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ABSTRACT 

In the spring months of 1972-74. fishery-oceanography surveys were conducted in the eastern North 
Pacific which combined intensive oceanographic sampling by research vessels with concurrent fishing 
effort for albacore by chartered commercial fishing vessels. The catches demonstrate an association of 
albacore distribution with the Transition Zone and i t s  boundaries. The relative abundance ofalbacore 
was found to be high in the eastern sector of the Transition Zone or a period just prior to their movement 
across the California Current and into the traditional nearshore fishing grounds. These centers of high 
relative abundance of albacore are sometimes suffkient to support commercial fishing earlier and 
farther oflshore than the traditional fishing season. Variations in the pattern of migration occur in 
apparent response to variations in the character and development ofthe Transition Zoneand i t s  frontal 
structure. Analyses of albacore tagging and size frequency data provide evidence that the shoreward- 
migrating albacore of the Pacific Northwest and California are independent groups. 

The North Pacific albacore, Thunnus alalunga 
(Bonnaterre), is a wide-ranging species which 
spawns in thecentral subtropical Pacific, performs 
transpacific migrations, and supports important 
commercial fisheries in the western, central, and 
eastern North Pacific. That marked variations in 
distribution and relative abundance of albacore 
occur in the eastern North Pacific is indicated by 
major latitudinal shifts in the location of the U.S. 
fishery offthe west coast of North America (Laurs 
et  al. 1976). In order to evaluate factors which may 
affect variations in  distribution, relative abun- 
dance, and migration patterns of albacore in the 
eastern North Pacific, and to improve our under- 
standing of the underlying factors affecting the 
onset and subsequent development of the fishery, 
early season surveys were conducted in offshore 
waters of the North American Pacific coast in 
1972-74.2 These surveys found that relative abun- 
dance of albacore was high in the vicinity of 
oceanic fronts of the Transition Zone waters in the 
eastern North Pacific. Survey results also provide 
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the basis for a hypothesis concerning migration of 
albacore into coastal waters off the west coast of 
North America. During these surveys albacore 
were taken in commercial concentrations farther 
offshore than traditionally, and several weeks ear- 
lier than Lhe fishing season which usually com- 
mences in mid-July. 

BACKGROUND INFORMATION 

Numerous exploratory albacore fishing and al- 
bacore oceanographic surveys have been con- 
ducted in the central and eastern North Pacific. 
From surveys conducted during the 1950's, scien- 
tists described seasonal variations in distribution 
of albacore in the central and parts of the eastern 
Pacific, and demonstrated the association of alba- 
core with Transition Zone waters in the central 
North Pacific (Shomura and Otsu 1956; Graham 
1957; McGary e t  al. 1961). Flittner (1963, 1964) 
reported on albacore trolling experiments con- 
ducted from U.S. Navy picket vessels operating 
approximately along long. 130"to 135"W, and pre- 
sented a schematic model of albacore movement 
off the Pacific coast (Flittner 1963). Neave and 
Hanavan (1960) showed that the northern limit of 
albacore catches made during high-seas salmon 
gillnetting studies conducted between long. 125" 
and 175"W was about lat. 45" to 47"N in Ju ly  and 
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a n d  a group of 5 to 12 commercial albacore fishing 
vessels on charter  to  t h e  American Fishermen's 
Research Foundation ( AFRF).  The  research vessel 
a n d  chartered fishing vessels worked coopera- 
tively to obtain est imates  of distribution and  rela- 
tive abundance of albacore i n  t h e  offshore a rea  a n d  
to  m a k e  c o n c u r r e n t  oceanographic  m e a s u r e -  
ments .  The  research vessel collected physical, 
chemical. and  biological oceanographic d a t a  a n d  
conducted supplementary fishing activities. The 
fishing vessels conducted exploratory fishing, tag-  
ged fish, and  collected surface and  subsurface 
tempera ture  d a t a .  T h e  oceanographic findings 
made on meridional t ransects  were used in direct- 
ing the  exploratory fishing operations, particu- 
larly at t h e  onset of each survey. In  several in- 
stances. especially i n  1973 a n d  1974. the findings 
of large numbers  of fish were used to redirect the  
research vessel to conduct detailed ocwnographic  
observations i n the  vicini t y . 

la t .  45" to 50"N i n  August  a n d  September .  Accord- 
i n g  t o  Brock ( 1 9 4 3 ) ,  y a c h t s  s a i l i n g  be tween 
Hawaii and  Oregon dur ing  J u n e  made  albacore 
catches between lat. 30" a n d  44"N i n  waters be- 
tween long. 154" a n d  140"W. 

N u m e r o u s  explora tory  f ishing a n d  oceano- 
graphic surveys also have been conducted Lvithin a 
few hundred miles of t h e  coast to obtain informa- 
tion on distribution, availability, and  migration 
pa t te rns  of albacore dur ing  early season i n  waters 
off the  Pacific Northwest  (Powell 1950.1957: P o u -  
ell a n d  Hildebrond 1950: Powell et a l .  1952; 
Schaefers 1953; Owen 1968; hleehan and  Hreha  
1969; Pearcy a n d  Mueller 1970; and  others) .  and  
in  waters  off California ( G r a h a m  1959: Clemens 
1961; Craig and  G r a h a m  1961; and  others  listed in  
Clemens 1961 and  Pinkas  1963). Johnson (1962) .  
Laurs  e t  a l .  (1976) .  a n d  others  have discussrd var- 
iations in  distribution and  relative abundance of 
albacore in  waters  off North America where t h e  
U.S. f ishery t a k e s  place.  These  studitss h a v e  
shown: 1 ) t h e  limits ofwhere albacore a r e  found; 21 
their  general migration pat terns;  3 )  the  inipor- 
tance of environmental conditions a n d  changes, 
notably ocean temperature ,  in  relation to t h e  dis- 
tribution and  relative abundance of albacore; and  
4) the  considerable annual  variation in location of 
available concentrations of albacore. 

In  t h e  present s tudy ear ly  season albacore sur -  
veys were planned to encompass ;I portion of the  
eastern sector of t h e  Transition Zune dur ing  a 
period prior to  t h e  commencement of the  near- 
shore fishery. The  pr imary objectives of these sur -  
veys were: 

To investigate t h e  ear ly  season distribution 
a n d  abundance of albacore off t h e  North 
American Pacific coast. 
To investigate t h e  eastward migration path 
ofalbacore enter ing the  American west coast 
fishery. 
To determine if migrat ing albacore a r e  a s -  
sociated with major offshore oceanographic 
features, particularly the  Transition Zone 
and  t h e  ocean fronts t h a t  form its bound- 
aries. 

