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Abstract

‘ Cross Section Production Functions for North Atlantic Groundfish

and Tropical Tuna Seine Fisheries -~ Measures of Fishing Power

and Their Use in the Measurement of Fishing Effort

The study of population dynemics in a fishery ard the regulation of
a flshery requlre that fishing effort be measured Th1s paper

explores the .use of cross sectlon productlon functlons to estlmate

the flshlng power of individual vessels.

The problems addressed in the study are: The proper measurement
of output; the measurement of fishing time; important vessel

characteristics; crew size; ‘the effect of location, and, the measure-

ment of teehnological change.

Regression analysis upon data.from the’North Atlantic groundfish
fishery and the tropical tuna seine fishery yielded highl& significant
results. Many of the hypothesized relationships are measureable

and stable with relatively small errors. Briefly the tests indicate
that: There are better measures of output then total pounds; fishing
time is measured better using days absent rather than days fishing;
jthat the use‘of more vessel characteristics improve explanafory

power; that crew size can be an important variable; that the effects
of location can be measured; and; that technological change can be

measured




The productlon functions measured can then be used to develop indices
of fishing power that can be applled to each vessel in a fleet. The
indices can then be multiplied by fishing time and aggregated into an

index of total effort.

The ramifications of the study are many. It gives a simple way to build

effort indices for many fleets and points the way to rationalized data

collection.
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‘I. Introaﬁction

v‘ One of fhe m;re difficult problems in the application of fishery
popuiation dyﬁmnics to the management of fisheries has been the de-
velopment of a time series of effort data. If thé vessels in a

fleet were physically homogeneous, utilized for the same amount

of time, and no 1earning.took piace,.the problem of constructing

an effort series wduld be 1éss difficult. The problem does exist,
though, because vessels are far'from homogeneous. For example, a
typical fleet.mayvhave vessels that are 10 or more times lafger
than'thé smallest vessels in a fleet. Obviously, under such condi-

tions there will be serious errors introduced if corrections-are

not made in the effort series for the fishing power of different

vessels.
Some of the important works addressed to the above problem are
those of Beverton and Holt (1956), Gulland (1956), and Shimada
and Schaefer (1956). Basically, thedr systems of estimatiﬁg fishing
power consisted of noting the relative‘catches of vessels fishing
in the same area at the same time and relating these relative
catches to some easilyimeasuréd vessel characteristic, such as horse-
power or gross toﬁnage. This procedure would yield a general rela-
tionship that could be extended to all the vessels in a fleet.
Shimada and Schaefer (1956) pointed out by implication that

this method only takes account of one ﬁype of efficiency; that is,
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differences in catching ability of vessels of different size which

would occur under equal conditions of.abundance. It cannot accoﬁnt
for the ability of larger vessels to fish in aistant areas with
higher concentrations of fish. The larger vessels would, of
cOurse, go to the more distant grounds if the expecﬁed extra

catch offset the expected extra running time.

To handle this and related problems, economists have developed
techniques of measurement that fall into & general category called
production functions. By measuring the production function for a
fleet, it is possible to build a measure of fishing power. One of
the important attributes of using a brdduction function is that it
allows the simultaneous measurement of as many parameters of fishing
power as may be thought to be important in its determination.

Accordingly, production functions were estimated using data
from the New England trawl fleet and the tropical tuna seine fleet.
Many problems were considered in arriving at a "best" production
function for these fisheries. Among the problems considered were
the fqllowing: the best measures of output, the best measures of
fishing time, the effect of vessel and crew size, the effect of home
port, and measure of technological change.

" The use of the estimated production functions to .determine
vessel fishing powér is illustratéd,usiné data froﬁ the two fleets.

The aggregation of fishing power into total effort is also discussed.




I1: The Production Function for a. Fishery
The basic assumption of this paper is that a produétion function
can adequately describe the relationship between inputs and outputs
in a fishery. The production function is a technical or engineering
relation between inputs and outputs and is the base upon which the
economic theory of supply is built. Since it is an engineering
relétionship, considerations such as prices and costs are not rele-
vant to the production function itself. The schedule of maximum
output for given inputs is the production function we are trying to
measure.
The classical production function for the individual firm is
usually presented as follqws:
= £(1,k,t), where
output,
labor,:

capital,
natural resources.

Output (x) is measured as the flow of goods and services during an .

accounting period. The input variables (l, k, t) are the various
kinds and qualities of labor, capital, and natural resources that
go into producing the output. It is assumed that a givén set of
inputs produces as much as possible.‘

The estimation of the parameters of the production function
is accomplished by running a regression upon a croés section of

fishery vessels. A cross section is a sample of the vessels in a




fishery for a fixed time period. The parameters estimated from

the cross section will give the marginal contribution to output
of each variable being used to explain output.

We will discuss the variables that will be used in the
production function in the following section.

A. Output in a Fishery

Most systems for measuring relativg fishing power have, ulti-
mately, relatéd ouq;ut,to some fishing vessel characteristic: The
basic problem with this is that output, when using commercial
landings statistics, is a very complex concept. Except in extremely
simple fisheries, fishermen do not ordinarily attempt to maximize
pounds of fish landed. One working hypothesis is that in all
fisheries, the fishermen attempt to maximize their profits. This
is not necessarily the same as maximizing total pounds of fish
landed. Using total éounds as a measure of output would Be an
acceptable measure of output where there is (1) a single species
fishery, or (2) if, in a multispecies fishery, the prices of the
target spgcies are approximately the same, and the species are
equally catchable. ' In the general case, these corditions are not met.

How do the fishermen decide where to go and what to catch
when there are multiple species in a fishery? Again, the answer

to this question is difficult. Let us consider two models of
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behavior that might help answer this question. In the first

type of fishery, the vessel captains take into account the species

that are available, the grounds where they are available, the prices
for which they can be sold, and the'eﬁpected catch rates for their
vesééls on the grounds. Integrating all this information, the cap-
tain, if he is a profit maximizer, will‘deéide to go to the grounds
and fish for the species which provide the highest net profit.

His decision may or may not be to fish where the catch rates are
highest or for those species that bring the highest prices.

We have been discuésing this as if the choice were always between
species. The choice can also be made within a species, such as a
decision to fish on local grounds rather than on distant grounds
where the catch rates are higher. In this case, the higher catch
rates may not offset the extra ruﬁning time necessary.

