of GFRT* 

Elasticity of Days With Respect to: 

GFRT* 

GFRT1 

GFRT 

28.5839 9.03586 43.2920 28.1159 
(1.389) (0.341) (2.149) (1.130) 

0.09693 0.11314 0.11269 0.13615 0.11520 0.13733 
(5.361) (4.141) (5.943) (4.731) (4.352) (4.764) 

-13.4903 -16.5691 -14.8421 -20.2895 
(-1.085) (-1.364) (-1.268) (-1.731) 

7.95217 5.21157 -9.79473 10.7142 
(0.842) (0.581) (-1.273) (1.420) 

-0.46948 -0.40216 -0.32337 
(-1.817) (-1.403) (-1.916) 

-0.77517 -0.77989 -0.49999 
(-2.709) (-2.491) (-2.604) 

0.34060 0.39876 0.31685 0.37500 0.40990 0.41761 
(3.555) (3.765) (3.392) (3.628) (4.096) (4.330) 

0.548 0.559 0.572 0.585 

1.879 2.027 1.862 2.022 2.045 2.102 

0.659 0.601 0.683 0.625 0.590 0.582 

-0.712 -0.669 -1.135 -1.248 -0.548 -0.859 

-0.621 -0.584 -0.991 -1.089 -0.487 -0.750 

-0.410 -0.351 -0.282 

-0.676 -0.681 -0.436 

a/ 
— Ihc regression equations should be read from the top of the table to the bottom. 

- If the partial adjustment models (A.3 and A.4) are assumed, the interpretation of this coefficient is as g, the coefficient of adjustment. 
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contrary to expectation. However, the coefficient was not statistically 

significant. 

In this model, which does not include other fishery (i-e-, shrimp 

and crab) returns, DS and DC may pick up some of the influence of the 

omitted revenue variables. The pairwise correlations between independent 

variables generate some information as to whether such errors could have 

occurred. Simple correlations between all independent variables are 

shown in Appendix Table A-2. 

The variables DS and DC are omitted in equations (.1) and (.3). Com- 

paring Cl) to (2) and (3) to (4), the biggest difference seems to be in 

the effect on the constant term. Without DS and DC there would be no 

difference in the "intercept" term between periods when shrimping was 

in season and when it was not. This is not as appealing intuitively as 

the model with the seasonal variables retained. 

The coefficient of lagged days, GFD1, is positive and statistically 

significant at the 99 percent level in all cases. This could be inter- 

preted as an indication of willingness to remain in the groundfish fishery. 

The main purpose of including GFD1 was to provide an estimate of the 

structural coefficients. 

The estimated b (g) coefficient of expectation (adjustment) is 

between zero and one, as hypothesized. The relatively stable yields in 

the groundfish fishery are one explanation for the coefficient not being 

closer to one. Groundfish species are generally longer lived than shrimp 

or crab. Therefore, yields may not be expected to fluctuate much, be- 

cause the exploitable biomass may not vary with environmental conditions 

to the extent that exploitable crab and shrimp populations do. 

Equations C5) and (6) do not contain constant terms, therefore 
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values of R2 are not meaningful and are not presented.  R2 is the ratio 

of the siom of squares due to regression to the sum of squares about the 

mean. When the regression is forced through the origin, no sum of squares 

about the mean is produced. Hence the R2 is not defined. 

Omission of the constant term in the regression equations is not 

desirable. The values of the independent variables cover only a posi- 

tive range of values. Further, the value of the dependent variable, 

fishing days, would probably become zero when expected gross revenues 

became less than anticipated variable costs. This would occur at some 

positive gross revenue. 

The calculated Durbin-Watson statistics (d) suggest that the hypo- 

thesis of no autocorrelation not be rejected. However, as Johnston [48] 

points out, the Durbin-Watson test is biased toward producting a d statis- 

tic for a random disturbance when a lagged dependent variable is used as 

an explanatory variable.  This issue will be discussed in more detail 

in connection with the Model A shrimp regression. 

Elasticities of days spent fishing for groundfish with respect to 

groundfish revenues were calculated. For these Model A groundfish re- 

gressions, the elasticities were computed at the means of observed gross 

returns and days of fishing. 

Finally, the reader is cautioned that the number of significant digits 

shown in Tables 24 to 35 is probably excessive. Coefficients of the in- 

dependent variables are usually shown to six digits. However, because of 
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the difficulties in measuring price and especially yield, accuracy beyond 

roughly the third significant digit is questionable. Fortunately, accur- 

acy greater than this is not necessary. 

Model A Regression Results - Shrimp Fishing 

Table 25 shows the estimated influences of the explanatory variables 

on days of shrimp fishing taken by the 29 vessel subfleet. These re- 

sults are more consistent with £ priori reasoning than those for ground- 

fish. 

The weather variable (TWX) was positive in most cases, but not 

statistically significant. This is not surprising because good weather 

prevails through most of the shrimp season. 

The shrimp season quasi-dummy, DS, was positive and significant at 

the 99 percent level. Motivations for shrimp fishing not represented 

by the gross revenue variables would probably be "picked up" by this 

variable. Such motivations may be quite important. 

The crab season quasi-dummy, DC, was positive and would be signifi- 

cant at the 99 percent level using a two-tailed test.  It was not clear 

beforehand whether this variable would be significant. The most produc- 

tive months in the crab fishery usually come in December, January, and 

February, before shrimp season starts. Therefore, the effect on shrimp 

fishing days of having the crab fishery open may be negligible. This is 

particularly likely to be true for the subfleet of trawlers in the 

analysis. 

It is surprising that the coefficient on DC is so large. One ten- 

tative explanation is that only during the months of September and 

October is shrimp fishing legal and crab fishing not. Shrimp fishing 



Table 25. Model A Regressions Explaining Monthly Shrimp Fishing Days, 1974-1979 (t-statistics in parentheses). 

Independent Variable (n=72) 
or Item 

Equation 
(1) 

Equation 
(2) 

Equation 
(3) 

Equation 
(4) 

Equation 
(5) 

Equation 
(6) 

Constant Term 

TWX 

DS 

DC 

SAVRT1 

SAVRT 

SD1 

R2 

Durbin-Watson Statistic 

Estimated b .Coefficient of 
Expectatioiv— 

Estimated a^ Coefficient of SRT* 

Elasticity of Days With Respect to: 

SRT* 

SAVRT1 

SAVRT 

-50.8785 -49.4000 -75.5625 -24.2579 
(-2.942) (-2.825) (-3.523) (-1.321) 

0.018S7 0.01404 0.16552 0.03685 -0.06112 -0.06316 
(0.562) (0.420) (4.056) (0.993) (-3.060) (-3.116) 

131.531 140.974 151.488 159.187 166.637 
(6.415) (7.237) (6.687) (8.269) (9.197) 

47.9574 48.8689 36.9052 38.0232 
(4.433) (4.443) (3.443) (3.508) 

0.37072 1.00754 0.33844 0.32916 
(2.547) 

0.29822 
(2.154) 

(5.996) (2.056) (2.151) 

0.26919 
(1.855) 

0.17162 0.17017 0.18610 0.06662 0.17050 0.16901 
(2.717) (2.649) (2.267) (1.005) (2.555) (2.502) 

0.909 0.906 0.801 0.881 

2.160 2.094 1.828 1.643 2.055 2.018 

0.828 0.830 0.814 0.934 0.830 0.831 

0.448 0.359 1.238 0.363 0.397 0.324 

0.199 0.157 0.552 0.162 0.177 0.142 

0.165 0.449 0.151 0.147 

0.131 0.118 

a/ 
—  If the partial adjustment models (A.3 and A.4) are assumed, the interpretation of this coefficient is as g, the coefficient of adjustment. 
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days are generally fewer at that time of year. Thus, the DC variable 

is positively associated with the most productive portions of the shrimp 

fishing season. 

Both measures of gross revenues in the shrimp fishery (SAVRT and 

SAVRT1) were positive as expected, and statistically significant at 

greater than the 95 percent level. Notice that the size and significance 

of the coefficient on SAVRT1 in equation (3) is greater than the other 

equations. A significant portion of the influence of some non-pecuniary 

variables (usually reflected in the coefficient of DS) is probably picked 

up by the gross revenues variable. Omission of the relevant seasonal 

variable could produce biased and unreasonably large estimates of the 

coefficient of gross revenues and the elasticity of days fished with re- 

spect to gross revenues. 

The coefficient of lagged days fished (SD1) is positive as hypo- 

thesized and statistically significant at the 99 percent level, except 

in equation (4). The estimated coefficient of expectation or adjustment 

is calculated from this. Apparently fishermen are able to either adapt 

revenue expectations or adjust days of fishing fairly rapidly, as sug- 

gested earlier. 

The Durbin-Watson statistics Cd) suggest no major problem with auto- 

correlation; however, the presence of SD1 makes such a test suspect. 

Fortunately, there is a large sample (n > 30) test for autocorrelation 

in models with lagged dependent variables. Based on work by Durbin, 

Johnston [48] suggests the use of the "h" statistic in these cases. 
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Because the d statistic for equation C4) was in the indeterminate 

4/ 
range, the h statistic— was calculated for this equation, and for 

equation (3). The calculated h for equation (4) was h = 1.832. The 

critical value of h at the 95 percent significance level is 1.645. 

Therefore, the null hypothesis is rejected in favor of the alternative 

hypothesis of positive serial correlation. 

The calculated h for equation (Z)   is 1.017. The null hypothesis 

of no autocorrelation was not rejected. 

The consequences of autocorrelation are well known. If no lagged 

dependent variables are used to explain variations in the dependent 

variable, OLS estimators are still unbiased and consistent. However, 

they are inefficient. The OLS estimate of the variance-covariance 

matrix of the estimators is biased.  In the case of positive serial cor- 

relation, the bias in the estimated standard errors is downward and the 

t-statistic is overestimated. 

When a lagged dependent variable is used as an explanatory variable, 

the situation is even worse. If autocorrelation is present in this kind 

of model, the OLS estimators are biased and not consistent. 

