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OBSERVATIONS ON THE PURSE~SEINE FISHERY FOR TROPICAL TUNAS
IN THE EASTERN PACIFIC OCEAN

by
William H, Bayliff and Craig J, Orange

INTRODUCTION

Yellowfin tuna, Thunnus albacares, and skipjack tuna, Katsuwonus

pelamis, are caught in the eastern Pacific Ocean by fishermen based in
the Americas by two methods, bait fishing and purse -seining, Bait fish-
ing was the dominant method until 1960-1961., During 1948~1957 about 80
percent of the yellowfin and 90 percent of the skipjack landed by Cali~
fornia~based vessels, which make up the majority of the fleet, were
caught by bait vessels (Anonymous 1967 :Table 4). In 1957 conversion of
bait vessels to purse-seine vessels was begun, and most of the fleet had
been converted by the end of 196L. The details of this conversion are
discussed by Orange and Broadhead (1959), Broadhead and Marshall (1961),
and McNeely (1961), During 1963-1966 about 90 percent of the yellowfin
and 85 percent of the skipjack landed by the California-based fleet were
caught by purse-seine vessels (Anonymou501967:Table k).

Several studies have been made of‘the purse-seine fishery for yel-
lowfin and skipjack tuna, Orange, Schaefer, and Larmie (1957) studied
the incidence of pure yellowfin, pure skipjack, and mixed yellowfin~skip-
jack schools in the catches, and the weights of the catches made in indi-
vidual sets., Their data were for 1946-1955, when the purse-seine fishery
was less important than the balt fishery, and conducted mostly north of .
20°N, Broadhead and Orange (1960) conducted the same type of study for
1956-1958, when the spatial and temporal extent of the fishery was much
more extensive, In addition, they compared the lengthmfreQuency distri-
bution of yellowfin axnd skipjack tuna from pure and mixed schools of yel-
lowfin and skipjack, Broadhead (1962) compared the catches per unit of
effort by bait and purse-~seine vessels to standardize the effort by purse-
seine vessels to the fishing power of a Class-U4 baitboat (20l~300 short
tons capacity)., Calkins (1963) examined the "concentration indices,"
i.e.p indices of the degree of concentration of the fishing effort in
the areas where the catch per unit of effort was highest, for purse-seine
vessels for 1951-1961, Calkins (1965) made a study of the size composi~
tion of yellowfin tuna within individual purse-seine sets, Green and
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Broadhead (1965) made an economic study of the purse-seine fishery for
troplcal tunas,

One of the Inter-American Tropical Tuna Commission's most important
investigations is a continuing study of the welationship among catch, ef-
fort, and catch per unit of effort of yellowfin and skipjack tuna (Shi-
mada and Schaefer 1956; Schaefer 1957). An estimate of the total effort
in the eastern Pacific Ocean is obtained by dividing the total catch of
all vessels by the catch per unit of effort of as many bailt and purse-
seine vessels as possible standardized to the fishing power of a Class-l
baitboat, To accomplish the standardization, it is necessary to have as
thorough an understanding as possible of the schooling habits of the fish,
the nature of the purse-seine fishery, and the relationships between
thems This report constitutes a contribution to this end.

Acknowledgement is extended to Messrs, Patrick L. Boylan, Thomas P,
Calkins, Bruce M, Chatwin, Kenneth R, Feng, James Joseph,Sueilchi Oshita,
Jerome J, Pella, and Clifford L, Peterson, all of the Inter-American
Tropical Tuna Commission, who contributed to this study in various ways.
Thanks are also expressed to the many tuna vessel captains and crew mem-
bers and to the airplane pilots who collected and recorded the data on
which this study is based,

DATA AND METHODS
Three species of tropical tunas, yellowfin, skipjack, and bigeye,

Thunnus obesus, are caught by the purse-seine vessels of the tropical

tuna fleet of the eastern Pacific Ocean, In addition, at the northern
and southern ends of the range of the tropical tunas these vessels catch

bluefin tuna, T. thynnus, albacore tuna, T. alalunga, bonito, Sarda velox,

and S, chiliensis, mackerels, Scomber japonicus and Trachurus symmetri.-

cus, and yellowtail, Seriola dorsalis,

For this report, the eastern Pacific Ocean has been divided into
the five areas shown in Pigure 1, This division is made because of dif-
ferences in the specles composition of the catches, the habits of the
fish, and the methods of fishing at different latitudes., The vessels
have been assigned to the following size classes, in accordance with
their capacities in short tons: 1, 1-50; 2, 51-100; 3, 101-200; 4, 201-
300; 5, 301~400; 6, greater than 400, This was done by Shimada and Schae-
fer (1956) because they suspected that the fishing powers differed among
vessels of different sizes,

The data on which this study is based were obtained from information
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in the logbooks of the purse~seine vessels, Data from the logbooks of
vessels based in Canada, Mexico, Peru, Puerto Rico, and the United Stateé
were used, The information in the logbooks includes records of the date
of each set, the location where it was made, the type of school, the
weight in short tons of each speciles caught, and a notation as to whether
or not assistance was received from an ailrplane or helicopter in locating
and setting the net around the school of fish, Information on the capaci-~
ty and speed of each vessel and the length and depth of its net were col-
lected from various sources, and these were also used in the analysis,

The following data were analyzed in this report: catch per day of
fishing; catch per set; catch per successful set; ratio of successful to
total sets; sets per day of fishing. The first statistic, catch per day
of fishing, which is presently used as an index of the abundance of the
fish, is the product of the last three statistics, It is thus likely
that study of these three statistics willl provide a greater understanding
of the usefulness of catch per day of fishing as an index of abundance of
the fish, The catch per successful set is the product of the sizes of
the schools and the fractions of the schools which are caught, but since
neither of these can be measured, the catch per successful set must be
used, The catch per set is studied only because it is necessary to use
this statistic, in conjunction with the catch per day of fishing, to es~
timate the sets per day of fishing.

The data were abstracted from the logbooks and punched on two sets
of computer cards, one with the fishing effort in days and the other with
the effort in sets, From these cards summaries have been made for vari-
ous purposes, The analyses in the present report were prepared mostly
from these summaries, but also partly from the original computer cards
and partly from new cards prepared from the original ones, but with ad-
ditional information added to them,

The data were mnot used to calculate the catch per day of fishing in
the following cases:

1. If the total weight logged for the trip did not agree within 25
percent of the weight of fish unloaded, none of the data for this trip
were used,

R. If the weight of yellowfin and skipjack combined was less than
two~thirds of the total weight of fish unloaded, none of the data for
that trip were used, If the weight of yvellowfin and skipjack was two-
thirds or more of the total weight, however, all the effort for that trip
was assumed to have been directed toward yellowfin and skipjack,
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The data were not used to calculate the catch per set, catch per
successful set, or ratio of successful to total sets in the following
cases:

1. If the total weight logged for the trip did not agree within 25
percent of the weight of fish unloaded, none of the data for that trip
were used,

2. If it was not reasonably certain that the vessel was fishing
for yellowfin or skipjack, rather than for some other species, the data
for those days were not used.

3. If the catch was recorded for several sets combined instead of
individually, the data for those sets were not used, If this occurred
frequently in the logbook record of a trip, none of the data for that
trip were used.

The catch data were recorded in short tons, and the catches of frac-
tions of tons were reduced to the nearest whole number. Thus O tons was
recorded for the sets in which % to 1 ton was caught, These were con-
sidered to be successful sets, however, as were all the sets in which %
ton or more of yellowfin and/or skipjack was caught.

In some cases, when a school consisted of many fish of one species
and only a few of the other, the school was recorded in the vesselld log~
book as being a pure school, This is not believed to be an applicable
source of error for the present analysis, however,

The data are summarized in Tables 1-6 and 22-26, The catbches are
recorded in short tons in all the tables in this report, The species of
fish were not recorded in the logbooks in some cvases. For the catch~per-
unit-of-effort data in Tables 1 and 22, the data for all fish of the spe-
cies in question, whether caught in pure schools or in schools mixed with
the other species, were used, The catches which were not recorded by
species were prorated in accordance with the species composition of the
catches by all vessels for which logbook data were available for the same
l~degree area, year, and quarter., For the catch-per-set data in Tables
2 and 23, all the data were used except those for the sets for which the
species was not recorded., In other words, the total catches recorded as
the species in question, whether the fish were caught in pure or mixed
schools, were divided by the numbers of sets, exclusive of those for which
the species of fish caught was not recorded, For the catch~per-success-
ful~set data in Tables 3, 4, and 24 only the data for the sets in which
only the species in question were caught were used. For the ratio-of-
successful-to-total-sets data in Tables 5 and 25, the data for all the
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sets were used, and all those in which %+ ton of yellowfin and/or skip-

jack or unidentified fish believed to have been yellowfin and/or skip-
Jack were caught, were considered to have been successful, For this rea-
son, the numbers of sets are usually slightly higher in Tables 5 and 25
than in Tables 2 and 23, For the sets-per~day-of-fishing data in Table
6 and Table 26, the numbers of days of fishing and the numbers of sets
were taken from Tables 1 and 2 and Tables 22 and 23, respectively,
In Tables 7 and 27 are shown the logged catches of skipjack and yel-
lowfin (i.g., those for which logbook data were obtained) and the total
catches of skipjack and yvellowfin in the eastern Pacific Ocean for 1961
through 1966, It can be seen from these tables that the majority of the
logged catches of skipjack in Areas 3, 4, and 5 are included in Tables
1, 2, and 3 and that the majority of the logged catches of yellowfin in
Area 2 are included in Table 24, A minority of the logged catches of
skipjack in Area 1 appears in Table 4, however; this is because a large
portion of the skipjack in this area is taken in schools of mixed yelloww~
fin and skipjack.
Most of the calculations were performed on the CDC 3600 computer at
the University of California at San Diego and the IBM 7094 and IBM 360
computers at the University of California at Los Angeles, The following
computer programs were used in the analyses: |
Multiple~classification analysis of variance--BMD 02V (Dixon 1965),
BMD 05V (Dixon 1965);

Single~classification analysis of variance--G4 UTEX SCANOVA
(Veldman 1962);

Analysis of covariance--~BIMD 20 (Dixon 1961);

Simple correlation--~Weighted Linear Regression for Two Variables
(Paulik and Gales 1965), BMD O3R (Dixon 1965);

Multiple correlation--BMD O3R (Dixon 1965).

ASSUMPTIONS

As mentioned previously, the vessels of the tropical tuna fleet fish
for several species, The problem of separating the effort according to
the speciles toward which it is directed is a formidable one, On most
trips the vessels do not catch bluefin, albacore, bonito, mackerel, or
yellowtail, mnor do they fish in water of the temperatures where these
species occur, When they do catch these species, the criteria described
in the preceding section are probably adequate for assigning the effort
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as to whether it is directed toward these species or toward the +tropical
tunas, This leaves the effort directed toward yellowfin, skipjack, and
bigeye to be separated., According to the procedures described in the
preceding section, the data for a trip in which the catch consisted of
50 percent yellowfin and 50 percent bigeye would not be used to calcu-
late the catch per day of fishing, but those for a trip in which the
catch consisted of 50 percent yellowfin and B0 percent skipjack would
be used for this purpose. This seems illogical, since the bigeye is a
tropical tuna and occurs within the geographic ranges of the yellowfin
and skipjack, The error resulting from this procedure is minor, how-
ever, since bigeye tuna are rarely caught in sufficient quantities to
cause the data for a trip not to be used to calculate the catch per day
of fishing. ﬁ

The problem thus consists almost entirely of separating the effort
directed toward yellowfin and skipjack. The sets in which only yvellow-
fin or only skipjack are caught can be considered as being directed to-
ward whichever of these species was caught (and possibly toward the
other species too), and those in which both species were caught can be
considered as being directed toward both., A considerable portion of
the sets catch no fish, however, and there are no notations in the log-
books to tell which species the fishermen thought were in the schools
when the sets were begun., Shimada and Schaefer (1957), considered all
effort assigned as being directed toward yellowfin or skipjack to be
directed toward yellowfin., Yellowfin occur throughout the range of the
tropical tuna fishery (Alverson 1963), and are favored by the fishermen
because they can be sold for a higher price. Therefore, any vessel fish-
ing in the area where tropical tunas are caught could be assumed to be
searching for yellowfin, except possibly when it is in an area where
there are known to be large schools of skipjack and few vellowfin. Skip-
Jack, on the other hand, do not occur in all areas of the range of the
tropical tuna fishery, nor do they occur at all times of the year in
the areas where they are found (Alverson 1963). Recognizing this, Jo-
seph (unpublished manuscript) has defined an area off central Mexico
where relatively few skipjack are caught, and considered all effort ex-
cept that in this area to be directed toward skipjack. This area shifts
slightly from year to year, probably due to differences in oceanographilc
conditions, but corresponds fairly well to Area 2.

The great majority of the skipjack catch is made in Area 5, and
this catch is considerably greater than that of yellowfin in the same
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area (Tables 7 and 27). Thus it is assumed that all the effort in this
area is directed toward skipjack, Therefore only this area is consider-
ed for the analysis of the catch per day of fishing, catch per set,ratio
of successful to total sets, and sets per day of fishing for skipjack.
The catches of yellowfin are substantial in Area 2, while those of skip-
Jack are quite low in that area (Tables 7 and 27), Thus it is assumed
that all the effort in this area is directed toward yellowfin, and only
data for this area are used for the analyses of yvellowfin in this report.
The ratio of successful to total sets in each stratum is calculated
by dividing the number of sets in which at least %+ ton of yellowfin and/
or skipjack was caught by the total number of sets., The assumption that
the ratio of successful to total sets im the same for schools of yvellow-
fin, skipjack, and mixed yellowfin and skipjack is dmplicit in this pro-
cedure, It is not believed that this assumption is valid, but the pro-
cedure must be used until some way has been found to determine toward

which species the unsuccessful sets were directed.
Results

The differences among years, quarters, and size classes of the values
of catch per day of fishing, catch per set, catch per successful set,
ratio of successful to total sets, and sets per day of fishing were test-~
ed by analysis of variance to determine if they were significant. For

this purpose ‘the model was assumed to be

Xigi =B ¥ oy * Bj +')i"k * oy By * O‘imyk * 85Ye teijk
where

= value (catch per day of fishing, catch per set, catch per suc-

1 cessful set, ratio of successful to total sets, or sets per
day of fishing) for size class k in quarter j of year i,
" = overall mean, '
@y = mean effect of year at level i,
Bj = mean effect of quarter at level Jj,
¥y = mean effect of size class at level k,
o

i B., aéﬁ’k; and ﬁjﬂf" = mean effects of the two-way interactions
at their réspective levels, and
€ = error term,

For this model the following assumptions are made:
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l. Any factors other than year, quarter, or size class which affect
the values are distributed randomly among the year, quarter, and size-
class strata,

2. There is no three-way interaction among years, quarters, and size
classes,

3« The experimental error is distributed normally, with its mean
equal to O and its variance equal to 62.