METHODS 

The general work plan for each offshore survey 
employed one National Marine Fisherie5 Service 
(NMFS)  research vessel t Torc~nscriti Clor?icc~~~//  in 
1972 and  Dnitid Starr Jorttnri in 1973 and  1974)  
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O p e r a t i o n s  Aboard R e s e a r c h  i'essels 

Three meridional oceanographic sections were 
taken  along long. 135". 137"30', and  140"W be- 
tween la t .  3 1 . a n d  41" i n  1972 a n d  1973: in  1974 
the  middle section, portions of the  section along 
long. 135'W, and  additional t ransects  were taken  
I Figure 11. Hydrographic s ta t ions were occupied 
a t  25- to 30-n.mi. intervals. Figure 2 shows s ta t ion 
positions occupied in 1973; Lynn a n d  Laurs:',4 
gave figures of t h e  s ta t ion positions for o ther  
y e a r s .  O b s e r v a t i o n s  i n c l u d e d :  1 )  s a l i n i t y -  
temperature-depth profiles to 500 or 1,000 m using 
a n  STD:5 2 )  Nansen bottle or command rosette 
sampler" bottle casts for collection of water  sam-  
ples  for d e t e r m i n a t i o n  of d i sso lved  oxygen,  
chlorophyll, a n d  salinity; 3 )  oblique zooplankton 
net hauls  and  s imultaneous surface hauls  with 
neuston plankton nets; and  4 )  a t  night  stations, 

~- . 
"1,ynii. R. J.. and R M. Laurs 1972. Study of the offshore 

d~stri l)ution and availability of albacore and the migration 
routes followed by albacore tuna into North American waters.In 
Report of joint National Marine Fisheries Service-American 
Fishermen's Research Foundation albacore studies conducted 
during 1972. p. 10-44. (Unpuhl.  rep 1 

'Lynn. R .  J.. and R. M. L a w s  1973. Further examination of 
the offshore distrihutim and availability of alhacore and migra- 
t i o n  routes followed by albacore into North American waters. In 
Report of joint National Marine Fisheries Service-American 
Fishermen's Research Foundation albacore studies conducted 
during 1973. p 3-35. cLJnpuhl. rep ) 

SPlessey model 900fi electronic salinity-temperature-depth 
profiler Use of a trade name does not iniply endorsement by the 
National Marine Fisheries Service. NOAA 
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FIGURE 1 .-Albacore research vessel cruise tracks for the 1972-74 offshore research surveys. 

oblique midwater trawl hauls using a n  Isaacs- 
Kidd Midwater Trawl. Also, surface temperature, 
salinity, and chlorophyll were recorded continu- 
ously while underway. 

Generally, 10 jiglines (five on Townserid Crom- 
well cruise in 1972) were trolled for albacore on 
transects between oceanographic stations during 
daylight. In some regions that were not covered by 
fishing vessels, trolling was carried on by the re- 
search vessel exclusively throughout daylight. On 
such fishing days,  th ree  or four expendable 
bathythermograph (XBT) drops were made in ad- 
dition to continuous monitoring of surface temp- 
erature, salinity, and chlorophyll. 

either live-bait fishing or j ig fishing. Twelve 
fishing vessels participated in the operations in 
1972 and 1973 and five in 1974. 

The fishing vessels sailed in groups of four from 
San Diego, Calif., and Astoria, Oreg., at 15- to 
20-day intervals during 1972 and 1973, and all 
vessels sailed together from San Diego in 1974. 
The vessels usually worked in pairs. A schematic 
diagram of the  cruise tracks for t he  1972-74 
offshore surveys is shown in  Figure 3. Detailed 
cruise tracks showing daily positions and loca- 
tions of XBT stations for each fishing vessel or pair 
of fishing vessels by 10-day period are given in 
Lynn and Laurs7 (see footnotes 3 and 4). 

Opera t ions  Aboard Fishing Vessels 
‘Lynn, R. J . .  and R .  M. Laurs. 1974. Cooperative NMFS-AFRF 

early season offshore studies conducted during 1974.In Report of 
joint National Marine Fisheries Service-American Fishermen’s 
Research Foundation albacore studies conducted during 1974, p. 
3-18, Southwest Fish. Cent. Admin. Rep. LJ-74-47. 
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The AFRF charter vessels which took part i n  the 
offshore surveys were jigboats, except for two 
baitboats in 1973 which were outfitted to conduct 
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R I V  D S JORDAN-CRUISE 79 

HYDRO, STD. oeLiauE TOW-• 
STD - 0 
Y B T  - ~- ~ ~ . 
ISAACS-KIDD TRAWL - X  

150' 145" 140" 135" 130' 12 5" 120" 115" 

FIGIJKI. 2 -Track and station pobitionb for RV Dol ~ r l  Stnrr Jordan cruise 79, 9 June6  July 1973 

Standard commercial albacore fishing equip- 
ment and regular commercial fishing methods 
were used. Most of the jig vessels trolled 10 lines 
and baitboats 6 or 8 lines when jig fishing. (Bait-. 
boats had better success when trolling than when 
baitfishing.) Daily records pertaining to fishing 
operations were maintained aboard each vessel, 
including number of fish caught, fork length of 
most fish caught (except for two vessels in 19721, 
positions where fishing was started and ended, 
amount of fishing effort expended, and fishing 
conditions and signs of fish. In addition, sea- 
surface temperature, sea conditions, and surface 
weather conditions were recorded. Half of the 
fishing vessels chartered in 1972 and 1973, and all 
in 1974, were equipped with a n  XBT system; gen- 
erally one or two XBT probes were launched each 
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day. Sea-surface temperature measurements were 
made using bucket thermometers. 

EARLY SEASON DISTRIBUTION 
A N D  KELATIVE ABUNDANCE OF 

ALBACORE IN OFFSHORE WATERS 

Distribution o f  Catches Made By 
Charter Vessels 

Nearly 27,000 albacore were caught by the 
chartered fishing vessels during the three offshore 
surveys (Table 1). In all three surveys, albacore 
were taken in substantial numbers in a n  offshore 
region between lat. 31" and 36"N from late May 
through June. Catch rates were generally low or 
zero in surrounding regions and during explorato- 
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1973 ----- 
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FIGITRE: 3.-American Fishermen's Research Foundation charter fishing vessel cruise tracks for the 1972-74 offshore research surveys. 

ry fishing before late May. Variations in distribu- 
tion and relative abundance of albacore were ob- 
served within and between surveys. 

Differences Between Surveys 

Plots of the charter vessel catches for each sur- 
vey a re  given in Figures 4a-c. The catches rep- 
resented in these and other plots have been stan- 
dardized to the number of fish caught per 150 

TABLE 1 -Albacore survey catches 

Year charter vesseL released research vessel 

1972 6.746 1,431 155 
1973 11,027 1738 130 
1974 9.146 1,369 495 
Total 26919 4.538 780 

Total catch b Tagged and Total catch by 

line-hours (averaged between pairs of vessels t ha t  
fished together for 1972 and 1973) and presented 
graphically by proportionately increasing size of 
dots. 