In spite of this, no corrective procedures have been undertaken for 

several reasons:  [1) Equation (4) is probably not the preferred equation 

because of the omission of DC.  C2) There is some question about the 

magnitude of improvement from the most common corrective procedures. 

4/ —  The h statistic has the standard normal distribution under the null 
hypothesis of no autocorrelation.  It is calculated as: 

h - C1 = MIZAC 'rQ>i) 

where 

d = the usual Durbin-Watson statistic 
n = the number of observations 

V(bi) = the estimated variance of the coefficient of the lagged dependent 
variable. 
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Kramer [52] has shown when a constant term is included in the regression 

equation, the relative efficiency of OLS estimators (compared to the opti- 

mal generalized least squares estimators) is nearly as great as those ob- 

tained using the Durbin and Prais-Winsten corrective procedures.  (Kramer's 

result has not been demonstrated for regressions using a lagged dependent 

variable as an explanatory variable, such as those of Models A and D. 

The elasticities of days fished with respect to expected shrimp-fishing 

revenues ranged from 0.142 to 0.199, excluding equation (3). These elasti- 

cities were calculated at the mean values for gross revenues and days of 

shrimp fishing. The interpretation of an elasticity figure of 0.2 is that 

for a ten percent increase in expected gross revenues, the sub fleet's re- 

sponse would be an increase of two percent in the number of days taken shrimp 

fishing. This inference has some interesting policy implications which will 

be discussed later. Alternative shrimp regressions are shown in Appendix 

Table B-2. 

Model A Results - Crab Fishing 

The estimated coefficients of the explanatory variables hypothesized 

to explain variations in days of crab fishing are presented in Table 26. 

These results also are consistent with £ priori reasoning. 

The coefficient of the weather variable (TWX) was negative in the first 

four estimated equations, contrary to intuition.  Apparently the TWX vari- 

able was not very useful in discriminating between days when crabbing was 

possible and when it was not. Another reason could be that the best crab 

fishing is available in the months usually having the worst weather. 

Crabbing may be successful under conditions when trawling is much more 

difficult and less productive than desirable. 

The seasonal variables, DS and DC have the signs hypothesized and 

are significant at the 99 percent level. Again, it is likely that 



Table 26. Model A Regressions Explaining Monthly Crab Fishing Days, 1974-1979 (t-statistics in parentheses). 

Independent Variable (n=72) 
or Item 

Equation 

(1) 

Equation 
(2) 

Equation 
(3) 

Equation 
(4) 

Equation 
(S) 

Equation 
(6) 

Constant Term 

TNX 

DS 

DC 

CRRT1 

CRRT 

CRD1 

Durbin-Watson Statistic 

Estimated b. Coefficient of 
Expectation^/ 

Estimated ai.  Coefficient of CRRT* 

Elasticity of Days With Respect to: 

CRRT* 

CRUT1 

CRRT 

25.5680 16.5435 25.9894 29.1423 
(3.907) (2.462) (3.734) (4.310) 

-0.03157 -0.01734 -0.03921 -0.05315 0.008307 0.008586 
(-2.604) (-1.437) (-4.591) (-5.493) (1.314) (1.211) 

-22.9796 -22.2168 -27.9130 -34.1244 
(-4.174) (-4.242) . (-5.726) (-6.571) 

27.2216 20.2304 15.9112 19.3165 31.5692 
(5.523) (3.764) (2.689) (3.472) (5.962) 

0.01325 0.012285 
(1.938) (1.631) 

0.01789 0.02992 0.01993 0.02292 
(3.343) (6.109) (3.335) (4.464) 

0.07654 0.20611 0.36489 0.27675 0.23301 0.12482 
(0.816) (2.945) (5.072) (3.631) (3.249) (1.218) 

0.781 0.802 0.720 0.747 

1.696 1.910 1.945 1.927 1.760 1.516 

0.924 0.794 0.635 0.723 0.767 0.875 

0.0143 0.0225 0.0471 0.0276 0.0299 0.0140 

0.195 

0.180 

0.353 

0.281 

0.739 

0.469 

0.433 

0.313 

0.469 

0.360 

0.190 

0.167 

If the partial adjustment models (A.3 and A.4) are assumed, the interpretation of this coefficient is as g, the coefficient of adjustment. 

4^. 
(0 
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motivations for crab (and shrimp) fishing not represented by the gross 

revenue variable are reflected by the seasonal variables. 

The current period revenue variable (.CRRT) was more highly signifi- 

cant than the lagged revenue variable C.CRKT1) . For example, comparison 

of equations (.1) and (2) suggest that CRRT has more explanatory power 

than CRRT1. One problem with using the lagged revenue variable is that 

expected revenues in December are based on actual gross revenues per 

day experienced at the end of the previous season. Even though CRRT1 

might be an adequate measure of expected returns from January to the end 

of the season, intuitively it does not seem reasonable for December. 

Gross revenues per day are usually quite low by the end of a crab season, 

but at their peak in December. 

Another interesting result is the effect of omitting DS and DC in 

equation C3). As in the shrimp day regressions, it appears that this 

attributes too much importance to the explanatory power of the gross 

revenue variable. 

The coefficient of lagged days of crab fishing CCRDl) is positive 

as hypothesized.  It is statistically significant at the 99 percent 

level in equations with the revenues variable CRRT. 

Using the results of equation C2), the structural coefficient of 

expectation Cor adjustment) is nearly 0.8 which is close to the cal- 

culated coefficient for shrimping. This makes some sense because it 

suggests fishermen react fairly consistently to changes in either fishery. 

The Durbin-Watson statistics seem not to contradict the assumption 

of no autocorrelation except in equations (1), C5), and C.6). For these 

equations the conclusion is indeterminate at best. No corrective pro- 

cedures were attempted in these cases. 
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Finally, using equation (2), the elasticity of crab fishing days with 

respect to expected gross returns is about 0.35. This is slightly greater than 

the shrimp elasticity figure Csee the Model A shrimp regressions, equation 

Cl) for example), but seems quite reasonable. Crab elasticities were 

calculated at the mean value of days and revenues for the December to 

March period only. These are the months when trawlers are most apt to 

be crabbing. 

Alternative regressions explaining days of crab fishing are shown 

in Appendix Table B-3. No discussion is presented for those regressions 

in the Appendix. 

The regressions results for Model B follow. The implicit assump- 

tion in Model B is that the coefficient of expectations (adjustment) 

equals one, rather than 0<b<lor0<g<l. 

Model B Results - Groundfish Fishing 

The results of the Model B regressions for days of groundfish 

fishing CTable 27) were also disappointing.  It seems likely that the 

variables representing gross revenues were inadequate as suggested earlier. 

The coefficient on TWX was approximately the same in all regressions. 

It was positive, as hypothesized, and statistically significant at the 

99 percent level in all cases. 

The seasonal variables were omitted except in equations (2) and (6). 

The positive coefficient on DS in equation 12)   is puzzling, since this 

was not observed in the Model A regressions. However, the coefficient 

was not statistically significant, nor was the coefficient on DC. 

The values of the Durbin-Watson statistic indicate significant, 

positive serial correlation in all cases. Alternative regressions are 



Table 27. Model B Regressions Explaining Monthly Groundfish Fishing Days, 1974-1979 (t-statistics in parentheses). 

Independent Variable (n=72) 
or Item 

Equation 
(1) 

Equation 
(2) 

Equation 
(3) 

Equation 
(4) 

Equation 
(S) 

Equation 
(6) 

Constant Term 

TWX 

DS 

DC 

GFRT 

GFRT1 

GFRT12 

R2 

Durbin-Watson Statistic 

Estimated Weight of GFRT 

Estimated Weight of GFRT1 

Estimated Weight of GFRT12 

Estimated Coefficient of GFRT*, ax 

Elasticity of Days With Respect to: 

GFRT* 

GFRT 

GFRT1 

CFRT12 

57.8763 
(2.276) 

78.8210 
(2.258) 

45.5577 
(2.047) 

63.0340 
(2.551) 

29.9165 
(1.367) 

0.15007 
(8.199) 

0.14746 
(4.675) 

3.81101 
(0.291) 

-9.12206 
(-0.881) 

0.148585 
(8.144) 

0.14647 
(8.225) 

0.13021 
(7.678) 

0.16214 
(S.098) 

-6.17772 
(-0.486) 

5.43442 
(0.651) 

-0.99388 
(-2.052) 

-0.94898 
(-1.883) 

-1.09893 
(-2.324) 

-0.68443 
(-2.064) 

-0.93254 
(-1.795) 

0.36403 
(0.878) 

0.26242 
(0.606) 

0.33884 
(0.819) 

-0.39221 
(-1.414) 

0.59304 
(1.412) 

-0.30515 
(-1.001) 

-0.43824 
(-1.267) 

-0.28890 
(-0.951) 

0.04741 
(0.170) 

0.508 0.514 0.500 0.502 0.461 

1.208 1.212 1.187 1.171 1.135 1.177 

-0.935 -1.125 -0.760 -0.973 -0.392 

0.817 -0.985 -0.663 -0.851 -0.342 

0.867 -0.828 -0.959 -0.597 

0.318 0.229 -0.296 -0.342 

0.268 -0.386 -0.254 

-0.292 

-0.254 

-0.814 

0.518 

0.042 
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presented in Appendix Table B-4. 

Model B Results - Shrimp Fishing 

The shrimp regression results seem quite reasonable and are very- 

close to the results obtained using Model A Csee Table 28). Of the 

variables representing gross revenues to shrimping, only SAVRT12 has the 

unexpected sign. SAVRT1 seems to have slightly more explanatory power 

than SAVRT, although both of their coefficients are significant at the 

99 percent level in equations C4) and C5). The regression equations 

with one of these variables perform as well as equation (3) which has 

both. This is not surprising because of the high correlation between 

SAVRT and SAVRT1. As indicated in the appendix. Table A-2, the simple 

correlation between these two variables is 0.908. 