Because of limitations in the capacilties of the available computer pro-
grams, it was necessary to use the means instead of the individual wval-
ues for each stratum in the multiple~classification analyses of variance,
and this made it impossible to test whether three-way interactions ex-
isted, In some of these tests it may be noted that F values of less
than 1 were obtained, and especially in these cases the possibility of
the existence of three-way interactions should be recognized. Since all
the available data were used in these problems, all three factors are
assumed to be fixed,

In the amnalyses which involve Area 5 (catch per day of fishing, catch
per set, ratio of successful to total sets, and sets per day of fishing)
and Areas 3, 4, and 5 combined (catch per successful set) only data for
Class-l4, Class~5, and Class-6 vessels are considered, since vessels of
the other size classes fish only infrequently in those areas, In the
analyses involvihg Area 1 (catch per successful set) only data for the
third and fourth quarters and for Class~3,,01ass~h, and Class-5 vessels
are used since few skipjack are caught in that area in the first two
quarters and since vessels of the other size classes fish there only in-
frequently,

Catch per day of fishing

In Table 1 are shown the catches, days of fishing, and catches per
day of fishing in Area 5 by year, quarter, and size class for 1961
through 1966, In Table 8 are shown the results of an analysis of vari=-
ance to determine 1f there were significant differences among years,
quarters, or size oclasses in the catch per day of fishing, The data
for 1961 were omitted because there were insufficient data for the first
guarter of that year, The results indicate significant differences for
all three factors and for the year-~quarter interaction,

Catch per set

In Table 2 are shown the catches, sets, and catches per set in Area
5 by year, quarter, and size class for 1962 through 1966. There were
-



no data available for 1961 on the total number of sets, so the catches
per set could not be calculated for that year, In Table 9 are shown the
results of an analysis of wvariance to determine if there were signifi-
cant differences among years, quarters, or size classes in the catch per
set. The results indicate significant differences for all three factors
and for the yvear-quarter interaction,

Catch per successful set

As mentlcened previously, skipjack are caught infrequently in an area
off central Mexico., Though it shifts slightly from year to year, this
area cdarrvesponds fairly well to Area 2, The interchange of fish between
Area 1 and Areas 3, 4, and 5 is slight (Schaefer, Chatwin, and Broadhead
1961)., Accordingly, in this report the fish of Area 1 are considered to
belong to a northern group and those of Aveas 3, 4, and 5 to a southern
group, The fish caught in Area 2 probably belong to both groups, so
they are not considered for this analysis,

In Tables 3 and 4 are shown the catches, successful sets, and catches
per successful set for the southern and nothern groups, respectively, by
year, quarter, and size class for 1961 through 1966, The catches per
successful set are so much greater for the southern than for the northern
group that no statistical test is needed to determine the significance
of these differences.,

Southern group

In Table 10 are shown the results of an analysis of wvariance to de~
termine if there wewre significant differences among years, quarters, or
size classes in the catch per successful set. The data for 1961 were
omitted because there were insufficient data for the first quarter of
that year, The results indicate significant differences for all three
factors and for the year-quarter interaction.

A similar analysis of variance was conducted using only data for Area
5. The results were the same as those for Areas 3, h, and 5 combined
except that for Avea 5 the difference among years was significant at the
l-percent instead of the B-percent level,

Nerthern group

In Table 11 are shown the results of an analysis of variance to de-
termine if there were significant differences among years, quarters, or
size classes in the catch per successful set., It was arbitrarily de-
cided not use the data for any stratum for which there were less than
five successful sets; three strata were in this category., With BMD 05V,
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the computer program used for this analysis, it is not necessary to have
data for all the cells, so substitute values for these strata were not
calculated., The results indicate significant differences for the years,
quarters, and quarter-size class interaction, This result is in con~
trast to that obtained for the southern group, for which there were
found significant differences for the years, quarters, size classes, and
vear-quarter interaction,

Ratio of successful to total sets

In Table 5 are shown the ratios of successful to total sets in
Area 5 by year, quarter, and size class for 1962 through 1966, There
were no data available for 1961 on the total number of sets, so the ra-
tios of successful to total sets could not be calculated for that year,
In Table 12 are shown the results of an analysis of wvariance to deter-
mine if there were significant differences among years, quarters, or
size classes in the ratios of successful to total sets, As the range
of values is 0,329 to 0.776, with only 2 of the 60 values above 0.700,
no transformation of the data is needed (Steel and Torrie 1960:158). The
results dindicate significant differences for the years, quarters, and
year-quarter interaction. In contrast to the catch per day of fishing,
catch per set, and catch per successful set, however, there was no sig-
nificant difference among size classes in the ratios of successful to
total sets,

Sets per day of fishing

In Table 6 are shown the sets, days of fishing, and sets per day
of fishing in Area 5 by year, quarter, and size class for 1962 through
1966. The data were taken from Tables 1 and 2. It is evident from the
Data and Methods section that different criteria were used to determine
whether ox not the avallable logbook data were used for these tables,
In most cases more data were usable for Table 1 than for Table 2, as can
be seen by the fact that the catches in Table 1 are in most cases high-
er than those din the equivalent strata of Table 2, Therefore the num~
bers of sets in Table 2 were adjusted to correct for this discrepancy.
This adjustment was made by multiplying the numbers of sets for each
stratum by the ratio of the catch in Table 1L to the catch in Table 2 for
that stratum., The adjusted numbers of sets are shown in Table 6, In
Table 13 are shown the vresults of an analysis of variance to determine
if there were significant differences among years, quarters, or size
classes in the numbers of sets per day of fishing. The results indicate
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significant differences for the years, quarters, and year-quarter inter~
action, Thus they are similar to the results for the ratio of success-
ful to total sets, but in contrast to those for catch per day of fishing,.
catch per set, and catch per successful set,

Aircraft assistance

Airplanes and helicopters are sometimes used to search for schools
of tuna for purse-seine vessels, and to direct the fishing operations.
The airplanes are based on shore, while the helicopters are based on the
fishing vessels. The ailirplanes operate independently of the vessels, and
the pilots assist any vessel in its fishing operations for a share of
the value of the catch of the sets for which assistance was furnished,
The helicopter pilot's first responsibility ds to the vessel on which
the helicopter is based, but when that vessel is not searching for fish
(i.e. engaged in bringing the fish aboard the vessel after making a set,
returning to port fully loaded, etc,) he may furnish assistance to other
vessels, In such cases his remuneration is made in the same manner as
that of the airplane pilots, Helicopters have been used much less fre-
quently than airplanes for assistance in fishing,

Catch per successful set

To determine the effect of aircraft assistance on the catch per
successful set, the data were examined for each year-to~quarter-size class
stratum for which there were at least 10 successful sets for which the
vessels were assisted by aircraft and 10 for which they did not receive
such assistance, Airplanes and helicopters were not separated from one
another, since there were so few data for helicopters, The distribution
of the weights of skipjack in purse~seine sets is reverse J-shaped
(Orange,Sohaefer, and liarmie 1957:Figure 9; Broadhead and Orange 1960:
Figure 5) so the logarithmic transformation of Bartlett (1947) to make
the frequency distribution more nearly normal is appropriate., This was
accomplished by x! = 10310(5 + 1), where x = catch per successful set.
Single~classification analyses of variance were made for each stratum to
determine if there were significant differences between the assisted and
non~assisted sets, The results are summarized in Table 14, Of the 22
tests, seven showed the cateh per successful set to he greater at the 5-
percent level for aircraft-assisted sets and 15 showed no significant
difference., The results of the 22 tests were combined, using the method
- of Winer (1962:44-45), For this it is necessary to assume that aircraft
assistance has the same effect on the catch per successful set in each
year-quarter-size class stratum, The values of L for Winer's equation
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are the square roots of the values of F in Table 14. The value of z for
the combined data is 3.56, which indicates at the l-percent level that
assistance by aircraft increases the catch per successful set,

Ratio of successful to total sets

In Table 15 are shown the ratios of successful to total sets by
yvear, quarter, and whether or not assistance was received from aircraft.
In Table 16 are shown the results of an analysis of variance to determine
if there were significant differences among years or whether or not as-
sistance was received from aircraft. Because of the shortage of data for
alrcraft-assisted sets, the data for 1964 are omitted and the data for
the different quarters and size classes are combined, The arcsine trans-
formation described by Bartlett (1947) was used for the data, as two of
the eight values are greater than 0.700 (Steel and Torrie 1960:158). The
results indicate a significant difference between the assisted and non-
assisted sets, the ratio of successful to total sets being higher for
the former, However, the airplane pilots do not receive any remuneration
for the sets in which no fish are caught, and it is known that often when
no fish are caught the fact that assistance was received from an airplane
i8 not recorded in the logbooks, Thus the difference between the ratios
of successful to total sets by vessels assisted by aircraft and fhose
not receiving such assistance dis less than indicated in Table 15, and
may be non-existent.,

Time consumed in making sets

An index of abundance of a speciles of fish is obtained from the
catch per unit of effort. For a species which is fished by purse-seines,
this should be the ratio of the catch to the time spent searching for
fish., For skipjack (and yellowfin) the catch per unit of effort is pre-
sently defined as the ratio of the catch to the days of fishing. A por-
tion of the days of fishing is devoted to making sets, rather than to
searching for fish, and if this time is subtracted from the days of fish
ing, there will be obtained an estimate of the time spent searching for
fish, which is a better measure of the fishing effort. As a first step
in determining whether it is worthwhile to make this correction, it is
necessary to determine the time consumed in making sets in which various
quantities of fish are caught,

For this purpose it is assumed that the relationship between the
" time consumed in making a set and the quantity of fish in that set is
linear, and thus ’of the form
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a + bx

Yig T 13
where
yij = time spent making a set in quarter Jj of year i,
%ii = quantity of fish caught in that set, and
a and b = constants,.

Data on sets in which pure skipjack were caught and on unsuccessful sets
were used for this study. These were obtained from the abstracts made
by Tuna Commission personnel of the fishermen's logbooks. The catches

in short tons for the successful sets were tabulated at intervals of 5
tons, i.e. catches of 0.1 to 4,9 tons were tabulated as 2.5 tons, catch-
es of 5,0 to 9.9 tons were tabulated as 7.5 tons, etc.,, and the times of
the sets were tabulated in minutes, The data were not used when the
times of the sets were not recorded in the logbooks., The data were tabu-
lated by year and quarter of landing, which correspond fairly closely to
the vears and quarters in which the fish were actually caught, They were
not tabulated by area or size class, however, If there wdre usable data
for more than 50 sets for a given interval for a given year, the data

for only 50 of them were used, These were distributed approximately
equally among the four quarters and among the vessels which had usable
data in their logbooks.

In Table 17 are shown the numbers of sets for which data were ob-
tained for each quarter and year and the estimates of the values of the
constants in the regressions. Analyses of covariance were condfiated to
determine if the slopes or levels of the regression differed among quar-—
ters within years or among years without regard to quarters. The results
are shown in Table 18, The differences among quarters are significant in
only two of the six years, and in neither case i1s the significance high,
The difference among years is highly significant, however, It is appar-
ent from Figure 2 that the time required to make a set has been reduced
considerably during the 1961-1966 period.

Discussion and conslusions

Differences among vears

Significant differences among years were found for the catch per day
of fishing, catch per set, catch per successful set, ratio of successful
to total sets, and sets per day of fishing. The first two factors are
functions of the last three, whereas the last three may be related to
the abundance of the fish, It is thus of interest to compare each of the
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last three factors to indices of abundance of the fish., For this purpose
the following dindices were chosen: logged catch in Area 3 or in Areas 3,

i, and 5 combined (Table 7); total catch (Table 7); catches in pounds per
;day of Ffishing in the entire eastern Pacific Ocean standardized to Class~
3 purse-seine vessels, which were as follows: 1961, 3286; 1962, 5252; 1963,
7299; 1964, 4852; 1965, 3451; 1966, W715 (Anonymous 1965:Table L4; Anony-
mous 1967:Table 63 unpublished data of the Inter~ American Tropical Tuna
Commission).

The catch per successful set might be related to the techniques of
fishing, to the sizes of the schools, or to some behavior characteristic
of the fish which influences what portions of the schools are caught. It
is unlikely that the first is the case, as the catches per successful set,
though they differed significantly among years during 1961-1966, do not
appear to have increased during that period. These were the first years
of purse-seining for most of the fishermen, and they would be expected to
have learned much about handling the gear during that period, but appar-
ently they did not learn anything which enabled them to increase the catch
per successful set, If the second or third is the case, it is worthwhile
to compare the catches per successful set with the indices of abundance of
the fish to see if they are related, since the sizes of the schools and/or
£he behavior of the fish may in turn be related to the abundance, For +this
purpose, the catches per successful set in Areas 3, 4, and 5 combined
(Table 3) were used. The product-moment correlation coefficients for the
catches per successful set with the three indices of abundance of the fish

were calculated, with the following results:

Correlation Degrees of Probability
coefficient freedom

logged catch in Areas 3, 4, and 5

combined~catch per successful set -~0,028 L »0,10
total catech and catch per successful .

set 0,204 L 30,10
catch per day of fishing and catch per

successful set 0,026 Iy »0,10

From these data there is no evidence that the catch per successful set is

related to the abundance of the fish, and it can be inferred that the size

of the schools and the behavior charvacteristic mentioned above (if it ex-

. "sts) are not related to the abundance. However, it is stated by some fish-

ermen that in years when skipjack are abundant,very large schools of them
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occur in Area 5, and they sometimes have to avoid these large schools

and set on smaller ones because they cannot handle the very large schools,
It is not known if this occurs frequently enough to invalidate the above
inference.

The ratio of successful to total sets might be related to the tech-
niques of fishing or ‘to some behavior characteristic which influences
the ease with which the schools (or portions of them) can be caught, If
the latter is the case, it is worthwhile to compare the ratios of suc-
cessful to total sets with the indices of abundance of the fish to see
if they are related, since the behavior of the fish may in turn be re-
lated to the abundance. For this purpose, the ratios of successful to
total sets for Area 5 (Table 5) were used, The product-moment correla-
tion coefficients for the ratios of successful to total sets with the
three indices of abundance of the fish were calculated, with the follow-

ing results:
Correlation Degrees of Probability

‘ coefficient freedom
logged catch in Area 5~ratio of suc
cessful to total sets ~0,662 3 20,10
total catch~ratio of successful to
total sets ~0.798 3 »>0,10
catch per day of fishing-ratio of
guccessful to total sets ~0,712 3 »0,10

From these data there is mno evidence that the ratio of successful to to-
tal sets is related to the abundance of the fish, and it can be inferred
that the behavior characteristic (if it exists) which influences the ease
with which the schools of fish may be caught is not related to the abund-
ance., The increase in the ratios of successful to total sets in 1966 is
believed to be due chiefly or entirely to improved techniques in capturing
vellowfin +tuna schooled with propoises, The ratio of successful to to-
tal sets increased much more in Area 2 (Tables 25 and 34) where the pro-
portion of yellowfin in the catches is higher and where more porpoises
occur, than in Area 5,

The sets per day of fishing might be related to the technique of
fishing or to the numbers of schools of fish in the area, If the latter
is the case, it is worthwhile to compare the number of sets per day of
fishing with the indices of abundance of the fish to see if they are re-
lated, since the numbers of schools of fish in the area may in turn be
related to the abundance., For this purpose the sets per day of fishing
for Area 5 (Table 6) were used., The product-moment correlation coeffi-
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cients for the sets per day of fishing with the three indices of abund-
ance of the fish were calculated, with the following results:

Correlation Degrees of Probability

coefficient freedom
logged catch in Area 5B-setsper day
of fishing 0.852 3 < 0,10
total catch-~sets per day of fishing 0.626 3 > 0,10
catch per day of fishing-sets per .
day of fishing 0.573 3 70,10

From these data there is some evidence that the number of sets per day
of fishing is related to the abundance of the fish, and it can be infer-
red that when the fish are more abundant there are more schools of fish
in the area.

In summary, it appears that when the fish are more abundant there
are more schools of fish, but that the schools are about the same size
as when the fish are less abundant. The same conclusion was reached by
Broadhead and Orange (1960) for yvellowfin tuna. More investigation of
this is needed, however, when more data are available,

13 ”"’
Differences among quarters

Significant differences among quarters were found for the catch per
day of fishing, catch per set, catch per successful set, ratio of suc-
cessful to total sets, and sets per day of fishing for Area 5 or for
Areas 3, 4, and 5 combined. The catch per succe%ﬁgul set has tended to
be higher in the second and third quarters, while/ratio of successful to
total sets and the sets per day of fishing were usually higher during
the first and second quarters. The greatest difference among quarters
was in the catch per successful set, which caused the catch per set and
the catch per day of fishing also to be higher in the second and third
quarters,

The differences in the catch per successful set, ratio of success-~
ful to total sets, and sets per day of fishing in different quarters
could be due to differences in the abundance of the fish or to differ-
ences in their behavior., There appears to be no point in pursuing this
further until more is known of the biology of the skipjack.

