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Nominal Catch-Per-Unit Effort of Albacore, Thunnus alalunga 
(Bonnaterre), Caught by U.S. Jig Vessels During 1961-70 

R. MICHAEL LAURS, HAROLD B. CLEMENS, and LARRY H. HREHA 

ABSTRACT-Catch-per-unit effort data by time-area strata for the albacore. 
Thunnus alalunga(Bonnaterre). fishery off the west coast of North America are 
presented for the years 1961-70. Results indicate that while the fishery may 
range from central Baja California. Mexico, to British Columbia. Canada, it is 
usually not continuous over this range, but rather is centered in more restricted 
regions in a given fishing season. Marked annual latitudinal variations in the 
fishery were apparent with the fishery mainly located in “southern” waters from 
central Saja California to San Francisco during 1961-65 and in “northern” 
waters off the Pacific Northwest during 1966-70. Very little variation among 
years in the offshore distribution of the fishery was indicated, and for the most 
part it was restricted to within 200-250 miles of the shcre with highest catch 
rates frequently made within 100 miles of the coast. During “southern” fishery 
years, catch rates indicative of commercial concentrations of albacore were 
generally made 2-4 weeks earlier. during mid-June to early July, than during 
“northern” fishery years. Differences in the pattern of the seasonal distribution 
of the fishery were also apparent between “southern” and “northern” fishery 
years. 

A twofold variation was observed in the estimates of annual catch-per-unit 
effort over the 10-year period; however, relatively high catch rates with little 
variation were observed during the later years, 1967-70. During all of the years 
the concentration index was greater than 1.0, indicating that fishers tended to 
concentrate their effort in areas or periods where or when the average catch- 
per-unit effort was high 

INTRODUCTION 
Catch-per-unit effort data by time- 

area strata are presented for the 
albacore, Thunnus alolunga (Bonne- 
terre), fishery off the west coast of 
North America. They were collected 
by individual States and then merged 
and standardized. The results are 
unique in that they make available, for 
the first time, estimates of stan- 
dardized catch-per-unit effort for the 
entire range of the fishery. This has 
been made possible by the cooperation 
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of scientists from the National Oceanic 
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National Marine Fisheries Service; 
State of California Resources Agency, 
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Many of the statistics for the US. 
albacore fishery have been published 
separately by the individual States 
(Clemens. 1955; Ayres and Meehan. 
1963; Clemens and Craig, 1965; 
Meehan and Hreha, 1969; and Hreha, 
1974). In this paper, data collected by 
the States during the years 1961-70 
have been combined and uniformly 
standardized to provide additional 
information about the entire range of 
the fishery and to take into account any 
coast-wide variation in the characteris- 

‘The Ksh Commission of Oregon has since p;dmrorgite&tn the Oregon Department 
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tics of the fishing vessels, of the 
geographical and seasonal nature of the 
fishery, or of other factors which may 
influence estimates of nominal fishing 
effort. 

SOURCE OF INFORMATION 
The information about catch locali- 

ties and nominal fishing effort was 
obtained from logbooks and from inter- 
viewing fishers on the waterfront. A 
voluntary logbook system has been 
used by the California Department of 
Fish and Game since 1954 (Craig. 
1963). and information from both 
logbooks and interviews was available 
for albacore landed in California. Infor- 
mation for albacore landed in Oregon 
was available from interviews prior to 
1967 and from interviews and volun- 
tary logbooks from 1967-70. The 
number of such records used for 
standardizing the catch rates is sum- 
marized by year and time period in 
Table 1. Only statistics from albacore 
jig boats were dealt with because there 
were insufficient data from bait boats. 
Jig boats land approximately 75 per- 
cent of the annual U.S. commercial 
albacore catch (Clemens and Craig, 
1965). The total logged jig boat catch 
was roughly 30 to 40 percent of the 
total jig boat landings. 