In 1972 and 1973, relative abundance of alba- 
core was  high between lat. 32"and35"N, long. 135' 
and 140'W. and lat. 32' and 35"N, long. 135" and 
143"W, respectively (Figure 4a-b). In both of these 
years small or no catches were made in the region 
between long. 135"W and inshore waters within 
150 mi of the coast where fishing takes place dur- 
ing the traditional albacore fishing season. In 
1974 (Figure 4c), high catch rates were again 
made offshore of long. 135"W, but  over a larger 
latitudinal range, lat. 31" to 36"N, and somewhat 
more scattered than in the two preceding years. 
Also, high catches were made at about lat. 33" to 
36"N, long. 124" to 135"W in the region between 
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FIGURE 4.-Albacore catch per 150 line-hours by American Fishermen's Research Foundation charter vessels: 
a. 23 May-10 July 1972; b. 10 May-16 July 1973; c. 29 May-30 June 1974. 

the offshore area of high catches and inshore wa- 
ters. 

Differences Within Surveys 

Representative information on spatial and tem- 
poral variations in the distribution and relative 
abundance of albacore in offshore waters during 
May and June is given in Figure 5a-e. In the early 
part of the 1973 survey, 10 to 30 May, four vessels 
worked westward making only small scattered 
catches between lat. 31" and 35"N, long. 142" and 
145"W. In the second time period, 31 May to 9 
June, the vessels returned through waters they 
had scouted earlier and began making catches of 
over 100 fish/day between lat. 32" and 34"N, long. 
139" and 143"W. Good catches continued to be 
made in the general area of lat. 33" to 35"N, long. 
135" to 143"W for several weeks with charter ves- 
sels landing up to 300 fish/day on many days. A 
second group of four charter boats, which left San 
Diego on 25 May, did not catch any fish until 4 

June when they moved westward of long. 139"W 
near lat. 33" to 35"N. On their return to San Diego 
during mid-June, the first group of boats failed to 
catch any fish east of long. 135"W despite favora- 
ble ocean temperature conditions. Similarly, on 
the return to San Diego near the end of June, 
catches by the second group of charter boats drop- 
ped off abruptly east of long. 135"W with only 
small scattered or no catches made east of Fieber- 
ling Guyot (long. 128"W). The four vessels survey- 
ing the area north of lat. 38"N found generally 
poor to moderate catches. (The region Iat. 35" to 
38"N was not covered by the fishing vessels.) This 
sequence of catch charts shows t h a t  1) albacore 
were apparently unavailable to jig fishing, except 
for scattered catches, through May in a region 
which subsequently was to prove very productive; 
2) albacore became available to trollinggear in the 
first week of June in a region which will be shown 
later to be associated with the subtropic boundary 
of the Transition Zone; 3) good catches persisted 
within a block of 2" latitude by 7" longitude for 
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FIGURE 5.-Albacore catch per 150 line-hours by American Fishermen's Research Foundation charter vessels 
and sea-surface temperature: a .  10-30 May 1973; b. 31 May-9 June 1973; c. 10-19 June 1973; d. 20-29 June 1973; 
e .  30 June-16 July 1973. 

over a 3-wk period in June, and 4) elsewhere 
catches were substantially lower. 

Catches Made By 
Nonchar t e r  Commerc ia l  Fishing Vessels 

Because of the fishing success of the chartered 
fishing vessels, in the years following the first 
survey (1972), noncharter commercial albacore 
vessels have fished in the offshore region concur- 
rently with the chartered fishing vessels and re- 
search vessels. During June  1973 and June  1974 i t  
is estimated that,  respectively, 25 to 30 and 50 to 
60 albacore vessels fished across a large zone of 
latitudes in  the offshore regions (Jack Bowland 
pers. commun.). Additional information on the 
distribution and relative abundance of albacore is 
provided by these catch data. 

Figure 6a-e shows estimates of mean catch- 
per-unit effort by 15-day period and loquadrangle 
of latitude and longitude for May through July 
1973, for those commercial albacore vessels from 
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which logbook records were available. I Logbook 
records were standardized by methods given in 
Laurs et al. (1976). 1 

As with the charter vessels, a center of high 
relative abundance was found in the offshore re- 
gion between lat. 33" and 35"N and long. 139" and 
143"W. From mid-May through mid-June (Figure 
6a, b) no catches were reported north of lat. 36"N 
nor (with one exception) east of long. 134"W. In the 
latter half of June  (Figure 6c), a scattering of 
catches was made in the intervening zone. The 
distribution and relative abundance of albacore, 
indicated by the charter and noncharter fishing 
vessel catches, were similar. Catches by nonchar- 
ter vessels were made over the same latitudinal 
range and the same offshore to nearshore se- 
quence was observed. The fishing success of the 
noncharter vessels further demonstrates t ha t  
commercial concentrations of albacore were 
available 4 to 6 wk earlier than the normal fishing 
season in waters hundreds of miles offshore of the 
area where the fishery has traditionally operated. 
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TABLE 2 -Percentage size composition by number and by weight 
for albacore catches made by American Fishermen's Research 
Foundation charter vessels in the offshore ared west of long 
130"W and south of lat 38"N 

Year 4 kg 4 8 k g  8 kg 4 kg 4 8 kg 8 kg 

Percect by weight' Percent by number 
1972 39 33 27 18 33 49 
1973 43 53 4 25 65 10 
1974 37 61 2 22 73 5 

'Estimated lrom length-weght relationship given by Clernens (1961) 

I 

The last two charts i n  this series (Figure 6d, e, 
through the end of July 1973) reveal subsequent 
stages of albacore migration and commencement 
of the nearshore fishery. The relative abundance 
of albacore was high in nearshore waters by late 
July. In  comparison to recent years, the 1973 
nearshore fishery started about 3 weeks late. 

SIZE COMPOSITION OF FISH 

Three size modal groups of fish were caught in 
each year by the AFRF charter vessels; however, 
the relative proportions of the size groups varied 
among the years (Figure 7; Table 2). In 1972 about 
equal proportions of each size modal group were 
caught. In 1973 and 1974 the medium-size modal 

I= 81 

AFRF CHARTER, 1972 
TOTAL: 6,428 ALBACORE 

AFRF CHARTER, 1973 
TOTAL= 11.027 ALBACORE 

I I6r ~ 

0 
14- 

AFRF CHARTER. 1974 
TOTAL = 9,146 ALBACORE 

FORK LENGTH IN CENTIMETERS 

2 3 4 5 6 7 8 3 1 0  12 14 1 6 1 8 2 0  

WEIGHT IN KILOGRAMS 

FIGURE 7.-Size composition by percent frequency of catch ver- 
sus fork length for total catches of albacore from the research 
surveys in 1972-74. 
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group was predominant and the larger one nearly 
absent. 