If this abbreviated discussion is an adequate description of
how fiéhermen behave in one type of fishery, then it follows that we
may not be able to estimate felative fishing power with total poundé
but must rely on some higher order measure such as the value of catch.

Value was considered by Gulland (1956) as a measure. of output
and rejected because of the variability of prices. A large part of
the variability of fish prices is due to ﬁhe seasonal availébility
of the fish themselves with prices moving inversely to availability.
We can leséen'the objections to value by only using it to estimate

fishing power and by not using it to determine the catch in the

catch-effort relation.




The second type of fishery is one where the location of

the fish by species is generally known, but where there is con-

siderable mixing of single species schools in the same area, - If
locating any school has a low probability per unit time, the fish-
ermen will attempt to catch all that they can of those they do lo-
cate. In this case, the fish will be joint products of the fishery.
If the fish are equally catchable and their prices are not too differ-
ent, then total pounds could be the measure of output. If they are
not equally catchable, it would take more fishing power to caﬁch one
than the other. In such a case, we might have to.utilize a modified
estimation scheme to arrive at a proper weighting for output. One
such scheme will be discussed under the statistical section on tuna.

B. Inputs in a Fishery

1. Fishing Time

The abstract production function refers to outputs and
inputs per unit of time. The unit of time is undefined. When using
annual vessel data, we have to note the fact that the vessels are not
utilized for the same amount of time and standardize for this.

In the biological literature, the concept of fishing day is con-
sidered fo be by far the most desirable measure of vessel fishing time.
There is no denying that there are very difficult conceptual problems
in deciding what thé proper measure should be. In the simple case,
th&ugh, an ecdnomist would prefer to use days absent from port

as a measure of fishing time than days fishing. This is primarily




because if a fisherman is an economic maximizer, he will attempt,

- ceteris paribus, to maximize his gross revenue per daynat sea and
will pian his fishing stratégies acéordingly. Under this assumption,
the fisherman may or may not fish when or where his expected catch
rates are higher.

Beverton and Parrish (195h) discussed fishing time and concluded
that days fishing was the more relevant variable. They Justified
their‘position by saying "....the contemporary abundance of fish may
alter the relation between days absent and actual fishing time."
They shdwed a fishery in which the ratio of hours of fishing per
days absent increased secularly. The feason they observed this
behavior, however, was that the vessels.lacked adequate fishing
power to process all the fish that they could catch.'in some periods.

A second objection to days at sea was the contention that the
ratio of fishing time to days may differ between ports. This may
be true, but it can be easiiy handled with available statistical
techniques (this will be discussed later under Location).

Relative fishing_power depends_upon more parameters than just
the ability to catch fish once at the grounds. It also depends upon
the speéd with wﬁich the vessel can get to the grounds, the types
of weather it‘can fish in and the ease with which the catch can be

handled as'it is brought on board. Since time for all these activi-

ties is included in days absent but not in days fishing, the use

of the latter could understate fishing power.




~ Another problem in fishing time pertains to those fisheries in
which vessels locate specific schools of fish before shooting the
gear, and hence, time is spent searching with the gear inoperative.
In such a fishery, a vessel may spend most of its time in search.
In the tuna fishery, the measure of effort has been search time plus

actual fishing time. Beverton and Parrish speculated that the number

of sets might be a better measure in such a fishery, especially where

the distances between schools of fish vary greatly, holding abundance
and availability constant. However, given enough observations,-
: . s
effect of varying distance should average out.

The difficulty with using search time is accounting for the use

of spotter planes and intervessel conmmnication regarding the presence
of fish. An airplane, when it can be used, is far more effective
at searching than is a vessel. Therefore, if planes are used and
search is the measure of effort, the planes sgould be accounted for
in the effort series. If vessels communicate the presence of fish
to each other, then ﬁhe joint probability of success at finding fish
is increased. This leads one to believe that a variable such as
percentage of gimé fished with spotter plane assistance or the
nunber of vessels in a code group (Griffiths 1960) that helped each
otﬁer, miéht be used as explanatory variables.

2. Capital -- The Vessel Characteristic Variables

The abstract production function has a variable called capital.

This is meant to indicate the ‘dimensions of the equipment being utilized.




In fishing, the individual firms and many of the characteristics of
their capital are identifiable and measurable.

Vessel size has been-recognizéd as a determinant of catch and
is explicitly recognized in most of the effort systems in use.
Beverton and Holt (1956) related gross tonnage to fishing power | and
the Inter-American Tropical Tuna Commission (TATTC) focuses on the
capacity of a vessel's freezeré.(Shimada and Schaefer 1956).

Other researchers have noted that there are other measures of
vessel size that are correlated with output, .among them horsepower
and length. For some reason, these other'variables have not been
used in the analysis of output simultaneously with gross tonnage
or capacity The fact that these variables are partially correlated
with gross tonnage is not suff101ent reason to exclude them from the
analy31s They may make an independent contribution to output.

In fisheries, where the use of time series data on effort is so
important, the possibility of independent contributions. should not

be overlooked, because there may be a tendency for vessel configura-

tions to be changed in such a way that fishdng power is increased.

This happens especially with horsepower relative to gross tonnage as
old engines are replaced and -also as new vessels .are built.
The role of horsepower in the trawl fleet appears to be that

the larger the engine, the larger the net that can be dragged, the
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faster the net can be dragged, or the deeper the water that can

be fished. 1In this type of fishery, the profit-maximizing skipper

will adjust his net to obtain the "best" results. Although it has
been noted that trawlers do not often use the full power of their
engines, a larger engine increases the number of possibilities a
skipper can consider when deciding where and what to fish.

In a seine fishery, the role of horsepower is less clear, except

that, ceteris paribus, higher horsepower increases the "search power"

of the vessel. A better measure of this search power than horsepower
would appear to be running speed. The only way to bbtain this
information is by interview or sea trials.

Hull construction is an identifiable parameter of a vessel.
Throughout the U. S. fisheries, there has been an increasing tendency
to build new vessels of steel rather than wood, in spite of the extra
cost. One would presume, then, that there are lower operating costs
for steel, or that it is more "productive." It is possible to test
for 'the effect on productivity of a wood hull by creating a ddmmy
variable that takes on the value "one" if the hull is wood and "zero"
otherwise.