Year~qguarter and guarter-size class interactions

Significant vear-quarter or quarter-size class interactions were
found for the catch per day of fishing, catch per set, catch per success-
ful set, ratio of successful to total sets, and sets per day of fishing
for Area 5, or for Areas, 3, 4, and 5 combined. This means that the
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ratios among quarters within the years or among size classes within the
quarters for these factors differed among the years or quarters involved.
There appears to be no point in pursuing this further until more is
known of the biology of the skipjack.

Differences among vessel size classes

Tt is evident from the foregoing analyses that in Area 5 the larger
vessels do not make more sets per day than do the smaller ones, nox do
they have higher ratios of successful to total sets. They catch greater
amounts of fish per successful set, however, and for this reason make
higher catches per set and higher catches per day of fishing, Actually
there is a nearly-~significant difference in the number of sets per day
made by the larger vessels (Table 13), and this might become significant
when data for more vears are obtained., Thus the differences in the
catches per day of fishing by the larger vessels may be due partly to
thelr making more sets per day of fishing, but they are due chiefly to
their catching greater amounts of fish per successful set.

It is of interest to determine whether the larger vessels make great-
er catches per successful set than do the smaller ones because the former
set on larger schools of fish or because they catch larger portions of
the schools that they set on., Examination of other characteristics of
the vessels and gear is appropriate for this purpose, Data on the vessel
speeds and the net lengths and depths are avallable for most of the ves-
sels in the purse-~seine fleet., These data; and data on the vessel cap-
acities, are summarized in Table 19.

Product~moment corrvelation analyses were conducted to determine the
relationships of each of these factors with the vessel capacities, The
actual capacities, rather than the size classes, were used for this pur-
pose., In Table 20 are shown the coefficients of correlation with vessel
capacity for each factor for 1961 through 1966, All the coefficients
are high, with probability levels of less than 1 percent, indicating
that each of these factors is strongly correlated with vessel capacity.

Next the catches per successful set were correlated with the vessel
capacities, vessel speeds, net lengths, and net depths. For this purpose
the data used for Tables 3 and 4 were employed except that the data for
the few vessels for which there were no data for the vessel and net char-
acteristics were omitted, as were the data for the few sets in which the
vessels were assisted by an airplane or helicopter. The latter were o=~
mitted because, as was shown previously, aircraft assistance tended to
result in slightly higher catches per successful set, and such assistance
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may not have been randomly distributed among vessels of different char-
acteristics. The logarithmic transformation described previously was
used for the data in this analysis. The results are summarized in Ta-
ble 21. The correlation coefficlents for all the strata combined were
calcuilated by the method of Fisher (1958:204); these are also shown in
Table 21. Por this it is necessary to assume that the correlations are
equal for each stratum, The catch per successful set is correlated a-
bout equally with each of the four factors, However, the correlations
are much lower than those among the vessel and net characteristics, and
most of them Ffor the individual strata are not significant, Also shown
in Table 21 are coeffilcients of multiple correlation involving all four
vessel and net characteristics. The number of significant correlations
is about the same for the multiple correlations as for each of the single
correlations, This dis not surprising, since the data in Table 20 indi-
cate that the vessel and mnet characteristics are strongly correlated
with one another., There is no way to ascertain from these data which of
these factors, if any, is most influential in affecting the catch per
successful set, The most conspicuous feature of the data is the low
correlation of the catch per successful set with the vessel and net char-
acteristics,

The above analyses have accomplished very little, except to demon
strate the low correlation of the catch per successful set with the ves-
sel and net characteristics and to show that there would apparently be
little or no advantage to substituting some other vessel or net charac-~
teristic for wvessel capacity in studies involving the catch per unit of
effort,

It will be noted that the larger vessels catch more fish per suc-
cessful set when fishing on the southern group (Table 10), but not the
northern group (Table 11), and that the catch per successful sét is much
higher in the south (Tables 3 and 4), The latter is probably because
the schools are larger in the south than in the north, It appears that
the vessels in the north (Size classes 3, 4, and 5) all set on schools
of equal size and are able to catch equal portions of these schools, In
the south, however, the larger vessels catch more fish per successful
set, either because they set on larger schools of fish or because they
catch larger portions of the schools they set on, If the latter is the
case, it may be because the larger vessels are equipped with longer and/
or deeper nets. This is merely speculation, however, and better data
would be needed for verification,
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It was indicated préviously that a nearly-significant difference
was found in the sets per day made by vessgels of different size classes
(Table 13), The larger vessels tend to be faster (Table 20), which may
enable them to make more sets per day., It would be worthwhile to examine
the correlation between sets per day and vessel speed, but data for this
purpose are not available,
It is the desire of the fishermen +to achieve the highest possible
earnings per year, of course, rather than the highest possible catch per
successful set,., Larger vessels make considerably higher catches per year
than do the smaller ones, even though the catches per successful set and
the catches per day of fishing in the same areas are nearly the same,
When fishing in the same area, the larger vessels catch more fish per
vear because they spend less time travelling to and from port and unload-
ing their catches, In addition, it is feasible for the larger vessels to
travel to areas which are further from port and where the catches per unit
of effort are higher, The economic merits of vessels of different sizes
are discussed in detail by Green and Broadhead (1965).

Time consumed in making sets

In 1966 the average vessel capacity was 325 short tons (Table 19).
From data in Tables 1, 3, 5, and 17 it is caloulated that such a vessel
fishing exclusively for skipjack in Area 5 on a single trip might have
had the following results:

days of fishing - 4O;

successful sets - 22, with 15 tons of fish in each set;

unsuccessful sebts -~ 13

total time required for the successful sets - U5 hours;

total time required for the unsuccessful sets -~ 19 hours,
Thus 64 hours (2-2/3 days) should be subtracted from the 40 days of fish-
ing to get the time actually spent searching for fish, The amount of
time to be subtracted in each case would depend on the numbers of success-—
ful and unsuccessful sets made and the distribution of the amounts of
fish caught in the successful sets., If some of the effort was devoted to
yvellowfin instead of skipjack there would bhe introduced a considerable
further complication, It is beyond the scope of this report to suggest
procedures for subtracting the time consumed in making the sets,

-19m



YELLOWFIN

The differences among years, quarters, and size classes of the val-~
ues of catch per day of fishing, catch per set, catch per successful set,
ratio of successful to total sets, and sets per day of fishing were test-
ed by analysis of variance to determine 1f they were significant. The
model was assumed to be the same as that described for skipjack on pages
7~9 e

Only the data for the first, second, and fourth quarters and for
Class-3, Class-l, and Class-5 vessels are considered, since little fish-
ing occurs in Area 2 din the third quarter and since vessels of the other
size classes fish there anly infrequently.

Catch per day of fishing

In Table 22 are shown the catches, days of fishing, and catches per
day of fishing in Area 2 by year, quarter, and s ze class for 1961 through

1966. In Table 28 are shown the results of an analysis of variance to
determine if there were significant differences among years, quarters, or
size classes in the catch per day of fishing. The results indicate sig-
nificant differences for all three factors and for the year-quarter inter-
action.

Catch per set

In Table 23 are shown the catches, sets, and catches per set in
Area 2 by year, quarter, and size class for 1962 through 1966. There
were no data available for 1961 on the total number of sets, so the catch-
es per set could not be calculated for that year. In Table 29 are shown
the results of an analysis of variance to determine if there were signifi-
cant differences among years, quarters,; or size classes in the catch per
set, The results indicate significant differences for all three factors
and for the year-quarter interaction.

Catech per successful set

In Table 24 are shown the catches, successful sets, and catches per
successful set in Area 2 by year, quarter, and size class for 1961 through
1966. In Table 30 are shown the results of an analysis of variance to de-
termine if there were significant differences among years, quarters, or
size classes in the catch per successful set, The results indicate signi-
ficant differences for all three factors and for the year-quarter inter-

action.

20



Ratio of successful to total sets

In Table 25 are shown the ratios of successful to total sets in

' Area 2 by year, quarter, and size class for 1962 through 1966, There were
no data available for 1961 on the total number of sets, so the ratios of
successful to total sets could not be calculated Ffor that year. In Table
31 are shown the results of an analysis of variance to determine if there
were significant differences among years, quarters, or size classes in the
ratios of successful to total sets., Ag the range of values is 0,378 +to
Oo7h59 with only 3 of the 45 wvalues above 0,700, no transformation of the
data is needed (Steel and Torrie 1960:158), The results indicate signifi-
cant differences for the yvears and size classes. In contrast to the catch
per day of fishing, catch per set, and catch per successful set, however,
there were no significant differences for the quarters and year-quarter
interaction,

Sets per day of fishing

In Table 26 are shown the sets, days of fishing, and sets per day
of fishing in Area 2 by year, quarter, and size class for 1962 through
1966, The data were taken from Tables 22 and 23. It is evident from the
Data and Methods section that dififerent criteria were used to determine

‘whether or not the available logbook data were used for these tables, 1In
most cases more data were usable for Table 22 than for Table 23, as can
be seen by the fact that the catches in Table 22 are in most cases higher
than those in the equivalent strata of Table 23, Therefore the numbers of
sets in Table 23 were adjusted to correct for this discrepancy. This ad-
justrent was made by multiplying the numbers of sets for each stratum by
the ratio of the catch in Table 22 to the catch in Table 23 for that stra-
tum, The adjusted numbers of sets are shown in Table 26, In Table 32
are shown the results of an analysis of wvariance to determine if there
were sgignificant differences among years, quarters, or size classes in the
numbers of sets per day of fishing. The results indicate significant dif-
ferences for the years, size clasgses, and year-size class interaction,
Thus they are similar to the results for the ratio of successful to total
sets except for the year-~size class interaction, but in contrast to those
for the catch per day of fishing, catch per set, and catch per successful
setb.,

Types of schools

four ’

The/principal types of schools of yellowfin are recognized by the
fishermen, those in which the fish are schobled wibth porpoises, those
which are caught in sets made at night, those which are caught in sets made
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around floating objects, and those which do not fit into any of the other
three categories. The last are termed "school fish," In Tables 33, 34,
"and 35 are shown the catch per set, catch per successful set, and ratio
of successful to total sets for each of these types of school, The values
in these tables are less than those in Tables 23, 24, and 25 because the
types of schools the wvessels set on were sometimes not specified in the
logbooks,and the data for such sets are omitted from Tables 33, 3k, and
35, In addition, the sets made with the assistance of ailrcraft are omit-
ted from these tables.

The average catch per successful set is considerably higher for
school fish than for porpoise fish, but the opposite is true for the ratio
of successful to total sets, and the result is that the catch per set is
about the same for school fish and propoise_fish. The average catch per
successful set is dntermediate for the night sets, but the ratio of suc-~
cessful to total sets is very high, which results in the highest catch
per set.

About 60 percent of the yellowfin oaﬁght in Area 2 are caught in
schools mixed with ponpoises, The catch per set, catch per successful
set, and ratio of successful to total sets were calculated by year, quar-
" ter, and size class for fish schooled with porpoilises only, and analyses of
variance were conducted to determine 4if significant differences existed
among the above factors. The results were quite similar to those for all
schools combined (Tables 29, 30, and 31), differing only as follows for
the catch per set: year-quarter interaction significant at the l-percent
instead of the 5-percent level; qguarter-size class interaction signifi-
cant at the l-percent level.

Aircraft assistance

The use of airplanes and helicopters to search for schools of tuna
for purse~seine vessels, and to direct the fishing operations, is discus-
sed on page 11,

Catch per successful set

To determine the effect of aircraft assistance on the catch per suc—
cessful set, the data were examined for each year-quarter-size class stra-
tum fox whiéh there were at least 10 successful sets for which the vessels
were assisted by aircraft and 10 for which they did not receive such as-
sistance, Airplanés and helicopters were not separated from one another,

i since there were so few data for helicopters. The distribution of the

weights of yellowfin in purse~seine sets is reverse J-shaped (Orange,

Schaefer, and Larmie 1957 ;Figure 9; Broadhead and Orange 1960:Figure 5)
~22 = . :



so the logarithmic transformation of Bartlett (1947) to make the frequency
distributions more nearly normal is appropriate, This was accomplished
by x!' o= loglo(§ + l), where X = catch per successful set. Single-classi-
fication analyses of variance were made for each stratum to determine if
there were significant differences between the assisted and non-assisted
sets., The results are summarized in Table 36. Of the eight tests, six
showed the catch per successful set to be greater at the 5~percent level
for aircraft-assisted sets and two showed no significant difference. The
results of the eight tests were combined, using the method of Winer (1962:
44m45)a For this it is necessary to assume that aircraft assistance has
the same effect on the catch per successful set in each yaar-quarter-size
class stratum, The values of t for Winer's equation are the square roots
of the values of F in Table 36. The value of z for the combined data is
5.85, which indicates at the l-percent level that assistance by aircraft
increases the catch per successful set,

Ratio Bf'duccdssful +to total sets

In Table 37 are shown the ratios of successful to total sets by
year, quarter, and whether or not assistance was received from aircraft,
In Table 38 are shown the results of an analysis of wvariance to determine
+Af there were significant differences among quarters or whether or not
assigtance was received from aircraft. Because of the shortage of data
for aircraft-assisted sets, the data for the fourth quarter are omitted
and the data for the different vears and size classes are combined, The
arcsine transformation described by Bartlett (1947) was used for the data,
as one of the four wvalues is greater than 0,700 (Steel and Torrie 1960:
158)n The results indicate no significant difference between the assist-~
ed and non-assisted sets,

Time consumed in making sets

The purpose of investigating the time consumed in making sets for
skipjack, and the model and procedures employed, are described on pages
12 and 13. The purpose, model, and procedures are the same for yellowfin,

In Table 39 are shown the numbers of sets for which data were ob-
tained for each quarter and year and the estimates of the values of the
constants in the regressions, Analyses of covariance were conducted to
determine if the slopes or levels of the regressions differed among quar-
ters within years or among yvears without regard to quarters. The results
‘are shown in Table 40, The differences among quarters are significant in
five of the six years, The difference among years is also significant,
and is greater than those among quarters, It is apparent from Figure 3

-2



that the time required to make a set has been reduced considerably during
the 1961-1966 period.

"Discussion

Differences among years

Significant differences among yvears were found for the catch per
day of fishing, caltch per set, catch per successful set, ratio of success-
ful to total sets, and sets per day of fishing. The first two factors
are functions of the last three, whereas the last three may be related to
the abundance of the fish, It is thus of interest to compare each of the
last three factors to indices of abundance of the fish. For this purpose
the following indices were chosen: logged catch in Area 2 (Table 27);
total catch (Table 27); catches in pounds per day of fishing in the entire
eastern Pacific Ocean standardized to Class-3 purse-~seine vessels, which
were as follows: 1961, 10,590; 1962, 6,277; 1963, 6,421; 1964k, 9,407;1965,
7,507 1966, 9,168 (Anonymous 1965: Table 4; Anonymous 1967:Table 6; un-
published data of the Inter-American Tropical Tuna Commission),

The catch per successful set (Table 24) might be related to the
techniques of fishing, to the sizes of the schools, or to some behavior
characteristic of the fish which influences what portions of the schools
‘are caught, It is unlikely that the first is the case, as the trend is
downward, and the fishermen have not been compelled by law to reduce the
efficiency of their gear, If the second or third is the case, it is
worthwhile to compare the catchem per successful set with the indices of
abundance of the fish to see if they are related, since the sizes of the
schools and/or the behavior of the fish may in turn be related to the
abundance. The product-moment correlation coefficients for the catches
per successful set with the three indices of abundance of the fish were
calculated, with the following results:

Correlation Degrees of Probability

coefficient freedom
logged catch in Area 2-catch pexr
successful set 0.572 L » 0,10
total catch and catch per success-
ful set 0.381 N » 0,10
catch per day.of fighing-catch per
successful set 0,098 L >0.10

From these data there is no evidence that the catch per successful set
is related to the abundance of the fish, and it can be inferred that the
size of the schools and the behavior characteristic mentioned above (if
it exists) are not related to abundance.
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The ratio of successful to total sets (Table 25) might be related
to the techniques of fishing or to some behavior characteristic which in-
.fluences the ease with which the schools (or portions of them) can be
caught, If the latter is the case, it is worthwhile to compare the wratios
of successful to total sets with the indices of abundance of the fish to
see 1if they are related, since the behavior of the fish may in turn be
related to the abundance, The product-moment correlation coefficlents
for the ratios of successful to total sets with the three indices of abund-~
ance of the fish were calculated, with the following results:

Correlation Degrees of Probability

coefficient freedom
logged catch in Avrea 2-ratio of suc-
cessful to total sets -0,279 3 # 0,10
total catch-ratio of successful to
total sets 0.501 3 2 0.10
catch per day of fishing-ratio of
successful to total sets 0.719 3 # 0,10

From these data there is no evidence that the ratio of successful to total
sets is related to the abundance of the fish, and it can be inferred that
the behavior characteristic (if it exists) which influences the ease with
iwhich the. schools of fish may be caught is not related to the abundance,
The increase in this ratio during the 1962-1966 period is due entirely to
improved techniques in capturing yellowfin tuna schooled with porpoises,
as can be seen from Table 35.

