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North Pacific albacore (Thunnus alalunga) is a highly migratory and 

commercially valuable species of tuna.  All stock assessments and management 

decisions for North Pacific albacore are presently based on the assumption of a single, 

uniform stock.  However, a growing body of evidence from diverse sources suggests 

that there are two subgroups of albacore in the coastal fishery of North America.  

These subgroups are believed to occur north and south of 400 North latitude. This 

study investigated the existence of the proposed subgroups using more than 40 years 

of albacore logbook and port sampler data provided by the Southwest Fisheries 

Science Center.  I examined regional differences in the coastal albacore fishery using 

three metrics: 1) catch per unit effort (CPUE), 2) entry and exit date, and 3) size 

composition.  Distinct regional differences were observed for each metric. Spatial 

mapping of average CPUE by month suggested that migration into the coastal fishery 

occurs at two distinct locations: approximately 450 North latitude and 300 North 



 
latitude.  Availability within seasons, expressed as average CPUE by month, differed 

between the two regions.  Average entry and exit dates were also different between the 

two regions, with the northern region starting on average one month later (July) and 

ending one month earlier (October) than the southern region.  Moreover, albacore 

from the southern region averaged 2.5 cm longer than those caught in the northern 

region.  These results support previous findings and suggest that the coastal albacore 

fishery is comprised of two subgroups with distinct migration routes and size 

characteristics.  The results may have implications for the management of this fishery, 

particularly if these subgroups represent separate and distinct stocks.  Because this 

study did not examine spawning distribution, further research (possibly using genetics) 

is needed to determine if the subgroups spawn independently in space and time. 
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1 INTRODUCTION 

1.1 Albacore Biology and Background Information 

Albacore (Thunnus alalunga) is a highly migratory species of tuna distributed 

throughout the global oceans.  They are found in epipelagic waters of the temperate 

and subtropical regions of the Atlantic, Pacific, and Indian Oceans, as well as the 

Mediterranean Sea.  In the Pacific Ocean, there are two separate and distinct stocks, 

one in the northern hemisphere and one in the southern hemisphere (Ueyanagi 1969; 

IATTC 2006).   

Fish from the northern hemisphere are known as North Pacific albacore.  When 

using surface gear in the eastern North Pacific, they are typically caught in waters with 

surface temperatures between 15-19.50 C (Clemens 1961; Flittner 1963).  North 

Pacific albacore migrate along oceanic thermal fronts and form transient aggregations 

or loose schools in areas of local enrichment, such as eddies, chlorophyll hotspots, and 

areas with abundant prey (Laurs and Lynn 1977; Laurs 1983; Laurs et al. 1984; Laurs 

and Lynn 1991; Polovina et al. 2001; Zainuddin et al. 2006). They are visual feeders 

and prey opportunistically on small fishes, cephalopods, and crustaceans (Magnuson 

1963; Pinkas et al. 1971; Pearcy 1973; Laurs and Lynn 1991).  A unique counter-

current heat exchange system allows albacore to maintain internal body temperatures 

up to 100C higher than ambient water conditions, which likely facilitates deep dives 

into colder water for prey (Graham and Dickson 2001).   

Albacore are considered members of a cold-water subgroup within the genus 

Thunnus (Ellis 2008).  Other members of this group, such as the three species of 

bluefin tuna (T. thynnus, T. orientalis, and T. maccoyii), are also caught in temperate 
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waters, but albacore are the most northerly distributed tuna in the Pacific Ocean 

(Ellis 2008). 

Albacore are negatively buoyant and need to swim constantly to force water 

over their gills to maintain respiration (Brill and Bushnell 2001).  In conjunction with 

a life of continual movement, albacore require considerable energetic intake and have 

high metabolic rates that can be 2 to 10 times greater than other teleost fishes (Graham 

and Laurs 1982; Korsmeyer and Dewar 2001).  Therefore, the availability of prey, in 

addition to water temperature and clarity, is thought to be an important factor 

influencing albacore movement and distribution patterns (Clemens 1961; Laurs and 

Lynn 1977; Laurs and Lynn 1991). 

1.2 North Pacific Albacore Fishing Gear and Fisheries 

 There are currently three major gear types used to harvest North Pacific 

albacore: longline, troll, and bait boat gear.  Pelagic longline vessels are larger boats 

(> 15 m) that set a single line of many hundred baited hooks at up to 300 m deep. Troll 

vessels (also known as jig boats) tow artificial lures (jigs) with barbless hooks along 

the surface of the water and use 14 to 20 lines at a time.  Bait boats, or pole-and-line 

fishing, chum with live bait and use a stout pole with a short line that has a single 

barbless hook and either an artificial lure or live bait (Powers et al. 2007).  Longline 

gear accounts for 35.5% of albacore landed by all nations, while troll and bait boats 

account for 22.9% and 34% respectively (IATTC 2006). 

Due to their wide movements throughout the ocean, North Pacific albacore are 

fished commercially by a number of different nations. They are caught in the Kuroshio 

Current, the North Pacific Transition Zone, and the California Current.  The major 
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fleets targeting North Pacific albacore include: pelagic longline vessels in the western 

and central North Pacific from Japan and Taiwan; a U.S. Hawaiian-based longline 

fleet fishing in the central North Pacific; a Japanese bait boat fishery in the western 

North Pacific; U.S. troll and bait boat fisheries in the eastern North Pacific; a 

Canadian troll fishery in the eastern North Pacfic; and U.S. recreational hook-and-line 

fisheries off California and Oregon.  

 The U.S. and Japan account for approximately 94% of the total albacore 

caught in the North Pacific by all fisheries since 1952 (Childers and Aalbers 2006).  

Japan is the chief harvester. Its major fishery operates west of the international 

dateline, using bait boat gear to target juveniles and adults in the spring and early 

summer months (Otsu and Uchida 1959; Laurs and Lynn 1991).  The United States is 

the second biggest harvester of North Pacific albacore.  The U.S. surface fishery 

harvests primarily juvenile albacore using troll and bait boat gear off the coast of 

North America in the late summer and fall.  This fishery accounts for approximately 

20% of the North Pacific albacore landed annually by all nations and has an ex-vessel 

value of roughly $20 million each year (Laurs and Lynn 1991). 

1.3 North Pacific Albacore Life History and Migration 

Despite the important economic value of the North Pacific albacore fishery, the 

life history of this species is not fully understood, particularly with regard to spawning 

and migration patterns.  Albacore have a moderate life span of about 10 to 12 years 

and mature at approximately 5 to 6 years of age (Otsu and Uchida 1959).  Once 

albacore reach maturity they move to warmer sub-tropical waters where reproduction 

takes place and migration appears limited (Otsu and Uchida 1959; Laurs and Lynn 
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1991) (Figure 1).  Spawning is believed to occur in the subtropical waters of the 

western North Pacific mostly between the equator and 200 N and in the vicinity of the 

Hawaiian Islands, but can also take place near Guadalupe Island, Mexico, in some 

years (Scofield 1914; Otsu and Uchida 1959; Clemens 1961; Powers et al. 2007) 

(Figure 1).  Spawning is assumed to occur at multiple times in the year with peak 

activity taking place during summer months in the western Pacific, although there is 

some evidence to support spawning during winter months in the eastern Pacific (Otsu 

and Uchida 1959; Wetherall et al. 1987).  

 
 
Figure 1. Approximated schematic of traditionally assumed migratory patterns and 
hypothesized spawning locations for North Pacific albacore. 
 
 

Initial tagging studies indicated that North Pacific albacore, particularly 

juveniles, undertake trans-Pacific migrations (Clemens and Craig 1965; Weatherall et 

al. 1987) (Figure 1).  This has led to the belief that there is one stock in the North 
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Pacific (Otsu and Uchida 1959; Clemens 1961; Otsu and Uchida 1963; Clemens and 

Craig 1965). Early studies suggest the juvenile albacore migration begins in the spring 

in waters off Japan, continues throughout the late summer into the inshore waters off 

the U.S. Pacific coast, and ends in the late fall and winter when juvenile albacore 

return to the western Pacific Ocean (Otsu and Uchida 1963; Wetherall et al. 1987).  It 

is generally believed that oceanic conditions strongly influence both the timing and 

geographical extent of albacore migration in a given year (Clemens and Craig 1965; 

Laurs and Lynn 1977; Kimura et al. 1997). 

1.4 North Pacific Albacore Stock Status and Management 

Recent estimates indicate that the North Pacific albacore stock is currently at 

38% of its total unexploited biomass and at only12% of the unexploited adult biomass 

(Sibert et al. 2006). Other estimates of the current spawning adult biomass range from 

17 to 31% of the unfished stock (Stocker 2005; Powers et al. 2007).  The total catch of 

North Pacific albacore for all nations peaked in 1976 with a record high of 125,400 

mt.  After declining to a low of 37,600 mt in 1991 (Figure 2) (Stocker 2005), catch 

increased in the 1990s, reaching a high of 121,500 mt in 1999. More recently, catch 

has averaged 92,600 mt for the years 2000 to 2003 (Figure 2) (Stocker 2005).  The 

total population biomass is now increasing and by all indications the stock is currently 

healthy (PFMC 2007).  
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Figure 2. Retained catches of North Pacific albacore in metric tons, 1950 to 2004.  
Reprinted from IATTC 2006.  OTR= Other, LTL = Troll, LP = Poll-and-Line, LL = 
Longline. 
 

Because of its wide ranging migratory patterns and the related high seas 

fishing efforts, North Pacific albacore are managed by two international organizations, 

the Inter American Tropical Tuna Commission (IATTC) and the Western and Central 

Pacific Fisheries Commission (WCPFC).  Along the west coast of North America, the 

Pacific Fisheries Management Council (PFMC) regulates the U.S. fishery, which is 

one of the few remaining open access fisheries in this region.  Despite its apparently 

healthy population status, the North Pacific albacore stock may be experiencing 

exploitation levels beyond long-term sustainable limits (Stocker 2005).  The 

International Scientific Committee (ISC) for tuna and tuna-like species in the North 

Pacific recommends no additional increase in the current fishing mortality rate 

(WCPFC ISC 2008).  Both the IATTC and the WCPFC have set forth resolutions and 

proposed management measures to restrict fishing effort from increasing (IATTC 

2005; WCPFC ISC 2008).  Consequently, the PFMC is also considering adopting 

measures to limit access in order to control excess capacity.  In addition, some 
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members of the U.S. albacore industry are concerned that reductions in other U.S. 

fisheries, notably salmon and groundfish, could push more people into the albacore 

fishery and increase fishing pressure.  This group further urges the PFMC to consider 

capping effort at current levels.   