The lastvcapital input variable that was considered was age of the

vessel. Most people ‘would consider older vessels less productive,

ceteris paribus, then newer vessels. It 1s rather simple to test

this hypothesis by including in the tests the age of the vessels.
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Hence, the dimensions of the capital input will be measured

by (1) gross tonnage, (2) horsepower, (3) construction materials,

and (4) age of the vessel.
| 3. Labor -- The Crew’

Crew size could also be tested as an input variable in the
production function. It seems reasonable that a larger crew would
produce a higher output, and this should be tested.

One need not work in fisheries very long before he is made
cognizant of the "good captain hypothesis." That is, the catch of
a vessel depends as much upon the manageriél skill of the captain
and crew as it does upon the characteristics of the vessel. As
such, there is no way to test this hypothesis.

One might attempt to test the good captain hypothesis by using
the years of schooling or the years of experience of the éaptain to
arrive at a proxy for his skill. One may suspect on economic grounds
that the best captains wouldbgravitate to the best vessels because
they would be able to buy the more productive vessels or be hired
away from the poorer vessels. In‘other words, part of the higher
output of a la?ger vessel may not be due to its hardware but to
the superior men running it. In this analysis we are restricted to
crew size as one measurable variable.

k. Location

The ﬁroduction function makes provision for the differential
productivity that could be due to location with respect to the

fishing grounds through the variable called land. Vessels from




called land. Vessels from some ports could have higher productivity
some ports could have higher productivity than vesséls from other
ports be being located closer to the better grounds. Since these loca-
tions cannot be appropriated, the vessels will allocate themselves
between ports so that effects on net profits will be dissipated. It
is possible to test whether certain locations are more productive by
creating dummy variables that correspond to home ports. If its coeffi-
cient is statistically significant, then a location may be either more
or less productive than the average location.

One of the major problems encountered in the measurement of
effort has been the difficulty in.adjusting for technological

change. Attempts have been made to adjust for technological change,

but on the whole they have been less than satisfactory.

The test for the added productivity of an innovation should be
done in a period when the fleet is in a period of transition from
the.use of the old to the new technique. This method will hold abundance
and availability constant and thereforé, all vessels will have the
same .opportunities. Bell (1966) used a dummy variable to measure
the increased productivity due to stern trawling. He created a
variable fhat was 1 if a vessel was a stern trawler and O if it
was a side trawler. The coefficient of the dummy variable was the
added productivity due to stern trawling.
This techmique can be‘used to test the added productivity of

any innovation. For example, a new electromic instrument or the use




13

of spotter planes or maybe even the use of a radically new technique

.such as switching from bait boats to purse seining. The added pro-

ductivity of a new technique would thus become a permanent attribute
of the vessels even after it was no longer possible to measure the
contribution of the technique, i.e., even after it was universally

adopted.




III. The Statistical Techmique

The statistical technique used to estimate thé production function
is regression analysis. The results are subject to all the pitfalls
of interpretation usually associated with this technique.

Each regression coefficient is reported with its associated t
ratio. The t ratio indicates the degree of significance of a
regression. There are enough observationé in the data so that
£ distribution approaches the normal distribution. The
following table‘shows the meaning of different values of the t
ratio.

t ratio Prob. of occurrence is less than

1.960 5 in 100
2.576 1 in 100

3.291 1 in 1000

One word of caution: Anyone who has worked with regression analysis
is aware‘that a researcher can choose among many different experiments
and show the results that "prove" his case. As in all scientific
work, the results should be checked against data not included in
the experiment.

Throughout these étatistical experiments, there were many dumy

variables used (Johnston 1962). These dummy variables help to remove
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extraneous information from the equations or may provide additional

‘information. One use of dummy variables was to remove the effects
of interyear availability and abundance from the estimating equation.
In the regression where 3 years of data were pooled, the following
pfocedure was used: Two new variables were created and entries were
made in the following way -- if an observation occurred in Year 1, a
zero was entered in the column.representing.Year 2 and a one in the
column representing Year 1. The opposite notétion was used for obser-
vations in Year 2. . If an observation occurréd in the third year,
zeros were entered.in both columns. Thus; the dummy variables used in
this fashion picked up changes in availability, abundance, and
prices.

Dummy variebles were entered in some experiments for construction
anélhdme port also. For éxampie, if we wished to test whether hull
construction affected productivity, we created a dummy variable that

was one if the hull were wood and zero if it were steel. This tech-

nique could be extended to test the effects of different electronic
gear and other non-quantifiable parameters that might significantly

affect productivity.




IV. The Data
A. The New England Trawl Fishery
The Bureau of Commercial Fisheries (BCF) has collected campre-
hensive data on the landings of the New England trawl fleet for many
years. The data consist of landings information by trip. The following
information is noted for each trip:
Official number
Departure date
Arrival date
Number of days fishing
Grounds fished
Pounds landed, by.species
Price/pound by species
The data are stored on magnetic tapes and can be manipulated with
a digital camputer.
The data used were for the years 196, 1965, and 1967. The data

were aggregated by vessel Br the whole year. For each vessel, the

following information was produced:

]

Days at sea

Days fishing

Total trips

Days at sea by calendar quarter

Days fishing by calendar quarter

Trips to major areas:  offshore, inshore, off Canada
Pounds caught, by major spec1es

Value, by major species

Total pounds caught

Total value

ON O~ OWWnlfFE\w

e

This information‘was augmented by the addition of information

fran the Merchant Vessels of the United States (1965), including:




11. Gross tons
12. Horsepower
13. Hull construction
1lh. Year built

Information from the BCF files was added on:

15. Crew size
16. Home port

Vessels with total landings valued at less than $10,000 were ex-
cluded from thg sample; we made the assumption that these were casual
fishermén. There were about 120 vessels excluded per year, accountipg
for three percent of New Engiand 1andings. Otherwise, no editing was
= done; therefore, the sample contains all trips, including brokers.
Thus, the estimatés have built into theﬁ all conditions that vessels
from this fleet experience on the North Atlantic. The total sample
consisted of about 383 vessels per'year or 1119 vessel years.