The sets per day of fishing (Table 26) might be related to the tech-
nigques of fishing or to the numbers of schools of fish in the area, If
the latter is the case, it is worthwhile to compare the number of sets per
day of fishing with the indices of abundance of the fish to see if they
are related, since the numbers of schools of fish in the area may in turn
be related to the abundance, The product-moment correlation coefficients
for the sets per day of fishing with the three indices of abundance of the
fish were calculated, with the following results:

Correlation Degrees of Probability

coefficient freedom
logged catch in Area 2-sets per day
of fishing 0.809 3 <€0,10
total catch~sets per day of flshing 0,520 3 » 0,10
catch per day of fishing-sets per
day of fishing 0,74k 3 »0,10




From these data there is some evidence that the number of sets per day of
fishing is related to the abundance of the fish, and it can be inferred

. that when the fish are more abundant there are more schools of fish in
the area,

In summary, it appears that when the fish are more abundant, there
are more schools of fish, but that the schools are about the same size as
when the fish are less abundant. The same conclusion was reached by
Broadhead and Orange (1960), More investigation of this is needed, how-
ever, when more data are available.

Differences among quarters

Significant differences among quarters were found for the catch per
day of fishing, catch per set, and catch per successful set, but not for
the ratio of successful to total sets or sets per day of fishing. The
catch per successful set has tended to be highest in the second quarter
and lowest in the fourth quarter, which results in the same pattern for
the catch per day of fishing and the catch per set. In Table 34 it can
be seen that the catches per successful set are also highest in the sec~
ond quarter and lowest in the fourthiquarter for the porpoise and night
schools, The differences could be due to differences in the abundance of
- the fish or to differences in their behavior. There appears to be no
point in pursuing this further until more is known of the bilology of the
vellowfin,

Year-~quarter and yvear-size class interactions

Signdficant year-quarter or year-size class dinteractions were found
for the catch per day of fishing, catch per set, catch per successful set,
and sets per day, This means that the ratios among quarters within years
or among the size classes within the years differed among the years, There
appears to be no point in pursuing this further until more is known of
the biology of the yellowfin,

Differences among vessel size classes

It is evident from Tabies 24 and 25 that in Area 2 the larger ves-

sels catch more fish per successful set and have higher ratios of success
ful to total sets than do the smaller ones. For this reason, they make
higher catcher per set and higher catches per day of fishing. The number
of sets per day of fishing is about the same for all size classes of ves-
sels, however (Table 26),

It is of dinterest to determine whether the larger vessels make great-
er catches per successful set than do the smaller ones because the former
set on larger schools of fish or because they catch larger portions
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of the schools that they set on. Examination of other characteristics of
the vessels and gear is appropriate for this purpose, Data on the vessel
;speeds and the net lengths and depths are avallable for most of the ves~
sels in the purse-seine fleet., These data, and data on the vessel cap-
aclties, are summarized in Table 19,

Product~-moment correlation anélyaaﬁ wéere conducted to determine the
relationships of each of these factors with the vessel capacities. The
actual capacities, rather than the size classes, were used for this pur-
pose., In Table 20 are shown the coefficients of correlation with vessel
capacity for each factor for 1961 through 1966, All the coefficients are
high, with probability levels of less than 1 percent, indicating that
each of these factors is strongly correlated with vessel capacity,.

Next the catches per successful set were correlated with the vessel
capacities, vessel speeds, net lengths, and net depths. For this purpose
the data used for Table 24 were employed except that the date for the few
vessels for which there were no data for the vessel and net characteris-—
tics were omitted, as were the data for the sets in which the vessels
were assisted by an airplane or helicopter, The latter were omitted be~
cause, as was shown previously, adircraft assistance tended to result in
+ higher catcher per successful set, and such assistance may not have been
randomly distributed among vessels of different characteristics, The lo-
garithmic transformation described previously was used for the data in
this analysis,. The results are summarized in Table 41, The correlation
coefficients for all the strata combined were calculated by the method of
Fisher (1958:204); these are also shown in Table 4l., For this it is neces-
sary to assume that the correlations are equal for each stratum, The
catch per successful set 18 correlated most strongly with vessel capacity.
However, all the correlations are much lower than those among vessel and
net characteristics, and most of them for the individual strata are not
significant, Also shown in Table 41 are coefficients of multiple corre-
lation involving all four vessel and net characteristics, The number of
significant correlations is about the same as for each of the single cor~
relations, This is not surprising, since the data in Table 20 indicate
that the vessel and net characteristics are strongly correlated with one
another, There is8 novway to ascertain from these data which of these fac-
tors, 4if any, is most influential in affecting the catch per successful
set. The most conspicuous feature of the data is the low correlation of
the catch per successful set with the vessel and net characteristilcs.
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The above analyses have accomplished very little, except to demon-
strate the low correlation of the catch per successful set with the ves-
sel and net characteristics and to show that there would apparently be
little or mot advantage to substituting some other vessel of net charac-
teristics for vessel capacity in studies involving the catch per unit of
effort.

The larger vessels catch move fish per successful set either be~
cause they set on larger schools of fish or because ﬁhey catch larger por-
tions of the schools they set on, If the latter is the case, it may be
because the larger vessels are equipped with longer and/or deeper nets,
This is merely speculation, however, and better data would be needed for
verification., The higher ratios of successful to total sets attained by
the larger vessels are belleved to be the vresult of their employment of
better equipment for capturing yellowfin schooled with porpoises,

Time consumed in making sets

It can be seen from Figures 2 and 3 that the time consumed in making
sets for skipjack and yellowfin is about the same, It is fortunate that
this is so, because if it were not, when both species are caught in a
single trip, as is usually the case, it would be more difficult to sub-
tract the time consumed in making sets from the days of fishing to find
the time actually spent searching for fish,

CONCLUSIONS
The catch per day of fishing is probably the best available index
of the abundance of skipjack and yellowfin, since it is a function of
both the size of the schools and the number of schools in the area, (It
is a function also of the portions of the schools which are caught and
the ease with which these portions are captured., These, howeverj are
manifestations of the vulnerability of the fish to capbture and the tech-

Nnigues of fishing rather than the abundance,)
Two corrections should be applied to the effort (days of fishing)

data, however, before dividing it into the catch to obtain the catch pex
day of fishing. First, a method should be devised to determine toward
which species the unsuccessful sets are directed, The method used in the
present report, for which it is assumed that the ratios of successful to
total sets for each species is the same in a given stratum, is considered
to be unsatisfactory. If and when such a method is obtained, the days of
fishing in each stratum should be assigned as skipjack, yellowfin, and
bigeye days, in accordance with the portions of the total sets directed
w28



toward each of these species. Second, the days of fishing should be ad-
justed by subtracting the time actually spent making the sets. When the
“remainder is divided dnto the catch, the new index of abundance might be
called the "catch per day of searching."

The catch per day of fishing, catch per set, and catch per success-
ful set differ in most cases among years, quarters, and size classes of -
vaessels, The difference among the size classes are so slight for skip-
Jack, however, that perhaps they can be ignored., The ratio of successful
to total sets and the sets per day of fishing differ among years for both
yvellowfin and skipjack, among quarters but not size classes for skipjack,
and among size classes but not quarters for yvellowfin, Significant dif-
ferences exist among many of the interactions,

The use of aircraft for assistance in finding schools of fish and
setting upon them increases the catch per successful set slightly, and
may also idncrease the ratio of successful to total sets, The data for
the sets for which such assistance was received and those for the sets
for which such assistance was not receidved were not separated in the sum-
maries on which most of the analyses in this report were based, This is
probably of no consequence, since assistance was received for so few sets,
"It would be advisable in the future to separate the data for the aircraft-
assisted sets from the other, however, since the use of aircraft may in-
crease, and such assistance is not likely to be randomly distributed in
time and space,

It appears that when the fish are more abundant, the numbers of
schools are greater but the sizes of the schools are about the same, It
is necessary that this be true if the model of Paloheimo and Dickie (1964)
is to be used with these data. Therefore, this should be investigated
further,

There is no evidence that any of the following has increased for
skipjack in Area 5 during the 1962-1966 period: catch per successful set
(Table 3); ratio of successful to total sets (Table 5); sets per day of
fishing (Table 6), It is therefore concluded that the fishing power of
the vessel for skipjack has probably not increased during this period
either, For yellowfin in Apea 2 during the same period neither the catch
per successful set (Table 24) nor the sets per day of fishing (Table 26)

hasg increased. The ratio of successful to total sets has increased for por-

! i
~oise schools, however, (Table 35), and thus the fishing power of the ves-

sels has dncreased for yvellowfin,
~2Q
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TABLE 1. Catch of skipjack tuna per day of fishing in Area 5. The three columms under each
size class refer to catch, days of fishing, and catch per day of fishing, respec-

tively,
Year Size Class
guarter
L 5 6 TOTAL

1 142 22.0 6.5 s} 0.0 - 0 0.0 - 142 22.0 6.5
2 3353 164.0 20.4 k018 187.0 21.5 1059 48.0 22,1 8430 399.0 21.1
1961 3 ka4  120,0 3.5 532 139.0 3.8 6L 54,0 11,9 1601 313.0 5.1
L 1234 165.5 7.5 2357 279.5 8.4 1396 126.0 11,1 4987 571.0 8.7
Total 5153 471.5 10.9 6907 605.5 11.4 3100 228.0 13.6 15160 1305.0 11,6
1 1063 269.5 3.9 1978 285.5 6.9 1548 202.5 7.6 4589 757.5 6.1
2 2696 375.0 7.2 2967 393.5 7.5 3535 349.,0 10.1 9198 1117.5 8.2
1962 3 5289 511.0 10.3 Lokl 411.5 9,8 k258 370.0 11.5 13591 1292.5 10.5
4 780  308.0 2.5 1k24 5940 2.k 1206 378.5 3.2 3410 1280.5 2.7
Total 9828 1463.5 6.7 10413 1684.5 6.2 10547 1300.0 8.1 30788 Liu8.,0 6.9
) 1 3469 416.5 8.3 k217 554.0 7.6 L4230 05,0 10,4 11916 1375.5 8.7
4 2 4593 372.5 12.3 6023 473,0 12.7 8596 4ho 0 19.1 19212 1294 .5 14,8
o 1963 3 1839  126.0 14,6 1856 241.0 7.7 5849 383.0 15.3 9544 750.0 12,7
! 4 850 355.0 2.4 3140 864 .5 3.6 3214 679.5 k.7 7204 1899.0 3.8
Total 10751 1270.0 8.5 15236 2132.5 7.1 21889 1916.5 11,4 47876 5319.0 9.0
i 1332 225.5 5.9 1969 239.0 8.2 3356 437.0 7.7 6657 901.5 7.4
2 1017 165.0 6.2 579 172.,0 3.4 4073 610.0 6.7 5669 947.0 6.0
1964 3 Lok ik, 0 3.4 1070 186.0 5.8 3050 379.0 8.0 k4614 709.0 6.5
L 1028 188.0 5.5 812 58.0 14,0 5863 594,0 9.9 7703 84o.0 9.2
Total 3871 722.5 5.4 Lh30 655.0 6.8 16342 2020.0 8.1 24643 3397.5 7.3
1 13193 230,90 5.2 1798 200,0 2.0 5062 535.5 9.5 80353 965.5 8.3
2 3216 271.,0 11.9 2094 215.0 9.7 8878 677.0 i3.1 14188 1163,0 12.2
i965 3 3389 367.0 9.2 s5h57y 466,0 11,7 6667 597.0 11.2 15513 1430.0 10.8
4 875 253.0 3.5 1030 308.0 3.3 Lelhy 780.5 5.9 6549 13L41.5 k.o
Total 8673 1121.0 7.7 10379 1189.0 8.7 25251 2590,0 9.7 44303 4900.0 9,0
1 1629 k85,0 3.k 2536 620.5 4.1 4008 641.5 6.2 8i73 1747.0 L7
2 2791 399.5 7.0 3888 Li8.,0 9.3 6350 55,5 11,5 13029 1372.0 9.5
1966 3 1475 233.5 6.3 3028 393.5 7.7 4690 629.5 7.5 9193 1256.5 7.3
L 646 202.0 3.2 i52 92.5 1.6 2958 435.0 6.8 3756 729.5 5.1
Total 6541 1320.0 5.0 9604 1524, 5 6.3 18006 2260.5 8.0 34151 5105.0 6.7



Table 1 (page 2)

Year
guarter Size Class

Lo 5 6 TOTAL

1 8828 1648.5 5.4 12498 1899.0 6.6 18204 2221.,5 8.2 39530 5769.0

2 17666 1i7h7.0 10.1 19569 1858.5 10.5 32491 2687.5 12.1 69726 6293.0

1961~ 3 12910 1501.5 8.6 15987 1837.0 8.7 25159 2ki2,5 10.4 54056 5751.0
1966 4 54313 1471.5 3.7 8915 21%96.5 L 19281 2093.5 6.4 33609 6661.5
Total 44817 6368.5 7.0 56969 7791.0 7.3 95135 10315.0 9.2 196921 244745

....'.Igm



TABLE 2. Catch of skipjack tuna per set in Area 5, The three columns under each size class
refer to catch, sets, and catch per set, respectively,