METHODS 
Great care was taken by the indi- 

vidual States to insure confidentiality 
of the records of individual fishing 
vessels. This was done by removing 
from the records the name of each 
vessel and any identification numbers 
which could be traced to it and by 
assigning a code number which was 
kept constant each year for a given 
boat. 

The basic data included date. num- 
ber of fish caught, lo quadrangle 
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within which vessel operated, boat 
length, gear type, and often sea 
surface temperature. Since the data 
were in several forms-magnetic tape, 
computer cards, handwritten listings, 
etc.-and in various formats, they 
were first put into a common format 
and on to magnetic tape. Data from 
individual States were then merged 
and checked by computer for duplica- 
tion of records. The latter was done by 
searching to determine if there was 
more than one record, for the same day 
at the same location. of identical 
catches of albacore by boats of the 
same length. If so. which was true in 
only a small number of cases, dupli- 
cates were omitted and a final basic 
data tape was prepared. 

A modified version of the computer 
program FPOW (Berude and Abram- 
son. 1972) was used in the standardi- 
zation of the nominal fishing effort 
within each year'. The theoretical 
development and operating charac- 
teristics of the FPOW program are 
described in Fox (1971). The basic 
model assumed in the program is: 

where Cv is the catch of the i th fishing 
treatment in the j t h  time-area stratum, 
qi is the catchability coefficient of the 
ith treatment, f.. is the amount of 

'Standardization procedures were carried out 
under the direction of William Fox with 
assistance b T Mulitauaopele and J. Zweifel 
Southwest Jisheries Center, National Marine 
Fisheries Service. NOAA. La Jolla. CA 92038. 

fishing effort expended by the ith 
Eeatment in the j t h  time-area stratum, 
Pj is the average population size in the 
j t h  time-area stratum, and ~ i j  is 
assumed to be a log-normally distrib- 
uted random variable. It is assumed 
that: 1) effort is measured such that 
within each treatment qi is constant, 
2) the units of effort operate indepen- 
dently, and 3) there is no interaction 
between treatments and time-area 
strata. 

A preliminary analysis indicated 
differences in fishing power among 
1) vessel length, 2) time fished during 
the season, 3) geographic area of 
fishing. and 4) years. Although fishing 
power in reality is probably a continu- 
ous function of vessel length, in order 
to estimate relative fishing power, it is 
necessary to group the data into strata 
such that 1) within each class the 
catchability may be assumed constant, 
2) the probability of isolation will be 
minimized, and 3) sufficient data for 
analysis will be available in each group. 

Following these criteria. the fishing 
vessels were assigned to length 
classes, and a separate class was 
established for each 10-foot increment 
in length. For each vessel length class, 
catch and effort data for each year 
were accumulated by 3O latitude- 
longitude quadrangle and by 15-day 
period. Fishing power coefficients were 
then derived for each vessel length 
class. Statistically significant dif- 
ferences in fishing power were found 
among the several length classes and 
nominal fishing effort for all was 

2 

standardized in terms of effort of a 
45-foot jig boat, which is approximately 
the median vessel length for the 
albacore jig fleet. 

In addition, apparent geographical 
and seasonal differences in fishing 
power were found. Paucity of the data 
on a coastwide basis precluded rigorous 
statistical analyses. However, sub- 
jective evaluation of the results indi- 
cated an apparent need to stratify the 
fishery in geographic areas, 1) north 
and 2) south of lat. 38ON (about San 
Francisco). and to stratify the fishing 
season into 1) early-season consisting 
of the months June, July, and August, 
and 2) late-season consisting of the 
months September. October, and 
November. To minimize the geographi- 
cal and seasonal effects in the calcula- 
tion of the overall catch-per-unit effort, 
four sets of fishing power coefficients 
were calculated. i.e.. early-north, 
early-south, late-north, and late-south. 
for each vessel size class. The four sets 
of fishing power Coefficients for each 
vessel size class are given in Table. 2. 