1.5 North Pacific Albacore Stock Structure 

A stock is a fisheries management unit, which describes a population of fish 

with distinct production characteristics such as birth and death rates (Jennings et al. 

2001).  This implies that the population is discrete or reproductively isolated in space 

and time.  Subsequently, a stock will respond more or less independently to 

exploitation, and their own birth and death rates will have a more significant effect on 

their dynamics than those of adjacent stocks (Jennings et al. 2001).  If gene flow is 

sufficiently low between stocks, they may become genetically distinct.  Stocks can 

include subpopulations or sub-stocks with varying degrees of inter connectedness 

among them via larval dispersal and recruitment.  A subgroup describes a group or 

part of a larger stock, which displays unique behavioral and physiological 

characteristics, but may not be reproductively isolated.    

Current stock assessments assume that there is only one population of albacore 

in the North Pacific (Crone et al. 2006).  This assumption is primarily based on early 

studies, which found that juvenile albacore tagged off the west coast of the United 

States were recovered in waters near Japan and vice-versa (Clemens 1961; Otsu and 

Uchida 1963).  However, there is evidence that the stock may not be as homogeneous 

as once thought (Laurs and Lynn 1977). 
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Studies suggest that there are two independent subgroups of albacore off the 

North American coast: one “southern group” found in waters off of California and 

Baja, Mexico and another “northern group” located off of the Pacific Northwest coast 

of the United States and Canada (Brock 1943; Flittner 1963; Pearcy and Osterberg 

1968; Krygier and Pearcy 1977; Laurs and Lynn 1977; Laurs and Wetherall 1981; 

Wetherall et al. 1987; Laurs and Lynn 1991).  These studies used catch data, natural 

markers, and tagging to indicate two subgroups, distributed north and south of 

approximately 400N, with differing migration routes into the coastal fisheries of North 

America and differing movements and distributions across the North Pacific, as well 

as different size compositions and growth rates.  

Brock (1943) was the first to suggest that the North American coastal albacore 

fishery was comprised of two groups of fish.  During the period 1937 to 1940, peak 

albacore landings for ports in Los Angeles, CA and Astoria, OR occurred at the same 

average time each season (August).  However, the total catch was greater for Oregon 

during the 1937 to 1940 period.  Given that peak catch occurred at the same time in 

two distant locations, it seemed unlikely that fish were migrating between the two 

areas along the coast.  Instead, Brock (1943) suggested that the seasonal arrival of 

albacore and their abundance reflected at least two separate and independent groups 

invading the U.S. coastal area. 

Using data from the 1962 Navy picket vessel survey, Flittner (1963) postulated 

that albacore congregate offshore and then split into two migratory components: early 

arrivals proceed to southern fishing areas and late arrivals turn northward to the coast 

off Oregon and Washington.  Laurs and Lynn (1977) concluded that the migratory 
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pattern of albacore moving into the North American coast indicated two subgroups 

with fish found off the Pacific Northwest following a different route than those found 

in the fishery off California. Albacore fishery oceanography research in 1972 to 1974 

suggested that events offshore, including frontal structure development in the eastern 

Transition Zone and seasonal warming of surface waters, were important in 

determining the distribution and relative abundance of albacore in coastal waters 

(Laurs and Lynn 1977).  Based on these data, Laurs and Lynn (1977) suggested that 

the northern group is composed of fish migrating north of the 35th parallel and that the 

division of the two migration patterns occurs in offshore waters west of longitude 1400 

West. 

Evidence for two subgroups of albacore has also been seen in differing levels 

of the artificial radionuclide cobalt-60 (60Co) detected in the livers of fish caught off 

Oregon and Washington compared with those captured in southern California during 

the fishing seasons of 1963 to 1969 (Krygier and Pearcy 1977).  Peak activity levels of 

60Co occurred one year earlier for Oregon and Washington fish than for fish in 

Southern California.  Because the major fallout input of 60Co occurred at 

approximately latitude 400N, albacore associated with waters north of 350 N would 

have received greater exposure.  Krygier and Pearcy (1977) concluded that circulation 

patterns and latitudinal differences in the distribution of albacore from the two 

proposed subgroups was a plausible explanation for the observed difference in 60Co 

activity levels. 

From 1971 to 1978, the National Marine Fisheries Service (NMFS) and the 

American Fishermen’s Research Foundation (AFRF) conducted joint albacore tagging 
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studies off the coast of North America.  These studies also suggest the existence of 

two subgroups of North Pacific albacore and show that the northern group and 

southern group are separated at approximately 400 N (Laurs and Nishimoto 1979; 

Laurs 1983; Laurs and Lynn 1991).  Recovery patterns indicated that the northern 

group undertakes transpacific migrations between the eastern and western North 

Pacific, resulting in exchange between the U.S. coastal fishery and the Japanese 

livebait fishery (Table1) (Laurs and Nishimoto 1979; Laurs 1983; Laurs and Lynn 

1991).  The southern group seems to undergo more limited movement and remains 

mostly in the southern area (Table 1).  Only a small portion of the southern group (up 

to 10%) appears to migrate between the eastern and western Pacific.  As a result, this 

group is targeted primarily by longline fisheries operating in the central North Pacific 

and by the U.S. surface fishery (Table 1) (Laurs and Nishimoto 1979; Laurs 1983; 

Laurs and Lynn 1991) 

Table 1.  Summary of where tagged albacore were recovered relative to area of release 
from studies conducted during 1971-1978 seasons in the North Pacific (from Laurs 
1983). 

  Area of release 

Area of Recovery  
Inshore south 
of 400N 

Inshore north of 
400N 

Inshore south of 400N 78% 7% (0.8%)* 

Inshore north of 400N 5% (0.4%*) 32% 

West of 1800 5% 51% 
Other 12% 10% 
*Percent recovered same year of release 

 
 

The joint NMFS-AFRF tagging studies from 1971-1978 also show that 

exchange between the subgroups within a single season can be as low as 0.4%, 
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although interannual exchange can be up to 7 % (Table 1) (Laurs 1983).  Thus, 

within a given year, the amount of movement between the southern and northern 

regions appears to be very limited.   

Previous tagging work and additional studies also provide evidence to support 

this conclusion.  Otsu and Uchida (1963) found that no albacore tagged off of Oregon 

were recovered in California during the same season.  Clemens (1961) found that no 

albacore tagged off Northern Baja and Southern California were recovered in Oregon 

or Washington in the same season.  Other lines of evidence have demonstrated limited 

exchange within seasons as well.  A study from the summers of 1962 to 1968 found 

that effluent from the Columbia River plume contained the radionuclide zinc-65, 

which served as a natural tag producing higher levels of 65Zn in Oregon and 

Washington caught albacore than in Southern and Baja California caught albacore.  

Pearcy and Osterberg (1968) noted no evidence for either immigration of northern 

65Zn tagged albacore into the southern California fishery or for immigration of 

southern albacore into the northern fishery during a single season.  These results led 

the authors to conclude that there was limited to no interregional mixing between 

southern and northern albacore during one year.    

Comparing landings data from the California and Oregon fisheries, Brock 

(1943) noted smaller modal sizes of fish caught in Oregon waters and found 

indications of slower growth rates for these fish. Laurs and Lynn (1977) arrived at the 

same conclusion based on offshore-nearshore and north-south geographic variations in 

the size composition of albacore caught by chartered commercial vessels during the 

1972 to 1974 seasons.   
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In addition to different modal sizes, albacore caught from the northern and 

southern regions show different growth rates.  The growth rate of North Pacific 

albacore caught either off the coast of North America north of 400N, or in the western 

North Pacific off Japan, was found to be significantly lower than for tagged albacore 

recaptured off North America south of 400N during 1972-78 (Laurs and Wetherall 

1981).  Similarly, growth models based on otolith analysis and tag returns indicate 

faster growth for albacore in the proposed southern group than for those in the 

northern group (Wetherall et al. 1987).   

Estimated birth date distributions using tag release and return statistics suggest 

that albacore from the northern group are born primarily between April and October 

with a peak in July, while the southern albacore appear to be born between November 

to June with a peak in February (Wetherall et al. 1987).  Length-frequency 

distributions that estimate spawning periods also indicate that northern and southern 

groups may spawn roughly 6 months apart with northern albacore peaking in the 

summer and southern albacore peaking in the winter (Wetherall et al. 1987). 

1.6 Study Objectives 

 Although the two-subgroup hypothesis has existed for some time, it remains a 

debatable topic that is important for the management of the west coast albacore 

fishery, since current stock assessments assume a single stock.  As managers and 

policy makers consider potential new management measures, a timely opportunity 

exists to reassess our understanding of North Pacific albacore stock structure.  Current 

assumptions regarding distribution, abundance, and stock complexity may be based on 

overly simplistic models.  In the past 17 years, there has been little to no published 
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research on this issue. All prior studies have been based only on a limited number of 

years and in some cases, few data. This study, which examines catch data collected 

from over 40 years, provides the most extensive long-term examination of the two-

subgroup hypothesis to date.  

My specific objective is to further investigate the existence of two subgroups 

of North Pacific albacore, one north and one south of 400N, in the coastal fishery of 

North America using commercial catch records from 1961 to 2006.  I analyze 

interannual and seasonal changes in catch per unit effort, entry and exit date of the 

fishery, and length composition between the proposed northern and southern groups.  

Strong evidence in support of the two-subgroup hypothesis could elucidate the need to 

reform future stock assessments and management approaches for this ecologically and 

commercially valuable species. 