When the two gross returns variables in equation (.3) were added as 

a set, the F-statistic for the set was 4.07. Taken as a set, the co- 

efficients on SAVRT and SAVRT1 were statistically significant at the 95 

percent level but not significant at the 99 percent level. This suggests 

that multicollinearity was severe enough with both variables present to 

cause some loss of precision. 

This problem poses a mild dilemma.  It is desirable to assess ade- 

quately the significance of expected revenues on days fished. It is 

also interesting to estimate the relative weights of the current and 

lagged representations of gross revenues. Dropping SAVRT may cause the 

estimated coefficients of the other variables to be biased. But it may 

also be a mistake to understate the significance of expected revenues on 

days taken in the shrimp fishery.  Based on the Model A and Model B re- 

gressions, if one variable is to be used as a proxy for gross revenues 



Table 28.  Model B Regressions Explaining Monthly Shrimp Fishing Days, 1974-1979 (t-statistics in parentheses). 

Independent Variable (n=72) 
or Item 

Equation 

(1) 

Equation 
(2) 

Equation 

(3) 

Equation 

(4) 

Equation 

(5) 

Equation 

(6) 

Constant Term 

TOX 

DS 

SAVRT 

SAVRT1 

SAVRT12 

R2 

Durbin-Watson Statistic 

Estimated Weight of SAVRT 

Estimated Weight of SAVRT1 

Estimated Weight of SAVRT12 

Estimated Coefficient of SAVRT*, ai 

Elasticity of Days With Respect to: 

SAVRT* 

SAVRT 

SAVRT1 

SAVRT12 

-49.6883 -26.6673 -50.6397 -50.5315 -49.0381 
(-2.73S) (-1.466) (-2.807) (-2.811) (-2.704) 

0.03761 0.04419 0.03781 0.03987 0.03441 -0.03936 
(1.117) (1.217) (1.128) (1.198) (1.022) (-2.117) 

1SS.070 156.829 148.124 150.045 159.089 177.320 
(6.808) (7.164) (7.290) (7.471) (8.422) (9.609) 

36.9987 37.7531 36.7480 38.0718 25.8834 
(3.487) (3.592) (3.538) (3.597) (2.558) 

0.1S686 0.05S5S 0.14899 0.35048 
(0.77S) (0.256) (0.740) (2.466) 

0.32353 0.31869 0.30197 0.41563 0.37397 
(1.481) (1.364) (1.403) (2.765) (2.382) 

-0.09008 
(-0.686) 

0.901 0.881 0.901 0.900 0.898 

1.843 1.601 1.821 1.818 1.752 1.780 

0.148 0.330 1.0 

0.852 0.670 1.0 1.0 

0.390 0.374 0.451 

0.166 0.166 0.200 

0.069 0.024 0.065 

0.144 0.142 0.135 

0.047 

0.416 

0.185 

0.185 

0.3SC 

0.154 

0.154 

0.374 

0.167 

0.167 

on 
4^ 
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in the shrimp fishery, SAVRT1 would be the choice. 

The Durbin-Watson statistics seem reasonably good, being at worst 

in the middle of the indeterminate range (see equation (2)). For the 

better explanatory equations (3), (4), and (5), the null hypothesis of 

no autocorrelation is not rejected at the 95 percent significance level. 

The elasticity estimates are quite close to those estimated using 

Model A. Alternative Model B regressions for days of shrimp fishing are 

presented in Appendix Table B-5. 

Model B Results - Crab Fishing 

The regressions explaining days of crab fishing using Model B are 

shown in Table 29. The results seem quite reasonable and are similar to 

the results from Model A. 

The gross revenues variable CRRT12, based on catch rates lagged one 

year was of the unexpected sign, but not statistically significant. This 

lack of significance is not surprising because of the highly variable 

nature of the crab fishery, and the hypothesized ability of fishermen to 

react quickly to perceived changes. 

Both CRRT and CRRT1 are positive and statistically significant at 

greater than the 95 percent level in equations (1), (2), and (3).  It 

appears that the two variables together have greater explanatory power 

than either variable used alone. The addition of the two variables as 

a set was significant at the 99 percent significance level. Moreover the 

adjusted R2 for equation (2) is slightly greater than the adjusted R2 



Table 29.  Model B Regressions Explaining Monthly Crab Fishing Days, 1974-1979 (t-statistics in parentheses). 

Independent Variable (n-72) 
or Item 

Equation 
(1) 

Equation 
(2) 

Equation 
(3) 

Equation 
(4) 

Equation 
(5) 

Equation 
(6) 

Constant Term 

TWX 

DS 

DC 

CRRT 

CRRT1 

CRRT12 

R2 

Durbin-Watson Statistic 

Estimated Weight of CRRT 

Estimated Weight of CRRT1 

Estimated Weight of CRRT12 

Estimated Coefficient of CRRT*, aj 

Elasticity of Days With Respect to: 

CRRT* 

CRRT 

CRRT1 

CRRT12 

22.8298 21.9792 9.28144 20.9030 26.6323 
(3.206) (3.098) (2.527) (2.874) (3.982) 

-0.02761 -0.02675 -0.02332 -0.03395 0.00931 
(-2.141) (-2.074) (-1.773) (-2.732) (1.331) 

-22.2695 -21.9933 -30.5098 -24.3537 -22.2133 -32.2626 
(-4.045) (-3.991) (-8.106) (-4.387) (-3.970) (-6.361) 

24.9214 22.9610 21.1149 27.8301 27.3969 27.8981 
(4.269) (4.114) (3.741) (5.297) (5.415) (5.084) 

0.01255 0.01052 0.01444 0.01471 0.02089 
(2.017) (1.763) (2.490) (2.536) (3.684) 

0.01130 0.01247 0.01102 0.01573 
(1.943) (2.176) (1.891) (2.856) 

-0.00513 
(-1.123) 

0.775 0.770 0.755 0.754 0.760 

1.487 1.484 1.467 1.601 1.516 1.514 

0.458 0.567 1.0 1.0 

0.542 0.433 1.0 

0.0187 0.0230 0.0255 0.0147 0.0157 

0.286 0.335 0.377 0.231 0.214 

0.197 0.165 0.227 0.231 

0.154 0.170 0.150 0.214 

■0.065 

0.0209 

0.328 

0.328 

Ln 
ON 



157 

for either equation C4) or C5).—  The R2 for equation C2) is 0.753, 

while for equations C4) and (.5) the R2 are 0.739 and 0.746 respectively. 

The simple correlation between the two variables is 0.609 (see 

Appendix Table A-l). Based on the results here and in Model A, it is 

not clear which of the two revenue variables would serve as a better 

proxy for expected returns, if it was necessary to choose between them. 

The coefficient of the weather and ocean conditions variable (TWX) 

is negative as in Model A.  In equation (3) the TWX variable is dropped. 

Most of the influence of the variable is picked up by the intercept term 

and the seasonal variables. This reinforces the point made earlier that 

TWX does not adequately represent weather conditions which seriously 

affect operations in the crab fishery. 

The seasonal variables, DS and DC, are of the hypothesized signs. 

They are both statistically significant at the 99 percent level as in 

Model A. 

The Durbin-Watson statistics for equations (!) and C2) are in the 

low end of the indeterminate range. No corrective procedures were 

applied, but the possibility of positive autocorrelation is recognized. 

The elasticity estimates compared closely to those obtained in 

Model A. The elasticity of days with, respect to expected gross revenues 

in Model B, equation C2) is 0.335; in Model A, equation C2) the elasti- 

city calculated is 0.353. 

5/ ^   „,,„__, o2 The adjusted R^ is sometimes used to compare regression equations 
with different numbers of explanatory variables. Usually designated as 
R2, it is calculated as: 

R2 = l - Cl - R2) 1-^Y 

where T = the number of observations, K = the number of explanatory 
variables including the constant term. 



158 

Some alternative specifications for the Model B crab regressions 

are shown in Appendix Table B-6. The next set of regressions follow the 

specification of Model C, discussed earlier in this chapter. Other 

fishery gross revenue variables are introduced into the model as explana- 

tory variables. The assumption that the coefficient of expectations or 

adjustment equals one is implicit again for Model C. 

Model C Results - Groundfish Fishing 

Four different regression equations explaining days of groundfish 

fishing are presented in Table 30.  GFRT12, SAVRT12 and CRRT12 were not 

used as explanatory variables because of their lack of explanatory power 

in Models A and B. Equation (1) utilizes all the other gross revenue 

variables; equation C2) uses only current returns; equation (,3)  uses 

GFRT1, SAVRT1 and CRRT1; equation C4) uses a mixture of revenue vari- 

ables . 

The coefficients on the proxy variables for expected returns in tfie 

groundfish fishery indicate again that these variables do not adequately 

measure what they should. The coefficients on the shrimp and crab 

revenue variables are of the hypothesized sign. With the exception of 

SAVRT in equation (1), the shrimp return coefficients are all signifi- 

cant at greater than the 95 percent level. The coefficients of the crab 

revenue variables are not statistically significant at the 90 percent 

level. 

The coefficient of DS is of the unexpected sign and would be fairly 

significant using a two-tailed test. It is not clear why this occurred, 

especially in light of the results of Model A. 

The size of the Durbin-Watson statistic indicates the probable 



Table 30. Model C Regression* Explaining Monthly Groundfish Fishing Days, 1974-1979 (t-statlstics In parentheses). 