B. The Tropical Tuna Purse Seine Fleet

The Inter-American Tropical Tuna Commission (IATTC) kindly let
ﬁs transcribe landings data from their files for the years 1966, 1967,
and 1968. The data were for the whole year for the full time purse
éeiners. The data transcribed were:as follows:

1. Official number

2. Days at sea

3. Landings by species

L. Major area fished: Atlantic or Pacific

This information was supplemented by the addition of information

from the Merchant Vessels of the United States, including:

Gross tons
Horsepower
Length

Year built




Finally the following information was added:-

9., Capacity (American Tunaboat Association)
10. Crew size (BCF files)

The total sample consisted of 89 vessels per year or 267 vessel
years. The data were divided into twoAperiods: (1) when there was
unrestricted fishing for yellowfin and (2) when yellowfin was
_restricted to 15 percent of the total catch. The data from the

restricted season were not used in the analysis because of sthe

different conditions following the season closure.




V. The Statistical Results

A. Overall Results

The statistical fesulté of these experiments are qﬁite.en-
couraging. It is possible to explain very high variations in
catch with a minimum of information. - In the tropical tuna fishery
we can explain approximateiy 70 percent of the variation in the
dependent variable, and in the New England trawl fishery approxi-
mately 84 percent. |

Tests for heteroscaedasticityl showed that it existed in the
linear equations. As is well known, when it is present, we have
inefficient estimators. Logarithmic transformation of the variables

in both fisheries removed this problem simply. Results in both

forms are reported but only the logarithmic results are suitable

" for analytical work.

Several regression experiments were run using a single year's
observations in both fisheries on the same variables. The resﬁlts
were very encouraging in fhat there was a high degree of stability
in the coefficients and their t ratios. These stable results were
obtained-inﬂfisheries which, if anything, are notorious for their
variability in almost all aspects, biological, economic, atmospheric
and oceanographic. Some results fof the trawl fishery illustrating

this stability are shown in Appendix 1.

;/Heteroscaedasticity means that one of the independent variables
is correlated with the error term. '
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B. The New England Trawl Fleet

The statistical reéults-for the New England trawl fishery were
very good. vThe overall "fit" of the data in the equations was very
high, especially when one considers the heterogeneity of this fleet.
The equations are rich in information in that many of the variables
about which hypotheses were made were statistically significant
J

with the right signs. ' S

Because of the possible controversial nature of some of the

previous discussion, the equations were run using the more tradi-

tional variables where pdssible. This will allow direct compari-

son of the results. In a sense, we shall permit the data to
decide which is the better specification. We will briefly run
through the results according to the topics covered in the theo-
retical section.
The following general production function was established for

the New England trawl fleet:

0 = £(FT, GRT, HP, CR, Age, C, PI.)

0 output, either total pounds or total value

FT = fishing time, either days fished br days absent

GRT = gross registered tonnage

HP = ﬁorsepower )

CR = crew size

AGE = age of the vessel

¢ = construction, 1 if wood, O otherwise

PT = homeport dummy variablés:
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The equations providing the best results are shown in Table 1.
These equations will be discussed below. A more complete set of

regressions is shown in Appendix 1.

The tests of whether total value or total pounds was the better
- measure of output in this fiShery'are shown in Problems 1 through L.
The measures: of overall fit (R°) afe lower in Problems 1 and 2, which
use total pounds as the dependent variable (.4O and .54), than Problems
3 ard L, which use total value as the dependent variable (.83 and .83).
Thus, the fishermen appear to have implicitly taken into account expected
prices, expected catch rates, and steaming time to the grounds and'made

decisions as to where to go amd what to fish. Hence, relative total

reverue appears to reflect the fishing power of New England vessels.

The more fishing power, the higher revenues are expected to be.

The most powerful explanatory variables for either total pounds
or total value were the fishing time variables. That is,.the more
days fished or days absent, the higher the total value and total
pounds. On the basis of contributions to the overall goodness of
fit, there is no way to choose between these two variables. Our
choice, thérefore, will have to rest upon their effects on other
variables and on the cost of gathering the information.

In Problem 3, using total value as the dependeﬁt variable and

days fishing as the measure of fishing time, crew size becomes statis-
tically nonsignificant and negative. In Problem l;, when days absent
is used, crew size becames statistically significant and a very

powerful explamatory variable. Days fishing appears to be a




. New England Trawler Production Function: Alternate Specifications

ndependent var.

2 5/

Y INT

. 5
. Dependent var. LOG DAYS AB. LOG DAYS FISHED LOG G.R.TX LOG H.P. LOG CREW _LOG AGE CONSTRUCT.‘3 DUM 65‘/DUM 67

Problem 1

Log total 1bs. (A1l years) : . L
Reg. Coef. . . . . -.018
t ratio ’ 6/ ' . . . 776
Part. Cor. Coef.— -.022

Problem 2

Log total 1bs. (All years)
Reg. Coef. 1.06
t ratio 6/ 27.8
Part. Cor. Coef.: .636

Problem 3

Log total value (All years)
Reg. Coef.
t ratio 6/
Part Cor. Coef.

Problem I

Log total value (All years) v
Reg. Coef. 1.08
t ratio 6/ L7.6
Part Cor. Coef .~ .815

1/Gross Registered Tonnage

2 /Morsepower

3/Construction; equals 1 if wood, O otherwise.
EyDum 6L

5/Dummy variables for year of observation
_/Partlal correlation coefficient
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less desirable'mQaspre of fishing time on four grounds: (1) It is
theoretically inferior on economic grounds as discussed pfeviously;

(2) it causes other important'Qariableé to have the wrong sign; (3)
it costs more money to collect this information; and (4) it is probably
more subject to error.

The vessel size variables used were gross registered tonnage

(GRT). and horsepower (HP). GRT was the more powerful of these

vvariableé as it was statistically'significant in all equations

and expiained a large part of output, HP was not as powerful

‘a variable in terms of its partial correlation coefficient. How-
ever, it was statistically significant Qhen total value Qas the
dependent variable, indicating that it made an independent contri-
bution to fishing power.