The use of such an extensive time series in this study allows for novel 

exposure of long-term patterns and trends, which could substantiate or refute previous 

work on the subject.  Future use of genetic analysis may also prove useful to resolve 

the subgroup hypothesis, although such work may not be conclusive, particularly if 

conducted on neutral genes.  The exchange of even a few individuals between 

subgroups could erase a genetic signal, but would still not exclude the possibility that 

two subgroups exist.  Given the cost and time consuming nature of a complete genetic 

study, prior analysis of existing long-term data to justify such an experiment is 

sensible. 
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2 MATERIALS AND METHODS 

2.1 Data Description and Study Area Selection 

This study is based on fishery-dependent data provided by the Southwest 

Fisheries Science Center (SWFC) of the National Oceanic and Atmospheric 

Administration. The data included logbook and port sampler records from the U.S. 

commercially-caught North Pacific albacore fishery from 1961 to 2006.  I used 

logbook data to analyze spatiotemporal changes in catch per unit effort and entry-exit 

timing of the fishery.  Logbook data were voluntarily provided to state and federal 

agencies until 2005, at which time record keeping and submission became mandatory. 

Data gathered from port samplers from 1961 to 2004 were used for size analysis.  

All data were analyzed using R1 (Ihaka and Gentleman 1996; R Development 

Core Team 2003).  Prior to analysis, all data were edited to include only those catch 

records east of 1300W, west of 1100W (or bounded to the east by land), and north of 

200N (Figure 3).  These edits were made to restrict the scope of the analysis to the 

U.S. coastal albacore fishery.  The U.S. has sole management authority over U.S. 

boats within its Exclusive Economic Zone (EEZ), which extends from the coast to 

200nm at sea.  The Oregon coast is approximately 240nm from 1300W.  Therefore, 

1300W serves as a good line to approximately delineate the coastal fishery and U.S. 

jurisdiction for management purposes.  Prior studies of albacore migration have also 

used 1300W to distinguish between nearshore and offshore regions (Laurs and Lynn 

                                                 
1 R is a programming language and open-source software environment designed for 
statistical computing and graphical techniques.  R is part of the GNU project, and its 
source code is freely available under the GNU General Public License available at: 
http://www.r-project.org 
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1977).  From 1961 to 1979, 99% of the recorded U.S. catches for albacore occurred 

within 200 nm (east of 1300W) of North America (Powers et al. 2007).  Thus, U.S. 

albacore fishing has historically occurred close to shore and the geographic scope of 

this study captured a high proportion of U.S. albacore fishing activity. 

 

 

Figure 3. Study area shown (east of 1300W, west of 1100W, and north of 200N ) with 
division of southern and northern regions by 400N.  All catch data inside this area 
were included and bounded to the east by land. 

Northern 
Region  
(> 400N) 

Southern 
Region  
(≤ 400N) 
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According to the most recent reports, the division between proposed 

northern and southern subgroups of albacore is believed to occur at or near 400N 

(Laurs 1979; Laurs 1983; Laurs and Lynn 1991).  Consequently, this study analyzes 

the two geographical regions north and south of 400N.  The U.S. landings from 

Mexican and Canadian waters were included.  Hereafter, the northern region refers to 

the area north of 400N and the southern region refers to the area at or below 400 N 

(Figure 3).  All data, regardless of collection method, were separated along this 

latitudinal line for investigation of the two-subgroup hypothesis.   

Data provided by the SWFSC contained records from both bait and troll 

vessels. However, this study only used data from troll boats.  I excluded bait boat 

records for several reasons. First, there were major differences in CPUE between the 

two gear types.  Bait boat records were found to have higher average and maximum 

CPUE values (Table 2).  Second, bait boat gear was not used consistently throughout 

the time series of the dataset (Figure 4). In particular, bait boat usage declined over 

time, but increased in later years. The initial decline likely resulted from the 

establishment of Mexican laws that forbade U.S. boats from catching albacore and 

skipjack bait fish in Mexican waters. Third, bait boat records occupied a much smaller 

proportion of the dataset (Table 2).  Finally, standardization between the two gear 

types was difficult due to a lack of consistent overlap in space and time.  

Standardization was further complicated because these gear types employed vastly 

different fishing techniques requiring differing amounts of manpower.  Therefore, the 

decision was made to focus solely on catch records from troll vessels. 
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Information on vessel size was not provided by the SWFSC nor was vessel 

size accounted for in CPUE analysis.  Although Laurs et al. (1976) concluded that 

standardization for boat size was necessary, Kleiber and Perrin (1991) found little 

difference in CPUE trends after standardizing for boat size in the U.S. albacore 

fishery.   

 

Table 2. Differences in North Pacific albacore fishing gear type and associated catch 
per unit effort (CPUE; number of fish caught per boat per day per one-degree square) 
from logbook records from 1961-2006 and east of 1300W.   

 
Gear Type Proportion of Dataset Average CPUE 

Value (f/bd) 
Max CPUE 
Value (f/bd) 

Troll 85.50% 73.3 1425 

Bait 14.50% 165.1 4372 
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Figure 4. Frequency of use east of 1300W for North Pacific albacore troll and bait 
gears by year (1961-2006).   

 

 The data were further edited to eliminate logbook records of extremely early 

fishing events in the calendar year.  Albacore typically occur off the coast of North 

America from late spring to autumn (Laurs et al. 1984).  Initial data plotting revealed 

potential outlier points in the years 1978 and 2006.  In 1978, positive catches were 

recorded off of Baja, Mexico, in the months of January, February, and March 

(Appendix C: figure 18).  This is highly unusual and positive catch records from these 

months were not observed during any other years.  In 2006, three zero catch values 
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were observed from the month of February in the southern region (Appendix C: 

figure 46).  This is also a temporal aberration from the catch data for all other years.  

Because of the unique nature of these data points, they were removed from CPUE and 

entry-exit timing analysis in order to more accurately calculate the entry and exit times 

of the fishery (see below). 

2.2 Catch Per Unit Effort (CPUE) Analysis 

 This study examined CPUE data for regional differences in the spatial and 

temporal availability of albacore in the coastal fishery of North America.  Spatial 

analysis was conducted via geographic mapping of CPUE and the examination of the 

proportion of the total yearly catch landed north of 400N.  Temporal changes in CPUE 

were examined at yearly and monthly time scales.  Statistical analysis was run using 

linear models.  

 To examine changes in CPUE, the study used logbook information recorded at 

daily intervals from 1961 to 2006.  CPUE was calculated as the total number of fish 

caught per “boat day” per 1-degree longitude by latitude cell.  A “boat day” is a unit of 

effort that represents the amount of effort made by one fishing boat during a 24-hour 

period within a single 1-degree geographic cell.  As a result, each record in the dataset 

and the smallest experimental unit for CPUE analysis was an average number of fish 

caught per boat per day in a one degree cell.  
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2.2.1 CPUE Spatial analysis 

 To create the spatial maps and graphical representations of the distribution and 

availability of the North Pacific albacore, I plotted CPUE as proportionally sized 

circles on maps of the study area. To ensure standardization and to allow comparison 

of circles between maps, the radius of each circle was proportional to: 

 

€ 

ri ∝
CPUE i

CPUEmax
 

where ri is the radius of the circle to be drawn, CPUEi is the value of CPUE for which 

the circle will be drawn, and CPUEmax is the maximum value of CPUE in the entire 

dataset.  

For purposes of spatial mapping, all CPUE values in the dataset greater than 

500 fish per boat day (f/bd) were reassigned a value of 500 f/bd, which sets CPUEmax 

as 500 f/bd.  A single circle size was plotted for all values of CPUE equal to or greater 

than 500 f/bd.  Each value of CPUE less then 500 f/bd took on a corresponding 

proportional circle size.  This was done to ensure that extremely large catch values do 

not obscure smaller catch values and to improve the visual representation of the data. 

The CPUE was plotted over increasing temporal resolutions. First, CPUE was 

plotted by month for all years combined (Appendix A).  Next, CPUE was plotted by 

year with months combined (Appendix B).  Finally, CPUE from individual years was 

plotted by month (Appendix C).   

 In order to assess the typical seasonal distribution of albacore, average CPUE 

from “fishable days” was plotted by month. Because the original data are fishery 
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dependent, not all geographic cells (one-degree latitude by one-degree longitude) 

were fished an equal number of days. This irregularity could contribute to 

unrepresentative spatial mapping of the average monthly distribution.  For example, if 

a cell is fished with extremely low frequency, but contains very high catch values, the 

resulting average will be inflated relative to other areas.  To address the problems 

created by this irregular effort distribution, I used a common denominator for all 

averages.  The CPUE was summed for each one-degree square for each month.  Each 

sum was then divided by the common denominator 905, which was the maximum 

number of days fished at any unique location within one month throughout the entire 

data set.  The monthly plots therefore represent average CPUE per fishable day, 

assuming that all cells are fished the same number of days.  A caveat of this approach 

is that the ability to fish may vary in time and space.  However, the technique was 

used to achieve the best visual representation of the average or typical distribution of 

albacore in a given month. 

To gain a better understanding of the yearly distribution of the catch north and 

south of 400N, the percent of the total catch taken north of 400N was calculated for 

each year.  I determined the yearly percent by summing the number of fish caught in 

the northern region in a given year and dividing by the total number of fish caught in 

the same year in both regions. The yearly percent of the catch taken north of 400N and 

yearly regional average CPUE values were then plotted across time.  In addition, the 

number of unique geographic cells fished in a single year was averaged by region to 

estimate the typical yearly spatial extent of the fishing effort in both regions.  A one –
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way ANOVA (t-test) was run to test for differences in the spatial extent of the 

fishery between regions. 

 Among other factors, CPUE could be influenced by distance to port.  To 

determine if CPUE was related to distance to port, an average yearly effort map was 

also created.  The unit of effort (boat days) was summed from unique geographic cells 

and divided by 46 (i.e., the number of years in the dataset).  The resulting values, 

which are the average annual effort by location, were plotted as proportionally sized 

circles on a map of the study area. 

2.2.2 CPUE Temporal Analysis 

To compare regional differences in availability among years, CPUE was first 

averaged north and south of 400N for each year.  This was done using a standard 

arithmetic mean.  To test for a correlation between the yearly average CPUE between 

regions, a linear regression analysis was conducted using a least squares fit.  Finally, 

to calculate average regional availability per year, the yearly CPUE values were 

averaged by region and a one-way ANOVA was used to test for a statistical difference 

between the two regions. 