THE MARINE ENVIRONMENT 

Albacore were found mainly in Transition Zone 
waters. Variations in distribution and relative 
abundance between each of the surveys appeared 
to be related to oceanographic conditions of the 
Transition Zone. Transition Zone waters lie be- 
tween the cool low salinity Pacific Subarctic wa- 
ters to the north and the warm, saline Eastern 
North Pacific Central waters to the south and have 
temperatures and salinities that  are characteris- 
tic of a mixture of these two primary water masses 
(Sverdrup et  al. 1942; Christensen and Lee 1965). 
Transition Zone waters are found in a band across 
the North Pacific middle latitudes within the 
North Pacific Current and are  bounded by sharp 
horizontal gradients in temperature and salinity 
(McGary and Stroup 1956; Roden 1970, 1972, 
1975). These bounding gradient regions are some- 
times referred to a s  the Subtropic and Subarctic 
fronts. The dynamic processes which produce and 
maintain these gradients also enrich these waters 
(McGary and Stroup 1956). 

An oceanographic section of the vertical dis- 
tribution of temperature and saliiiity was taken 
along long. 137"30'W in June  1972, 1973, and 
1974 (Figure 8) .  In 1972 and 1973, Subarctic wa- 
ters were found north of lat. 35 ON and Central 
waters south of lat. 31"30'N and 32"N, respec- 
tively. Boundaries of the Transition Zone between 
these water masses were well developed and read- 
ily identifiable. The Subarctic front was marked 
by abrupt shoaling of the 33.8'%11, isohaline and 
58°F (14.4"C) isotherm and a sharp horizontal 
gradient in salinity extending from the surface to 
greater than 175 m. The Subtropic front was de- 
lineated by steep shoaling of the 34.2% isohaline 
and 62°F (16.7"C) isotherm and a sharp gradient in 
salinity extending from the surface to greater 
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than 150 m. A temperature  gradient  on t h e  order 
of 0.6"C in 13 k m  was  often found to m a r k  these 
fronts at  t h e  sea surface. At  other  times, however, 
seasonal heat ing i n  t h e  surface layer eroded t h e  
horizontal temperature  gradient  a t  t h e  surf'ace. 
Mixing was evident in t h e  Transition Zone i n  1972 
with low-salinity water  penetrat ing southward 
a n d  some high-salinity water  northward a t  inter-  
mediate  depths. 

Oceanographic conditions were different i n  the  
region of t h e  Transition Zone in 1974 from those 
which were observed i n  1972 a n d  1973. I n  1973, 
boundaries of t h e  Transition Zone were poorly de- 

veloped a n d  broken. Sal ini ty  gradients  were dif- 
fuse a n d  changes in  depth o f t h e  isotherms gradual  
a n d  variable in  t h e  regions of t h e  Subarctic and  
Subtropic fronts. The  Subarctic front was  virtu- 
a l ly  nonexis ten t  a n d  Trans i t ion  Zone waters  
graded gradual ly  into Subarctic waters. The Sub- 
tropic front was  weak and spread between lat. 
3130 '  a n d  33'30". SawH found t h a t  the  diffuse 

"Saw, J. F. T. 1976. Anomaliesofsurface salinity and ternper- 
ature on the Honolulu-San Francisco route, June 1966-June 
1975. NORPAX Highlights 4:2-4. tUnpubl. rep.) 
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nature of the  Transition Zone and its frontal 
boundaries became evident late in 1973 and per- 
sisted throughout 1974. 

ALBACORE CATCHES IN 
RELATION TO OCEANIC FRONTS 

Graphical depictions of the frontal gradients 
that  form the boundaries of the Transition Zoneg 
and standardized albacore catches for June  of each 
of the three surveys a re  shown in Figure 9a-c. This 
figure indicates t ha t  the catches were largely 
made within the Transition Zone in all 3 yr. Dur- 
ing June  1972 and 1973, productive centers of 
fishing, indicating high relative abundance of al- 
bacore, developed in the Transition Zone between 
lat. 33"and 35"N and west of long. 135"W (Figure 
9a, b). These centers persisted for several weeks 

T h e  temperature and salinity fields measured by the research 
vessel, augmented by the XBT data collected by the charter 
fishing vessels, were analyzed to delineate the frontal gradients. 

FISHERY BULLETIN: VOL. 75. NO. 4 

before fishing effort was ended. In these years, the 
frontal structure was strongly developed and the 
Transition Zone easily identifiable. During June  
1974 when the frontal structure was poorly de- 
veloped and water mass boundaries were less dis- 
tinct, catches were distributed over a larger range 
of latitude and longitude (Figure 9c). Overall 
catches in 1974 were substantial but they were not 
persistent in any area for more than  a few days. 
Thus, while albacore were still associated with 
Transition Zone waters, the influence of extensive 
lateral mixing between water masses and the dif- 
fuse nature of the boundary frontal structure ap- 
parently failed to concentrate fish in a given loca- 
tion for periods of time as had apparently occurred 
in the previous 2 yr. 

While graphical depictions of frontal structure 
outline the location of the boundaries associated 
with Transition Zone water (Figure 9a-c), they do 
not indicate the intensity of the gradients of the 
frontal structure. The frontal structure has been 
shown generally to have weak gradients during 
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FIGURE 9.-Albacorecatch per 150 line-hours by American Fishermen's Research Foundation charter vessels 
and locations offronts delineating Transition Zone waters during: a. 1-30 June 1972; b. 1-30 June 1973; c. 1-30 
June 1974. 
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veloped in the Subarctic front, albacore were 
taken in the northward protrusion of Transition 
Zone water (Figure loa, b). Albacore often were 
found close to the front. During each of the sur- 
veys, catches were made by the research vessel as 
the frontal gradients were being recorded by ship- 
board instrumentation. 

Analyses of variance were performed upon the 
charter vessel catch data to test the hypothesis 
that  catch rates were dependent upon water mass 
in the offshore area during June. For the 1972 
survey, daily or twice daily XBT casts were 
matched with the  daily catch data.  Because 
specific isotherms were found to fall within very 
different depth ranges from one water mass to 
another, the dependence of catch rate upon classes 
of depth ranges for these isotherms was tested. 
Thus for this statistical test the water masses may 
be defined as follows: 

48'1 

45" 

40' 

35" 

30- 

Z S ' L  

June  1974; however, one localized area did have 
sharp, abrupt gradients. The eastward protruding 
tongue of Transition Zone water centered at lat. 
35"30'N, long. 132"3OoW had salinity gradients 
comparable with those found in previous years. 
Substantial catches of albacore persisted in this 
one region for a week after which fishing effort was 
terminated. 