The variable that indicated the age of a vessel had a negative
coefficient and was statistically significant in most cases. There
are at least three hypotheses why older vessels may be lesé productive:
(1) Older vessels might tend to have more breakdowns and equipment
that was not in the best working order; (2) Older vessels might have
poorer working conditions and accomodations and therefore attract less
able crews; (3) Older vessels may embody older technologies. If the
last hypothesis is dominant, vessels do not become less productive as
they get older rather, old vessels are less productiﬁe. This would
have different implications than the first hypothesis when fishing

power factors are computed.,
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The durmy variable created for hull construction took on the

value 1 if the hull was wood and O if steel. The results using
this variable were mixed. In Problem h’using>tota1 value and
days absent, it was positive and significant. This may mean that

ceteris paribus wooden hulls are 25% more productive.2 If these

tests can be confirmed using other data, then it could indicate
that an error is being made by the shift to steel construction
unless, of course, steél has overwhelming advantages in maintenance
and insurance costs.

The tests for locational differences im productivity were made
by creating an array Qf six dummy variables, one for each of the
major ports in New England. A "one" was placed in proper location
in the array corresponding to a vessel's home port and a "zero" in
all the others. Equations showing the results of these tests are
given in Appendix 1. In the logarithmic forms of the equations,
there are no cqnsistent differences between ports when total value is
the dependent variable (Problem 8). When total pounds is the dependent
variable;'thebports:designated "Mainea aﬁpear to catch significantly
more and "Boston" significantly less (Problem 10). These differences
appear because Maine specializes in low value species and Boston in
high., Wﬁen Weighted by value, these differences disappear.

On the basis of these statistical tests, we .conclude that the
best specification of the production function for the New England
groundflsh fleet is shown in Problem 4, where totagégglue is the

2/ The antilog of 1 is 1. : ~ W have 10 which equals
1.25. Therefore a wooden hull is 25% more productive.
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measure of oﬁtput énd days absent is the measure of fishing time.
‘ Gbod descriptiohs of the capital variable are given by gross reg-
istered tonnage, horsepower, vessel age,-énd construction materials.
The contribution of labor is measurable and importént.

cC. The Tuna Seine Fleet

In fisheries such as the tropical tuna fishery, the species
are,-in the jargon of the economist, "joint products." That is,

the fishermen take as much of both species (yellowfin and skipjack)

as they can in an effort to fill their holds as quickly as possible.

They are essentially indiscriminate between tunas in that they do
not appear to pass up any that they sight solely because it is the
less desirable species, although such behavior was noted up to about
1950 (Shimada and Schaefer, 1956). |

According to iATTC records,‘the probability of a successful
set oh yellowfin is higher than on skipjack. This leads one to
the hypothesis that a ton of skipjack represents in same way more
. input than a ton of yellowfin because it takes more work to catch
skipjack. There are at least two techniques that might be used
in this fishery to determine a Weightipgvsystem for output. One
technique (which is not used here) is canonical regression which

was discovered by Hotelling and described by Tintner (1952).
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In a sense, it is a search technique that "weights" the dependent

armd independent variables in such a way that the sum of the squares

of the unexplaired variance of all the variables is minimized.

The second technique (suggested by Henri Theil) is to systematically
try different weights (whose sum is one) for the dependent variable
and run a series of regressions using a .common set of independent
variables. The regression that maximizes the coefficient of
determination would have the weights; which are, in a sense,

best.

‘The following regression was run in an attempt to arrive at the
best weighting system for outputg

Q = £(D, T, CAPAC, GRT, ND, FR, cR, AGE, HP) where

Q= (Y +pS +¥B) and (st+ B +F) = 1 and

Y is tons of ygllowfin landed

S is toﬁs of skipjack landed

B is tons of bluefin landed

D is days at sea of each vessel

T is the number of trips of each vessel

HP is the number of horsepower of each vessel

CAPAC is the capacity of eaeh wvassel

GRT is the Gross Registered Tonnage

‘ND is a dummy for new design

PR is 1 for Puerto Rico homeport, zero otherwiée

CR is the crew size

AGE is the age of the vessel.
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The results of this experiment are shown in Table 2 , where

the left hand éolumﬁ shows the different weights applied to each

species. The column headings are for each year's observations and
for pooled observations.' Tests using the ﬁ statistic show. that
the observations are not rahdqm. Weights of .3 for yellowfin,

.4 for skipjack, énd .3 for bluefin are best. This in a way fits
our a priori expectation that a vessel exhibited more fishing power
when it caught a ton of skipjack than a ton of yellowfin. The
statistical results indicate that a vessel does 1/3 more work to
catch a ton of skipjack than a ton of yellowfin.

The above experiment presents a radically different approach
to the determination of output in a fishery. Because it will be
controversial, five élternative specifications of output in the
tuna fishery were used in estimating the production function.

Three major output qnecificationg were as follows: total value,
total pounds, and weighted total pounds using the weights deﬁermined
above. In addition, yellowfin aloﬂe and skipjack alone were tested.
This was done because joseph and Calkins (1969) estimated fishing
power factors for skipjack alone. Their doing this suggested that

a vessel might have a species specific,fishing power, Sso

we attempted to test this hypothesis.

Selected results of the regression experiments run are shown
in Table 3 and in Appendix 2. The various specifications of the

dependent variable could be explained with varying degrees of
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Table 2 Regression Results Using Various Weights for Tuna Species
Holding Independent VariablesConstant

Weights of yellowfin, 1966 1967 1868 A1l Years
skipjack and bluefin R2 2 R 2

R R

- ; .559 - .332 .697 186
.6,.1,. .573 351 - .701 .505
6,.2,.2 - .650 She .73 .612
5yl .588  .380 .705 .531
55435- ' .730 - .785 .758 157
25542, 677 622 739 652
o4y.1,.5 e L2 .T11 .565
A,k 2 . .873 7 779
.376,.286,.344 ) .837 ] .763
b,.2,0h . 711 . .698
by k.3 . .837 . .760
13,452 . 881, : 776
3502500 . .790 . . 740
23,1 . .883 . -785
3 ’ . 868 . .783
3,05 . .875 : 775
877 . 757
.879 . - 769
. 833 . .7L8
Lol . .603
.572 . .619 |




Table 3

Tuna Purse Seine Production Function: Alternate Specifications

Independent
var.
Dependent var.

LOG
CAPACITY

LOG DAYS

10G H.p.1

66 DUM

67 DUM - Y INT.

R

Problem 1

Log tot. value
Reg. coef.
t ratio
Part Cor. Coef.