To compare seasonal availability within years and between the two regions, 

CPUE was averaged by month for each region using a standard arithmetic mean. To 

reduce heteroscedasticy and improve normality, all CPUE data were first log-

transformed using the formula y = ln (x+1), where x is the original CPUE value and y 

is the resulting natural log transformed value. 
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An ANOVA was used to test for regional changes in CPUE over monthly 

and yearly time scales.  I tested for the effect of month, year, region, and the 

interactions of these explanatory variables on natural log CPUE.  The explanatory 

variables were treated as factors or categorical variables and the resulting model 

formula was: 

       

€ 

ln(CPUE) = year + month + region + year ×month + month × region + year × region  

where ln(CPUE) is the natural log transformed CPUE and region is either north or 

south of 400N.  Finally, post-hoc analysis of monthly regional averages was done 

using a Tukey Honest Significant Difference test for pair-wise comparisons among 

months and regions. 

2.2.3 Alternative CPUE Temporal Analysis 

The aforementioned temporal analysis of CPUE did not account for temporal 

and spatial autocorrelation between data points.  In addition, because not all months 

were fished an equal number of days throughout the duration of the data set, there 

were unequal sample sizes among months and between regions, which may bias 

results.  To address these problems and analyze regional differences in seasonal 

availability, CPUE was also averaged by month using a common denominator.  

Although this technique addresses the aforementioned issues, it assumes that both 

regions are equally fishable over space and time.  The common denominator used for 

the regional monthly averages was the observed maximum number of records, or the 

maximum sample size, for any single average.  Because we let each year serve as a 

replicate to allow for statistical analysis, the common denominator used was the 
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maximum number of records in a single month during a single year within a region.  

This value was 716, which reflects not only the number of days fished in that month, 

but also the spatial extant of the fishery.  Once the common denominator was 

established, CPUE values were summed by month, year, and region and then divided 

by 716 to provide the alternate averages.  Each of these averages was then log-

transformed using the previously described method to normalize the data for statistical 

analysis.  This effectively created a new sub-dataset composed of log-transformed 

average CPUE values for given months, years, and regions.    

I used an ANOVA to conduct a statistical analysis on this dataset and analyze 

regional differences in monthly CPUE.  Because years served as the replicates within 

this dataset I could not test for the effect of year on CPUE.  Therefore I tested for the 

effect of the natural log transformed average CPUE values in response to month, 

region, and their interaction. The explanatory variables were treated as factors and 

region was assigned as either north or south of 400N.  This model was: 

 

€ 

ln(average CPUE) = month + region + month × region  

Finally, post-hoc analysis of common denominator derived monthly regional averages 

was done using a Tukey Honest Significant Difference test for pair-wise comparisons 

among months and regions. 

2.3 Entry and Exit Timing Analysis 

To assess regional differences in the seasonal immigration and emigration of 

albacore in the coastal area, the entry and exit timing (or start and end date) of the 

fishery in each region was determined for each year.  This timing analysis was done 
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using Julian Day, or ordinal day of the year, to represent calendar dates associated 

with catch values as an integer and to allow for greater ease of computation.  Average 

start and end time of the albacore fishing season was calculated for both the southern 

and northern regions.  The start and end of each season was selected as the first or last 

day of the season in which there was a CPUE of at least 25% of the average annual 

CPUE in that region.  By assuming 25% of the yearly regional average biomass as a 

threshold, I ensure that the start or end of the fishery is attributed to a substantial 

amount of catch.  Once the regional start and end times were tabulated for each year, 

the yearly dates were then averaged to create the average start and end times for both 

the southern and northern regions.  A one-way ANOVA was used to test for 

significant differences among these Julian dates between regions.  Regional average 

season duration was also determined from regional average entry and exit dates.  

Statistical difference between season durations was assessed using a one-way 

ANOVA. 

2.4 Length analysis 

Landings data from port sampling were used for length composition analysis.  

Fish length was determined by fork length (cm).  Length composition data was 

provided in two formats – one with monthly and yearly catch data assigned as either 

north or south of 400 N, and another with yearly catch data at 5-degree squares.  The 

geographic location of catches from these data may have had reduced accuracy 

because catch area was assigned by port samplers at the dock.  Samplers were 
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instructed to take a minimum 50 fish sample from the first fish offloaded so that 

catch location and catch month could be determined based on a vessel’s most recent 

activity. 

The length data available at the monthly temporal resolution were aggregated 

as either north or south of 400N, likely improving geographic accuracy (but not 

resolution).  Using this broadly aggregated data, average size was calculated for both 

the northern and southern regions.  To examine the length composition of the catch for 

each region, a histogram of length frequency was plotted for both regions.  

Average fish length by month was also calculated for each region.  Statistical 

analysis was conducted on these data using a linear model of the formula: 

€ 

length = month + region + month × region  

where length is fork length (cm), month is calendar month, and region is either north 

or south of 400N.  Both month and region were treated as categorical variables.  To 

assess differences in the interannual changes in size between the two regions, average 

size from each region was calculated for all available years and graphed as a bar plot.  

Post-hoc analysis of monthly regional length averages was done using a Tukey Honest 

Significant Difference test for pair-wise comparisons among months and regions. 

The length data summarized by year and 5-degree squares were analyzed 

separately and average size was calculated for 5-degree latitudinal bins ranging from 

200 to 550 N and graphed as a bar plot.  Statistical analysis was performed using an 

ANOVA of the formula: 

€ 

length = Lat5  
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where length is fork length (cm) and Lat5 is 5 degree latitudinal bins, treated as 

categorical variables.  Post-hoc analysis of pair-wise comparisons for all latitudinal 

bins was done using a Tukey Honest significant difference test. 
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3 RESULTS 

3.1 Catch per Unit Effort 

3.1.1 Spatial Changes in CPUE 

Spatial mapping of average CPUE by month revealed several trends regarding 

the distribution of albacore through a single year or fishing season.  Low average 

CPUE values were observed offshore between 300 and 350 N early in the season 

during the months of May and June (Figure 5).  The months of June, July, and to a 

lesser extent August, showed two spatially distinct clusters of high average CPUE 

north and south of approximately 400N (Figure 5).  During the month of September 

there was a more even distribution of average CPUE up and down the coast with no 

presence of spatially distinct clusters (Figure 5).  From the months of July through 

September, the distribution of high CPUE values progressed northward in the southern 

region.  
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Figure 5. North Pacific albacore average catch per unit effort (CPUE = fish/ boat day) 
of by month from 1961 to 2006. Averages were calculated by location and month 
using a common denominator technique. 
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Yearly plots of CPUE indicated that the North-South distribution of the 

fishery changed interannually (Figure 6).  Specifically, the fishery appeared to 

oscillate between the northern and southern areas over periods of 3 to 4 years and 

longer.  For example, during the period of 1961 to 1963 most of the catch occurred in 

the southern region.   In contrast, from 1993 to1995 most of catch occurred in the 

northern latitudes while mostly zero catch values were returned from the southern 

region.   

 

Figure 6. North Pacific albacore catch per unit effort (CPUE= fish/boat day) 
distribution by year (all months combined) for the years 1961, 1962, 1963, 1993, 
1994, and 1995 along the west coast of the U.S. 
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 The oscillating trend and inter-annual variability in the North-South 

distribution of the fishery was also observed as the percent of the total yearly catch 

obtained north of 400N changed over the duration of the dataset (Figure 7).  In some 

years, such as 1976 and 1982, the catch was evenly distributed between the northern 

and southern regions.  However, in many other years, such as during the early 1960s 

and the 2000s, the catch was highly skewed with more than 90% taken in either the 

northern or southern region (Figure 7).   

Figure 7.  Changes in regional yearly average albacore catch per unit effort over time 
and changes in the yearly latitudinal distribution of the fishery as reflected by the 
percent of the catch landed North of 400N.  
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Highest average fishing effort was observed off the coast of Oregon at 

approximately 450N latitude near Newport, OR and relatively little effort was seen 

near the ports of Eureka, CA or Bellingham, WA (Figure 8).  Distribution of average 

yearly effort appeared in two major clusters north and south of 400N (Figure 8).  

 

Figure 8. Average yearly fishing effort for albacore by 1 degree geographic square.  
Effort was recorded as fishing-boat days, which is equivalent to one boat per day.  

 

3.1.2 Temporal Changes in CPUE  

 Between the two regions, there was similar interannual variability in yearly 

average CPUE (Figure 7).   In addition, both regions showed analogous general trends 

in the change in yearly average CPUE over time (Figure 7). Yearly average CPUE was 

correlated between the two regions with a positive linear relationship (R2 = 0.37, p 

<0.001) (Figure 9). 
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Figure 9. Correlation between regional average yearly CPUE values for albacore on 
the West Coast of the USA.  Northern region is north of 400 N latitude and southern 
region is south of 400 N latitude. 

 

 The overall average yearly CPUE was significantly higher in the northern 

region than in the southern region with 77.6 fish per boat day in the northern region 

versus 48.2 fish per boat day in the southern region (Table 3).  In addition, the average 

number of unique 10 by 10 geographic squares fished each year was significantly 

smaller in the northern area (Table 3).   

 

Table 3. North Pacific Albacore average catch per unit effort (fish per boat day) and 
average number of unique geographic cells fished for each region east of 1300 W. 

 

Region Avg. Yearly CPUE Avg. # Geographic Cells 

North (>400N) 77.61 45.48 

South (<=400N) 48.21 60.46 
T-test p value < 0.001 < 0.001 
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 For both regions, the average natural log transformed CPUE by month 

showed a similar dome shaped curve pattern as the season progressed (Figure 10).  

During the months of June through November the mean CPUE was higher in the 

northern region (Figure 10).  Although there was a substantial amount of variation 

around the monthly averages from both regions, they are significantly different in the 

months of June through October (Table 5).  Peak average CPUE values occurred in 

August for both regions (Figure 10).  However, there was no significant difference 

between the monthly averages of August and September in the southern region (Table 

5).  Average CPUE remained relatively high in November and December in the 

southern region and average CPUE was relatively high in the month of November for 

the northern region despite a small sample size (Figure 10). 
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Figure 10. Average log-transformed North Pacific albacore CPUE (fish per boat day) 
by month North and South of 400N, 1961 – 2006.  Black error bars represent plus one 
standard deviation.  Sample size (n) for each month is listed below. 
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3.1.3 Statistical Analysis of CPUE 

Natural log-transformed albacore CPUE varied by month, year, and region 

(Table 4).  In addition, the interaction of these terms was significant (Table 4).  Post-

hoc analysis of pair-wise comparisons indicated that average CPUE was significantly 

greater in the northern region in most months (Table 5). 