Year
guarter Size Class
L 5 6 TOTAL

i 963 370 2.6 1892 366 5.2 134L 289 k.7 Lisg 1025 4.1

2 1788 314 5.7 2769 380 7.3 3414 490 7.0 7971 1184 6.7

1962 3 Lh237 507 8.4 3761 398 9.4 4330 L7y 9.5 12328 1362 9.1

L 640 231 2.8 1360 531 2.6 1242 342 3.6 3242 1104 2.9

Total 7628 lh22 5.4 9782 1675 5.8 10330 1578 6.5 27740 L46&75 5.9

1 1760 333 5.3 ko779 636 6.4 L136 542 7.6 9975 1511 6.6

2 2697 L21 7.1 5819 681 8.5 8464 692 12,2 17280 1794 9.6

1963 3 621 36 17.2 1516 196 7.7 6106 482 12,7 8243 714 11,5

L 752 292 2.6 2987 1009 3.0 3193 €90 L. 6 6932 1991 3.5

Total 6130 1082 5.7 1kko1 2522 5,7 21899 2406 9.1 L2430 6010 7.1

1 1296 25 5.0 1857 338 5.5 3311 594 5.6 6464 1191 5.4

2 9ks 145 6.5 472 111 4.3 3760 607 6.2 5177 863 6.0

J, 196k 3 k1o 99 k.1 899 180 5.0 2917 34k 8.5 L226 623 6.8

e L 1003 134 7.5 708 54 13.1 5834 532 11.0 7545 720 16.5

! Total 3654 637 5.7 3936 683 5.8 15822 2077 7.6 23412 3397 6.9

1 1010 224 4.5 1812 256 7.1 5040 679 7.4 7862 1159 6.8

2 2538 298 8.5 1705 323 5.3 8907 943 9.4 13150 1564 8.4

1965 3 29L5 247 11.9 5323 519 10.3 6701 605 11.1 1k969 1371 10.9

L 958 340 2.8 984 333 3.0 khie 850 5.2 6358 1523 h,2

Total 7451 1109 6.7 9824 1431 6.9 25064 3077 8.1 42339 5617 7.5

1 1362 kg2 2.8 2258 677 3.3 4240 948 4.5 7860 2117 3.7

2 2373 k23 5.6 3444 555 6.2 6h26 950 6.8 12243 1928 6.4

1966 3 1518 188 8.1 1899 300 6.3 5054 870 5.8 8471 1358 6.2

L 645 159 b, 123 37 3.3 2920 Liz 7.1 3688 608 6.1

Total 5898 1262 h,7 7724 1569 4.9 18640 3180 5.9 32262 6011 5.4

1 6391 1€78 3.8 11898 2273 5.2 18071 3052 5.9 36360 7003 5.2

2 10641 1601 6.6 14209 2050 6.9 30971 3682 8.4 55821 7333 7.6

1962~ 3 9731 1077 9.0 13398 1593 8.4 25108 2758 9.1 48237 5428 8.9

1966 4 3998 1156 3.5 6162 1964 3.1 17605 2826 €.2 27765 5946 L.y

Total 30761 5512 5.6 Ls667 7880 5.8 91755 12318 7.4 168183 25710 6.5




TABLE 3., <Catch of skipjiack tuna per successful set in Areas 3, 4, and 5 combined, The three
columns under each size class refer to catch, successful sets, and catch per successful
set, respectively,

Year
guarter Size Class
4 5 6 TOTAL
1 255 8 31.9 25 1 25,0 0 o} - 280 9 31.1
2 3188 122 26.1 L4520 178 25,4 1508 55 27.4 9216 3558 26,0
ig6i 3 1499 95 15.8 2028 110 18,4 877 58 15,1 Lol 26 16,7
L 2106 174 12,1 2862 173 16.5 1589 87 18,3 6557 L34 15,1
Total 7048 399 17.7 oLk35 Lsz 20,4 3974 200 15,9 20457 1061 19,3
i 19690 180 10,9 1729 128 13,5 o5k 8L 11,4 Leha 392 i1.8
2 2105 108 19.5 3613 i55 23.3 3377 181 18,7 90385 Lih 20.5
1862 3 Loz 221 20.0 hszo 2i2 22.3 Loxy 20 19,86 12840 £38 S0,3
L 1522 97 15,7 i2k1 111 ii.2 12861 &8 ik, 3 Lozi 284 13.6
Total 10008 606 16,5 11105 506 18,3 Q402 558 i7.2 0722 1776 i7.4
1 2198 182 12,1 2987 21 iR, 4 345 i35 18,1 10 %33 16.3
; 2 3332 201 i6.6 52G7 33 ig,46 8izg 271 30,¢ 58 789 22,4k
wigs3 3 590 15 36.9 1hgh 53 28,2 £02+ ig5 31,53 78 284 31,0
9 L 1028 117 8.8 2965 264 i1.2 270G 173 15,6 5973 B84 12,1
Total 7148 516 13,9 14833 850 17.2 202568 24 2L & 042 2190 i9.2
1 1254 89 RR I 1731 118 i5.1 2093 143 21,2 £028 L3 17.3
2 oL8 L3 22,0 1343 30 15.8 38kL 22k 17,13 51725 347 17.7
1964 3 665 51 i3.¢ 1587 118 i13.5 2668 87 3C.7 L33 256 319.3
L 1145 Lk 26,0 1287 51 2L .8 5481 i85 32.9 7873 263 30,2
Total Loiz 227 7.7 5988 367 16.3 14865 618 2k 2. 240586 12312 20,6
1 1086 65 i6.7 178t 88 26.2 k725 201 23,5 7592 33k 21,4
2 2976 i32 22,8 2077 119 17.5 8792 318 27.6 138L3 565 2L .3
1965 3 2827 3 30,k 3234 233 22.5 6492 233 27.%  ibksz3 3535 25.0
L 917 87 10,5 953 o0 i5.6 383 2Lk3 15.9 5735 k2o i3.7
Total 7806 377 20,7 10043 530 15,0 23874 395 24,0 Liyes 1602 21,9
i 1269 124 30,2 2117 167 12,7 Lig 32k i2.9 7579 61 12,3
2 2107 120 i7.6 2719 173 15,7 5501 27% 21,8 10727 564 19.0
1966 3 1285 67 19.2 180 104 17.3 Lz3h 213 19.9 7322 384 19,1
L Lol 32 15,54 123 9 i3.7 26417 1C7 2L,7 3263 148 22,0
Total 5155 343 i5.0 6762 k53 1l o 16974 215 i8.6 28891 1711 16,9



Table 3 (page 2)
Year
quarter Size Class
I , 5 6 TOTAL
1 8022 648 12,4 11400 718 15.9 16210 935 17.3 35632 2301 15.5
2 14656 726 20,2 20479 1022 20,0 31551 1320 23.9 66686 3068 21,7
1961- 3 11287 5473 20.8 16678 830 20,1 24382 991 24,6 52347 2364 22,1
1966 L4 7212 551 i3.1 oLil 698 13.5 17522 86k 20.3 3414y 2113 16.2
Total 41177 2168 16.7 57968 3268 17.7 89665 Li1o0 21,8 188810 o8Lé6 19.2
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TABLE 4. Catch of skipjack tuna per successful set in Area 1, The three .columns under each size
class refer to catch, successful sets, and catch per successful set, réspectively, '

mggu

Year
guarter ‘ ~ Size Class
3 ) L 5 TOTAL

3 419 69 6.1 191 33 5.8 91 7 i3.0 701 109 6.4
1961 4 L 68 53 8.8 333 39 8.5 15 6 2.5 816 98 8.3
Total 887 122 7.3 524 72 7.3 106 13 8.2 1517 207 7.3
3 455 65 7.0 611 82 7.5 392 57 6.9 1458 204 7.1
1962 4 99 iz 8.3 92 .14 6.6 21 3 - 212 29 7.3
Total 554 77 7.2 703 96 7.3 413 60 6.9 1670 233 7.2
3 1283 117 11.0 1063 92 11.6 1hhl 111 13.0 3790 320 11.8
1963 4 1036 103 10,1 824 67 12.3 319 30 10.6 2179 200 10.9
Total 2319 220 10.5 1887 159 i1.9 1763 ER/%1 i2.5 5969 520 11.5
3 766 84 9.1 993 127 7.8 389 4y 8.6 2148 256 8.4
1964 4 238 26 9.2 39 3 - 127 16 7.9 Lok Ly 9.0
Total 1004 110 9.1 1032 130 7.9 516 61 8.5 2552 301 8.5
3 7h7 102 7.3 59 65 7.1 311 26 12.0 1517 193 7.9
1965 L 534 he 11.6 233 22 10,6 157 18 8.7 924 86 10.7
Total 1281 148 8.7 692 87 8.0 L8 by 10.6 2441 279 8.7
3 749 78 9.6 297 38 7.8 154 16 9.6 1200 132 9.1
(1966 4 i3 6 2.2 21 10 2.1 0 o - 34 16 2.1
Total 762 84 9.1 318 18 6.6 154 16 9.6 1234 148 8.3
1961- 3 Lhio 515 8.6 3614 537 8.3 2781 262 10.6 10814 1214 8.9
1966 L 2388 246 9.7 1542 155 9.9 639 73 8.8 L4569 Lk 9.6
Total 6807 761 8.9 5156 592 8.7 3420 335 10.2 15383 1688 9.1




TABLE 5,

Ratiocs of successiful to total sets in Area 5, The three columns under ea h size class
refer to successful sets, total sets, and ratio of successful to total sets, respec-
tively.
Quar- .
Year ter Size ;lass p Tgtal
1 191 376 0.508 193 369 0.523 183 319 0.574 567 1064 0.533
2 1383 319 0. 605 231 389 0.594 296 498 0.594 720 1206 0.597
1962 3 256 508 0.504 216 ko1 0.539 267 458 0.583 739 1367 0.541
L 155 2hs 0.633 3Ly 536 0. 6Ll 212 350 0,606 712 1131 0.630
Total 795 1448 0.549 985 1695 0,581 958 1625 0.590 2738 L4768 0.574
i 200 335 0.597 330 643 0.513 289 552 0.524 819 1530 0.535
2 200 Lo 0.475 350 682 0.513 329 692 0.475 879 1795° ©.k90
1963 3 20 36 0.556 68 196 0.347 209 483 0.433 297 715 0.415
L 119 300 0.397 168 1023 0.457 294 692 0,425 881 2015 0.437
Total 539 1092 0.49L 1216 254h 0.478 1121 2419 0.463 28756 6055 0.475
1 178 259 0.687 231 338 0,683 373 594 0.628 782 1191 0.657
L3 2 63 145 0.L434 52 115 0.452 29L 609 0.483 Loo 869 0.471
1964 3 38 99 0.384 108 184 0.587 191 346 0.552 337 629  0.536
4 76 134 0.567 29 54 0.537 280 535 0.523 385 723 0.533
Total 355 637 0,557 420 691 0.608 1138 2084 0.54k6 1913 3412 0.561
1 101 224 0,451 143 2586 0,520 366 679 0.539 610 1159 0.526
2 130 298 0.436 167 324 0.515 k50 oks o, L77 747 1565 0.477
1965 3 129 248 0.520 277 520 0.533 304 606 0.5062 710 1374 0.517
L 112 340 0.329 i33 336 .396 314 851 0.369 556 1527 0.366
Total L72 31110 0.42% 720 1436 0,501 1434 3079 0,466 26254 5625 0.467
1 261 493 0.529 393 679 0.579 594  9k8 0,627 1248 2120 0.589
2 329 Lok 0.776 394 555 0.710 643 951 0,676 1366 1930 0,708
1966 3 119 188 0.633 185 302 0,613 51k 872 0.58¢ 818 i362 C.601
I 96 161 0.596 23 37 0,622 262 hil 0.633 381 612 0,623
Total 855 12466 0,636 995 1573 0,633 2013 3185 0.632 3813 6024 0.633
1 231 1687 0.552 1260 2285 0.565 1805 3592 0.584 L4028 7064 C.570
2 915 1607 0.569 119k 2065 0.578 2012 3693 0.545 L4121 7365 0.560
1062~ 3 562 1079 0.521 854 1603 0,533 1485 27565 C.537 2901 sLly 0.533
1565 L 558 1180 0.Lk73 998 1986 0.503 362 2842 0.479 2918 6008 0.486
Total 2966 5553 0.534h L3346 7939 o, 548 65:L 12392 0.538 13965 25884 0.540




TABLE 6. Sets per day of fishing in Area 5, The three columns under each size class refer *to
adjusted sets, days of fishing, and sets per day, respectively,

Quar- Size class

Year ter A 5 6 Total
1 407  269.5 1.51 384 285.5 1.35 332 202.5 1.64 1123 757.5  1.48
2 L7k 375.0 1.26 Lo 393.5 1,03 510 349.0 1,46 1391 1117.5 1.2k
1962 3 634 511.,0 1.24 430 hii,5 1,0k W48 370.0 1.21 1512 1292.5 1.17
L 282 308,0 0.92 558 594.,0 0.94 332 378.5 0.88 1172 1280.5 0,92
Total 1797 1463.5 1.23 1779 i684.5 1.06 1622 1300,0 1.25 5198 L4LL8,0 1,17
1 656 416.5 1.58 655 554,0 1,18 553 405,0 1.37 1864 1375.5 1.36
2 64l 372,5  1.73 708 h73.0 1.50 706 Lhg,0 1.57 2058 1294.5 1,59
1963 3 107 126.0 0.85 239 21,0  0.99 463 383.0 1.21 809 750.0 1.08
L 330 355.0 0.93 1059 864,5 1.22 697 679.5 1.03 2086 1899,0 1,10
Total 1737 1270.0 1,37 2661 2132.,5 1.25 2419 1916.5 1.26 6817 5319.0 1.28
1 267 225.5 1,18 358 239.0 1,50 600 437.0 1,37 1225 901.5 1.36
2 157 165.0 0.95 137 i172.0 0.80 656 610.0 1,08 950 947.,0 1,00
1964 3 119 144 .0 0.83 214 186.0 1.15 361 379.0 0.95 694 709.0 0.98
L 137 188.0 0,73 62 58,0 1,07 532 594.,0 0.90 731 8ko.0 0,87
Total 680 722.5 0,94 771 655.0 1,18 2149 2020,0 1.06 3600 3397.5 1,06
1 264 230.0 1,15 253 200.0 1.26 €79 535.5 1.27 1196 965.5 1.24
2 378 271.0 1.39 397 215,0 1.85 oL3 677.0 1.39 1718 1163.0 1.48
1965 3 284 367.0 0,77 535 466,0 1,15 599 597.0 1.00 1418 1430.0 0.99
L 309 253.0 i.22 350 308,0 1.14 892 780.5 1.1h4 1551 1341.5 i,16
Total 1235 1121,0 1,10 1535  1189.0 1.29 3113 2590,0 1.20 5883 4900.0 1.20
i 590 k85,0 1,22 758 620,5 1,22 901 641.,5 1,40 2249 1747,0 1,29
2 ko9  399.5 1.25 627 18,0 1,50 940 554,5 1,70 2066 1372.0 1.51
1966 3 182 233.5 0.78 b7y 393.5 1.21 809 629.5 1.29 1468 1256.5 1.17
4 159 202,0 0.79 Lhé 92.5 0.50 hie 435,0 0,96 621 729.5 6.85
Total 1430 1320.0 1.08 1908 1524, 5 1.25 3066 2260,5 1.36 6404 5105,0 1.25

i 2184 1626.5 1.3k 2408 1899.,0 1.27 3065 22z21,5 1,38 7657 53747.0 1.33

2 2152 1583.0 1.36 2276 1671.5 1.36 3755 2639.5 1.42 8183 5894.0 1.39

1962- 3 1326 1381.5 0.96 1895 1698.0 i.12 2680 2358.5 1.1L 5901 5438.0 1.09
1966 L4 iz2i7 1306.0 0.93 2075 1917.0 1.08 2869 2867.5 1,00 6161 6090.5 1.01
Total 6879 5897.C 1.17 8654 7185.5 1.20 12369 10087.0 1.23 27902 B169.5 1,20




The data

TABLE 7. ILogged catches of skipjack in each area, and total catches of
; skipjack in the eastern Pacific Ocean, for 1961-1966,
were obtained from Anonymous (1967: Table 3) and unpublished
data of the Inter~American Tropical Tuna Commission,

Area 1961 1962 1963 1964 1965 1966
1 6,600 5,200 10,100 5,500 9,300 5,300
2 700 1,800 4 100 7,900 1,700 1,500
3 12,600 7,100 7,100 5,700 2,100 400
b 3,300 9,400 1,700 1,100 1,700 3,800
5 2L, 700 35,200 51,000 26,500 47,200 38,600

Total logged
catch 418 000 58,700 74,000 46,700 62,200 49 500

Total catch 76,400 78,100 106,100 65,300 86,100 66,800

vt Lo



TABLE 8, Analysis of variance for the catch per day of fishing by years,
5 quarters, and size classes for Area 5,