Further information on the distribution of alba- 
core can be derived from the catches made by the 
research vessels (Figure 10a-c).lo The research 
vessels trolled for albacore along tracks tha t  
crossed the oceanic fronts and expended fishing 
effort in Central, Subarctic, and Transition Zone 
waters. With few exceptions, they did not catch 
albacore in Central or Subarctic waters. In 1972 
and again in 1973, when a large meander de- 
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'"Catches are expressed in number of fish caught per 15 line- 
hours in 1972 and 1973 and per 60 line-hours in 1974. These 
numbers of line-hours approximate the amount of fishing effort 
expended each day by the research vessels during respective 
years. 

Water trrnss Isotherm Depth 
Pacific Subarctic 58°F (14.4"C) <60 m 
Transition Zone 58°F 260 m 

FIGURE 10.-Albacore catch per 15 line-hours by National Marine Fisheries Service research vessel and 
location of fronts delineating Transition Zone waters during: a. 4-23 June 1972; b. 9 June-5 July 1973; c. 29 
May-1 Ju ly  1974. 
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development initially occurs i n  late May and 
June, a time when seasonal warming has raised 
the surface layer temperature of these waters to 
values considered to be within the habitat prefer- 
ence for albacore. These concentrations offish may 
persist in offshore waters for several weeks. Next, 
as nearshore waters warm in ensuing weeks, alba- 
core migrate toward coastal regions. Fishing ef- 
forts in the intervening zone usually produce only 
scattered catches, thus suggesting that during the 
shoreward migration the  behavior of the  fish is 
such that they are not available to fishing gear 
and/or that  albacore may not be concentrated. 
Then, usually by mid-July, concentrations of high 
relative abundance are found near the coast, often 
in the vicinity of oceanic fronts related to coastal 
upwelling. Although variations may occur in  this 
general pattern, the main features of the migra- 
tion tend to repeat each year. The stages of shore- 
ward migration and initial development of the 
albacore fishery can be seen in the two series of 
charts showing nominal catch per unit effort for 
1973 (Figures 5a-e, 6a-e). 

The shoreward migration of albacore from the 
central North Pacific into coastal waters appears 
to continue through the summer months. Albacore 
trolling experiments conducted from U S .  Navy 
picket vessels operating approximately between 
long. 130"and 135"W (Flittner 1963,1964) showed 
albacore to be available there throughout the 
summer .  Also, two albacore tagged  by t h e  
Japanese in the western Pacific (near lat. 35"N 
and long. 171"E) in mid-June 1974 were recovered 
in the U S .  fishery in September 1974 (Japanese 
Fisheries Agency 1975). 

62°F (16.7"C) S90 m 
Pacific Central 62°F >90 m 

The data were transformed to logarithms in 
order to standardize between-sample variance. 
Results of the analysis of variance show tha t  mean 
catch in the Transition Zone, which was greatest, 
is significantly different (P  = 0.01) from those in 
other water masses. 

For the 1973 survey, both charter and nonchar- 
ter vessel catches were available for test. The 
fronts were assumed fixed for this time frame, as 
shown in Figure 9b, and catches were assigned to a 
water mass based upon reported geographic posi- 
tion. Because no fishing effort was expended in 
Central waters, except close to the Subtropic front 
where catches are expected, a n  analysis of this 
division could not be included. Both the charter 
and noncharter vessel data revealed that mean 
catches were significantly greater (P = 0.01) in the 
Transition Zone than  those in the Subarctic wa- 
ters. 

The poor development of the boundary fronts 
between water masses during 1974 precludes a 
definitive assignment of catch to water mass; 
therefore, a test of the 1974 data was not consi- 
dered. 

Catches made by both the charter fishing ves- 
sels and the research vessel during each of the 
three surveys demonstrate that  albacore are dis- 
tributed within the Transition Zone and may be 
absent (or unavailable) or nearly so in  water 
masses to the north and south during this phase of 
their shoreward migration. Relative abundance is 
high in offshore areas within the Transition Zone 
waters and a t  times close to the oceanic fronts that  
form the boundaries of Transition Zone waters. 
Further, when the  oceanic fronts are diffuse and 
widely spread there is likely to be a corresponding 
spread in the distribution of albacore and a dislo- 
cation of the centers of high relative abundance. 

MIGRATION PATTERN FROM 
OFFSHORE TO NEARSHORE WATERS 

We view the general pattern of seasonal migra- 
tion of albacore into coastal waters where the U S .  
fishery traditionally takes place during summer- 
fall as proceeding in three main stages: First, al- 
bacore migrate eastward from central North 
Pacific regions and form centers of high relative 
abundance within the eastern sector ofthe Transi- 
tion Zone waters 600 to 1,000 mi off the coast. This 
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Division in Migration Pattern 

In order to examine migration of albacore from 
offshore to nearshore waters, a n  albacore tagging 
program was conducted during each of the offshore 
surveys. Over 4,500 albacore were tagged and re- 
leased (Table 1). Recoveries of tagged fish made 
during the same season as released provide infor- 
mation on migration of albacore into nearshore 
waters (Figure l la-c).  Most recoveries of tagged 
fish made in 1972 of fish tagged during early sea- 
son 1972 in waters offshore of long. 130"W were 
made in central-southern California waters and 
only a few recoveries were made in Pacific North- 
west waters (Figure 1 la). A similar recovery pat- 
tern was observed in 1973 (Figure I lb) .  A con- 
trasting recovery pattern was observed in  1974 
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survc~v> in i i .  197'2: b. 1973, and c. 1974. 

when almost  all of t h e  recoveries of fish tagged in 
1974 were made  in  waters  off t h e  Pacific North- 
west (F igure  1 IC).  