In order to examine spatial-temporal 
variations in the distribution of the 
albacore fishery and to study fish-ocean 
relationships, it was desirable to derive 
estimates of the catch-per-unit effort 
on a lo quadrangle basis. Estimates of 
the mean catch-per-unit effort were 
computed by a 15-day period and by a 
1" quadrangle, applying the appropri- 
ate fishing power coefficients as 
follows: 

Where i = region (1 = north, 
2 = south) 

j = season (1 = early, 
2 = late) 

k = vessel length class 
(1 = 30. 
2 = 40, . . .) 

1 = locality, 1" square. 
Let f,jk = fishing power coefficient for 

kth vessel class in ijth stratum 
C,ju = catch of kth vessel class in 

1 in ijth stratum 
eqM = nominal effort of kth vessel 

class in locality 1 in ijth stratum 
i).l - k CUM 
y.1 - euM f i i k .  

c.. - = 
E.. - 

Then the standardized catch-per-unit 
effort, in terms of a 45-foot jig boat for 
a lo quadrangle 1 will be 



and average catch-per-unit effort cal- 
culated from total catch and total effort 
over all strata will be 

C/E = C .... / E  .... = 
E i Z j X l  C+i/.EiXjEiE+i, 

while the average of all catch-per-unit 
effort for all vessel classes and time- 
area strata will be 

C/E=EjEj t ,C+i /E+ , /N ,  
where N = number of strata. 

The estimates of mean catch-per-unit 
effort by 15-day period and by lo 
quadrangle are given in Figures 1 to 
10. We emphasize that the catch rates 
presented in the figures are based on 
data only from those vessels for which 
logbooks or interviews were available: 
however, we assume they are repre- 
sentative of the entire fleet of jig boats. 
Further, we wish to point out that 
1) the catches were not evenly dis- 
tributed within the time periods, and 
21 the schools of albacore were not 
uniformly distributed throughout each 
lo quadrangle. 

RESULTS 

Charts of catch-per-unit effort in 
terms of a 45-foot jig boat by 15-day 
period and lo quadrangle are given in 
Figures 1-10. Some general comments 
will be made concerning the data given 
in the figures, including 1) the annual 
latitudinal variation in the distribution 
of the fishery, 2) the offshore distri- 
bution of the fishery, and 3) the 
seasonal development of the fishery. A 
detailed analysis of the charts will not 
he given. Readers can draw their own 
conclusions depending on their in- 
tended use of the charts. Estimates of 
the mean standardized catch-per-unit 
effort and concentration index by years 
are also presented. 

Annual L a t i t d i d  Vuiatiaa~ 
in the Distribution 
of the Fishery 

Although the jig fishery for albacore 
ranged from central Baja California. 
Mexico, to British Columbia, Canada, 
usually it was not continuous or evenly 
distributed over this area (Figs. 1-10). 
Instead, fishing was centered in rela- 
tively restricted regions which varied 
in location both within and between 
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seasons. Marked annual latitudinal 
variations in the location of the center 
of the fishery are also clearly evident in 
the figures. For example, during the 
period 1961-65 most fishing took place 
south of San Francisco. In these 
“southern” waters the geographic 
range of the fishery was greater and 
the catch rates usually higher than to 
the north (Figs. 1-5). By 1966, however, 
a major part of the fishery had shifted 
to “northern” waters above San Fran- 
cisco. where the extent of the fishery 
and the catch rates were much greater 
than to the south-these conditions 
persisted through 1970 (Figs. 6-10). 

Annual variations in location of the 
albacore fishery have been observed 
over at least the past three decades. 
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They are indicated in Figure 11 (from 
Laurs, 1971). which gives the per- 
centage of the west coast albacore tuna 
catch taken north of San Francisco for 
the years 1938-70. According to Laurs 
et al. (1974). based on unpublished 
work by James Renner’, these vari- 
ations appear to be related to marine 
environmental conditions during spring 
months in the offshore waters through 
which albacore presumably pass during 
their migration from the central Pacific 
into the west coast fishing grounds. 