Independent Variable (n-72) 
or Item 

Equation 

(1) 

Equal ion 

(2) 

Equation 

(3) 

Equation 

«) 

Constant Tent 

Durbin-Watson ftatlstic 

Estimated Coefficient A 

Estimated Coefficient A 
8* 

Estimated Height (M ) of SAVRT 

Estinated Coefficient A 
gc 

Estlaated Weight (Hj of CRRT 

Elasticity of Days With Respect to: 

■;.« 
":.t 

41.0276 
(1.548) 

0.12791 
(3.866) 

34.1947 
(1.993) 

6.2061S 
(0.444) 

-0.7S126 
(-1.5SJ) 

0.27S93 
(0.6S1) 

0.08539 
(0.521) 

-0.45603 
(-2.556) 

-0.01216 
(-0.879) 

-0.00302 
(-0.239) 

0.575 

1.536 

-0.4753} 

-0.01518 

0.801 

-0.415 

-0.304 

-0.192 

56.7733 

(2279) 

0.I41S1 
(4.267) 

18.0461 
(1.142) 

-2.323S9 
(-0.179) 

-0.75327 
(-2.148) 

-O.22206 
(-1.889) 

-0.00604 
(-0.603) 

0 .527 

1. .324 

-0 .75327 

1. .0 

-0 .22206 

1 .0 

-0 .00804 

1 .0 

-0 .657 

-0 .178 

-0 ,091 

32.6307 
(1275) 

0.11984 
(4.345) 

40.7S86 
(2.449) 

1.74 330 
(0.149) 

-0.29360 
(-1.009) 

-0.41986 
(-J.4J0) 

-0 .0097S 
( -0 .817) 

0 

1 

.550 

.469 

-0 .29380 

-0.256 

-0.337 

-0.110 

32.0653 
(1.261) 

0.10657 
(3.636) 

42.7S80 
(2.627) 

6.85961 
(0.537) 

-0.19268 
(-0.639) 

-0.43033 
(-3.536) 

-0.01588 
(-1235) 

0.555 

1.506 

-0.19268 

-0.43033 

1.0 

-0.01588 

-0.168 

-0.352 

-0.206 
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presence of serial correlation especially in equations C2) and (3). No 

corrective action was taken, for reasons suggested earlier. 

The structural coefficients Agg, AgS, and AgC are also displayed 

in the table along with the weighting factors associated with the regres- 

sion equations. The computation of the structural parameters is dis- 

cussed in the section on empirical model development. 

Elasticities and cross-elasticities of days fished with respect to 

own and other fishery expected revenues were computed. The groundfish. 

elasticities were computed at the average levels of groundfish fishing 

days and expected gross revenues. The shrimp cross-elasticities were 

computed at the mean levels of groundfish days and expected shrimp 

revenues prevailing through shrimp season. The cross-elasticities with 

respect to expected crab revenues were computed at mean levels for the 

December through March period when the crab fishery is usually a pro- 

ductive alternative to the groundfish fishery. 

The interpretation of the cross-elasticity of days with respect to 

R*  in equation (1) would be roughly: For a ten percent increase above 
s, c 

average in expected shrimp revenues, the number of days of groundfishing 

taken monthly would decline (from the average during shrimp season) by 

three percent. 

Model C Results - Shrimp Fishing 

The Model C regressions explaining days of shrimp fishing are dis- 

played in Table 31. Five different specifications are shown. The re- 

sults are similar to those obtained using Model B. The variables re- 

presenting expected revenues in the groundfish and crab fisheries are 

not statistically significant at the 90 percent level. 



Table 31. Model C Regressions Explaining Monthly Shrlop Fishing Days,  1974-1979 (t-statIstics In parentheses). 

Independent Variable (n*72) 
or Itea 

Equation 
(i) 

liquation 
(2) 

tquution 
(3) 

Equ.-tlion 
(4) 

Equa.ion 
(S) 

-S7.1285 
(-1.854) 

-71.5670 
(-2.23<.) 

-71.3797 
(-2.233) 

-63.5157 
(-1.919) 

0.03558 
(0.867) 

0.03671 
(0.967) 

0.03903 
(1.059) 

0.05924 
(l.y.0) 

160.656 
(8.218) 

152.923 
(7.347) 

152.475 
(7.449) 

147.310 
(6.969) 

M.8I97 
(2.170) 

39.026S 
(2.670) 

36.0336 
(2.244) 

33.7160 
(2.073) 

0.34541 
(2.387) 

Constant Tens 

Durbin-Hatson Statistic 

Estimated Coefficient A 

Estimated Height (»3) of SAW 

Esttoated Coefficient A 
s> 

Estimated Height (Kg) of CFRT 

Estimated Coefficient A8c 

Estimated Height (H,.) of CRKT 

Elasticity of Days Kith Respect to: 

-66.6956 
(-1.980) 
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0.29968 
(1.322) 

-0.57736 
(-0.919) 
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0.903 
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0.70S 
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0.025 
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0.084 24 
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(0.401) 

0.898 

1.807 
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1.0 

0.084 24 

1.0 

0.00662 

1.0 
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0.033 

0.014 
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-0.56268 
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(0.401) 

0.00901 
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0.901 0.901 0.902 
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Elasticities and cross-elasticities are all computed at the mean 

levels of the appropriate variables during the months of shrimp season. 

The cross-elasticity estimates should be viewed with considerable skepti- 

cism because the other fishery revenue variables were not statistically 

significant at a reasonable level. 

The results suggest that effort levels in the shrimp fishery may 

be motivated more by conditions in that fishery than by the variations in 

conditions in other fisheries. This conclusion is somewhat tenuous be- 

cause GFRT and GFRT1 are not good measures of revenues available in the 

groundfish fishery. Further, as mentioned earlier, the crab fishery 

yield generally has tapered off by shrimp season. 

Model C Results - Crab Fishing 

The Model C regressions shown in Table 32 were similar to the Model 

B results except for the presence of variables representing expected re- 

turns in the other fisheries. As in the other regressions, the ground- 

fish fishing revenue variables provide little additional explanatory 

power. 

The coefficients of SAVRT and SAVRT1 approach the 90 percent level 

of significance in several equations. This provides some support for 

the notion that perceived returns in the shrimp fishery may affect the 

decision of some fishermen on whether or not to continue crabbing. How- 

ever, this notion is not well supported by the Model C results for shrimp 

fishing discussed above. 

The elasticity of days with respect to expected crabbing revenues 

was computed at the mean values of days and expected revenues during the 

December through March period. The cross-elasticity with respect to 



Table 32. Model C Regressions Explaining Monthly Crab Fishing Days, 1974-1979 (t-statistics in parentheses). 

Independent Variable (n-72) 
or Item 

Equation 
(i) 

Equation 
(2) 

Equation 
IS) 

Equation Equation 
(5) 

21.4390 
(1.878) 

25.9304 
(2.186) 

26.6693 
(2.221) 

20.3459 
(1.768) 

.0.02245 
(.1.477) 

-0.03470 
(-2.714) 

-0.02146 
(-1.S50) 

-0.02483 
(-1.615) 

-19.0427 
(-2.6J0) 

-15.5279 
(-2.013) 

-19.0630 
(-2.480) 

-18.2168 
(-2292) 

26.6968 
(4.526) 

27.0473 
(4.993) 

25.9135 
(4.297) 

27.8415 
(4.691) 

0.01497 
(2.447) 

0.01S95 
(2.884) 

0.01553 
(2.557) 

0.01434 
(2.332) 

Constant Tern 

TUX 

DS 

Durbin-Natson Statistic 

Estiaated Coefficient Acc 

estimated Height (He) of CRRT 

Estimated Coefficient \a 

Estimated Height (Ms) of SAVRT 

Estiaated Coefficient Ac„ 

Estiaated Height (Hg) of CFRT 

Elasticity of Days Hith Respect to: 

";.t 

25.6263 
(2.085) 

-0.02753 
(-1.794) 

-14.6751 
(-1.844) 

21.3137 
(3.287) 

0.01109 
(1.727) 

0.01213 
(2.065) 

-0.04658 
(-0.613) 

-0.03479 
(-0.420) 

0.10809 
(0.482) 

-0.13057 
(-0.665) 

0.778 

1.555 

0.02322 

0.477 

-0.08137 

0.572 

-0.02248 

0.339 

-0.264 

-0.032 

-0.06401 
(-1.195) 

-5.239  i 10 
(-0.003) 

0.759 

1.643 

0.01497 

1.0 

-0.06401 

1.0 

-5.239  I 10" 

0.235 

-0.205 

-0.007 

-0.07185 
(-1.267) 

0.02102 
(0.156) 

0.765 

1.600 

0.01595 

0.217 

-0.237 

0.029 

-0.05961 
(-1.037) 

-0 .07462 
(-0 .524) 

0 .760 

1 .663 

0 .01553 

1. 0 

-0. .05961 

0.244 

-0.197 

-0.102 

-0.06564 
(-1117) 

0.02502 
(0.152) 

0.759 

1.672 

0.01434 

1.0 

-0.06564 

0.02502 

1.0 

0.225 

-0.217 

0.034 
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groundfish revenues is for the same period. The cross-elasticity with 

respect to returns from shrimping was computed at the mean values for 

crabbing days and shrimping revenues for the period when crab and shrimp 

fishing were both permitted. 

The final set of regressions is based on the Model D development 

earlier in this chapter.  In this model, the coefficient of expectation 

(adjustment) is assumed to take a value between zero and one. Revenues 

expected in other fisheries are again hypothesized to influence days 

taken by the subfleet in a particular fishery. 

Model D Results - Groundfish Fishing 

Six regressions explaining days fished in the fisheries are presented 

beginning with Table 33 for the groundfish fishery. Consider the esti- 

mated equations first under assumption of the adaptive expectations model. 

In equations (1) and C2), expected revenues in every fishery are assumed 

to be based on the previous month's yields.  In (.2), the coefficient of 

expectation is assumed to be the same for all fisheries. Hence the 

lagged day explanatory variables CSDl and CRDl) for alternative fisheries 

are omitted. In effect, last period's effort in one fishery is not hypo- 

thesized to affect the current period's effort in another fishery. 

In equations (3)  and (4), expected gross revenues are assumed to be 

influenced by current yields.  In C4), as in C2), the assumption of equal 

coefficients of expectation in all fisheries is made. 

Equations C5) and C6) are mixed in terms of formation of expected 

revenues. Expected revenues in the groundfish and shrimp fisheries are 

assumed to be based on the previous month's experiences; in the crab 

fishery, on current experience. Equation C6) also reflects the assump- 
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tion of equal coefficients of expectation in all fisheries. 