Table 4.  ANOVA results for linear model of natural log transformed North Pacific 
albacore CPUE.  

 
  Df Sum Sq F P 
month 8 3841 270.68 < 0.001 
year 45 14897 186.65 < 0.001 
region 1 2612 1472.8 < 0.001 
month x year 240 4910 11.54 < 0.001 
month x region 7 384 30.91 < 0.001 
year x region 45 5186 64.98 < 0.001 
Residuals 63280 112233   

 

 

 

Table 5.  Matrices of results from Tukey Honest significant difference test for monthly 
CPUE averages.  Pair-wise comparisons of months are shown between regions (A), 
within the northern region (B), and within the southern region (C).  X denotes a 
significant difference (p-value < 0.05).  Shaded cells are duplicate comparisons. 

12 NA NA NA NA NA NA NA NA NA 
11 X X        
10 X X X X   X X X 
9 X X X X X X X X X 
8 X X X X X X X X X 
7 X X X X X X X X X 
6 X X X X X X X   
5   X X X X X X X 
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4    X X X X X X 
4 5 6 7 8 9 10 11 12 

Month A 
Region: South 
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12 NA NA NA NA NA NA NA NA NA 
11 X X  X X X  NA NA 
10 X X X X X X NA  NA 
9 X X X  X NA X X NA 
8 X X X X NA X X X NA 
7 X X X NA X  X X NA 
6 X X NA X X X X  NA 
5  NA X X X X X X NA 

R
eg

io
n
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th

 
4 NA  X X X X X X NA 

4 5 6 7 8 9 10 11 12 
Month B 

Region: North 
            
            

12 X X  X X X X  NA 
11 X X  X X X  NA  
10 X X X X X X NA  X 
9 X X X X  NA X X X 
8 X X X X NA  X X X 
7 X X X NA X X X X X 
6 X X NA X X X X   
5 X NA X X X X X X X 
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io
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th

 

M
o
n
th

 

4 NA X X X X X X X X 
4 5 6 7 8 9 10 11 12 

Month C 
Region: South 

 

3.1.4 Alternative CPUE Temporal Analysis 

 Using the common denominator approach, I found that monthly average CPUE 

increased and decreased as the season progressed in both regions (Figure 11).  The 

common denominator method produced a sharper curve as compared to the standard 

method and showed a greater relative decrease in average CPUE at the end of the 

season (Figure 11).  In the southern region, the maximum monthly average CPUE was 

obtained in September while the maximum monthly average CPUE in the northern 

region occurred in August (Figure 11).   
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Figure 11.  Average log CPUE (fish per boat day) by month North and South of 400N, 
calculated using a common denominator.  Black error bars are one standard deviation.  
Sample size (n) for each month is listed below.  

 

 Statistical analysis of the common denominator derived averages showed that 

natural log transformed average CPUE varied significantly by month and region and 

the interaction of these terms was significant (Table 6).  Post-hoc analysis of pair-wise 

comparisons indicated the difference in monthly averages between the two regions 

was only significant during the month of August (Table 7). 
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Table 6.  ANOVA results for linear model of natural log transformed and common 
denominator derived average albacore CPUE by month and year. 

 
 Df Sum Sq F P 

month 8 362.49 39.84 < 0.001 
region 1 6.21 5.46 0.019 

month x region 7 27.19 3.41 0.001 
Residuals 481 546.98   

 

 

 

Table 7.  Matrices of results from Tukey Honest significant difference test for 
common denominator monthly CPUE averages.  Pair-wise comparisons of months are 
shown between regions (A), within the northern region (B), and within the southern 
region (C).  X denotes a significant difference (p-value < 0.05).  Shaded cells are 
duplicate comparisons. 

12 NA NA NA NA NA NA NA NA NA 
11       X X X       
10 X X     X X       
9 X X X         X X 
8 X X X X X X X X X 
7 X X X         X X 
6       X X X       
5         X X       
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4                   
4 5 6 7 8 9 10 11 12 

Month A 
Region: South 

            
            

12 NA NA NA NA NA NA NA NA NA 
11       X X X   NA NA 
10       X X X NA   NA 
9   X X   X NA X X NA 
8   X X X NA X X X NA 
7   X X NA X   X X NA 
6     NA X X X     NA 
5   NA   X X X     NA 
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4 NA               NA 
4 5 6 7 8 9 10 11 12 

Month B 
Region: North 
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12         X X     NA 
11       X X X X NA   
10 X X X       NA X   
9 X X X     NA   X X 
8 X X X   NA     X X 
7 X X X NA       X   
6     NA X X X X     
5   NA   X X X X     
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th
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4 NA     X X X X     

4 5 6 7 8 9 10 11 12 
Month C 

Region: South 
  

 

3.2 Entry and Exit Timing 

 I found that the average season runs from July to October in the northern 

region and from June to November in the southern region (Table 8).  The average 

entry date, average exit date, and the average length of season all varied significantly 

between the two regions (t-test, all p <0.001) (Table 8). 

Table 8. Average entry and exit date with season length for the North Pacific albacore 
fishery along the west coast of North America.  Entry and exit date were calculated 
using a threshold of 25% of the annual average CPUE. 

 

Region 
Average entry date 

(Julian day) 
Average exit date 

(Julian day) 
Average 

season length 

North (>400N) 189 (July) 285 (Oct) 96 Days 

South (<=400N) 169 (June) 311 (Nov) 146 Days 
T-test p value < 0.001 < 0.001 < 0.001 

  
 
 
 Season length varied considerably from year to year in both regions (Figure 

12).  The interannual variability in the change of entry and exit date over the duration 
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of the dataset appeared different for each region (Figure 12).  The southern season 

typically started earlier and ended later than the northern season, but in the years of 

1989, 1991, and 2002 the northern season lasted longer (Figure 12).  Also, 1989 and 

1991 were notably short seasons in both regions.  

 

Figure 12. North Pacific Albacore fishery change in entry and exit date by region over 
time for the coastal fishery of North America.  Entry and exit date were determined 
using a threshold of 25% of the yearly regional biomass. 

 

3.3 Length analysis 

3.3.1 Aggregate Regional size Analysis 

 Average length of fish caught in the southern region was significantly larger 

(69.2 cm) than the northern region (66.7 cm; t-test, p<0.001).  The length-frequency 

plot for catches north of latitude 400 N showed modes at 64 and 76 cm (Figure 13).  

Catches south of latitude 400 N showed modes at 54, 64, and 78 cm (Figure 13). 
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Figure 13. Composite length-frequency distributions for North Pacific albacore caught 
north and south of 400 North latitude off the U.S. west coast during the 1961-2004 
fishing seasons. 

 
  

For the months of July to October the average monthly length was significantly 

larger for the southern area (Figure 14).  Average monthly size was not significantly 

different between the two regions in June and November (Table 10).  In both regions 

the largest average size fish were caught later in the season.  In the South, monthly 

average size generally increased through the year until October, after which average 

monthly size decreased (Figure 14).  In the northern region, average monthly size 

stayed relatively constant until October, when it increased slightly (Figure 14).  
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Statistical analysis found that size varied significantly with month and region and 

the interaction of these two variables was also found to be significant (Table 9).  And 

post-hoc analysis of pair-wise comparisons showed that average monthly size is 

significantly greater in the southern region from Jun to October (Table 10)     

 

Figure 14. Average monthly length (cm) of albacore from the northern and southern 
regions, 1961 – 2006. Error bars are one standard deviation.  Sample size (n) for each 
month is listed below. 

 
 

Table 9. Linear length model analysis of the response of albacore length to month and 
region treated as factors. 

 
  df Sum Sq F P 
month 8 302212 636.3 < 0.0001 
region 1 311436 5245.8 < 0.0001 
month x region 5 42358 142.69 < 0.0001 
Residuals 537724 31923929   
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Table 10.  Matrices of results from Tukey Honest significant difference test for 
monthly averages of length by region.  Pair-wise comparisons of months are shown 
between regions (A), within the northern region (B), and within the southern region 
(C).  X denotes a significant difference (p-value < 0.05).  Shaded cells are duplicate 
comparisons. 
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In most years, average yearly size was greater in the southern region (Figure 

15).  The southern region appeared to show greater variability in average size among 

years, although many years were data-deficient for the South and there were overall 

fewer size data from the southern region (Figure 15).  In total, 135,309 fish were 

measured in the southern region versus 290,788 in the North. 

 

Figure 15. Yearly average length (cm) of albacore by region. 

 

3.3.2 Size Analysis by 5 Degree Latitudinal Bin  

Size was found to vary by 5-degree latitudinal bin (ANOVA, p<0.05).  All 

pair-wise comparisons of the latitudinal bins were found to be significantly different 

(p < 0.05) by the Tukey Honest Significant Difference test.  The 50 degree bin, which 

represented fish caught between 500 and 550 North latitude, was shown to have the 

largest average length (Figure 16).  The next three largest size bins were in the 
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southern area, south of 400 N (Figure 16).  In the southern area, the largest average 

size was observed between 30 and 35 degrees North latitude, in the middle of that 

region.  In contrast, in the northern area average size increased from South to North 

(Figure 16). 

 

Figure 16. Average length (cm) of North Pacific albacore by 5-degree latitudinal bin 
landed east of 1300 W longitude from the years 1961-2004.  Error bars are one 
standard deviation.  Sample size (n) is listed below each bin.  All pair-wise 
comparisons were found to be significantly different (p < 0.05) by Tukey Honest 
Significant Difference test. 
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4 DISCUSSION 

4.1 CPUE Analysis 

4.1.1. CPUE Spatial Analysis 

 The average monthly CPUE distribution maps support the subgroup hypothesis 

by suggesting that there are differing migration routes for albacore in each region.  

Hotspots or clusters of high average CPUE were observed at spatially separate 

locations north and south of 400N latitude during the months of June, July, and August 

(Figure 5).  This spatial distribution indicates that North Pacific albacore migrate into 

the coastal area of North America at two distinct locations during early and peak 

season months. 