Problem 2

Log total 1bs.
Reg. Coef.
t ratio
Part. Cor. Coef.

Problem 3

Weighted total 1bs.

Reg. Coef
t ratio
Part. Cor. Coef.

1/Horsepower.

.365
5.14
.303

1,38
7.39
a6

.520
8.1
L62

.310
3.32
.201

.368
L.66
277

-339
5.15
.30

.067
2.08
.128

-.02L
.91
-.056

oLy

2.21
136

-0L9
2.94
179

-.196

.587 76.17

680 113.8l

.70L 127.07
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precision. As expected, weighted total pounds had the highest

coefficient of determination, followed by total pounds, total

| value, skipjéck and yellowfin, in that order.

The actual difference between coefficients of determimation in
the weighted total pounds equation and the total pounds equation is
not statistically significant (.70 VS...68).

The total pounds variable has, obeourse, almoé% the same weights (1/3,
1/3, 1/3) as the weighted output variable so that, ultimately, it
may be of marginal significance to distinguish between them in
this fishery; but we cannot kn&w this before further experiments
are conducted. |

Total value as a'depeﬁdent variable is inferior to total pounds.
This tends to confirm our hypothesis that yellowfin and skipjack are
joint producfs in this fishery. The weight of skipjack in total

values is less than the weight for yellowfin and bluefinj} There~

fore, it appears that the amount for which skipjack can be sold is

not reflected in the extra work dore catching it, at least relative

to yellowfin and bluefin.

The regression results using skipjack alone as a dependent
.variable were surprisingly good, considering that more than half of

the output in the fishery was' not included in the dependent variable

(see Appendix 2, Problem 2). The reason for these apparent good
results is that skipjack tends to be caught by the larger vessels, hence
there is a correlation between vessel size (capacity) and skipjack catch.

3/ The relative price weights are .286 for skipjack, .376 for yellowfin,
and .34l for bluefin.
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, -ﬁhen the yellowfin catch along was used as a dependent varible,
the results were much poorerlﬁhaﬁ fcr‘skipjack, although they were
statistically significant. The probable reason for this is that the
larger vessels concentrate less oh yellowfin (they fish in different
areas than do the smaller vessels). Hénce, the total yellowfin
catch of a vessel is less connected;with size.

The best production functions for the tuna fishery are shown
in Table 3. The only fishing time variable available for this
fishery was days absent so that alternative specifications of the
equations could not be run. Days absent, however, was not as
important a variable in this fishery as in the trawl fishery. The
reason for this may be that there is a basic difference in the
way the vessels in these fisheries. operate. The trawl fishefy is
a wet fish fishery so that ﬁhe vessels are constrained by time
when they go to séa, whereas the tuna boats are freezers and they
stay at sea until theii holds are filled; hence, there is a different

connotation to the fishing time variable.

The vessel size variables used in the final equation were

capacity and horsepower.. Capacity was the more important of these
Qariables. This indicates thét the industry is Jjustified in

using capacity as an index 6f a vessel's fishing power. Several

tests were run with gross tonnage in place of capacity but the resuits

were not as good, although they were still meaningful.
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Horsepower makes an important independent contribution to
explanation/ef output. Thé contribution of horsepower to the increase
in the coefficient of determination, though small at any point in time,
may be important in the maintenance of an effort series as the compo-
composition of a fleet changes.

Tests were run using crew size but results were poor, pre-

sumably because there is such small variation of crew in this

N / :
fleet (12-14 men). In addition, crew size is defined by custom and

union contract according to the capacity of a vessel, hence crew

size does not give additional information.

The tuna fleet has two main bases: Puerto Rico and southern

California. To test whether vessels located in Puerto Rico were
more productive, a dummy variable was created that took the value
one if a vessel's home port was Puerto Rico and was zero otherwise.
The results were generally positive but not statistically signifi-
cant. This indicates that the fleet's shift toward Puerto Rico is
because of reasons other than catching more fish (see Appendix 2).
Tests to see 1f the age of the vessels could explain some of
the variation in output generally showed that older)vessels were
less productive in the linear forms of the equations. When the
logarithmic transformations were made -the age variable became

nonsignificant, hence it is not included in the final equations.

The original purse seine fleet consisted of vessels converted

from either military craft or bait boats. There has been a major
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exbanéion of this fleet since 1963 with vessels desiéned specifically
for purse seining. To see if these vesselé were superior in a way
that could not be accounted for by either horsepowef orbcapacity,

a dummy variable was created that took the value one if a vessél

were built after 1962 and zero if built before 1963. It was hoped
that this woula pick up technological change. The results using
‘this were generally positive and sometimes statistically significant,
but the dummy variable is not included in the final equations because
it was not statistically significant in the@.

We conclude that for the tuna fishery the best production

i

function and indicator of fishing power is given by Table 3,

Problem 3, where weighted total pounds is the dependent variable,
days absent is the measure of fishing time and capacity and horsépower

are measures of the capital used.
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VI. The Calculation of an Effort Index

Production functions of the ﬁ&pe utilized in this paper make
it possible to assign an index of fishing power to each vessel in
a fleet based upon the physical and technological characteristics
of that vessel. The assignment of relative fishing power to a vessel
could proceed as follows: Using the parameters developed, calculate
the expected catch of each vessel using a fixed number of days absent
(or fishing). Take the antilog of this expected catch and then divide
this number by the expected catch of a "standard" vessel in the
fleet. This procedure will give the relative fishing powér of
each vessel in terms of the standard vessel.