Differences in  recovery pat tern cannot be :IC- 

counted for by geographic variations in  fishing 
effort a n d  fish catch. In  all 3 yr ,  70% or more of thc  
fish caught  dur ing  t h e  commercial fishery was  off 
t h e  Pacific Northwest. I t  appears ,  instead,  t h a t  
differences in  recovery pa t te rns  could be related to 
the location where tagged fish were released. In 
both 1972 and  1973, most of the  tagging effort in 
offshore waters  was between la t .  33 'and  34"N a n d  
i n  1974 i t  was  far ther  north,  between lat. 35"and 
36"N. The  different a n d  divergent pat terns  appar-  
ent ly  are t h e  resul t  of t h e  albacore following dif- 
ferent a n d  divergent migration routes  toward t h e  
nearshore waters. Tagging efforts of 1972 a n d  
1973 and  those of 1974 were apparent ly  concen- 
t ra ted upon different branches of t h e  migration. 
The  division i n  t h e  migration pat tern appears  to 
have  occurred near  lat. 35"N a n d  must  have occur- 
red west of, a n d  prior to, t h e  appearance of t h e  fish 
i n  t h e  survey region. 
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Support for this  proposed division in  t h e  migra- 
tion pat tern of albacore is indicated by differences 
i n 1 e n  g t h - f r  e (1 u e nc y d i s t r i b u t  i o n of a 1 bacor e 
caught  in  t h e  commercial fishery off California 
and  north of California. Differences in  size com- 
position of fish caught  in 1972 in  t h e  two regions 
(F igure  12upperandlowerI  include: 1 ) t h e m o d e o f  
large-size fish was about  5 cni larger  i n  fish caught  
off California t h a n  i n  fish caught  off the  Pacific 
Northwest; 21 t h e  mode of t h e  medium-size fish, 
which formed t h e  dominant  size group in  both 
regions. was 1 to 2 cm larger  in  fish caught  off 
Cal i fornia  t h a n  i n  fish c a u g h t  off t h e  Pacific 
Northwest; and  3 )  occurrence of th ree  modal size 
groups taken  in  t h e  fishery off California, b u t  only 
two off t h e  Pacific Northwest, where t h e  smallest  
modal size group was  absent .  Examinat ion  of 
size-frequency distributions for 1973 a n d  1974 
yielded s imilar  results 

The  size composition of albacore caught  west of 
long. 130"W by charter  vessels i n  1972 (F igure  12 
lower) was v c ~ y  s imilar  to t h a t  for fish t a k e n i n  the 
commercial fishery off California (F igure  12 mid- 
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F I ( ; I ' H R  12.--Size composition of albacore caught hy US. 
fishermen during 1972 north ofCalifornia iupper). off California 
tmiddlei, and size composition of albacore caught during the 
1972 National Marine Fisheries Service-American Fishermen's 
Research Foundation offshore survey ilower). 

dle) and hence different from the size composition 
of fish taken in the commercial fishery north of 
California (Figure 12 upper). I t  appears. then, that  
albacore caught in the offshore region ofhigh rela- 
tive abundance south of lat. 35"N in 1972 were a 
part of the migration of fish that reached regions 
off California. 

We interpret the findings concerning offshore- 
nearshore and north-south geographic variations 
in size composition as supporting the hypotheses 
1) that  the fish which compose the fishery off 
California a re  separate from those which make up 
the fishery off the Pacific Northwest, and 2 )  tha t  
these two groups of fish follow different migration 
routes into nearshore waters. 

Movements of  Albacore by Size Groups 

The size composition data for the 1972 charter 
vessel catch were stratified into offshore and near- 
shore regions a t  long. 130"W and into one 8-day 
and four 10-day time periods. Graphs of the strat- 
ified data standardized by fishing effort for 1972 

(Figure 13) show tha t  albacore initially appeared 
offshore near the end of May and there was a n  
abrupt increase in relative abundance in the be- 
ginning of June. A decline in relative abundance 
was observed offshore after 19 June  as centers of 
abundance shifted to nearshore where there was 
a n  increase in early July. Within these overall 
trends, changes in each of the three modal size 
groups can be followed. The mid-size modal group 
(fork length centered about 67 to 69 cm), initially 
dominated early offshore catches and then di- 
minished in relative importance. I t  formed almost 
the entire catch of the first nearshore catches and 
continued to dominate nearshore catches into 
July. The large-size modal group (fork length cen- 
tered about 82 to 85 cm) showed similar trends: a 
rise and fall in relative abundance offshore and 
with a subsequent shift to nearshore, but lagging 
behind the mid-size modal group by one 10-day 
period. The small-size modal group (fork length 
centered about 52 and  53 cm) was dominant 
offshore after 10 June  but made little appearance 
in the nearshore region during the survey. This 
size group subsequently entered the nearshore 
fishery, however, as is evident from the size com- 
position of the 1972 fishery off California (Figure 
12 middle). An additional geographic division in 
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demonstrate tha t  albacore a re  distributed mainly 
within the Transition Zone and usually are absent 
(or unavailable) in water masses to the north and 
south, Furthermore, our work strengthens the 
general concept that  the distribution and relative 
abundance of large, highly migratory fish may be 
markedly influenced by oceanic frontal features. 
Other studies usually have had to rely on mean 
ocean conditions and/or  statistically averaged 
fishery data.  whereas our fishery and oceano- 
graphic data were collected concurrently during 
several surveys, and the amounts of fishing effort, 
fish catch, and oceanographic data were suhstan- 
tial. 

the offshore region, splitting the catch north and 
south of lat. 35"N showed tha t  the catches first 
developed south of lat .  35"N and then moved 
north. By the fourth period (20 to 29 June) ,  the 
small-size modal group composed almost the en- 
t ire catch south of lat. 35"N and offshore of long. 
135"W. 

Several conclusions a re  evident from these tem- 
poral and areal changes in  size composition. While 
catches persisted for up to 4 wk within a 2" by 4 '  
quadrangle  of la t i tude  and  longitude in  the  
offshore region, changing patterns of size composi- 
tion suggest tha t  albacore were moving through 
the region within a period of 10 days or less and 
that the size groups migrated somewhat indepen- 
dently. The mid-size group, which composes the 
major portion of the U S .  fishery, led other size 
groups by 10 or more days. Also, the sequence of' 
compositional changes of each size group and the 
geographic differences suggest t ha t  the migration 
from the offshore region to the nearshore fishery 
takes about 20 days or more; a t  least it  did in 1972. 

The 1972 catch data were chosen for examina- 
tion of spatial and temporal changes in size com- 
position because each of the size groups was well 
represented in the survey catches and all phases of 
the migration into the  fishery are evident, includ- 
ing commencement of the fishery, by the comple- 
tion of the survey. In 1973 the fishery started late, 
weeks after the survey, and in 1974 the patterns 
were less distinct, apparently in response to weak 
oceanic frontal conditions. 

Dl SClJSS ION 

Association o f  Albacore  Dis t r ibu t ion  
With Oceanic  Frontal  Kck' A 'lolls 

The commercial fisheries on North Pacific albn- 
core and the migration of albacore among these 
fisheries have frequently been associated with 
oceanic frontal regions in the  western Pacific 
(Yamanaka e t  al. 1969; Uda 1973; other works). in 
the central North Pacific (Shomura and Otsu 
1956; McGary e t  al. 1961r, and in coastal upwell- 
ing regions tPearcy and Mueller 1970; Panshin 
1971; Laurs 1973; Laurs e t  al. 1977). 