 Previous studies have suggested that albacore migrate into the coastal area as 

two separate and distinct subgroups (Brock 1943; Flittner 1963; Laurs and Lynn 

1977).  The spatial mapping results of this study strongly support this conclusion.  

Flittner (1963) proposed that albacore congregate between latitudes 400 to 420 N and 

longitudes 1280 to 1340 W, within an “optimum temperature zone,” before splitting 

into two migratory components.  Similarly, Laurs and Lynn (1977) suggested that a 

division in albacore migration pattern occurs near latitude 350 N and west of longitude 

1400 W.  If albacore diverge from a common location, my analysis suggest that they 

do so west of 1300W longitude because by the time significant numbers of albacore 

appear within the study area in June, the subgroups have apparently already diverged. 

 The average monthly CPUE distribution maps also suggest that albacore from 

each region can potentially intermix within a season. In the month of September, 

average CPUE distribution did not show two spatially distinct clusters, but instead 
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indicated one large grouping of relatively high and equal albacore availability.  This 

spatial pattern suggests that the potential for the two proposed subgroups to intermix is 

greatest at this time.  However, based on the results of this analysis, I cannot conclude 

whether or not in-season inter-regional mixing actually occurs.  Even if mixing does 

take place, the existence of two distinct subgroups may still hold.  Prior research has 

suggested that intra-season mixing is unlikely (Brock 1943; Clemens 1961; Otsu and 

Uchida 1963; Pearcy and Osterberg 1968; Laurs 1983).  Overall, the average monthly 

distribution of CPUE supports the subgroup hypothesis. 

 The spatial distribution of average CPUE shifted northward within the 

southern region from June to September, suggesting that the proposed southern 

subgroup migrates slightly northward as the season progresses (Figure 5).  

Interestingly, early studies that assumed there was only one stock or group of albacore 

surmised that this single group enters the coastal fishery in waters off California and 

then migrates northward to Oregon and Washington as the season progress (Clemens 

1961; Otsu and Uchida 1963).  Although I found no evidence to support this idea, the 

observed northward movement of the proposed southern subgroup may explain how 

early studies arrived at this conclusion, given that their sampling did not extend far 

enough northward beyond 400 N latitude (Clemens 1961). 

Spatial mapping of CPUE by year indicated that the distribution of the fishery 

could take place primarily in one region for periods as short as one year and up to 

three years or more.  Interannual variation in the percent of the total catch from the 

northern region confirmed this trend.  These results are consistent with prior studies 
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that describe major variations in the North-South distribution of the U.S. coastal 

albacore fishery (Clark et al. 1975; Laurs et al. 1976; and Laurs and Lynn 1991).   

This North-South oscillation may be viewed as evidence against the subgroup 

hypothesis, since the oscillation could be explained by albacore from the proposed 

northern subgroup frequently entering the southern region and vice versa.  However, a 

low proportion of the annual catch taken in one region does not necessarily suggest 

that albacore are absent there.  Albacore in the CPUE deficient regions may simply 

have been unavailable to the surface fishery, either because of horizontal or vertical 

distribution.  Pearcy (1973) concluded that albacore can be present off Oregon but not 

susceptible to capture in the troll fishery because of changes in their vertical 

distribution and behavior.  From the results of my study, it is unclear why the North-

South oscillation in the distribution of the catch is observed.  Although this trend is 

noteworthy, it does not provide evidence for or against the subgroup hypothesis.  

4.1.2. CPUE Temporal Analysis 

 Overall, my comparisons of yearly average CPUE between the two regions did 

not provide strong evidence for or against the subgroup hypothesis.  Yearly average 

CPUE from the two regions appeared to be positively correlated to one another.  I also 

found a significant interaction between year and region indicating that the variability 

in natural log CPUE is explained by both terms.  These results show that although the 

yearly average CPUE values from each region are correlated, the magnitudes of those 

values are significantly different.  

The regional yearly average CPUE values followed similar trends over the 

duration of the dataset (Figure 7) and I found a positive linear relationship between the 
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two (Figure 9).  These findings suggest that regional yearly average CPUE values 

are not independent, which could imply that there is only one group of North Pacific 

albacore.  However, the correlation does not fully refute the subgroup hypothesis.  A 

lack of independence in yearly average CPUE could be a reflection of favorable and 

similar nearshore conditions for catching albacore in both regions.  Furthermore, 

ecological studies have shown that subpopulations can display synchrony in 

population dynamics as a result of large scale external environmental forcing (Ranta et 

al. 1997; Chavez et al. 2003).  The observed correlation between yearly availability in 

the two regions could therefore be due to the influence of ocean and environmental 

conditions. 

The grand yearly average CPUE was higher in the north, which indicates that 

availability, and possibly abundance, is greater in the north in most years.  In addition, 

the average spatial extent of the fishery is smaller in the north in most years, while the 

duration of the season is typically shorter.  Together, these results suggest that 

albacore may occur at higher densities in the northern region.  Although this result 

does not support or refute the subgroup hypothesis, it suggests a behavioral difference 

in the availability of albacore between the two areas.  This observed difference may 

also be a reflection of habitat variation, including differing biotic and abiotic 

components between the two regions. For example, a greater availability of prey in the 

northern region might cause albacore to pack more densely per unit area.  

In addition, the observed differences in CPUE could be related to food 

preferences.  Clemens (1961) concluded that albacore in the southern fishing grounds 

feed primarily on pelagic surface organisms, while those in the northern region eat 
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fewer surface organisms.  This would suggest that albacore in the South should be 

more readily available to surface fishing gear.  However, my data imply the opposite.  

Nonetheless, a difference in food preference may exist between the proposed 

subgroups.  Using stomach content analysis, Glaser (2009) found regional differences 

in the dominant prey biomass for North Pacific albacore taken in the California 

Current System (CCS).  In the northern CCS (> 430 N Lat.) decapods, euphausiids, 

and anchovy dominated prey biomass; in the central CCS (330 – 430 N Lat.) hake and 

saury dominated; and in the southern CCS (< 330 N Lat.) anchovy were the only 

significant prey (Glaser 2009). 

The comparison of monthly average CPUE between the two regions provided 

limited support for the subgroup hypothesis. The statistically significant interaction of 

month and region indicates that region affects the magnitude of average CPUE by 

month and suggests differences in the monthly availability between the two regions.  

The pattern of the monthly average CPUE was dome-shaped for both regions, 

reflecting the seasonal arrival and departure of albacore from coastal waters (Figure 

10).  Both regions showed maximum average CPUE in August, however the monthly 

averages in August and September were not significantly different in the southern 

region.  This indicates that seasonal availability is greatest in the late summer in both 

regions. That both fisheries show peak CPUE near the same time of year may suggest 

that there is limited movement from one region to the other within one year.  

Similarly, Brock (1943) noted that albacore landings peaked in Astoria, Oregon and 

Los Angeles, California during August and postulated that the dominant movement of 

albacore was toward and away from the coast rather than along the coast.  
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4.1.3 Alternate CPUE Temporal analysis 

 Applying the common denominator approach to average CPUE by month 

produced different and potentially more accurate results than those generated by 

averaging CPUE using the standard arithmetic mean.  In contrast to a standard 

arithmetic mean, the common denominator technique does not allow averages to be 

biased by small sample sizes that contain outlier data.  Although the two methods 

produced different results regarding the pattern of average monthly CPUE, both 

techniques indicate a significant interaction between month and region.  While this 

significant interaction suggests that monthly availability is different between the two 

regions, a difference in availability does not give any indication regarding the validity 

of the subgroup hypothesis.   

When averaging CPUE by month using the common denominator approach, 

the difference in average CPUE between months was greater than when employing the 

standard arithmetic mean (Figure 11 and Figure 10, respectively).  While these results 

suggest greater differences in availability among months, they are a product of scaling 

all months relative to the month and region with the most records (e.g., August in the 

northern region).  Regions and months with fewer data will show a reduced average 

monthly CPUE because the technique essentially adds zero catch values to equate for 

missing data.  That is, the common denominator technique assumes that a lack of data 

in time and space is equivalent to a zero CPUE value.  The technique also assumes 

that equal effort can be made in both regions during all months analyzed.   

Despite these assumptions, the technique produces arguably more accurate 

results.  For example, the standard mean approach indicates that average CPUE is 
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relatively high in the month of November in the northern region, while the common 

denominator technique does not demonstrate a comparable result. The lower average 

CPUE generated by the common denominator approach comports more closely with 

expectations based on actual catch records.  The data include only 57 catch records for 

the month of November, with 2002 containing particularly high numbers (Appendix 

C- Figure 42).  It is therefore likely that 2002 disproportionately contributed to the 

high CPUE values reflected in the standard mean approach. By reducing the influence 

of outliers, the common denominator approach may provide more accurate results. 

Another difference between the two methods can be seen in the maximum 

monthly average CPUE for the southern region.  The standard arithmetic mean 

approach showed that the maximum monthly average CPUE for the southern region 

occurred in August, but this average was not statistically different from the mean in 

September.  Average CPUE was greatest in the month of September in the southern 

region using the common denominator approach, however the averages from July to 

October were not significantly different.  The lack of significant difference during this 

time likely results from the smaller sample sizes that the common denominator 

approach creates.  Qualitatively, both methods suggest that the availability of albacore 

is greatest in the late summer and early fall in the southern region. 

Results from previous studies indicate that peak abundance occurs in either 

August or September in the southern region.  Clemens (1961) describes the California 

albacore fishery with a peak in August and Brock (1943) found landings peaked in 

August in Los Angeles, California.  However, Brock (1943) also found that landings 

peaked in September at ports in Santa Barbara, Monterey, and San Francisco, 
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California.  Because these studies were based on a small number of years, they 

provide only limited guidance in determining the accuracy of the two methods applied 

in this study.  When considering the results of this study as well as previous findings, 

the peak monthly CPUE in the southern region cannot be conclusively determined. 

4.2 Entry and Exit Timing 

 The timing results indicate that albacore in the proposed southern subgroup 

migrate into the coastal area one month earlier and leave one month later than fish 

from the northern subgroup.  This behavior pattern is likely due to several factors.  