Next, consider the equations under assumption of the partial adjust- 

ment model.  In this case, only the even numbered equations are appro- 

priate. This is because the terms involving days (.lagged) in other 

fisheries, SD1 and CRD1 drop out of the groundfish days regression 

equation under the partial adjustment model. 

The results shown in Table 33 are comparable to those for Model C 

(Table 30) and Model A (Table 24). When SD1 and CRD1 are included as 

explanatory variables, the coefficient of expectation, Bg, is larger 

than in Model A. However, when these variables are dropped in C.2), (4), 

and (6), the calculated values of Bg are close to those in Table 24. 

As in all the other models, the variables representing groundfish 

fishing revenues (GFRT, GFRT1) apparently do not measure such returns 

adequately. Consequently, the elasticity of days with respect to ground- 

fish fishing revenues is also not adequately estimated. 

The calculated cross-elasticities of days of groundfish fishing with 

respect to expected shrimp revenues are in the same range as those from 

Model C. However, the coefficients on CRRT and CRRT1 are not close to 

being statistically significant in Model D. Thus, the cross-elasticities 

with respect to crab revenues should not be considered to be significantly 

different from zero. As a practical matter this may be of little con- 

sequence because the cross-elasticity estimates are very small numbers. 

The estimated coefficient of adjustment, Gg, differs from the esti- 

mated coefficient of expectation, Bg, for Model D. The calculated Gg's 

are very close to those calculated in Model A. 

Model D Results - Shrimp Fishing 

The shrimp fishing day regressions using Model D provide structural 
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parameter estimates which are very close to those from the other regres- 

sion Csee Table 34). Again, the cross-elasticities with respect to 

groundfish fishing revenues are probably not meaningful. The cross- 

elasticities with respect to expected crabbing revenues are not signifi- 

cantly different from zero. 

Model D Results - Crab Fishing 

The Model D regressions shown in Table 35 yielded parameter and 

elasticity estimates nearly the same as those from the other model forms. 

In fact, these estimates have been fairly stable across Models A, B, C, 

and D, except in those regression equations which were purposely mis- 

specified (.e.g., omission of seasonal quasi-dummy variables) to illu- 

strate a point. 

In general, the magnitude of the coefficients of expectation and 

adjustment indicate that fishermen are very sensitive to variations in 

fishery returns, and can adjust fairly rapidly. However, the elasticity 

estimates suggest that the magnitude of adjustment for the subfleet in 

the short-run is moderate. 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

Background and Methodology 

Public regulation of commercial fisheries is a widely accepted 

institution, at least partly due to the free access or common property 

nature of fish resources. The free access condition is a major cause 

of the often inefficient and/or excessive harvest of these resources. 

For many years, fisheries managers have used regulations primarily for 

the conservation of fish stocks. Economists have argued that the use of 

other regulations could lead to a more economically efficient harvest. 

In view of the extensive use of fishery regulation, the interplay 

of the social, economic, and conservation effects of regulation should 

be we11-understood by those charged with management responsibility. 

This is no easy task because of the complex biological, economic, and 

social environment associated with the fisheries. 

The social and economic effects of regulations have often been 

considered secondary in importance to conservation. However, through 

a better understanding of the social and economic components of regula- 

tion, fisheries managers may be able to design a greater variety of 

regulatory options with which to achieve both biological and social 

management goals. The use of traditional management tools such as closed 

seasons, gear restrictions and size limits may be supplemented with other 

techniques such as license limitation or the application of taxes and 

subsidies to help achieve a wider array of objectives. 
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Passage of the Magnuson Fishery Conservation and Management Act 

(FCMA) has ushered in a new era for fishery management. Comprehensive 

fishery management plans (FMP) are now legally mandated for most major 

fisheries. 

The FCMA requires the assessment of the optimum yield and expected 

domestic harvest for fisheries managed under an FMP. For complex 

fishery systems, assessment of the responses of fishermen as well as 

fish stocks to particular sets of regulation becomes quite difficult. 

This thesis is a preliminary attempt to describe and measure the 

responses of a limited set of fishermen to biological and economic con- 

ditions. The focus of the research is on the short-run decision-making 

behavior of Oregon trawl fishermen. These fishermen operate vessels 

which have the potential to operate in several trawl fisheries, as well 

as in fisheries using other gear, such as pots, longlines and troll lines. 

A general review of major Oregon fisheries revealed substantial 

growth in Oregon-based commercial fishing fleets over the last 20 years. 

In most of these fisheries, current harvest levels could be taken with 

fewer fishermen and less capital, i.e., these fisheries are probably 

overcapitalized. The growth of the fleet of larger trawl vessels has 

been substantial, especially in the past five to ten years. 

The multi-purpose nature of the Oregon commercial fishing fleet 

was described in detail. Probably half or more of the vessels operating 

primarily in fisheries other than the troll salmon fishery have activities 

in several fisheries during a typical year. For example in 1979, 203 

vessels made shrimp landings. Of these, 73 also operated in the ground- 

fish fishery, 72 fished for crab, while 67 and 11 vessels dabbled in the 

troll salmon and albacore fisheries, respectively. 
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Casual empirical observations suggested that the number of vessels 

and days of fishing in a particular fishery might be a direct response 

to aggregate yield and revenues available in that fishery and alternative 

fisheries. Since observations are likely to involve circular reasoning, 

a more thorough analysis was conducted. 

Several theoretical models of fishing time allocation were dis- 

cussed. The basis for these models was Anderson's [1] model of the re- 

lationship between firm and fishery in a common property fishery. The 

essential points taken from the model are the notions of U) using 

fishing effort as a measure of vessel and fleet productive capabilities, 

and C2) using average gross returns in a fishery to reflect the fisher- 

man's perceived demand for effort. 

These notions were applied to the case of a multi-purpose fleet 

operating in a multi-fishery situation. Because the goal of this re- 

search was to explain short-run behavior, th.e potential for analyzing 

long-run response was not developed.  In fact, investment models such 

as those developed by Bockstael [9] and Herrick [41] appear to be better 

suited for empirical analysis of long-run behavior. 

Several short-run models were developed. The model of a fisherman's 

allocation of fishing time among selected fisheries subject to a total 

time constraint seemed to be the most promising for describing the multi- 

purpose vessel situation. These short-run models are bioeconomic models 

only in a loose sense, because the effects of fishing on stock abundance 

are not explicitly brought into the model. 

Assuming profit-maximization by the individual vessel owner, ex- 

vessel prices and yields were hypothesized to be important determinants 

of the allocation of fishing time by a multi-purpose vessel operator. 
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Models developed in the thesis and by Anderson [4] have parallels with 

the models developed for the multi-product firm. The fishery models 

most closely resemble those for a multi-product firm producing several 

outputs with one fixed "input." In terms of any one product, the allo- 

cation of the fixed input (vessel with crew and equipment) is treated 

as an "all or nothing" decision at any given point in time. 

Several other pieces of literature on multi-purpose fleets were re- 

viewed. Both Meany [59] and Huppert [46] presented programs for the 

management of a multi-fishery complex exploited by a fleet of multi- 

purpose vessels. Huppert showed that in several important cases the 

development of multi-purpose fleets is an economically rational response 

to economic and environmental variability. He also pointed to the two 

separable aspects of economic rationalization:  (.1) the regulation of 

catch, and C2) the regulation of the long-term commitment of harvesting 

resources to the fishery. The regulation of catch tends to be accomp- 

lished following the interaction of biologists, fishery managers, and 

fishermen. 

Specific forms of cost and revenue functions were used to complete 

the theoretical analysis of multi-fishery complexes, and to suggest the 

model forms for empirical analysis. Using these forms, the allocation 

of fishing time in a period was hypothesized to depend on returns avail- 

able in alternative fisheries, time available for fishing and parameters 

of vessel cost functions. A simultaneous system of estimating equations 

was derived for the three-fishery case. However, by shortening the 

period of observation from a year to a month, one can essentially ignore 

the possibility of a vessel's operation in several fisheries within a 

certain time period. Thus, the set of simultaneous equations may be re- 
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placed by single equation models for each fishery. 

Next, the many abstractions in the theoretical models were dis- 

cussed. The most important modification stems from the recognition 

that decisions are made under conditions of uncertainty arising from 

incomplete information. Therefore, the gross revenue variables in the 

theoretical models were respecified as expected gross revenues. 

A treatment of uses of the fisherman's time for purposes other than 

fishing is not incorporated into the model. Similarly, non-pecuniary 

benefits to fishing may be important factors in the decision of how much 

and where to fish. Such benefits may also influence the choice among 

fishing activities. These factors were not treated explicitly. 

Casting the model into a framework of fixed periods is a necessary 

abstraction for empirical analysis. However, fishermen are quite 

flexible and probably don't always plan or reschedule their activities 

on a periodic basis. 

The costs of switching from fishery to fishery have been ignored 

in this study. Changing gear and other adjustments may have significant 

money and time costs.  If so, fishermen with multi-purpose vessels may 

be insensitive to relatively small changes in price and yield, and still 

be acting in their best economic interest. 

Using days fished as a measure of effort does not take into account 

variation in the number of hours fished per day. Also, the aggregation 

of vessels' fishing days ignores the differences in fishing power among 

vessels. 

In spite of the abstractions, the theoretical models laid the 

foundation for development of some empirical models. The literature 

of agricultural supply response was reviewed. Models of the aggregate 
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supply response of farmers developed by Nerlove contained elements 

useful for the analysis of fishermen's response.  In particular, 

Nerlove's hypothesis that farmers react to expected prices was used be- 

cause of the need for recognition of the role of uncertainty in fishing. 

Two different kinds of models reflect some "dynamic" elements of 

response.  In adaptive expectations models, decision-makers are hypo- 

thesized to revise their expectations about price Cor returns) from 

period to period as a proportion of the previous period's expected price 

and the actual price.  In partial adjustment models, the existence of 

adjustment costs is assumed to place constraints on the realization of 

the desired level of adjustment from period to period.  In both models, . 

the response of supply to expected price or revenues may differ from that 

suggested by models which ignore the role of expectations or adjustment 

costs. 