Source of Degrees of Sums of Mean Degrees of Proba-
variation freedom squares squares F freedom bility
Years (Y) L 106,15 | 26.54 8,14 h, 24 <0,01
Quarters (Q) 3 241,30 80,43 24,66 3,2k <0,01
Size classes (8) 2 77,77 38,88 11,92 2,24 0,01
Y x Q 12 262,22 21.85 6,70 12,24 <0,01
Y x 8 8 25.38 3.17 0,97 8,24 >0,05
Q x 8 6 14,98 2.50 0,77 6,24 >0,05
Residual 24 78,27 3.26

Total 59 806,08

w2



TABLE 9. Analysis of variance for the catch of skipjack per set by

years, quarters,

and size classes for Area 5,

Source of Degrees of Sums of Mean Degrees of Proba-~
variation freedom sQuares squares P freedom bility
Years (Y) 4 54,30 13.58 4,73 I, 2k <0,01

Quarters (Q) 3 160,28 53,43 18,60 3,24 <0,01

Size classes (S) 2 25,30 12,65 4,40 2, 24 <0,05-
Y x Q 12 202,51 16.88 5,88 12,24 <0,01

Y x 8 8 15.03 1.88 0,65 8,24 >0.05

Q x 8 6 23.50 3.92 1.36 6,24 >0,05

Residual 24 68,93 2,87

Total 59 549,86

Y



TABLE 10, Analysis of wvariance for the catch of skipjack per successful
set by years, quarters, and size classes for Areas J, 4, and
5 combined,

Source of Degreesa of Sums of Mean Degrees of Proba-
varidation freedom squares  squargs oy freedom bility
Years (Y) h 215,04  33.76 h,12 4 24 <0.05
Quarters (Q) 3 596,95 198,98 15,24 3 24 <0.01
Size classes (8) 2 229,90 114.95 8.81 2,24 <0,01
Y x Q 12 925.27 77.11 5.91 12 24 <0,01
Y x S 8 112,60 14,07 1,08 8,24 >0.05
Qx 8 6 70,61 11,77 0,90 6,24 >0.,05
Residual 24 313.32 13,06

Total 59 2463, 69

wlplfm



TABLE 11, Analysis of variance for the catch per successful set by years,
quarters, and size classes for Area 1,

Source of Degrees of Sums of Mean Degrees of Proba-
variation freedom sguares squares P freedom bility
Years (Y) 5 133.08 26,62 5.95 5,7 0,05

Quarters (Q) 1 21,92 21,92 4,90 1,7 <0,05

Size classes (8S) 2 3.07 1.54 0,34 2,7 >0,05

Y x Q 5 64,85 12,97 2.90 5;7 >0.05

Y xS 10 15,81 1.58 0.35 10,7 >0.05

Q xS 2 48,69 24.35 5,44 2,7 <0.05

Residual 7 31;32 Wby

Total 32 220,02

wlp B



TABLE 12. Analysis of variance for the ratio of successful to total sets
by years, quarters, and size classes for Area 5,

Source of Degrees of Sums of Mean Degrees of Proba-
variation freedom squares squares F freedom bility
Years (Y) h 0.2325 0.0581 24,02 4 24 <0,01
Quarters (Q) 3 0.0219 0,0073 3,02 3,24 <0,05
Size classes (8) 2 0.,0014 0,0007 0,28 2,24 >0,05
Y x Q 12 0.1680 0,0140 5,79 12,2k <0,01
Y x S 8 0,0153 0,0019 0,79 8,24 >0,05
Q x 8 6 0.0029 0,0005 0,20 6,24 >0.05
Residual 24 0.0580 0,0024

Total 59 0.5000
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TABLE 13, Analysis of variance for the sets per day of fishing by years,
quarters, and size classes for Area 5,

' Source of Degrees of Sums of Mean Degrees of Proba~
variation freedom sqgquares squares F freedom bility
Years (Y) 4 0.3553 0,08882 3,74 4 24 <0,05
Quarters (Q) 3 1,9383  0.64611 27,20 3,24 0,01
Size classes (S) 2 0,1614 0,08069 3,397 2,24 >0,05
Y x Q 12 1.0392 0.,08660 3.65 12,24 <0,01
Y x 8 8 0.3576 0O,0kh70 1,88 8,24 >0.,05
Q x S 6 0.0986 0,01643 0,69 6,24 >0,05
Residual 2L 0,5701  0,02375
Total 59 4,520k

4.



TABLE 14,

Analyses of variance for the catch per successful set for the sets by vessels assisted
by aircraft and by those not receiving such assistance,
‘. Quar- Size Adrcraft Geometric mean of catch Sample Degrees of ° Prob-
Group Year ter class assistance per successful set plus 1 size F freedom ability
S:?ih- 1;81 L b no 7.6 161
yves 6.8 i3 0,13 1,172 >0.05
total 7.5 174
1961 4 5 no 9.4 163
ves 4,6 10 3.73 1,171 <0.05
total 8.0 173
1962 1 L no 6.6 163
ves 10.8 17 3.58 1,178 >0.05
total 6.9 180
1962 2 L no 11.1 96
ves 15,0 i2 0,65 1,106 >0.05
' total 11.5 108
=
® 1962 2 5 no 14,2 138
ves 1k, 4 17 0,00 1,153 >0.05
total 14,2 155
1963 1 L no 7.9 162
ves 8.9 20 0,25 1,180 >0,05
total 8.0 182
1963 1 5 no 11,0 202
ves 1i1i.8 13 0.05 1,213 >0.05
total 11,1 215
1963 1 6 no 10,7 162
yves 12,2 23 0.27 1,183 >0.05
total 10,9 185
1963 2 5 no i2.1 284
yes 19.8 33 7.15 1,315 <0,01
total iz.7 317



e
H

Table 14 {Page 2)

Quar- Size Aircraft Geometric mean of catch Samplie Degrees of Proba-
Zroup Year ter class assistance per successful set plus 1 size i) freedom bility
Soutlhi- 1963 2 6 no 18,3 246
ern yes 32.4 25  6.56 1,269 <0.05
total 19.4 271
1964 2 Iy no 13,8 33
yves 7.6 10 1.80 1,41 >0.,.05
total 12.0 L3
1964 2 5 no 9.6 60
ves 15.8 20 L,02 1,78 0,05
total 10,6 80
196k 2 6 no 9.9 213
ves 7.5 12 6,70 1,223 >0,05
total S.7 225
1965 2 5 no 10.6 104
yves 11.9 15 0.14 1,117 >0,05
. total 10.8 119
v 1965 2 6 no 1k, 7 273
i ves 26,6 Ly 10,72 1,316 0,01
total 16.0 318
1966 1 5 no 7.7 157
ves 14,6 io 3.67 1,165 >0.05
total 8.0 167
1966 1 6 no 7.9 303
ves 16.3 21 11,01 1,322 <0.01
total 8.2 324
1966 2 6 no ik, 6 258
ves i9.1. 13 0.93 1,269 >0.05
total 14,8 271
North~ 1963 3-4 3-5 110 7.9 k79
ern yes 10.5 L1 3.34 1,518 >0.05
total 8.1 520
1964 3-4 3-5 no 6.5 271
ves 9.6 30 6.41 1,299 0,05
total 6.8 301



Teble 1k (Page 3)

Quar—. Size Aircraft Geometric mean of catch Sampie Degrees of Proba-
Groud Year ter class assistance per successful set plus 1 size F freedom bility
North- 1965 3-4 3-5 no 6.0 251
orn ves 9.4 28 5.78 1,277 <0.05
total 6.3 279
1966 3-4 3-5 no 5.2 123
yves 7.6 25 3.27 1,146 >0.05
total 5.5 148

_'Og”



TABLE 15, Ratios of successful to total sets in Area 5, according to whether the vessels were as-
sisted by aircraft, The three columns under each category refer to successful sets,
total sets, and ratio of successful to total sets, respectively,

Year Quarter Not assisted by Assisted by Total
aircraft aircraft

1 558 1052 0.530 9 iz 0.750 567 1064 0.533
2 690 1166 0©.592 30 Lo 0.750 720 1206 0,597
1962 3 733 1359 0.539 6 8 0.750 739 1367 0.541
X 697 1103 ©.632 15 28 0.536 712 1131 0.630
Total 2678 Le8C 0.572 60 88 0.682 2738 L768 0.574
1 764 1466 0.521 55 6l 0.859 819 1530 0.535
2 807 1676 0,482 72 119 0,605 879 1795 0.490
1963 3 297 713 0,417 0 2 ¢.000 297 715 0,415
L 881 2015 0,437 0 0 - 881 2015 0.437
Total 27549 5870 0,468 127 185 0.686 2876 6055 0.475
1 779 1188 0.656 3 3 1.000 782 1191 0.657
2 Lo6 866 0,L69 3 3 1.000 ko9 869 0,471
196k 3 337 629 0.536 0 e} - 337 629 0.536
1 L 385 723 0.533 O 0 - 385 723 0.533
= Total 1907 3406 0,560 6 é 1.000 1913 3412 0.561
! 1 600 11ké6 0,52 10 13  0.769 610 1159 0.526
2 656 1435 0.ks7 91 130 0,700 iy 1565 o L7y
1965 3 710 1374 0.517 0 0 - 710 1374 0.517
3 559 1527 0©.366 0 0 - 559 1527 0.366
Total 2525 5482 ©.k61 101 143 0,706 2626 5625 o, hé7
1 1187 203 0,581 61 77 0.7%2 1248 2120 0.589
2 1321 1874 0,705 L5 56 0.80k 1366 1930 0,708
1966 3 810 1353 0,599 8 9 0.889 318 1362 0.601
L 354 589 0,618 17 - 23 0.739 381 612 0,623
Total 3682 5859 0,628 131 165 0.794 3813 6024 0.633
1 3888 6895 0.564 138 169 0.817 Lo26 7064 0.570
2 3880 7017 0.553 241 348 0.693 k121 7365 0.560
1962~ 3 2887 5428 0,532 1k 19 0.737 2901 54l 0.533
196¢€ L 2886 5957 0,484 32 51 0.627 2918 €008 0.48¢

Teotal 13541 25297 0.535 Lz25 587 0.724% 13966 25884 0.540




 TABLE 16, Analysis of variance for the ratio of successful to total sets
in Area 5 by years and whether the vessels were assisted by
aircraft,

Source of Degrees of Sums of Mean Degrees of Proba-
variation freedom sguares squares i freedom bility
Years 3 0,02578 0.00859 4,88 3,3 >0.05

Aircraft 1 0.07466  0.07466 42 L2 1,3 <0,01

Residual 3 0,00527 0.00176

Total 7 0,10573
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TABLE 17, Constants in the regressions of the times of the sets on the
guantities of fish caught in them,

Year Quarter Sample a b Year quarter Sample a b
size size
1961 1 - - - 19 64 1 159 91,2 2,784
2 73 84,9 4,400 2 152 88,9 3,111
3 178 81.3 L4,u88 3 131 90,7 2,668
L 139 85.2 3.909 L 135 105,2 2,754
Total 390 82,1 4.359 Total 577 93,8 2.830
1962 1 150 88,3 3,613 1965 1 170 75,2 3,467
2 137 97.6 2,475 2 157 88.0 2,915
3 212 70,1 3,679 3 225 79,2 3,158
Ly ol 84 . b 3,461 ) 150 85,0 3,105
Total 593 83.7 3.387 Total 702 81.9 3.156
1963 1 123 84,1 3,856 1966 1 103 86,8 2,224
2 212 95.2 2,920 2 137 89,8 2.315
3 238 69.4 3.660 3 161 78,2 2,755
b 76 75.1 3.383 N 87 95,8 2,472
Total 649 83.3 3.336 Total 528 84,6 2,565
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TABLE 18,

Comparisons by analysis of covariance of the regressions of
the times of the sets on the quantities of fish caught in
them, The significance of the F values is indicated as

followss ** <1 percent; *, l-5mpercent,

Slope Elevation
Degree of Degreed of
Comparison Year P freedom r freedom
Quarters within years 1961 0,77 2,384 0.41 2,386
1962 3.75% 3,585 - -
1963  3.33% 3,641 - -
1964 0,73 3,569 1.42 3,572
1965 1.20 3,694 0,28 3,697
1966 0.75 3,520 0,50 3,523
Years 16,26%% 5,3427 - -
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TABLE 19,

the vessel speeds

in knots,

Summary of the characteristics of the purse-seine vessels of the tuna fleet of
the eastern Pacific Ocean,

The vessel capacities are expressed in short tons,

and the net lengths and net depths in fathoms,

Number of Vessel capacity Vessel spsed Net length Net depth
Year vessels Mean Range Mean Range Mean Range Mean Range
1961 iz22 240 35-725 .8 8.0-14,6 432 260-550 41 31-52
1962 121 272 100-750 10,0 8,0-14,6 Ly 370-550 Lz 31-52
1963 126 303  103-1023 10.1  8,0-14.6 k55 370-590 43 31-54
1964 123 31k 103-1068 10.2 8.3-14,6 459 370-590 L3 31-54
1965 119 318 103-1068 10.2 8.3-14,6 460 370-590 43 31-54
1G66 115 325 103-1097 10.1 8.0-14,6 471 370-600 Ll 31-58

-..gg...



"TABLE 20, Coefficients of correlation for vessel speed, net length, and
net depth with wvessel capacity,

COEFFICIENTS OF CORRELATION

Number Vessel speed Net length Net depth
Year of vessels with vessel capacity with vessel capacity with ves, cap,
1961 122 0,788 0,829 0,728 |
1962 121 0,786 0,772 0,654
1963 126 0,825 ' 0,814 0,679
196k 123 0,851 0,790 0.670
1965 119 0,834 0,794 0.678
1966 115 0.753 0.751 0.534
Mean 0,803 0.792 0.657

56—



TABLE Z1 Coefficients of correlation for catch per successful set with vessel capacity, vessel
speed, net iength, and net depth, The significance of the coefficients of correlation
is indicated as follows: *¥ <1 percent; ¥ 1-5 percent,