Results of our study provide evidence for the 
continuity of the association of albacore distrihu- 
tion with the Transition Zone and frontal bound- 
aries into the eastern North Pacific. Catchrs made 
by the AFRF charter fishing vessels and the re- 
search vessel during each of the three surveys 
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Kclativc Abiii idancc o f  Albacore in t h e  
Eastern Sector of  t he  Trans i t ion  Z o n e  

We have found centers of high relative abun- 
dance of albacore in June  within the eastern sector 
ofthe Transition Zone and often close to its frontal 
boundaries. Annual and intra-annual areal varia- 
tions in rclative abundance of albacore were ob- 
served and appeared to be related to development 
of the frontal boundaries of the Transition Zone. 
When the Subarctic and Subtropic fronts were 
strongly developed. areas of high relative abun- 
dance developed within relatively narrow bands 
in the Transition Zone and persisted for several 
weeks. When the Transition Zone was broader and 
the fronts were poorly developed, centers of high 
relative ahundance were found over a larger area 
within the Transition Zone and did not persist for 
inore than several days in any one location. 

Based on scouting results from several research 
surveys. i t  appears that  the timing and the loca- 
tion of fishing effort may be critical in locating 
centers of' high relative abundance of fish in the 
eastern sector of the Transition Zone. In  1973, 
charter vessels first found a center of high relative 
abundance on 4 J u n e  near lat. 34". long. 140"W 
in Transition Zone waters. For several weeks prior 
to this finding, the AFRF charter vessels had made 
only scattered catches while scouting in and about 
this same area. Thus, it seems tha t  the center of 
high relative abundance appeared in a surge 
within the first week of June. In 1955, a n  albacore 
survey cruise by a single U S .  Bureau of Commer- 
cial Fisheries t BCFl research vessel (Hugh M .  
Smith)  scouted this area in late May and early 
J u n e  (Graham 1957). Seven longline sets and 
trollingconducted between lat. 41°and28"N along 
long. 139 W resulted in only a single albacore 



being taken  before the  vessel departed the  area on 
5 ,June. The  1955 scouting effort may have been 
too ear ly  by a mat te r  of days to weeks to locate 
substant ia l  numhers  offish. In 1957. a BCF fishery 
research ~ r r s s e l  / J o h r t  R .  A f u u n i n g . /  scouted to the  
north and  east o f t h i s  areit in la te  J u n e  tC'allnway 
and  McCary 1959). Small to modest catches of 
albacore kvere made by trolling and i n  gill net sets 
in a n d  about t h e  Tixiisition %on(,. but tlic ;ti'en 

which we have f'ound t o  h i t v c ~  ;I center of' high 
relative nbundancc~ \v;ts no1 scouted. 

Extension in Sp;tc'e ;itid Time of' 
I ' .  5. Allxicore Fisher!. 

T h e  coopera t i vcb N hl FS- A F R F  it 1 haco t x s  re- 
search surveys h 11 ve de m() t i s t ra t ed t he feas i 1) i I i t y 
of extending the  U.S. fishrbry for albncore in space 
a n d  t ime.  Albacore ~verc. caught  by chat.tered 
fis t i  i n g vesse I s in co m in e rc i a 1 co nee, n t t ~i t tons ' con- 
siderahly far ther  of'fshorc* t h a n  w h e w  the  alt);icore 
fishery has  tr;iditionallJ, taken place and u p  to 6 
wk prior to the  usual  b t~ginning  of' the  lishing 
season. Noncliarter commercial albacore fishing 
vessels. a t t rac ted  to t h c  ear ly  sriison ot 'f~~hore 
fishery by t h e  research survey  findi ngs. liave 
begun opera t ing  i n  th i s  fishery in incrc;ising 
numbers .  

While fishing resul ts  of tht, AFRF-chartered 
a n d  the  nonchartered fishing \,essels indicate t h a t  
commercial amounts  of fish can  bet caught  w r l i e r  
and  far ther  off'shore t h a n  the  usii;tI fishing scuson, 
additional experience is ticedtd to rx;inii n ( b  t h e  
variability of th i s  extension of' the  fishery. tbspe- 
cially in te rms  of t iming  and  availability. in order 
to judge properly whether  it can providc ii depend- 
able  contribution to t h e  C J S .  fishery. If' in t h e  
long-run t h e  ear ly  season offshore fishery proves 
viable. its development could be a n  important far- 
tor in reducing annual  fluctuations in  the  ciitch of 
albacore. According to Cleniens I 1962) large an- 
nual  fluctuations in  catch a r e  ;i prominent feature 
of t h e  U S .  albacore fishery. Stabilizution of catch 
among years  could contrihute significantly to t h e  
proper utilization a n d  ultimately to t h e  clffectivc 
management  of the  resource. 

The  fishing success by char te r  a n d  nonchartcir 
albacore commercial fishing vessels in 1972-74 is 
in  contrast  to a n  ear l ier  a t tempt  to establish com- 
mercial fishing in waters  offshore from where t h e  
U S .  fishery h a s  historically operated. According 
to McCary e t  a l .  (1961). a n  unsuccessful gill net  
a n d  trolling effort was made in  t h e  summer  of 

1958 by a chartcrcd coninic.t.cial fishing vcwe l  in 
areas of t h e  ccntriil North P x i f i c  where alhncore 
were caught  dur ing  research surveys conducted in 
sunimers of 1955 and 1956. The  failure to catch 
iilhiicorc. i ti itniounts sufficient t o  support commer- 
cial fishing may have been a n  accidental event  
rclatect to intense anomalous oceanic conditions 
b v l i  ich occurred oceLin-widr a n d  affected nunicw)us 
fisheries in 1957-58 I Sc t te  and  Isnxs 1960). 

Based on association of i t lbxore  distribution 
a nd re1 n t i v r  ;i bu nda lice wit h t h e  Tra t is i t inn Zone 
and i ts  f'rontul hound;tries. we conclude t h a t  t h e  
shot.ew:trd migration of all)ncore is linked to t h e  
1t.ansition Zonc and t h a t  v : i r iu t ions  in the  pat tern 
of migration occur i n  response to vari;itions i n  t h e  
chatxcter  and dcvc~lopment o f t  he Transition Zone 
and  its fixntal s t ructure .  When t h e  Ttxnsition 
Z o n e  is narrow and its fronts ;ire well developed. ;is 
in 1972 and  19'73. the  migration pat tern o f t h e  fish 
is narrow and rt,latively well defined. I n  contrast. 
when the  'rriinsition Zone is broad and  its fronts 
tvtxikly fornicd. as i ti 19'74. t l i e  migration pat tern 
of' fish is wide a n d  less well defined. 