Water temperatures may warm earlier and stay warm longer in the southern area, 

allowing the optimal thermal conditions to persist longer in the southern area.  

Similarly, albacore prey may be available for a longer period of time in the southern 

region.  There is intra-seasonal variability of upwelling intensity along the California 

Current System (Bakun 1973).  Along the coast of Washington and Oregon upwelling 

favorable winds are highly seasonal, while in the South they are more consistent 

(Barth et al. 2007).  This may result in prey availability differences. 

The difference in the duration of the coastal fishing season between the two 

regions may also be affected by the larger migrations that these subgroups undertake.  

Based on tag returns, Laurs and Lynn (1977) concluded that the northern subgroup 

undergoes a transpacific migration while the southern subgroup displays more limited 

movement and resides primarily in the eastern North Pacific.  Therefore, it is possible 

that the northern group is found off the west coast of North America for a shorter 

period of time because albacore from this subgroup are undergoing a transpacific 

migration in which they come from much further away and leave earlier to migrate 
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back to the western Pacific.  The seasonal availability of albacore in nearshore 

waters may be affected by their offshore distribution and migration patterns. 

  The interannual variability in entry and exit date and season length appeared to 

differ between the two regions independently of one another (Figure 12).  This further 

suggests that the migration into the nearshore and the behavior of the two proposed 

subgroups is independent.  The extent and timing of North Pacific albacore migration 

patterns appear to be strongly influenced by ocean conditions (Laurs and Lynn 1977; 

Kimura 1997).  Given the differences in the interannual variability of entry and exit 

date between the two regions, these subgroups may respond differently to variables 

that can affect their timing, such as ocean conditions.  If this is true, the subgroups 

represent an additional layer of complexity within the North Pacific albacore stock. 

  4.3 Length analysis 

 The results from analyzing average fish length between the two regions 

generally support the subgroup hypothesis and comply with the findings of previous 

studies.  Overall, albacore in the southern region were larger than the northern region. 

The length frequency analysis of albacore in the southern region showed 3 major 

modes.  The mode at the smallest size, 54 cm, was not observed in the northern region 

indicating that these smaller albacore occupy a higher proportion of the catch in the 

southern region. The mode at the largest size was 78 cm in the southern region, but 76 

cm in the northern region.  This discrepancy in modal size for older fish could indicate 

a faster growth rate for albacore in the southern region if these modes represent fish of 

the same age.  My modal size results were nearly identical to those observed by Laurs 

and Wetherall (1981).   
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The average size was greater in the southern region during most months 

with overlapping data and average size was greater in the southern region for most 

years.  However, when analyzing the data by 5-degree latitudinal bin, I found that 

average size is greatest for albacore caught between 500 and 550 N latitude although 

sample size was low for this area.  

In both regions the largest average size fish were caught later in the season and 

average size increased from August to October.  This could mean that large fish 

migrate into the coast later in the season or that smaller fish migrate away from the 

coast late in the season, or both.  Because peak abundance was found to occur in 

August and September, the dominant process after this time is likely to be emigration.   

Alternatively, the increase in length may be due to growth.  The dominant age 

groups in the coastal albacore fishery of North America have been shown to be 2, 3, 

and 4 year-old juvenile fish (Otsu and Uchida 1963; Laurs and Lynn 1977; PMFC 

2007).  Based on length at age data from Bartoo and Foreman (1994), albacore grow 

approximately 1 cm per month from 2 to 4 years old.  My data are reasonably 

consistent with this known growth rate.  If the observed trend is a result of growth, 

then my analysis also suggests that albacore in the southern region have a faster 

monthly growth rate.  An indication of a faster growth rate for southern albacore was 

also suggested from the results of my length-frequency analysis.  This hypothesis is 

consistent with previous studies which have shown that albacore from the proposed 

southern subgroup maintain a faster growth rate (Laurs and Wetherall 1981).   

Average monthly size decreased from October to January in the southern 

region.  This could result from increased emigration of large individuals or increased 
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immigration of small individuals late in the season. The latter conclusion is 

supported by Flittner (1963), who found that smaller albacore are caught late in the 

season off California. 

It is surprising that my results indicate that the largest average size fish occur 

between 50 to 550 N given that the regional analysis indicated that the largest average 

size fish are found south of 400N.  Albacore are not often distributed as far north as 50 

to 550 N.  Most of the individuals measured at this latitudinal bin where caught during 

1990.  Thus, the high average size at these latitudes seems to be the result of one 

anomalous year.  This implies that many large fish were distributed far to the north in 

1990.  It is unclear why this might have happened, but environmental conditions may 

have been a factor.  For example, Pearcy (2002) reported a high catch of albacore 

close to shore during the warm waters of the 1997 El Niño, with particularly large 

individuals (up to 23kg) occurring off the Oregon coast.  However, there were no 

documented ENSO events in 1990 (GGWS 2007). 

4.4 Further discussion 

4.4.1 Oceanographic Features 

The results from seasonal comparisons of CPUE between the two regions 

showed clear differences, including a consistent indication of greater average 

availability in the months of July, August, and September in the North and a shorter 

average season in the North.  Such differences support the subgroup hypothesis, and 

may be related to North-South differences in bio-physical oceanographic conditions 

between the two regions.  Several oceanographic studies have divided the California 

Current system into northern and southern regions at 400N latitude and noted physical 
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environmental variations differ between the two areas (Chhak et al. 2009; Hsieh et 

al. 2009).  For example, during positive phases of the Pacific Decadal Oscillation, the 

northern California Current is associated with stronger down-welling conditions with 

increased Ekman transport towards the coast, while the southern region is not (Chhak 

et al. 2009; Hsieh et al. 2009). 

The distribution of albacore in relation to environmental parameters has been 

well discussed (Laurs 1983; Kimura et al. 1997).  Laurs and Lynn (1991) have noted 

the importance of frontal structure in determining the distribution of albacore and 

found higher abundance of albacore near thermal fronts.  Similarly, Pearcy (1973) 

discussed the importance of the Columbia River plume in relation to high catches of 

albacore.  My analysis suggests that in most years albacore are available in greater 

numbers and occur at higher densities in the northern region.  This might result from 

stronger and more persistent frontal structures in the northern coastal area and it may 

be that the Columbia River plume plays an important role, not seen in the southern 

region, in establishing such fronts.  In addition and as previously discussed, intra-

seasonal differences coastal upwelling may also serve an important part in influencing 

the distribution and availability of North Pacific albacore within the coastal fishery of 

North America. 

4.4.2 Large Scale Environmental Effects 

 Although it was not the objective of this study to explore the relationship 

between albacore distribution and environmental factors, some of the results suggest 

that large scale environmental conditions can influence the distribution and 

availability of the North Pacific albacore in the coastal fishery of North America.   For 
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example, some of the years in which the distribution of the fishery shifted from the 

North to the South (e.g., 1971, 1989, and 1999) are considered La Niña years in which 

there was anomalously cool SST (GGWS 2007).  Changes in the north-south 

distribution of the fishery have been noted in previous studies and linked to changes in 

large-scale environmental conditions (Clark et al 1975).  I also found that some of the 

years, such as 1965 and 2002, in which the fishing season in the North extended 

beyond the average exit date and in which there were higher than average annual 

CPUE values, are considered El Niño years (GGWS 2007).  However, the results of 

this study did not show a consistent pattern relating North-South distribution, season 

length, or yearly average CPUE with ENSO phase.  Therefore, it is unclear how 

ENSO phase or other climate shifts affect albacore distribution and migration patterns.  

Further investigation into this relationship is clearly needed. 

4.4.3 CPUE caveats 

 The preceding discussion of CPUE has not accounted for factors other than the 

availability of albacore, which can influence the spatiotemporal distribution of CPUE.  

For example, effort may be influenced by factors such as weather, the economic 

conditions of the fishery, communication between fishermen, or distance to port.  Of 

these factors, I was able to analyze the effect of distance to port on effort.  Spatial 

mapping of average yearly effort suggested that distance to port does not strongly 

influence effort, given the relatively low effort in close proximity to the ports of 

Bellingham, WA, Eureka, CA, and San Pedro, CA (Figure 8).  I did not explore the 

effect of other factors on CPUE because it was beyond the scope of this study.  In 

general, I assume that the primary influence on CPUE trends is the availability of 
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albacore.  Furthermore, I suspect that averaging over time mitigates the weight of 

other factors on CPUE trends. 

4.5 Conclusion 

 Overall, the results of this study substantiate previous findings with long-term 

trends and indicate that the U.S. coastal albacore fishery is comprised of two 

subgroups.  These subgroups display differences in seasonal abundance, coastal 

migration route, phenology, and length composition.  However, it is not clear if these 

two subgroups originate from separate populations and represent distinct stocks that 

spawn independently in space and time.  To effectively answer this question additional 

research is needed, possibly using multiple data sources.  An approach involving the 

use of archival tagging, otoliths analysis, and genetics may prove successful. 

 Genetic analysis should be used cautiously to resolve the stock complexity of 

North Pacific albacore.   Genetics may not have sufficient resolution to detect 

differences among the subgroups.  Albacore from the East Atlantic and Mediterranean 

have been have been shown to have genetic differences at broad rather local scales 

(Pujolar et al. 2003).  As recently as 1995, mitochondrial DNA analysis found little 

difference between South Pacific and North Pacific albacore, which are commonly 

accepted as separate and distinct stocks (Chow and Ushiama 1995).  However, using 

DNA microsatellite loci Takagi et al. (2001) found genetic differences between 

albacore sampled from the North West and South East Pacific.  Interestingly, Takagi 

et al. (2001) also found genetic differences among albacore samples from the South 

Western Pacific and the South Eastern Pacific, indicating that the South Pacific basin 

may have more than one discrete stock as well.  Still, it remains unclear if genetic 
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differences could be detected between groups of North Pacific albacore.  

Furthermore, evidence of homogeneity between the groups would not necessarily rule 

out the existence of two ecological and functionally independent groups that may 

respond differently to fishing pressure and environmental factors. 

 Genetic work could be supported by the use of natural tags and otolith 

analysis, which can be used to test natal origin and provide estimates of natal homing 

and population structure when genetic analysis is insufficient (Thorrold et al. 2001).  