Area Year Quarter Sample Vessel Vessel Net Net Multiple

size capacity speed length depth
5 1961 2 341 -0,052 -0.053 -0,095 -0,063 0.107
3 251 -0,026 0.009 -0.0k49 -0.003 0.077
L 398 6.081 0.,162%x -0,019 0.053 0,257%%
1662 1 371 0,021 0.043 ~0,013 -0,054 0.084
2 Lok -0.,056 -0.,023 -0,057 -0.039 0,062
3 624 ~0.,017 0.022 0.015 0.013 0.058
L 284 -0.076 -0.040 ~0,178%% -0.10¢ 0.196%
1963 1 526 6.064 0.087% 0,020 0.089* 0,158*
2 725 0,185%% 0,163%x 0.130%% 0, 1ho** 0,202%%
3 264 -6.077 -0.04k7 -0 ,068 -0.041 0.083
L 552 0.155%% O.152%% 0, 1hlxx 0,152%% 0,193%%
i96L 1 348 0.099 0.105% 0.091 0.121* 0,148
1 2 304 6,077 -0.009 0,082 0,108 0.121
23 3 256 0.350%% 0.290%% 0, 220%% 0.153% 0,367%%
1 L 261 0.097 0.065 0.127% 0,1h1* 0,14h
1965 1 346 0.080 0.082 0.066 0,.105% 0.118
2 L77 0.153%% O,140%* 0.088 0.068 0,17h*%
3 509 0.031 -0,033 0.011 0.031 0.125
4 Loz O,1héxx O.143%% 0.14o%* 0.054 0.196%x
1966 1 562 0.064 0.071 0.098% 0.042 0.106
2 522 0,135%% 0.058 0.072 -0.003 0,170%%
3 377 0.019 0.065 0.077 0.069 0.127
L 136 0.066 0,083 0.037 0.027 0.100
1 1961 3-4 206 -0.007 -0.079 0.060 0.175% 0.189
1962 3-4 - 226 -0.028 -0,076 -0.048 0.046 0.140
1963 3-4 L79 0,118%x 0.086 -0,003 0,012 0.17h%*
196k 3-L 271 0.08% -0,002 0.030 0.124% 0.160
1965 3-4 247 0.121 0,157% 0,074 0,070 C.159
1966 3-4 123 0.032 0,058 -0,012 G.095 0.158
Total 10792 0.078%x 0.067%* 0,0L5x%% 0,054%x
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TABLE 22, Catch of yellowfin tuna pexr day of fishing in Area 2, The three columns under each
size class refer to catch, days of fishing, and catch per day of fishing, respec-

tively.
Size (Class
Quar-

Year ter 3 b 5 Total __.
1 4372 696.5 6.3 - L4830 L78.0 10.1 2416 201.5 iz2.0 11618 1376.0 8.k
1961 2 2276 507.5 4.5 2111 357.0 5.9 1318 170.0 7.8 5705 1034.5 5.5
L 146l 511.,0 2.9 1163 333.0 3.6 331 160.5 2.1 2988 1004.5 3.0
Total 8112 1715.0 4.7 8134k 1168.0 7.0 4065 532.0 7.6 20311 3Lis.o 5.9
1 1056 hhe,0 2.4 595 232.0 2.6 242 94 5 2.6 1893 772.5 2.5
1962 2 2120 kg, 0 4.3 2846 309.0 9.2 759 150.0 5.1 5725 951.0 6.0
4 648 208.5 3.1 955 233.0 L.1 €31 106.5 5.9 2234 548.0 L.1
Total 3824 11Lké6.5 3.3 L4396 774.0 5.7 1632 351.0 L, € 9852 2271.5 4.3
1 1620 Lhg,0 3.6 1470 340.0 k.3 2061 270.5 7.6 5151 1058.5 L.9
1963 2. 2715 396.5 6.8 2659 273.0 9.7 1399 2ik.5 6.5 €773 884 .0 7.7
L Leg 225.0 2.1 555 387.0 1.4 580 184,53 3.1 1601 796.5 2.0
Total 4801 1069.5 4.5 Le8h  1000.0 L,7 Loko 669.5 €.0 13525 2739.0 4.9
1 2022 he2,5 L. 4 43198 750.5 5.6 L7751 566.5 8.4 10971 1779.5 6.2
196 2 2546  316.5 8.0 5560 477.0 11.7 L4302 356,0 12,6 12608 1149.5 11,0
oL 6854 189.5 3.6 2253 529.5 L.3 1103 293.5 3.8 LoLko 1012.5 4.0
Total 5252 968.5 5.4 12011 1757.0 £€.8 10356 1216.0 8.5 27619 3941.5 7.0
1 1326 k52,5 2.9 i524 429.5 3.5 934  220.5 L, 2 3784 1102.5 3.4
1965 2 760 221.0 3.4 2472 431.5 5.7 788 192.5 L1 Lo20 845,0 L. 8
’ I 256 142.,5 1.8 1199 398.5 3.0 182 101.0 1.8 1€37 €h2.0 2.5
Total 23k2  816.0 2.9 5195 1259.5 L,1 1904 314.0 3.7 94kl 2589.5 3.6
1 1081 353.5 3.1 1552 Ll s 3.5 Ly 71.0 0.6 2674 869.0 3.1
1966 2 510 102.0 5.0 386 106.0 3.6 3€9 84,0 L4 1265 292.0 4.3
L 336 139.5 2.4 L E8 123.5 3.8 62 25.0 2.5 €€ 288.0 3.0
Total 1927 565.0 3.2 2406 674 .0 3.6 L2  180,0 2.6 4805 1449.0 3.3
1 1ik77 2859.0 4,0 14169 2€74.5 5.3 1ok4hks 1L2k 5 7.3 36091 €958.0 5.2
1961 2 10927 2035.5 5.4 16034k 1953.5 8.2 9135 1167.0 7.8 36096 B5156.0 7.0
1966 I 3854 1L16,0 2.7 €623 2004.5 3.3 2889 871.0 3.3 13366 4291.,5 3.1
Total 26258 4310.5 4.2 36826 6632.5 5.6 22469 3462.5 6.5 85553 16L05.5 5.2




TABLE 23, Catch of yellowfin tuna per set in Avea 2, The three columns under each size class
refer to catch, sets, and catch per set, respectively,

Size Class

Quar-~

Year ter 3 L 5 Total
1 o8l 306 3.2 712 166 .3 2h2 54 L.s 1938 526 3.7
1962 2 2201 388 5.7 2865 2638 16,7 752 81 9.3 5818 737 7.9
L 398 113 3.5 790 161 h.o 788 126 6.3 1976 Loo 4,9
Total 3583 807 L.k 4367 595 7.3 1782 261 6.8 9732 1663 5.9
1 1518 396 3.8 1448 257 5.6 1956 264 7.k 4922 917 5.4
1963 2 2379 LL3 5.4 2529 314 8.1 1375 170 8.1 6283 927 6.8
I k13 2hg 1.7 500 266 1.9 578 166 3.5 1500 681 2.2
Total L4310 1088 k.0 LLEBE 837 5.h 3509 600 6.5 12705 2525 5.0
1 1863 L6 3.9 3967 882 .5 k631 748 6.2 iokel 2106 5.0
196k 2 2238 Liz 5.k 5598 712 7.9 L4302 543 7.9 12138 1667 7.3
I 682 207 3.3 2038 564 3.6 1085 307 3.5 3805 1078 3.5
‘ Total 4783 1095 L, L 11603 2158 5.4 10018 1598 6.3 26404 L8851 5.4
A 1 1230 408 3,0 1382 Li6 3.3 919 195 4,7 3531 1019 3.5
P 1065 2 721 233 3.1 2293 388 5.9 773 130 5.9 3787 751 5.0
L 251 51 4,9 1170 291 I,0 174 51 3.4 1595 393 b1
Total 2202 692 3.2 L48Ls 1095 i 1866 376 5,0 8913 2163 L.,1
1 858 325 2.6 1519 Lk 3.3 Lo 17 2,4 2417 796 3.0
1966 2 557 1L8 3.8 556 130 L.3 369 HES 8.0 1482 324 L., 6
9 L 331 133 2.5 hog 110 3.9 61 i8 3.4 818 261 3.1
Total 1746 606 2.9 2501 69k 3.6 L70 81 5.8 Ly 1381 3.4
i 6453 1911 3.k 9028 2175 L,2 7788 1278 6.1 23269 5364 4.3
1962 2 8096 1624 5.0 13841 1812 7.6 7571 370 7.8 29508 LLO6 6.7
1966— / 2075 753 2.8 L4933 1362 3.5 2686 668 L,o 9694 2813 3.4
Total 16624 4288 3.9 27802 5379 5,2 18043 2916 6.2 62471 12583 5.0




TABLE 24, Catch of yellowfin tuna per successful set in Area 2, The three colummns under each
size class refer to catch, successful sets, and catch per successful set, respec-

tively.,
Quar- Size class

Year ter 3 L 5 Total
1 k22 332  13.3 4533 260 17.k 2527 138 18.3 11482 730 15.7
1961 2 2200 158 13.9 2017 152 13.3 1202 70 17.2 5419 380 1k,3
4 1378 166 8.3 1151 138 8.3 331 58 5.7 2860 362 7.9
Total 8009 656 12.2 7701 550 ik.0 Lo 6o 266 15. 19761 1472 13.4
1 984k i22 8.1 712 ol 7.6 203 3k 6.0 1899 250 7.6
1962 2 2196 160 i3.7 2742 146 18.8 639 30 21.3 5577 336 16,6
7 L 323 43 7.5 773 89 8.7 788 79 10,0 1884 211 8.9
Total 3503 325 10.8 Lz 329 12.8 1630 143 11.4 9360 797 11,7
1 1k1s 194 7.3 1271 i30 9.8 1878 157 12.0 Lyl 481 9.5
1963 2 202k 202 10.0 2409 164 1k .7 1265 86 1h.7 5698 452 12.6
- L 305 63 L 8 11 73 5.6 513 58 8.8 1229 194 6.3
1 Total 3744 Lkyg 8.2 Loo1 367 11,1 3656 301 12,1 11491 1127 10.2
? 1 1686 195 8.6 3470 388 8.9 3803 363  10.5 8959 9Lé 9.5
1964 2 1943 181 10.7 k578 346 13.2 3836 289 13.3 10357 816 12.7
L 682 96 7.1 1821 258 7.1 1059 138 7.7 3562 492 7.2
Total L4311 L7 9.1 9869 992 5.9 8698 790 11.0 22878 2254 10.1
1 1085 200 5.k 1343 247 5.4 $19 127 7.2 3347 574 5.8
1965 2 696 129 5.4 2193 239 9.2 €81 81 8.4 3570 Lh9 8.0
2 209 25 8.4 95k 129 7.k 161 31 5.2 1324 185 7.2
Total 1990 354 5.6 LLoo 615 7.3 1761 239 7.k 8241 1208 6.8
1 524 121 k.3 822 179 4.6 33 8 L,1 1379 308 4.5
1966 2 504 84 .0 509 66 7.7 369 29 iz.7 1382 179 7.7
L 329 67 L,9 L23 79 5.4 61 13 L. 813 159 5.1
Total 1357 272 5.0 1754 324 5.4 Le3 50 9.3 357L 646 5.5
1 10116 1164 8.7 12151 1298 9.4 9363 827 11.3 31630 3289 9.6
1661~ 2 9563 S1h 10.5 14458 13113113 13.0 7992 585 13.7 32003 2612 12.3
1066 ¥ 3226  heo 7.0 5533 766 7.2 2913 377 7.7 11672 1603 7.3
Total 22905 2538 9.0 32132 3177 10.1 20268 1789 11.3 75305 7504 10,0




TABLE 25, Ratios of successful to ftotal sets in ‘Area 2, The three columns under each size class
refer to successful sets, total sets, and ratio of successful to total sets, respec-

tively,
fae Size Class
Quar-
Year ter 3 4 5 Totel
1 125 306 0.408 oL - 166 0,566 39 54 0,722 258 526 0,490
1062 2 163 389 0.419 156 268 0.582 3Lk 81 0,420 353 738 0.478
L 52 113 0.460 108 161 0.671 87 129 0,674 2Ly 403 0.613
Total 340 808 o.kz21 358 595 0.602 160 264 0,606 858 1667 0.515
1 209 398 0.525 139 257 0.541 171 267 0.,€40 519 g22 0.563
1963 2 233 k51 0.517 17¢€ 314 0.5€61 97 171 0O.5€7 506 936 0.541
' L 95 251 0.378 11k 266 0,429 76 16€ 0.458 285 €83 0. k417
Total 537 1100 0,k88 Log 837 0.513 344 €04 0,570 1310 2541 0.51€
1 237 478 0.Lkoé 458 887 0.516 Lk 757 0.587 1139 2122 0.537
196 2 217 Liz 0.527 Ly 712 0.€625 356 552 O.6Lks 1018 167€ 0.607
i 11k 207 0.551 309 564 0.548 - 183 312 0.587 €06 1683 0.560
I8 Total 568 1097 0.518 1212 21€3 C.560 983 1621 0.606 27€3 L8881 0,566
e 1 223 Liz 0.541 259 L1€ G, 623 127 195 0.651 €09 1023 0.595
1965 2 136 234 0.581 255 388 0.657 87 131 O.66L 478 753 0,635
I 35 51 0.€68¢6 164 204 G.558 32 51 0.€27 231 39¢€ 0.583
Total 394 697 0.565 €78 1098 0.617 2L € 377 0.€653 1318 2172 0.607
1 198 33¢ 0.589 301 Lyl 0,663 i1 1 0.647 510 807 0.€32
1966 2 93 148 0.628 an 130 0.56€9 29 Le 0,630 196 324 0. €605
L 70 133 0.526€ 82 110 0.745 13 18 0.722 1€5 2€1 0.€32
Total 361 €17 0.585 L5y £9L 0.659 53 81 0©0.€54 871 1392 0,626
1 592 1936 0.514 1251 2180 0.574 792 1290 0.61Lh 3035 5400 0,562
1962- 2 8Lo 1634 0.515 1106 1812 0.610 €03 %81 0,615 2551 ko7 0.57¢€
1066 L 366 755 0.485 rdrdsd 1395 0.557 391 676 0.578 1534 282¢ 0.543

Total 2200 4319 0.50¢ 3134 5387 0.582 1786 2947 0,606 7120 12€53 0.5€3




TABLE 26, Sets per day of fishing in Area 2, The three columns under cach size class refer to
adjusted sets, days of fishing 6 and sets per day, respectively,
Size Class
Quer-
Year ter 3 L 5 T6tel
1 327 L€, 0 139 232.6 0. €0 54 ok ,5 0.57 520 772.5 0.€7
19¢2 2 372 Lo2,0 2€5 309.0 0.86 82 150.0 0.55 719 $51.0 C.7€
L 184 208.5 195 233.0 0.84 101 10€.5 0.95 L8O 548.0 0.38
Total 883 11ké€.s 399 774.0 0.77 237 351.0 0,68 1719 2271.5 0.76
1 Lok Likg o 2€2 340.0 0.77 277 270.5 1.02 963 1058.5 0.91
1963 2 505 39€.5 330 273.0 i.21 173 214 .5 0.81 1008 884.,0 1.14
L] 281 225,0 29¢ 387.0 0.75 166 184.5 0,90 737 79€.5 0.93
Total 1210 10€9.5 882 1000.0 0.88 61€ €€9.5 0.92 2708 2739.0 .99
1 519 LEz.,5 935 750.5 1.25 776 56€.5 1.36 222L 177%.5 1.25
15¢h 2 170 31€.5 705 Lz7.0 1.48 570 356.0 1,60 1745 1149.5 1.52
7 L 207 189.5 62€ 529.5 1.18 313 283.5 1,07 11L4€ 1012.5 1.13
Total 1196é 968.5 22€6 1757.0 1.29 1653 1216.0 1.36 5115 3941.5 1.30
1 Ly k2.5 L8 L2g.5 1.07 199 220.5 0.90 1098 1102.5 1.00
19€5 2 2L5 221.0 L4ig 431.5 G.97 133 i%2.5 0.69 797 845.,0 .94
L 52 142.5 297 398.5 0.75 54 i01.0 0.53 Lo3 €h2.0 0.,€3
Total 738 81¢€.0 117k 1259.5 0.93 386 514,0 0.75 2298 2589.5 0.89
1 L30o 353.5 Les Lkl 5 1.04 17 71.0 0,2k 890 8€9.,0 1.02
~ 2 13€ 102.0 90 10€.0 0.85 Le 84 0 0.55 272 292.0 0.93
1G£€
7 I 13€ 139.5 121 123.5 0.98 18 25,0 0.72 275 288.0 0.95
Total £82 595.,0 74 E74,0 1,00 81 180.,0 O.45 1437 144o.0 0.99
1 2121 21€2.5 2257 219€.5 1,03 1317 1223.0 1,08 5695 5582.0 1.02
1962- 2 1728 1528.0 1809 159€.5 1.13 1004 997 .0 1.01 A4shi 4121.5 1.10
1966 L 860 905.0 1529 1€71.5 0,91 €52 710.5 0.92 3041 3287.0 0.93
Total L4709 4595.5 5595 54€L,5 1.02 2973 2930.5 1.01 13277 12990.5 1.02




TABLE 27, Logged catches of yellowfin in each area, and total catches
of yellowfin in the eastern Pacific Ocean, for 19€1-~19€6,
The data were obtained from Anonymous (1967: Table 3) and
unpublished data of the Inter-American Tropical Tuna Commis~

sion,

Area 19€1 1962 19€3 1964 1965 1966
1 14,500 14,300 14,700 14,000 16,200 10, 500
2 22,200 11,300 15,100 30,800 10,700 5,800
3 48 500 10,900 13,100 18 400 24, LOO 10,200
b 11,300 13,200 1,800 3,500  1€,700 26,500
5 6,800 18,500 13,800 18,300 12,600 29,300

Total logged
catch 103,300  €8,200 38,500 85,000 80,600 32,300
Total catch 115,400 87,000 72,700 101,900 90,000 90,900
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TABLE 28, Analysis of wvariance for the catch per day of fishing by

years, quarters, and size classes for Area 2,

Proba-

Source of Degrees of Sums of Mean Degrees of
variation freedom squares sguares i) freedom bility
Years (Y) 5 99.90 19,98 9.62 5,20 0,01
Quarters (Q) 2 110,28 55,14 26,56 2,20 <0,01
Size classes (8) 2 22,69 11.35 5,47 2,20 <0,05
Y x Q 10 107.20 10,72 5.16 10,20 <0,01
Y x 8 10 17.64 1.76 0.85 10,20 >0,05
Q x S 4 8,62 2,16 1,04 L, 20 50,05
Residual 20 41,52 2,08

Total 53 407,85

6l



TABLE 29, Analysis of variance for the catch per set by years, quarters
and size classes for Area 2.