Variation in the location of the 
fishery has affected the amount of 
albacore landed in the individual Pacific 

’Southwest fisheries Center. NMFS. NOAA. 
La Jalla. CA 92038. pers. commun. 



Coast States. For example, during the 
1961-65 "southern" fishery years. 
landings in California ranged from 
23.22 to 43.88 million pounds, while 
landings in Oregon ranged from 3.25 to 
12.12 million pounds. However, during 
the 1966-70 "northern" fishery years. 
landings in California decreased, 
ranging from 14.72 to 29.99 million 
pounds while landings in Oregon 
increased, ranging from 17.68 to 37.75 
million pounds. Albacore landings in 
Washington also were highest when 
the fishery was centered to the north 
(Table 3). 
The Off~hore Mstnintinn 
of the Flshery 

Little variation was apparent in the 
offshore distribution of the albacore 
fishery (Figs. 1-10). Most fishing 
occurred within 200-250 miles of shore. 
with the highest catch rates frequently 
made within 100 miles of the coast. 
However, there was generally a strip 
of varying width along the coast which 
was void of albacore catches. The 
width of this strip was often greatest 
off northern California and Oregon 
where it sometimes extended 50 or 
more miles offshore. 

According to several authors 
(Clemens. 1961; Pearcy and Muller. 
1969 Flittner, 1970 Panshin, 1971; 
Laurs. 1973; and others). albacore may 
avoid nearshore waters off the coast of 
North America because water tem- 
peratures there are below those con- 
sidered optimal for albacore (Laevastu 
and Rosa, 1963). These cool coastal 
waters result from coastal upwelling 
(Smith, 1968) and the nearshore areas 
which were devoid of albacore catches 
extended the farthest offshore where 
upwelling has been found to be 
strongest (Bakun. 1973). 
Seamad Development 
of the Fishery 

General information about the  
seasonal development of the albacore 
fishery and its year-to-year variations 
can be obtained from the charts of 
catch-per-unit effort. However, since 
there is a complicated interplay of 
numerous factors (including availability 
of albacore, socioeconomic, weather. 
oceanographic conditions, etc.) that 
may influence the catch rates, care 
should be exercised if the charts are 
used to evaluate such events as the 
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29.m 21.80 4.39 

32.83 
45.94 
60.79 
48.08 
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48.34 
55.88 
48.11 
58.12 

beginning or end of the fishery for 
specific years, within-season vari- 
ations. etc. 

It can be seen in Figures 1-10 that 
the albacore jig fishery is seasonal. 
generally lasting from July through 
October. although some catches were 
made as early as the first half of June 
(Figs. 2 and 3) and as late as mid- 
December (Fig. 10). During "southern" 
fishery years, catches indicative of 
commercial concentrations (catch rates 
of about 100 fish per day) were often 
made beginning in mid-June to early 
July (Figs. 1-5).This is about 2-4 weeks 
earlier than during the "northern" 
fishery years when significant catches 
usually were not made until after mid- 
July (Figs. 6-10). 

There were also differences in the 
pattern of the seasonal distribution of 
the fishery between "southern" and 
"northern" fishery years. During mwt 
"southern" years a single fishing center 
was observed (Figs. 1-5). It expanded. 
generally moved northward. and then 
contracted during the fishing season. 
The fishery usually began between 
northern Baja California and southern 
California, expanded northward up the 
coast during the late summer and early 
fall months to northern California or 
Oregon, and then receded southward 
during the late fall to off central 
California where the fishing season 
usually ended. A different pattern was 
observed during most "northern" 
fishery years (Figs. 6-10) when two 
widely separated fishing areas pre- 
vailed from the beginning of the season 
through the late summer months. One 
of these areas was off the Pacific 
Northwest and one off southern Cali- 
fornia, with the former occupying a 
larger geographic area and having 
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generally higher catch raten than the 
latter. By early fall. the southern area 
had shifted northward and the  
northern area southward. forming a 
single area off central California where 
the fishing season usually ended in the 
late fall. 