Fishermen's short-run decisions on the allocation of fishing time 

were hypothesized to be sensitive to expectations of current returns, 

rather than to expectations of normal returns. However, long-run 

decisions and investment behavior probably depend on expectations of 

normal returns. 

In the Nerlovian models of agricultural supply response, the acre- 

age on which a crop is planted is used as a proxy for planned output. 

In these fishery models, days fished is used as a proxy for desired har- 

vest. The fishery models are specifically short-run in nature. Response 

is hypothesized to depend on expectations of current price and yield. 

Expected yield Ccatch per trawling hour or catch per day) is hypothesized 

to be a very important factor in fishing time allocation decisions be- 

cause of the fisherman's need and capacity to take advantage of high 



176 

stock abundance wherever and whenever it occurs. 

Operating costs are not brought into the analysis in either the 

agricultural supply response models or these models. The use of net 

revenues as an explanatory variable is desirable; however, fishery cost 

data is not plentiful or current. 

Four versions of short-run fisheries supply response models are 

developed.  These are based on the simplest Nerlovian models incorpor- 

ating the assumptions of either adaptive expectations or partial adjust- 

ment, but not both. There are difficult statistical problems in esti- 

mating models which combine both assumptions. However, the simpler 

models incorporating only one of the assumptions have indistinguishable 

estimating forms. Thus, the interpretation of estimated structural 

parameters depends on the model assumed. 

The functional forms which were estimated have days fished in one 

of three fisheries (groundfish, shrimp, or crab) as dependent variables. 

Explanatory variables include either current or lagged fishery gross 

revenues, seasonal quasi-dummy variables, and variable representing 

weather conditions. Other forms were estimated which also included 

gross revenues expected in the two alternative fisheries as explanatory 

variables. 

The data used came primarily from landings, license, and logbook 

data maintained by the Oregon Department of Fish and Wildlife. 

Monthly landings by all trawl vessels operating in Oregon fisheries 

throughout the entire period 1974-1979 were examined.  To focus on the 

allocation of time problem, a specific subfleet of vessels was selected. 
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The vessels comprising this subfleet landed fish from the groundfish 

trawl, shrimp or crab fisheries every year in the period. Selected 

vessels had the same owner throughout the period, so that responses 

attributable to variation in personal preference would not be attri- 

buted to the revenue variables. 

The best information on monthly days fished by fishery by vessel 

was aggregated to produce observations on the dependent variable. Gross 

revenues were computed from ex-vessel price data and aggregate yield 

data. The revenues were deflated using the consumer price index. 

The measure of days of good fishing weather was based on the number 

of days when significant wave heights at Yaquina Bay did not exceed a 

targeted height of eight feet. However, this measure is crude; it re- 

flects neither variations in conditions along the coast nor the parti- 

cular abilities and temperaments of individual fishermen. Seasonal 

regulations were captured in quasi-dummy variables representing the pro- 

portion of days in a given month when the fisheries were open. 

Results and Implications 

The regression models were estimated using the method of ordinary 

least squares. Results were fairly consistent among the models Csee 

Tables 24 to 35). 

The weather/ocean conditions variable was significant and of the 

expected sign (positive) only in the groundfish regressions. The in- 

fluence of weather conditions in the shrimp fishery was not significant, 

probably because the shrimp fishery is conducted during the months of 

the year when good weather usually prevails. The explanatory variable 

for weather was significant and of the unexpected sign in the crab 
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fishery regressions. This probably happened because:  (I) the variable 

was not suitable for discriminating between days when crabbing was pos- 

sible and when it was not, and (2) yield in the crab fishery peaks during 

the time of year when weather is bad. 

The variables representing shrimp and crab seasons served to dis- 

tinguish variations in days fished associated with seasonal regulations. 

The coefficients on these variables were not consistently significant or 

of the expected signs for all fisheries. The significance of the co- 

efficient on the shrimp seasonal variable was quite high and of the ex- 

pected sign in both the crab and shrimp regressions. The coefficient 

on the crab seasonal variable was highly significant and of the expected 

sign in the crab regressions. 

The high significance levels of the seasonal variables indicates 

that there are some important factors influencing the level and alloca- 

tion of fishing time not adequately measured by the gross revenue and 

weather variables. Such factors include experience, superior skills in 

particular fisheries, and personal preference. Research directed toward 

the more precise identification and differentiation of individual moti- 

vations could be of considerable use in understanding and predicting 

fishermen's behavior and harvest decisions. 

Also, the perceived income of fishermen may differ markedly from 

nominal income. Perhaps research could be designed to quantitatively 

measure the magnitude of "worker satisfaction bonus" in particular 

fisheries and the variation in such non-pecuniary rewards among fisheries. 

The variables representing expected gross revenues in the fisheries 

had coefficients that were significant ..and of the expected sign in many 

cases. Unfortunately, the proxy variables selected to measure expected 
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returns in the groundfish trawl fishery were inadequate. However, the 

coefficients of expected returns in the shrimp and crab fisheries were 

reasonably significant in a number of instances. 

Estimates of the elasticities and cross-elasticities of fishing 

days with respect to gross revenues in the fisheries were computed 

using the gross revenue coefficients. At roughly the average levels 

of fishing days and revenues, the aggregate Csubfleet) response of fishing 

days taken in a particular fishery was fairly inelastic with respect to 

expected revenues in the fisheries. 

This measurement of response may be of use to fisheries managers in 

the design of regulations for reducing or shifting fleet effort levels. 

For example, a moderate response of fishermen to variations in expected 

returns is suggested by this study.  If accurate, this suggests that 

politically feasible levels of landings taxes and subsidies may not pro- 

duce a desired degree of effort reduction or shifting among fisheries. 

Measures such as adjusting season length or applying aggregate or in- 

dividual catch quotas may be the best methods for adequately controlling 

harvest levels in the short run. 

Estimates of the structural coefficients of expectation and adjust- 

ment were computed. The magnitude of these estimates indicates that 

fishermen adjust their expectations about fishing revenues fairly rapidly. 

Alternatively, it appears that they are able to quickly adjust technically 

to perceived variations in prices and yields. 

The ability to control catch levels in a particular fishery may be 

of critical importance for conservation purposes. Given fishermen's 

ability to adjust quickly to perceived changes in gross revenues, 

fisheries managers may wish to gather and assimilate current catch in- 
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formation very rapidly. In this way, significant variations in effort 

may be perceived and regulations applied in time to control the level, 

species composition, or area of catch. 

Expected gross revenues were hypothesized to provide an important 

influence on allocation of fishing time; however, there are both price 

and yield components of revenue. Assume a given rate of increase in ex- 

pected gross revenues per day. Fishermen might respond differently if 

the assumed increase was the result of increased prices than if the 

revenues rose due to higher expected yields.  Fishermen may prefer to 

make a big catch at a low price rather than a small catch at a high 

price. This difference would have regulatory implications not anti- 

cipated when response to revenues is the only factor considered. 

Another interesting distinction is that between two types of aggre- 

gate response. The response to an increase in expected gross revenues 

appears to be composed of Cl) additional days of fishing taken by 

vessels already in the fishery and (2) days of fishing taken by vessels 

switching into the fishery. This distinction may be of interest if 

one is attempting to predict harvest levels in several fisheries ex- 

ploited by multi-purpose vessels.  If the second kind of response is 

very important in the short run, one might tend to overestimate expected 

annual harvests in at least one of the fisheries. 

The importance of incidental catches to fishermen's allocation of 

fishing time decisions was not addressed in this study. This may be 

important to fishery managers.  For example, the use of shrimp trawl 

nets to catch incidental groundfish might result in the harvest of 

undersized and immature groundfish. Control of these catches might be 

achieved by regulation if shrimp fishermen have the ability and are 
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given the motivation to avoid concentrations of bottomfish. Such re- 

gulation may affect the allocation of effort between fisheries, if, in 

fact, the incidental harvest was important to shrimpers. 

Conclusions 

A few suggestions for additional research are provided in this 

section along with some general conclusions. The research suggested 

would primarily be extensions and refinements of the material in this 

thesis. 

Refinement of the explanatory variables used in the regressions 

could be of some value. For example, better measures of expected re- 

turns in the groundfish fishery are needed. The substitution of net 

revenues for gross revenues might be accomplished if appropriate 

measures of cost could be developed. 

The addition of non-fishing uses of time would enrich the analysis, 

but would require modification of the theoretical models and the develop- 

ment of data on alternative opportunities. Dispersion measures associated 

with prices and yields have been incorporated into the agricultural 

supply response literature, and might yield interesting insights about 

fishermen's reactions to uncertainty. 

There is some danger in generalizing the results of the subfleet 

regressions to the whole multi-purpose fleet of trawlers. However, the 

prediction of expected harvests could be of interest to those preparing 

fishery management plans. Differences in fishing power from vessel to 

vessel would probably have to be measured and taken into account to make 

such predictions accurately. 

The responses of individual fishermen to variation in expected 



182 

levels of the explanatory variables Csuitably measured) might be different 

than the aggregate subfleet response.  Individual regressions for selected 

vessels could easily be estimated with existing data, and perhaps an 

aggregation scheme developed to produce fleet response estimates. 

Although this research was preliminary in nature, some tentative 

conclusions emerged. For example, factors which affect either the pro- 

cessing, marketing or consumption of one fishery product may directly 

affect the effort applied to and harvest of other fish stocks in the 

short run. Seasonal variations in demand, availability of fish for har- 

vest and regulations for one fishery will tend to affect the effort 

applied in other fisheries. Trawl fishermen will respond to variations 

in yields and prices by altering their allocations of fishing time or 

species targets. 

The effects of traditional regulations extend beyond the fishery 

to which regulation is applied.  Furthermore, the design of regulations 

and limited entry schemes should reflect the ability and desire of 

fishermen to pursue a variety of fishing alternatives. 

If license limitation is used as a technique to control effort, it 

may be desirable to license vessels for broad multi-fishery complexes. 