The above procedure was followed in calculating the relative

fishing power of the average vessel in each size class for the two

fleets being discussed. To highlight the differences in relative

fishing power that would be obtained given different assumptions
about the output variable and the fishing time variable, all the
equations from Tables 1 and 3 are presented. The characteristics
of the average vessels in each size ﬁlass for both fleets are shown
in Appendix 3 and Appendi# L,

The calculation of the effort expended upon a species in the
groundfish fishery would proceed as follows. The days at sea for
each vessel that returned to port with more than a certain threshold
percentage of the target species would be noted. The days at sea

would then be multiplied by the power factor. OSumming these products




NEW ENGLAND

RELATIVE FISHING POWER: Standardized on O - 50 Ton Vessels

Relative EQUATION

Tonnage mean .
Gross Tons (1) Tot. 1bs. (2) Tot. 1bs. (3) Tot. Value (L4) Tot. Value

Days Fished Days Absent Days Fished Days Absent

0- 50 1.00 1.00 1.00 1.00 1.00

51-100 2.33 1.20 1.28 3 1.67
101-150 L.00 1.38 1.50 1.81 | 2.30
151-200 5.6 j 1.91 ' 1.77 S 2.27 2.40
201-250 7.60 _ 1.91 1.79 | 2.66 '; 3.12
251-300 9.00 1.98 | 1.86 2.76 - 3.17
301-400 10.38 2.5 2.18 | 2.89 2.86

> Loo 16.40 2.72 2.56 3.0 3.90
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Relative Fishing Power of Tuna Vessels - Standardizéd on
101-200 Capacity Tonnage Vessels, 1966-1968

EQUATION
Capacity 1 2 - 3 Tuna
tonnage Size Log total Log totallLog wt. commission
class value ~ 1bs. total 1lbs. | 1966-68

avg.

0- 50
'51-100
©101-200
201-300
301-L00
1;01-500
501-600
601-700
701-800
801-900

‘901-1000

N O O O O O O U F W

1001-1100
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would then give the effort expendéd by the vessels which returned

to port a significaﬁt amount of the target species. Total effort
cao then be calculated by extrapolation from the amount of the
target species accounted by the included vessels to the total
catch; i.e., by making an assumption of proportionality between

them.

The calculation of a species specific effort index for the
tuna fishery is a more difficult task because the species in this
fishery are joiht products. Total effort, not partitioned by species,
is relatively easy to calculate, however. One would simply follow
the procedure outlined above except tﬁat one would only‘exclude
trips when bluefih made a significant proportion of the catch.
The IATIC has not in the past partitioned effort by species, but
they are attempting to do so at the present time according to a

method suggested by Pella (1969).
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VII. Comparison with Prior Estimates of Fishing Pawer

There is little information published on the relative fishing
power of vessels. The only information available on the relative
fishing power of trawlers is in Beverton and Holt (1956) and
Gulland (1956). It would be inappropriate to use these for direct
comparison. However, the above authors noted that fishing power as
they measured it (using pounds and days fishing) did not increase
as rapidly as did gross tommage. In Table L relative vessel size
was included so that a similar comparison could be madé.‘

None of the power factors shown here increase as rapidly as
vessel size. It is interesting to\hote relative fishing power as
indicated by Equation L in Table L. Here it<can be seen that vessels of
301-400 gross tons have less fishing power than vessels 291-300 gross
tons. Inspection of the vessel characteristic data reveals that the
larger vessels are older and have smaller engines and crews.

Thus, Equation L takes this information into account and assigns a
lower fishing power.

The IATTC does calculate relative fishing power; its recent
estimétes are shown in the last column of Table 5. It is readiiy
apparent from the data shown that the techniques used in this
paper and at ths IATTC produce radically different results. It is
the opinion of this author. that perhaps the IATTC should reexamine
its technique, especially given the critical nature of the‘relatién (

of their estimates of maximum sustainaeble yield to the economic and

biological health of the fishery.
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The technique of using dummy variables to measure technological

change can be é very powerful meané‘of keebing fishing power indices
up to date. Any new device, strategy, or vessel design can be tested
for its ability to increase fishing power as it is being introduced
and therefqre can be permanently built into the vessel power
factors. |

One of the more important attfibutes of‘thé system is that it
prévides a simple way to test whether information being gathered is
relevent to the task at hand. For example, fishing days are col-
lected in New England. Upon further testing it may be deéided that

this information is not worth its cost.

‘ Using regression”techniques, it is possible to build effort
.serieé for many frawl aﬁdAseine fisheries whiph are simple to
implemént.and yet‘are very powerful. The information needed
appears to. be minimal, at least for a domestic fleet.

The technique can also provide a way to handle some of the causes
of secular changes in the fishing power of a fleet. For example,
in both of the fleets considered, both vessel gi;e (GRT and -<capacity)
and hofseppwer made sigﬁificant contributions to the determination
of ‘fishing power, 'Thus, as new vessels are added to a fleet, their
fishing power can be estimated even though‘they have larger engines
relativevto vessel size than other vesséls in their size class. It
is'aISOZpossible to keep estimétes of fishing power current as the
engines of old Qessels are replaced or upgraded and changes in crew

size are made.
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Appendix 1.

New England Production Function

ndepend. var. . . B .
Depend. DAYS AB. DAYS FSH. O.R.T.l/ CREW YR. BUILT * H.P.gl
var. Reg. Coef. t val. Reg. Coef. t val, Reg. Coef.  t val. Reg. Coef. . __Reg. Coef. t val. Reg. Coef. t val.

Prodlem 1

Fotal 1bs. 6L 2.47 633L. 6.19°  ~3307L. . 10899. . 11L0. 2.58
Total 1lbs. 65 . 6282. 7 6.13 -30615. . . . 1256.

Total 1bs. 67 . 6198. 6.87 -33566. . . 607.6

Pooled Tot. 1lbs. . . 6395. 1.1 -38Lll. . . . 896.8

Log Tot. 1bs. 6L 8. .9850 11.59  -.1912 . . . .T188

Log Tot. lbs. 65 . . .96L0 12.56 -.0500 . . . .6430

Log Tot. 1bs. 67 9800 1.84 .0206 . 9110

Problem 2 . '

Fotal 1bs. 6L . . su1s. s.7L  -L2ou9g. . 951.6
Total 1bs. 65 . . 5375. 5.62 -L1627. . . . 1081.
Total 1bs. 67 . 5153. 5.94  -LsLoo.

Pooled Tot. 1bs. . . 5355. . -LLi789

Log Tot. 1lbs. 64 . . 7682 - -.1051

Log Tot. 1bs. 65 . . .8320 . -.0200

Log Tot. 1bs. 67 . . -.0330

Problem 3°

otalval., 6L . . 1939.
Totalval. 65 . . . 2082.
Total val. 67 . . . L -380.6
Pooled Tot.Val. d . . . L16.2
Log Tot.val. 6L . . . 0497
Log Tot. val. 65 . . 71
Log Tot.val. 67 . . . .oug

Problem L €

Total val . .