Source of Degrees of Sums of Mean Degreed of Proba-
variation freedom sgquares squares P freedom bility
Yoars (Y) ) 22.36 5.60 5,95 4 1€ <0,01
Quarters (Q) 2 77,06 38,53 40,29 2,16 0,01
Size classes (S) 2 29,08 14,84 15,20 2,16 <0,0L
Y x Q 8 28,23 3.53 3,69 8,1¢ <0.05
Y x 8 8 h,75 0,59 0,62 8,16 >0.,05
QxS 4 9.41 2,35 2.46 4,16 50,05
Residual 16 15,30 0,96

Total Ly 186, 60
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TABLE 30, Analysis of variance for the catch per successful set by
yvears, quarters, and size classes for Area 2.

Source of Degrees of Sums of Mean Degrees of Proba-~
variation freedom squares squares F freedom bility
Years (Y) 5 | 299.79 59.96 22,13 5,20 <0,01
Quarters (Q) 2 279.65 139,83 51,62 2,20 <0.,01
Size classes (S) 2 45,73 22,86 8.4k 2,20 0,01
Y x Q 10 204,18 20,42 7,54 10,20 <0,01
Y x 8 10 13,84 1.38  0.51 10,20 - >0,05
Q x S 4 30.93 7.73 2,85 L, 20 50,05
Residual 20 54,18 2,71

Total 53 928,30

b6 om



TABLE 31, Analysis of wvariance for the ratio of successful to total sets

by years, gqguarters, and size

classes for Area 2,

Source of Degrees of Sums of Mean Degrees of Proba-
variation freedom squares squares F freedom bility
Years (Y) L 0.09k4é6 0.0236 5.79 b 16 <0.01
Quarters (Q) 2 0,0006 00,0003 0,07 2,16 >0,05
Size classes (9) 2 0.0707 0.0353 8,66 2,16 <0.01

Y x Q 8 0,076l 0.0095 2.33 8,16 >0,05

Y x 8 8 00,0286 00,0036 0,88 8,16 >0,05

Q x S ) 0,0118 0,0030 0.73 4,16 >0.05
Residual 16 0.0653 0,0041

Total Ll 0.3476
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TABLE 32, Analysis of wvariance for the sets per day of fishing by
and size classes for Area 2,

years, quarters,

Source of Degrees of Sums of Mean Degrees of Proba~

variation freedom squUares squares P freedom bility

Years (Y) l 1. 648¢ O,4122 14,87 L 1€ <0.01
Quarters (Q) 2 0.1934 0,09€7 3.49 2,1¢€ >0.,05
Size classes (S) 2 0,3131 0.15€€6 5.€65 2,16 <0,05
Y x Q 8 0.5€90 0.0711 2,57 8,1€ >0.05
Y x S 8 0.5864 0.0733 2,64 8,16 <0,05
QxS y 0,0988  0,0247 0.89 L 1€ 50,05
Residual 16 0.443€ 0,0277

Total Ly 3.8529

oy -



TABLE 33, Catch of yellowiin tuna per set by school type in Area 2. The three columms under each
size class refer to catch, sets, and catch per set, respectively.

TYPE OF SCHOOL

"School Fish" Porpoise Night Fioating object
1962 95l 223 L.3 3665 €92 5.3 3614 Liz 8.8 57 3 19.0
1963 2212 Log L, 4 513 1112 L1 3177 k20 7.€ 0 5 0.0
19€k 3934 8ok 4.5 13237 2755 4,8 1780 411 4.3 38 8 4.8
19€5 456 175 2,¢6 5134 1389 3.7 1351 212 6.4 27 11 2.5
196¢€ 518 15¢€ 3.3 1879 824 2.3 €33 203 3.1 € 7 0.9
Total 8068 1856 4.3 28428 €772 4.2 10555 1658  6.h4 128 34 3.8
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TABLE 34, Catch of yellowfin tumna per successful set by school type in Area 2,
columns under each size class refer to catch, successful sets, and catch per

successful set, respectively,

TYPE OF SCHOOL

The three

Quar-~

Year ter "School fish!" Porpoise Night Floating object Totel
1 136 1€ 8.5 6l 6 122 5.3 905 69 13.1 0 0 - 1687 2G7 8.1
1062 2 599 37 16.2 2987 i75 17.1 1232 77 16,0 0 0] - L3318 289 16.7
= L 219 21 10.4 32 iz 2,7 1477 153 9.7 57 3 19.0 1785 189 9.4
Total 954 74 12,9 3665 309 11.9 3614 299 12,1 57 3 19.0 8290 685 12,1
1 352 31 11i.4 1k25 206 €.9 2337 195 12,0 o o] - Liilk L32 9.5
1963 2 1742 114 15,3 2299 223 10.3 €E5 35 i9.C 0 O - L706 372 12.7
963 » 118 10 11.8 785 131 6.0 175 23 7.6 O © - 1082 16: 6.6
Total 2212 1355 14.3 L4513 560 8.1 3177 253 iz2.é6 0] 0 9902 968 10,2
1 312 28 11.1 €618 701 9.4 1006 102 9.9 28 2 14,0 7964 833 9.€
1964 2 k2L 195 17.6 Lhi7y 435 10,2 225 22 10.2 10 1 10.0 8076 €53 12.4
L 198 8 2h4.3 2202 333 6.6 489 55 8.9 0 0 - 2889 396 7.3
| Total 3934 231 17.0 13237 1469 9,0 1720 179 9.6 38 3 12,7 18929 1882 10.1
3 1 5 5 1.0 2587 Ly 5.8 24 Lo 6.1 27 L 6.8 28€3 Log 5.8
‘1965 2 262 16 16.4 1917 306 6.3 843 63  13.4 0 c - 3022 385 7.8
L 183 9 20.3 €30 11k 5.5 264 25 10,6 0 o) - 1077 148 7.3
Total 450 30 15.0 5134 867 5.9 1351 128 10.6 27 L 6.8 6962 1029 6.8
i 1069 iz 9.1 51k 157 3.3 598 101 5.9 € 3 2.0 1227 273 Lk,5
1966 2 328 32 16.3 €92 109 €.3 S 1 9.0 o) o] - 1029 1h2 7.2
L 81 3 27.0 673 1ks5 L,€ 2€ 2 13.0 o] o] - 780 150 5.2
Total 518 L7 11,0 1879 ki1 L,¢€ €33 104 €.1 é 3 2.0 303€ 565 5.4
i 91k 92 9.9 11790 1€33 7.2 5090 507 10.0 €1 9 6€.8 17855 2241 8.0
1962- 2 €355 394 16,1 12312 1248 9.9 2974 198 15.0 10 1 10,0 21651 1841 11.8
1966 4 759 51 15.7 4326 735 5.9 2431 258 9.4 57 3 16.0 7613 1047 7.3
Total 8068 537 15.0 28428 361€ 7.9 10495 963 10.9 128 13 2.8 47119 5129 9.2




TABLE 35, Ratios of successful to total sets by school type in Area 2, The three columns
under each size class refer to successful sets, total sets, and ratio of
successful to total sets, respectively,

TYPE OF SCHOOL

"School fish® Porpoise Night Ploating object
1962 93 223 0.,hk17 311 692  0.hk9 327 hki2 ©.79k 3 3 1,000
1963 226 Lg8 0. k54 596 1112 0.536 299 420 C.71z2 2 5 O,QOO
1964 385 804 0,479 1620 2755 C.588 274 Li1 0. 667 L 8 0.500
1965 51 175 0.291 901 1389 0,649  1k3 212 0,698 8 11 0.727
1G€6 €L 156 0.410 557 324 0,676 133 203 0.655 6 7 0.857
Total 819 1856 0,441 3985 €772 0,538 1181 1658 0.712 23 34 0,67¢€

MTLM




TABLE 36. Analyses of variance for the catch per successful set for .
the sets by vessels assisted by aircraft and by those not
receiving such assistance

Geometric
mean of
catch per Degrees
Quar- Size Aircraft successful Sample of Prob-
Year ter class assistance set plus 1 —~size B freedqm abild’
1961 1 3 no 9.2 231 - .
ves 11.6 101 5.18 1,330 < 0.05
total 9.8 332
1961 1 Iy no 10,9 181
- - ves 15.9 79 9.15 1,258 < 0.01
total 12,2 260
1961 1 5 no 10.9. ol
ves 15,7 Ly 4,35 1,136 ¢ 0.05
total 12.3 138
1961 2 3 no 9.5 1k
yes 15.5 13 3.33 1,156 3 0.05
total 9.9 158
1961 2 h no 10.3 135
yes 8.7 17 0.56 1,150 > 0,05
total 10,1 152
1961 L 3 1o 5.5 154
ves 10.3 12 4,89 1,164 ¢ 0,05
total 5,8 166
1961 4 In no 5.7 127
ves 11,9 11 6.95 1,136 < 0.01
total 6,1 138
1964 2 b no 8.5 329
ves 18,2 17 10,52 1,34k (0,01
total 8.8 346

-] 2



TABLE 37, Ratios of successful to total sets in Area 2, according to
whether the vessels were assisted by aircraft. The three
columns under each category refer to successful sets,; total
sets, and ratio of successful to total sets, respectively.

Quar - Not assisted by Assisted by
Yean ter airocraft aircraft Total
1962 1 252 517 0,487 6 .9 0,667 258 526 0,490
2 3y 725 0.479 6 13 0. hk62 353 738 0.478
ke 246 Loz 0.612 1 1 1.000 247 Lo3 0.613
Total 845 164k 0.51% 13 23 0,565 858 1667 0,515
1963 1 519 922 0.563 0 0 - 519 922 0.563
2 498 924 0.539 8 12 0,667 506 936 0.541
4 285 683 0. 417 0 o) - 285 683 0.417
Total 1302 2529 0.515 8 12 0.667 1310 2541 0.516
1964 1 1116 2074 0.538 23 48 0,479 1139 2122 0.537
2 980 1626 0,603 38 50 0,760 1018 1676 0.607
L 606 1083 0.560 0 0] - 606 1083 0.560
Total 2702 4783 0.565 61 98 0,622 2763 L8881 0.566
1965 1 609 1023 0.595 0 0 - 609 1023 0.595
2 473 748 0,632 5 5 1,000 78 753  0.635
L 231 396 0.583 0 0 - 231 396 0.583
Total 1313 2167 0.606 5 5 1,000 1318 2172 0.607
1966 1 510 807 0.632 0 0 - 510 80 0.632
2 188 314 0.599 8 10 0.800 196 324 0.605
L 165 261 0,632 0 0 - 165 261 0.632
Total 863 1382 0,624 8 10 0. 800 871 1392 0.626
1962~ 1 3006 53473 0.563 29 57 0,509 3035 5400 0,562
1966 2 2486 4337 0.573 65 90 0,722 2551 4h2y 0.576
b 1333 2825 0,543 1 1 1,000 1534 2826 0,543
Total 7025 12505 0.562 95 148 0.642 7120 12653 0,563
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TABLE 38, Analysis of variance for the ratio of successful to total
sets in Area 2 by quarters and whether the vessels were
assisted by aircraft

Source of Degrees of ~Sums of Mean Degrees of Prob-
variation freedom sguares squares " freedom abibity
Quarters 1 0,01335 0.01335 1,20 1,1 >0,05
Aircraft 1 0.00263 0.00263 0,24 1,1 >0,05
Residual 1 0.01112 0,01112

Total 3 0.,02711

w7l



TABLE 39.

Constants of the regressions of the times of the sets on

the quantities of fish caught in them

Quar- Sample Quar-  Sample
Year ter silze a [<] Year  ter size a b
1961 1 252 95.3 4,260 1964 1 193 123.3 2,546
2 212 60.2 %4,203 2 183 90.5 3.573
3 132 96.6 4,615 3 147y 76,5 4,158
4 153 93.2 3.970 ol 141 109.2 3.451
Total 7h9 85.9 UL.516 Total 664 103.9 3.281
1962 1 143 77.0 5,434 1965 1 150 80.6 14,968
2 207 80,9 4,205 2 163 111,2 3.129
3 109 85.5 3.000 3 133 110.8 3.952
l 96 72.3 h.527 b 130 143.4  3.399
Total 555 78.4 4. 433 Total 576 113.3 3.704
1963 1 173 77.0 3,710 1966 1 143 99.0 4,021
2 174 82,2 4,1hk2 2 189 89.6 13,896
3 129 69.5 4,103 3 165 106.3 3.901
4 L2 54,9 Liy507 L L6 176.4 2,541
Total - 518 74“6; h,051 Total 543 102.9 3.818

5w



TABLE 40, Comparisons by analysis of covariance of the regressions of
the times of the sets on the quantities of fish caught in
them, The significance of the F wvalues is indicated as
follows: *%, <1 percent; ¥, 1-5 percent,

. Slope Elevation
Degrees of Degrees of
Comparison Year B freedom B freedom

Quarters within years 1961 3.9Uw*x 3 741 - -
1962 5.76%% 3,547 - -
1963 0,88 3,510 1.95 3,513
1964 7.16%% 3,656 - -
1965  6.33%x 3,568 . -
1966 1,98 3,535 3.18% 3,538

Years 11.69%% 55,3593 - -

76



TABLE 41, Coefficients of correlation for catch per successful set
with vessel caphcity, vessel speed, net length, and net
depth, The significance of the coefficients of correlation
is indicated as follows: *¥, &1 percent; *, 1-5 percent,

Quar- Sample Vessel Vessel Net Net
Year ter size capaclty speed length depth Multiple
1961 1 505 0,11L2% 0,086 0,075 0,024 0.115
2 350 0,106% 0,096 0.011 0.010 0.138
L 328 0,115% 0,118% 0.099 0,043 0,140
1962 1 244 0, 147% 0,069 0.173%% 0,065 0,190
2 330 0,210%* 0.159%%  Q,150%% 0,073 0,229%%
I 210 0,021 0,038 0.056 0,138% 0.150
1963 1 L8 0,103% 0,030 0,080 0,090 0.133
2 Ll 0.090 0,0u48 0,048 0.052 0,091
L 194 0,202%% 0.146% 0.,184%% 0,057 0,241*%
1964 1 937 0,097%x% 0.,117%% 0,092%% 0,057 0.138
2 788 0,073%% 0,003 0,027 0,021 0.126
L Lo2 0,053 0.022 0,001 0,015 0,126
1965 1 570 0. 1L0%** 0.068 0,056 0.016 0.169
2 39 0, 1ho** 0.051 0,079 0,048 0.152
L 184 0.132 0.059 0,138 0.089 0.163
1966 1 232 0,073 0,02k 0.013 0,127 0.146
2 122 0.205% 0,210% 0.154 0,111 0,232
L 130 6.090 0,114 0.027 0.053 0.160
Total 6980 0.109%% 0.072%%  0,072%% 0,058%%

.-.’7'7._.
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