Then vessels could shift freely from fishery to fishery as prices and 

yields dictate in order to maximize their profits. The transfer between 

vessels of a license for a multi-fishery complex would be more convenient 

and less costly than the transfer of an array of single fishery licenses, 

both for fishermen and the licensing authority. 

Perhaps the most useful perspective offered by this research is of 

a more general nature. The need to move away from single fishery, single 

species models has been suggested by a number of researchers and fisheries 
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managers. The descriptive and empirical work presented in this thesis 

supports that point of view, at least in the context of the multi-purpose 

fleets and multi-species fisheries. 
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APPENDIX A 

DATA USED FOR STATISTICAL ANALYSES 
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Tjbla  A-t. ubiervtiU Values ot' Salected Variablas --   .-3  Ve siol   Suhfleet  Aaiiy* *. 

Ycar/:*nth 
CrounUfLsh 

Day. 
Shnop 

Dayi 
Crab 
Day, 

Oaya of 
Good Weather GFRT SAVRT OUT 

1974 

JAO. 40 0 :i 18 61.7 0 1.039 

Feb. s: 0 si 16 77. S 0 606 

NUr. 7! 0 :o 20 72.0 0 ;J6 

Apr. 101 190 16 22 63.9 71.1 184 

^br 110 220 2 28 74.0 94.7 477 

Jun. 107 235 4 29 65.9 100.0 241 

Jul. tS6 145 4 31 86.2 137.4 0 

Aug. 107 237 6 31 90.1 104.2 0 

S.p. 97 100 0 30 8S.3 77.6 0 

Oct. 71 39 0 21 72.1 83.8 0 

Nov. 32 0 0 16 63.9 0 0 

Omc. 44 0 41 8 SI.7 0 1.577 

19TS 

Jan. 74 0 30 20 S3.0 0 16J 

F«b. 43 0 42 20 75.3 0 313 

Mar. 73 0 35 19 70.4 0 258 

Apr. 126 0 29 23 63.3 78.3 193 

Kiy 152 140 27 27 59.4 82.1 254 

Jun. 124 189 17 30 68.9 S5.8 258 

Jul. 141 22S 10 31 69.6 65.6 202 

Aug. 114 162 6 31 69.6 sa.2 182 

S<,p. 147 175 0 30 76.3 31.S 0 

Oct. 48 56 0 17 72.2 89.1 0 

Nov. 27 0 0 12 63. S 0 0 

Dec. 30 0 37 18 65.1 0 1.166 

!»:6 

J»n. SI 0 77 17 61.4 0 854 

Feb. 38 0 67 12 57.9 0 726 

!-Ur. 69 0 56 20 65.7 0 688 

Apr. 110 130 36 22 64.0 4S.1 S73 

M»r 174 1S1 21 26 S7.S sa.s 48S 

Jun. 151 241 13 30 63.4 77.S 339 

Jut. US 209 9 31 65.4 73.6 161 

Aug. 166 265 1 31 75.7 87.3 73 

Sep. 1S1 188 0 25 72.0 34.1 0 

Oct. 141 S4 0 26 90.1 129.8 0 

Sov. 95 0 0 22 as.a 0 0 

Csc. 0 0 0 16 73.1 0 551 

1977 

Jut. 98 0 60 13 65.4 0 655 

Fob. 36 0 75 4 S3.6 0 805 

Kir. 27 0 S3 12 60.3 0 742 

Apr. 91 213 20 25 72.3 82.3 798 

■'■ar SO 287 14 26 75.8 148.2 997 

Jua. 82 223 4 » 93.9 125.6 849 

Jul.. 93 295 0 31 81.7 105.0 586 

Aug. 87 278 0 30 71.9 122.0 534 

S<,p. 61 209 0 29 84.6 138.4 670 

Oct. 34 119 0 18 87.8 123.9 0 

Nov. 11 0 0 10 SO.S 0 0 

OK. 17 0 63 IS 66.6 0 932 

:378 

JAB. 60 0 &s 13 S9.S 0 678 

Ftb. 59 0 40 7 56.0 0 S99 

Mr. 113 0 42 21 63.3 0 454 

Apr. 56 189 3 26 72.5 203.9 498 

ttay 38 257 0 28 82.3 130.3 319 

Jun. 80 307 0 30 83.9 101.0 264 

Jul. 87 256 0 31 95.2 90.7 218 

Aug. 51 205 3 31 90.2 68.5 279 

Sap. 65 171 0 27 IK.4 61.S SOO 

Oct. 84 S3 0 27 100.1 S2.1 0 

Nov. 84 0 0 21 9S.6 0 0 

OM. 54 0 68 IS 86.4 0 1,501 

1979 

J«n. 100 0 105 19 95.2 0 1,432 

F«b. 30 0 41 21 94.3 0 785 

H>r. 152 0 49 28 91.1 0 823 

Apr. 120 215 7 26 83.2 79.5 687 

>Ur 97 189 2 28 84.4 70.6 516 

Jun. ISO iai 2 30 81.3 S2.1 376 

Jul. 122 140 0 30 30.6 Sl.l 4 35 

Aug. 114 221 3 31 75.4 49.7 300 

Sap. 90 116 0 26 81.9 *6.2 167 

Oct. 90 34 0 13 74.1 41.9 0 

tQV. 74 0 0 21 32.2 0 0 

0«c. 37 0 58 7 34.6 0 946 



Table A-2.  Simple Correlations Between Independent Variables. 

TWX       DS        DC       GFRT      GFRT1  GFRT12   SAVRT   SAVRTl  SAVRTl2   CRRT    CRRT1   CRRT12 

TWX 1 

DS 

DC 

GPRT 

CFRT1 

GFRT12 

SAVRT 

SAVRTl 

SAVK'ri2 

CRRT 

CRRT1 

CRRT12 

0.812 0.142 0.420 0.186 0.240 0.670 0.676 0.673 -0.366 -0.110 -0.200 

1 0.144 0.243 0.100 0.298 0.810 0.842 0.83S -0.317 -0.169 -0.165 

1 -0.261 -0.385 -0.403 0.023 0.066 0.047 0.562 0.608 0.444 

1 0.756 0.436 0.283 0.315 0.387 -0.170 -0.143 -0.028 

1 0.356 0.118 0.162 0.308 -0.149 -0.254 -0.082 

1 0.221 0.264 0.388 -0.508 -0.407 -0.255 

1 0.908 

1 

0.753 

0.782 

1 

-0.306 

-0.303 

-0.338 

1 

-0.186 

-0.164 

-0.200 

0.609 

1 

-0.112 

-0.048 

-0.089 

0.517 

0.273 

1 

(A) 
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APPENDIX B 

ALTERNATIVE FORMS FOR FISHERY REGRESSIONS 



Table B-1. Model A Alternative Regressions Explaining Monthly Groundfish Fishing Days, 1974-1979 (t-statistics in parentheses). 

Independent Variable (n=72) 
or Item 

Equation 
(7) 

Equation 
(8) 

Equation 

(9) 

Equation 
(10) 

Equation 

(11) 

Equation 
(12) 

Constant Term 

TWX2/ 

DS 

DC 

GFRT1 

GFRT 

GFD1 

Durbin-Watson Statistic 

Hstimatcd b. Coefficient of 
Expectations/ 

Estimated ai. Coefficient of GFRT* 

Elasticity of Days With Respect to: 

GFRT* 

GFRT1 

GFRT 

0.10303 
(5.834) 

0.11865 
(2.579) 

0.09608 
(1.720) 

0.11251 
(5.782) 

-0.00962 
(-0.716) 

-0.01107 
(-0.814) 

-0.01062 
(-0.746) 

0.01352 
(0.782) 

0.03001 
(2.057) 

0.03.162 
(2.076) 

-0.16448 
(-1.200) 

-0.25122 
(-1.634) 

-0.950 x 10" 
(-0.775) 

-1.870 x I0"4 

(-0.330) 
7.185 X 10" 
(3.393) 

6.225 x 10 
(2.671) 

0.35222 
(3.665) 

0.35168 
(3.725) 

0.34623 
(2.951) 

0.148 

0.35992 
(3.020) 

0.160 

0.47365 
(4.708) 

0.50712 
(4.833) 

1.836 1.840 1.930 1.966 2.049 2.090 

0.648 0.648 0.654 0.640 0.526 0.493 

-0.254 -0.387 -6.04 x  10'* -2.92 x 10"4 1.37 x 10"J 1.26 x 10"' 

-0.222 -0.338 -0.335 -0.162 0.758 0.703 

-0.144 

-0.219 

-0.219 -0.104 0.399 

0.346 

a/ 
- The dependent variable in equations (9), (10), (11), and (12) is days of fishing divided by TNX. 

- If the partial adjustment models (A.3 and A.4) are assumed, the interpretation of this coefficient is as g, the coefficient of adjustment. 

On 



Table B-2. Model A Alternative Regressions Explaining Monthly Shrimp Fishing Days, 1974-1979 (t-statistics in parentheses). 

Independent Variable (n=72) 
or Item 

Equation 
(7) 

Equation 
(8) 

Equation 
(9) 

Equation 
(10) 

Equation 
(ID 

Equation 
(12) 

Constant Terra 

TWX-' 

DS 

DC 

SAVRT1 

SAVRT 

SD1 

R2 

Durbin-Watson Statistic 

Estimated b Coefficient of 
Expectation^/ 

Estimated ai, Coefficient of SRT* 

Elasticity of Days With Respect to: 

SRT* 

SAVRT1 

SAVRT 

a/ 

-81.3295 
(-3.541) 

-22.2786 
(-1.200) 

-0.03483 
(-2.868) 

-0.03542 
(-2.823) 

0.18349 
(4.216) 

0.03016 
(0.879) 

162.792 
(7.622) 

0.16959 
(7.974) 

0.18462 
(9.016) 

0.17873 
(8.075) 

0.19441 
(9.168) 

0.03927 
(3.013) 

0.04036 
C3.000) 

0.00945 
(1.142) 

0.01002 
(1.179) 

6,543 x 10"4 

(3.743) 
6.072 x  10" 

(3.315) 

0.8S82S 
(4.731) 

0.23878 
(1.530) 

5.214  X  10"4 

(3.078) 
4.612  x 10"4 

(2.611) 

0.21094 
(2.382) 

0.06622 
(0.977) 

0.08220 
(1.381) 

0.07615 
(1.233) 

0.01173 
(0.206) 

0.00677 
(0.114) 

0.770 0.878 0.908 0.902 

1.712 1.564 1.985 1.914 1.664 1.586 

0.789 0.934 * 0.918 0.924 0.988 0.993 

1.088 0.256 7.13  x 10"4 
5.64 » 10"4 6.14    x 10"4 4.64    x 10"4 

0.476 0.112 0.256 

0.235 

0.199 0.220 

0.218 

0.164 

0.376 0.105 0.184 0.163 

-  The dependent variable in equations (9), (10), (11), and (12) is days of fishing divided by T1VX. 