Total val . 65 Br06.
Total val . 67

Pooled Tot. Val.

Log Tot. val. 6L

Log Tot. val. 65

Log Tot. val. 67

Problem 5
Totalval . 6L
Total val. 65
Total val. 67
Pooled Tot. Val.
Log Tot. val. 6L
Log Tot. val 65
Log Tot. val. 67

Problem §
Totalval . 6l
Totalval . 65
Totalval.. 67
Pooled Tot.Val.
Log Tot.val. 6L
Log Tot.val. 65
Log Tot.val. 67

Problen 7 -
Total val. bl
Totzl val 65
Total val 67
Pooled Tot. Val.
Log Tot. val 6L
Log Tot. val. 65
Log Tot. val 67

Problem 8

Total val. 6l
Total val. 65
Total val. 67
Pooled Tot. Val.
Log Tot. val. 84
Log Tot. val., 65
Log Tot. vak. 67

E38ZR3%

Problem 9
Total 1bs.
Total 1bs.
Total 1bs.
Pooled Tot. 1bs.
Log Tot. 1bs. 64
Log Tot. los. 65
Log Tot. 1lbs. 67

Problen 10

Total 1bs. 6L 5955.
Total 1lbs. &5 5828.
Total 1bs. 67 6698.
Pooled Tot. 1lbs. 6L02.
Log Tot. 1bs. 64 .86L3
Log Tot. lbs. 65 L8l -
Loz Tot. 1bs. 67 .3600

-10842.
-1193.
=25509.

.
.
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23R828RWIY
PeNencE
SRLBRD

-10501
-5228.
=25353.
2354,
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el
pheasss
FInIrew

©nwni-
ABLAREES

%jGross registered tonnage
orse Power .
/Equals 1 if wooden vessel, O otherwise.
L/Equals 1 1if vaessel's homeport, O

otharwise.
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Appendix 2.

Tropical Tuna Production Function

Independent
var. . PUERTO YEAR PURSE
Dependent var: CAPACITY - DAYS AB. H.P.l G.R.T.2 CREW RICO3 BUILT SEII‘I'E‘.h 66 DUM 67 DUM
re’Z/ tv8/ re tv re tv rc tv rc tv rec tv re tv re tv rc tv rc tv

Problem 1 .
Yellowfin - A1l are,
eye:r"s n - 1.2, 5.86 .340 .2L8 ) N » :ngs %83 —3125‘1 gg;g

Log - A1l years  .2Ll 3.k2 ‘179 1.03 , . K .

Problem 2
Skipjack - A1l

years L.10 .1 5.70 L.08
Log = All years 1.65 10.9 .68l 1.84

-250. 1.31 623. 5.62
.05 .L39 .258 3.22

Problem 3 _ ]
Tot. 1. - A11 - . -6.92 2.

oyea:: .Lo7 7.59 .59L4 .285 . . ) _ ?%73 }agg -Ohi 2.211;
Log - All years .365 5.1L .310. 3. . . A .

Problem U _
T°§.;a1‘;s' TAL ey 1.03 S.62 3.89 - . ; 582. 2§le 2<0)i9
Log - All years 138 7. .373 L. . . ) -.02 - .

Problem 5 -
Weighted tot. 1bs.

e::i}ll ;ear: ° L.81 .8 6.74 L. . . 35326 19112 7(3)25
Log - All years .520 8. .06 5. . . .

Problem 6
Tot. 1bs. - A1l

6
. 1.98 209. 1. 06 0.
years 3.93 lak. 1.9 sl

2.88°

Problem 7

L°$eZ§§' 1bs. - AL . .87 .061 5.86°.2h2 3.331.67 2.87 .010 .30L -.037 1.29 .05l




Appendix 2: continued

Independent
var. ) 1 PURSE g
Dependent var. CAPACITY DAYS AB. .P. G.R.T.2 CREW SEINEh 66 DUM 67 DUM

re tv rc tv tv rc tv re tv tv re tv rc tv rc tv

Problem 8 A .
Log weighted tot. . ) .
1lbs. - All years L8 5.03 .065 .5865 .317 4.11 1.56 2.53 -.010 .287 -.039 1.30 6.58 3.53 -.762

Problem 9
Weighted tot. 1bs.

A1l years L.Lh 8.03 6.30 3.94 .217 .829 1.23 1.75 -283 1.54 370 1.97 13.3 1.22 -1L3 .L58 -668 3.29 -479 3.89 1856

1/Horsepower
2/Gross Register Tonnage
3/Equals 1 if vessel's homeport, O otherwise.
quals 1 if vessel is built after 62, O otherwise.

/Cube root of horsepower
6/68 DUM
7/Regression coefficient
8/ t value
ROTE: A1l variables contained in equations entitled: '"Log all years" are Logs.

75.87

69.68




Appendix 3

NEW ENGLAND TRAWL FLEET: VESSEL DATA BY TONNAGE CLASS

' Days Days Horse- Year
Tonnage Class Absent Fishing Trips power Built

0- 50 ' 118 L8 87 163
51-100 19 89 36 253
101-150 . 162 2l 3L9
- 151-200 ' 168 96 20 L79

201-250 ‘ 235 ' 2l 60l -

251-300 22l 23 630
301-400 - 235 17 623.
> 1400 Los 221 2 503




Appendix L

TROPICAL TUNA SEINE FLEET: VESSEL DATA BY TONNAGE CLASS

Measures o f Output

Weighted
Pounds Pounds ~ Pounds Total Total " Total
Size Horse- Year (000) (000) (000)  Value Pounds Pounds
Class Capacity power Built Yellowfin Skipjack Bluefin  (000) (000) (000)

508 1155 - 115 | 236 1504 1388

731 1399 Ll 292 2512 21,01

908 1847 559 360 2550 2461
1100 1792 928 ' 389 2765 2766
1281 2511 1148 523 3749 379
16L9 1600 1566 LL8 3166 3319
1589 2630 | 3812 817 6LL7 6916
1600 2302 " 35L7 7681 6016 6479
1850 2038 3032 637 5092 5492
1600 1490 261 687 5751 645l

3
b
5
6
6
6
6
6
6
6