In other fish, such as weakfish, geochemical signatures in otoliths suggest spawning 

site fidelity can be up to 80% while genetic analysis indicates homogeneity (Thorrold 

et al. 2001).  Recent work by Rooker et al (2008) established natal homing and 

population connectivity in Atlantic bluefin tuna populations, a species related to 

albacore, using chemical signatures in the otoliths of yearlings from regional nurseries. 

 Finally, the use archival tagging may also be helpful in identifying population 

structure in North Pacific albacore.  These tags, which continuously log the position of 

individual fish, could be used to identify spawning sites.  The data from such tags 

could also provide new and more accurate estimates of juvenile feeding region 

fidelity.  That is, do albacore from the northern region continually return to that 

coastal area each year until they reach maturity?  A project involving the deployment 

of archival tags in juvenile North Pacific albacore is currently underway at the 

SWFSC. 

 Although future work is needed to determine if there are multiple separate and 

distinct stocks of North Pacific albacore, the results of this study have clear 

implications for the management of this valuable species.  A precautionary approach 
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to management is warranted given the current uncertainty surrounding the stock 

complexity of this species.  Indeed, a fundamental aspect of a precautionary approach 

is the careful identification of stock complexity in fish species (Begg et al. 1999).  

Continued surveying and monitoring of these subgroups will be an essential next step 

for managers.  If these subgroups represent discrete stocks or substocks, the 

ramifications for stock assessment will be significant.  Modeling studies have shown 

that biological reference points established by aggregating data from multiple 

substocks and assuming a homogeneous single stock can produce stock assessment 

models that are inaccurate and likely nonconservative (Frank and Brickman 2000). 

 In conjunction with a precautionary approach to management that involves 

increased surveying and monitoring, it will be important that managers preserve the 

integrity of the observed subgroups.  The results of this study suggest that there is a 

mixture of life history strategies for North Pacific albacore by indicating that some 

juveniles migrate into the southern coastal region while others migrate into the 

northern region.  This diversity in life history strategies may represent an aspect of 

biocomplexity within the North Pacific albacore stock.  Because biocomplexity 

enables fish stocks to maintain resilience to environmental change, preserving 

biocomplexity has been demonstrated to be paramount to ensuring sustainable 

fisheries (Hilborn et al. 2003).   

North Pacific albacore is a valuable marine resource for many nations, 

including the United States.  As managers and scientists we need to continue to take 

effective measures that ensure its long term and sustainable use.  Given the results of 

this study, these efforts should include the recognition, further monitoring, and 
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discussion among all relevant nations of the two subgroups observed in the coastal 

fishery of North America.  
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Appendix A. 
 

Monthly Catch Per Unit Effort Distribution for All Years Combined. 
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Figure 1.  North Pacific albacore catch per unit effort (fish per boat day) by month.  
All years (1961-2006) are combined 
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Appendix B. 
 

Yearly Catch Per Unit Effort Distribution 
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Figure 1. North Pacific albacore catch per unit effort distribution by year, for the years 
1961-1965.  CPUE is fish per boat day 
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Figure 2. North Pacific albacore catch per unit effort distribution by year, for the years 
1966-1970.  CPUE is fish per boat day 
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Figure 3. North Pacific albacore catch per unit effort distribution by year, for the years 
1971-1975.  CPUE is fish per boat day 
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Figure 4. North Pacific albacore catch per unit effort distribution by year, for the years 
1976-1980.  CPUE is fish per boat day 
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Figure 5. North Pacific albacore catch per unit effort distribution by year, for the years 
1981-1985.  CPUE is fish per boat day 
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Figure 6. North Pacific albacore catch per unit effort distribution by year, for the years 
1986-1990.  CPUE is fish per boat day 
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Figure 7. North Pacific albacore catch per unit effort distribution by year, for the years 
1991-1995.  CPUE is fish per boat day 
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Figure 8. North Pacific albacore catch per unit effort distribution by year, for the years 
1996-2000.  CPUE is fish per boat day 
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Figure 9. North Pacific albacore catch per unit effort distribution by year, for the years 
2001-2004.  CPUE is fish per boat day 
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Figure 10. North Pacific albacore catch per unit effort distribution by year, for the 
years 2001 - 2005.  CPUE is fish per boat day 
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Figure 11. North Pacific albacore catch per unit effort distribution by year, for the year 
2006.  CPUE is fish per boat day 
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Appendix C. 
 

Monthly Catch Per Unit Effort Distribution by Individual Years. 
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Figure 1. North Pacific albacore catch per unit effort distribution by month, for the 
year 1961.  CPUE is fish per boat day 
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Figure 2. North Pacific albacore catch per unit effort distribution by month, for the 
year 1962.  CPUE is fish per boat day 
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Figure 3. North Pacific albacore catch per unit effort distribution by month, for the 
year 1963.  CPUE is fish per boat day 
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Figure 4. North Pacific albacore catch per unit effort distribution by month, for the 
year 1964.  CPUE is fish per boat day 
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Figure 5. North Pacific albacore catch per unit effort distribution by month, for the 
year 1965.  CPUE is fish per boat day 
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Figure 6. North Pacific albacore catch per unit effort distribution by month, for the 
year 1966.  CPUE is fish per boat day 
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Figure 7. North Pacific albacore catch per unit effort distribution by month, for the 
year 1967.  CPUE is fish per boat day 
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Figure 8. North Pacific albacore catch per unit effort distribution by month, for the 
year 1968.  CPUE is fish per boat day 
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Figure 9. North Pacific albacore catch per unit effort distribution by month, for the 
year 1969.  CPUE is fish per boat day 
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Figure 10. North Pacific albacore catch per unit effort distribution by month, for the 
year 1970.  CPUE is fish per boat day 
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 Figure 11. North Pacific albacore catch per unit effort distribution by month, for the 
year 1971.  CPUE is fish per boat day 
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Figure 12. North Pacific albacore catch per unit effort distribution by month, for the 
year 1972.  CPUE is fish per boat day 
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Figure 13. North Pacific albacore catch per unit effort distribution by month, for the 
year 1973.  CPUE is fish per boat day 
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 Figure 14. North Pacific albacore catch per unit effort distribution by month, for the 
year 1974.  CPUE is fish per boat day 
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Figure 15. North Pacific albacore catch per unit effort distribution by month, for the 
year 1975.  CPUE is fish per boat day 
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Figure 16. North Pacific albacore catch per unit effort distribution by month, for the 
year 1976.  CPUE is fish per boat day 
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 Figure 17. North Pacific albacore catch per unit effort distribution by month, for the 
year 1977.  CPUE is fish per boat day 
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 Figure 18. North Pacific albacore catch per unit effort distribution by month, for the 
year 1978.  CPUE is fish per boat day 
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Figure 19. North Pacific albacore catch per unit effort distribution by month, for the 
year 1979.  CPUE is fish per boat day 
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Figure 20. North Pacific albacore catch per unit effort distribution by month, for the 
year 1980.  CPUE is fish per boat day 
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 Figure 21. North Pacific albacore catch per unit effort distribution by month, for the 
year 1981.  CPUE is fish per boat day 
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Figure 22. North Pacific albacore catch per unit effort distribution by month, for the 
year 1982.  CPUE is fish per boat day 
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Figure 23. North Pacific albacore catch per unit effort distribution by month, for the 
year 1983.  CPUE is fish per boat day 
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 Figure 24. North Pacific albacore catch per unit effort distribution by month, for the 
year 1984.  CPUE is fish per boat day 
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Figure 25. North Pacific albacore catch per unit effort distribution by month, for the 
year 1985.  CPUE is fish per boat day 
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Figure 26. North Pacific albacore catch per unit effort distribution by month, for the 
year 1986.  CPUE is fish per boat day 
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 Figure 27. North Pacific albacore catch per unit effort distribution by month, for the 
year 1987.  CPUE is fish per boat day 
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Figure 28. North Pacific albacore catch per unit effort distribution by month, for the 
year 1988.  CPUE is fish per boat day 
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Figure 29. North Pacific albacore catch per unit effort distribution by month, for the 
year 1989.  CPUE is fish per boat day 



 115 

 
Figure 30. North Pacific albacore catch per unit effort distribution by month, for the 
year 1990.  CPUE is fish per boat day. 
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Figure 31. North Pacific albacore catch per unit effort distribution by month, for the 
year 1991.  CPUE is fish per boat day 
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Figure 32. North Pacific albacore catch per unit effort distribution by month, for the 
year 1992.  CPUE is fish per boat day 
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Figure 33. North Pacific albacore catch per unit effort distribution by month, for the 
year 1993.  CPUE is fish per boat day 
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Figure 34. North Pacific albacore catch per unit effort distribution by month, for the 
year 1994.  CPUE is fish per boat day 
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Figure 35. North Pacific albacore catch per unit effort distribution by month, for the 
year 1995.  CPUE is fish per boat day 
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Figure 36. North Pacific albacore catch per unit effort distribution by month, for the 
year 1996.  CPUE is fish per boat day 
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 Figure 37. North Pacific albacore catch per unit effort distribution by month, for the 
year 1997.  CPUE is fish per boat day 
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Figure 38. North Pacific albacore catch per unit effort distribution by month, for the 
year 1998.  CPUE is fish per boat day 
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Figure 39. North Pacific albacore catch per unit effort distribution by month, for the 
year 1999.  CPUE is fish per boat day 
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Figure 40. North Pacific albacore catch per unit effort distribution by month, for the 
year 2000.  CPUE is fish per boat day 
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Figure 41. North Pacific albacore catch per unit effort distribution by month, for the 
year 2001.  CPUE is fish per boat day 
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Figure 42. North Pacific albacore catch per unit effort distribution by month, for the 
year 2002.  CPUE is fish per boat day 
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Figure 43. North Pacific albacore catch per unit effort distribution by month, for the 
year 2003.  CPUE is fish per boat day 
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Figure 44. North Pacific albacore catch per unit effort distribution by month, for the 
year 2004.  CPUE is fish per boat day 
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Figure 45. North Pacific albacore catch per unit effort distribution by month, for the 
year 2005.  CPUE is fish per boat day 
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Figure 46. North Pacific albacore catch per unit effort distribution by month, for the 
year 2006.  CPUE is fish per boat day 
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