A n n d  St.ndudized 
Catch-Per-Unit Effort 

Estimates of annual s t a n d a r d i i  
catch-per-unit effort were derived to 
provide information on the trends in 
albacore fishing success. These esti- 
mates were based on data for the 
period 1 July to 31 October and were 
derived in two ways: 1) the total catch 
divided by the total standardized 
effort, 

CPUEl = Ic/rf, (1) 

and 2) the sum of the CPLIE for each 
time-area stratum divided by the 
number of strata, 

CPUEZ =+ EC/f (2) 

where C denotes catch, f denotes 
nominal standardized effort, and n 
denotes the number of time-area 
strata. 

Estimates of the annual standardized 
catch-per-unit effort based on Equa- 
tions (1) and (2) above are given in 
Table 4 and Figure 12. 

A two-fold variation in the annual 
catch-per-effort of albacore was ob- 
served during 1961-70. The ratio of 
averages CPUE statistic ranged from 
69.24 to 136.99 fish per day, and the 
average of ratios CPUE statistic 
ranged from 61.24 to 119.03 fish per 
day. Both estimates of catch-per-unit 
effort were relatively low in 1961 and 
1964.66. and high in 1962-63 and 
1967-70 (Fig. 12). 

A n n 4  Concentration Index 

To obtain a measure of the extent to 
which the albacore jig fleet has been 
successful in concentrating nominal 
eifort in areas where or when average 
catch-per-unit effort has been high, 
computations were made for each year 
of the concentration index (Gulland. 
1955). This index is the ratio of the 
ratio of averages CPUE statistic. 
Equation 11). to the average of ratios 
CPUE statistic, Equation (2): 



Tabla 4.-Annnul nlw of ~ H n d n d i a d  ffshInO dtat. IWWd c*oh. 
cmclFpw-unfl~liw(. and so(wlltt.lfon 1nd.x for Ih U.S. .Ib.cor* IlpllShW 
dwfng 1S1-70. 

Concsnlrallon 
Yew' Effort' Cllch' 'CPUE, 'CPUE, index 

1981 
1982 
1983 
1984 
1985 
1988 
1987 
1968 
1969 
1970 

3.542.2 
9.2N.4 
5.797.7 
7.102.8 
8.042.5 
3.019.4 
3.249.9 
5.322.7 
8.529.6 
5.m 0 

245.438 
1.151.957 

772.474 
697,331 
547.w 
278.148 
411,048 
729,186 
754.238 
680.083 

69.24 
124.72 
133.24 
98.18 
93.54 
91.48 

128.48 
136.99 
115.51 
128.12 

81.24 
112.55 
119.03 
76.28 
83.25 
62.27 
90.14 
83.97 
72.48 
88.12 

1.13 
1.11 
1.12 
1.29 
1 .a 
1.47 
1 .a 
1.48 
1.59 
1.45 

t For period 1 July 10 31 CClObor 
'Standardized boalday of logged effort 
'Number of lopped fish. 
'Ratio of averages CPUEdertMd using Equation (1) 
'Averape Of ratios CPUE derived uslnQ Eauallon (21. 

Ig = W / T  f l  tmxc/fl1. 
During each year the concentration 

index ( I S )  was greater than 1.0. 
ranging from 1.11 to 1.59 (Table 3). 
The values of Ig fall into two categories 
1) one for the y e m  of 1961-69 and 2) 
another for the years 1965-70. The 
values in the secondary category are 
higher than those in the first. and 
within each category the values are 
very stable. These resuits indicate that 
1) each year albacore fishers tended 
to concentrate their effort in areas or 
period having a high average catch- 
per-unit effort presumably on relatively 
high densities of available albacore, 
and 2) they were relatively more suc- 
cessful in doing so during the years 
1965-70 than during 1961-64. 
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