3 and A.4) are assumed, the interpretation of this coefficient is as g, the coefficient of adjustment. -  If the partial adjustment models (A. 

ID 



Table B-3. Alternative Model A Regressions Explaining Monthly Crab Fishing Days 1974-1979 (t-statistics in parentheses). 

Independent Variable (n=72) 
or Item 

Equation 
(7) 

Equation 
(8) 

Equation 
(9) 

Equation 
(10) 

Equation 
(11) 

Equation 
(12) 

Constant Term 

■nt*- 

OS 

DC 

CRRT1 

CRRT 

CRD1 

R2 

Durbin-Watson Statistic 

Estimated b,.Coefficient of nated b, C( 
ctation 5/ Expect 

Estimated ag. Coefficient of CRRT* 

Elasticity of Days With Respect to: 

CRRT* 

CRRT1 

CRRT 

43.8051 
(6.313) 

-0.06022 
(-6.42S) 

0.02982 
(3.874) 

0 .16155 
(1 .388) 

0 .643 

1 .777 

0 .838 

0. .0356 

0. 484 

0. 406 

39.7171 
(6.350) 

-0.07456 
(-8.129) 

0.871 

0.0177 

0.241 

0.210 

0.03712 
(1.814) 

0.891 

-0.026 

-0.023 

0.02600 
(1.284) 

-0.10845 -0.08561 
(-5.225) (-3.852) 

23.3780 0.09183 0.04851 
(4.321) (3.166) (1.639) 

0.01541 -4.998 x  10"6 

(2.024) (0.147) 

6.766 x  10" 
(2.221) 

0.12934 0.10932 0.US45 
(1.246) (0.906) (1.070) 

0.722 0.442 0.480 

1.695 1.904 1.838 

0.885 

-5.61 x 10"6    7.65 x 10"5 

0.413 

0.365 

IT 
b/ 

The dependent variable for equations (9), (10). (11), and (12) Is days of fishing divided by TWX. 

-0.07291 
(-3.646) 

0.06109 
(2.176) 

2.970 x 10 
(2.595) 

0.13664 
(1.275) 

1.771 

0.863 

3.44 x 10" 

0.186 

0.160 

-5 

-0.93547 
(-4.826) 

0.11658 
(4.478) 

6.946 x 10 
(0.020) 

-7 

0.13084 
(1.072) 

1.767 

0.869 

7.99 x 10 

0.004 

0.003 

-7 

-  If the partial adjustment models (A.3 and A.4) are assumed, the interpretation of this coefficient is as g, the coefficient of adjustment. 

<0 
^1 



Table B-4. Model B Alternative Regressions Explaining Monthly Groundfish Fishing Days, 1974-1979 (t-statistics in parentheses). 

Independent Variable (n«72) 
or Item 

Equation 

m 
Equation 

(8) 
Equation 

(9) 
Equation 
(10) 

Equation 
on 

Equation 
(12) 

Constant Tern 

TWX-^ 

DS 

DC 

GFRT 

CFRT1 

GFRT12 

R2 

Durbin-Watson Statistic 

Estimated Weight of GFRT 

Estimated Weight of GFRT1 

Estimated Weight of GFRT12 

Estimated Coefficient of GFRT*. ai 

Elasticity of Days With Respect to: 

GFRT* 

GFRT 

GFRT! 

GFRT12 

49.8648 
(1.939) 

0.13489 
(7.873) 

-0.696 

0.26416 
(S.65S) 

0.27927 
(4.423) 

0.15400 
(8.203) 

0.13787 
(8.562) 

0.01809 
(0.736) 

-4.8675 x I0"3 

(-0.255) 

-0.82473 
(-1.673) 

-1.5867 x  10"3 

(-1.941) 
-1.6802 X 10"3 

(-1.986) 

-0.25491 
(-0.876) 

0.58185 
(1.400) 

-0.06206 
(-0.474) 

6.4294 x 10"4 

(0.891) 
6.8631 x 10"4 

(0.868) 
0.00173 

(17.415) 

-0.44066 
(-1.447) 

0.03038 
(0.111) 

-7.9996 x  10"4 

(-1.427) 
9.5604 x 10"4 

(1.508) 

0.477 0.131 0.138 

1.149 1.145 1.102 1.258 1.257 0.996 

-0.213 

0.666 -0.185 

-0.720 

0.222 0.508 

0.388 0.027 

-0.0621 

-0.054 

-0.054 

-1.74 x 10 

-0.972 

-0.881 

0.358 

-0.449 

-3 
-3.79 x 10 

-0.015 

-0.933 

0.382 

0.536 

1.73 x 10 

0.963 

0.963 

a/ 
—  The dependent variable in equations (10), (11), and (12) is fishing i djiys divided by TWX. 

ID 
00 



Table B-5. Model B Alternative Regressions Explaining Monthly Shrimp Fishing Days, 1974-1979 (t-statistics in parentheses). 

Independent Variable (n=72) 
or Item 

Equation 
(7) 

Equation 
(8) 

Equation 

(9) 

Equation 
(10) 

Equation 

(11) 

Equation 

(12) 

Constant Term 

TWX^ 

DS 

DC 

SAVRT 

SAVRT1 

SAVRT12 

R2 

Durbin-Natson Statistic 

Estimated Weight of SAVRT 

Estimated Weight of SAVRT1 

Estimated Weight of SAVRT12 

Estimated Coefficient of SAVRT*, a, 

Elasticity of Days With Respect to: 

SAVRT* 

SAVRT 

SAVRT1 

SAVRT12 

-25.9459 -0.02943 -0.02797 
(-1.42S) (-2.633) (-2.533) 

0.04369 -0.03984 -0.00534 -0.04152 
(1.202) (-2.089) (-0.396) (-2.194) 

167.171 183.906 172.005 175.SIS 0.18031 0.18403 
(6.868) (8.692) (8.841) (9.378) (9.487) (9.935) 

26.1184 26.8350 0.03361 0.03225 
(2.534) (2.617) (2.779) (2.691) 

0.07041 0.15478 0.06924 0.14441 2.0796 x 10"4 

(0.324) (0.729) (0.317) (0.683) (0.900) 

0.35110 0.29278 0.29240 0.26372 5.2371 x 10*4 6.8211 x 10 
(1.488) (1.281) (1.24S) (1.169) (2.117) (3.930) 

-0.13756 -0.11752 
(-0.974) (-0.8S6) 

0.883 0.907 0.906 

1.636 1.803 1.605 1.789 1.846 1.845 

0.191 0.354 0.284 

0.809 0.646 0.716 1.0 

0.284 

0.117 

0.031 

0.157 

-0.071 

0.330 

0.138 

0.068 

0.131 

-0.061 

0.362 

0.160 

0.030 

0.130 

0.408 

0.181 

0.063 

0.118 

7.32    x 10 

0.261 

0.073 

0.188 

a/ 
The dependent variable in equations (11) and (12) is days of fishing divided by TWX. 

-4 

6.82 x 10" 

0.245 

0.245 



Table B-6. Model B Alternative Regressions Explaining Monthly Crab Fishing Days, 1974-1979 (t-statistics in parentheses) ■ 

Independent Variable (n=72) 
or Item 

Equation 
(7) 

Equation 
(8) 

Equation 
(9) 

Equation 
(10) 

Equation 

(ID 
Equation 

(12) 

Constant Term 

TWX-/ 

DS 

DC 

CRRT 

CRRT1 

CRRT12 

2 
R 

Durbin-Watson Statistic 

Estimated Weight of CRRT 

Estimated Weight of CRRT1 

Estimated Weight of CRRT12 

Estimated Coefficient of CRRT*. 8] 

Elasticity of Days With Respect to: 

CRRT* 

CRRT 

CRRT1 

CRRT12 

0.02957 0.02884 
(1.448) (1.423) 

0.00806 0.00773 0.07920 
(1.1SB) (1.116) (1.084) 

-30.9249 -30.5033 -34.3838 -0.09467 -0.09299 -0.08060 
(-6.036) (-6.012) (-6.647) (-4.523) (-4.526) (-4.299) 

24.8954 23.5154 32.2557 0.0664S 0.05970 0.07622 
(3.993) (3.969) (5.951) (2.117) (2.118) (2.945) 

0.01900 0.01739 6.4851 x 10"S 5.9975 x 10"S 7.0396 x 10 
(3.019) (2.957) (2.012) (1.962) (2.355) 

0.01038 0.01123 0.01699 -1.6229 x 10"5 

(1.674) (1-850) ( (2.800) (-0.501) 

-0.00357 
(-0.736) 

0.454 0.451 

1.350 1.348 1.329 1.698 1.672 1.590 

0.608 1.0 1.0 

0.392 1.0 

0.0258 0.0286 

0.394 0.426 

0.298 0.273 

0.141 0.IS3 

-0.045 

0.0170 

0.231 

0.231 

4.86 x 10 

0.274 

0.350 

-0.76 

-5 
6.00 x 10 

0.323 

0.323 

7.04 x 10" 

0.380 

0.380 

a/ 
The dependent varaible in equations (10), (11), and (12) is days of fishing divided by TWX. O 

O 