Theit, is itlso some suggestion t h a t  the  s t rength  
and continuity of' t h e  Transition Zone fronts in 
oI'f.;how waters  may affect the  t iming of arr ival  of 
fish i n  nearshorc~ waters. When t h e  fronts a r e  well 
dcvelopcd. fish ;ippcx:ir to aggregate  in their  vicin- 
i ty ,  resul t ingini t  tendency for the  fish to r e m a i n i n  
ofl'shore waters for periods of t ime t h a t  delay their  
arr ival  in the  nearshore fishing grounds. How- 
ever ,  when tlie fronts ;ire weak t h e  fish appear  to 
niove through offshore waters  with less delay and  
arr ive earlier in nearshore waters. Initial showing 
of fish in  nearshore waters  dur ing  t h e  years  o f t h e  
surveys supports th i s  speculation. The  nearshore 
commercial fishery a n d  sport fishery off southern 
California commenced several weeks la ter  in 1972 
a n d  1973 t h a n  in 1974. 

r .  

The mechanisms responsi hle for t h e  relation- 
sh ip  between albacore a n d  t h e  Transi t ion Zone 
a n d  its frontal boundaries  m a y  resul t  from a 
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(Clemens 1961; Laveastu and Hela 1970). This 
temperature range is found in the upper mixed 
layer waters of the Transition Zone in spring. 
Near-surface waters to  the south of the Transition 
Zone are generally warmer than this and those to  
the north cooler. 

The sequence of spring-summer wkni ing  of the 
surface layer along a section between Honolulu 
and San  Francisco during 1972 is illustrated in 
Figure 14. The Transition Zone boundaries iden- 
tified by the abrupt changes in depth of isotheimis 
a t  intermediate depths fall between long. 130 und 
140" W. The habitat temperature preference range 
loralbacore (16'  to 19°C) isshown with shnding. I n  
e d y  and mid-spring (upper left) only the Central 
waters havt, preferred temperatures and thesc 
waters occur down to a considerable depth, almost 
200 m. In suhsequenl time periods, a shallow sur- 

500 

number of factors acting in a n  interrelated matrix 
which impacts the  fish both directly through 
physiological means and indirectly through forage 
availability. We postulate tha t  the factors include, 
but a re  probably not limited to: 1) habitat temper- 
ature preference, 2) biological productivity, and 3 )  
thermal gradients a s  they affect the albacore's 
thermoregulation processes, and that these fac- 
tors act in a n  interrelated way superimposed on 
the innate drive of the fish to migrate across the 
North Pacific Ocean. 

T 6 

i 

HABITAT TEMPERATURE PREFERENCE. 
- The distribution and relative abundance of al- 
bacore are related to sea-surface temperature t Clc- 
mens 1961; Johnson 1962; Panshin 1971: and 
others). The habitat temperature preference for 
albacore ranges from approximately 16' to 19T  

I 

300 

40 

'. 1 

FI(:lyRE: 14.-Vertical temperature sections on a transect from Hondulu to Sail Francisco during April to July 1972. The temperature 
range between 16' and 19'(' 160.8 and 66.2 FI I S  shaded. 
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face layer develops and  warms to preferred tenip- 
eratures .  initially in  t h e  Transition Zone a n d  then 
in more nearsnore Ivaters. It is near  t h e  end ofhlay 
and  through J u n e  t h a t  t h e  preferred temperature  
range occurs in  t h e  Transition Zone and  is gener- 
a l ly  restricted to depths  70 m.  The depth limita- 
tion of preferred waters  greatly improves t h e  vul -  
nerability of albacore to surface trolling gear .  

B IO LOG IC A L P R O D  UC TI V I TY . -Ta g g  i iig 
data  show t h a t  migration of albacore from the west- 
e r n  to the  eastern North Pacific is iictivc. with a n  
average migration speed of 18 k m  day for 78-  and 
80-cm fish I Japanese  Fisheries Agency 1975). This 
suggests t h a t  a n  albacore requires considern1)le 
energy to complete the  transpacific migration. 
S h a r p  nnd Dotson 1 9 7 7 )  calculated t h a t  t h e  
caloric expenditure per hour for :I swimming a l h -  
core 63 cni in fork length is 5.02 kcal 'h .  They also 
speculated t h a t  fat stores may he a n  importiitit 
energy source utilized by albacore for migration. 
Studies  of the  food habi ts  of albacorc caught  dur-  
ing the surveys i i  sho\v that  albacore feed activc.ly 
in offshore waters  dur ing  their  shoreward migra- 
tion. The  composition of' the  food fbund in the  
s t o n i x h s  is different from t h a t  of' fish caught in  
inshore \vnters iP inkas  e t  al .  1971. 1,aurs and  
Nishimoto MSi2), but aver;ige volumes offbod in 
stomachs fiom t h e  t\vo regions iirc' similar .  Thcsre- 
fore, availability of'fbrage is likely to be an inipor- 
t a n t  Lictor infliic>ncing the  rout(' of albacore mi- 
gr a t ion . 

There a r e  t h r w  niLijor oceanic habi ta ts  in the 
North Pacific which art' sepnriited h y  pronounced 
latitudinal faunal boundaries and  s teep Iatitudi- 
n a 1 p a d  i e n t s i n s t ;i nd i ng stocks of' p h y t o p 1 ;ink t o n 
and  zooplankton McGowan and  Williams 19731. 
These species and  biomass b o u n d n r i c ~  are coinci- 
dent  with the  boundaries of t h e  Pacific Subarctic. 
T r a n s i t i o n  Zonc,. a n d  Pacific C e n t r a l  w a t e r s  
(Johnson and Brinton 19631. A northLlard incrws-  
ing step-cline OCCUI's among t h e  North Pacific 
h a b i t a t s  in  s t a n d i n g  s tocks of' phytoplankton  
(Venr ick  e t  al. 1973: McGowan a n d  Wil l iams 
1973). zooplunkton (Reid 196%; McGowanand Wil- 
liams 19731. and  micronekton i Aron 19621, and in  

"Laurs. K.  M.. and K N Nlshimoto. 1973. Food habits of 
albacore caught in offshore area.  In Report of Joint National 
Marine Fisheries Service-Amerlcan Fishermen's Research 
Foundation alhacore studies conducted during 1973, p. 36-40, 
tunpubl.  rep.) 

"Laurs, R. M , a n d  R. N. Nishimoto. Food habits ofalhacore in 
the eastern North Pacific. [Unpuhl. manuscr.)  

p r i m a r y  product ion (Koblents -Mishke  1965). 
Zooplankton a n d  micronekton s tanding  stock es- 
t imates  made dur ing  t h e  offshore albacore surveys 
show similar  resul ts  with values generally being 
h ighes t  in  Subarc t ic  waters ,  i n t e r m e d i a t e  i n  
Transition Zone waters ,  a n d  lowest i n  Central  
waters. 

Since biological productivity is higher  i n  Sub- 
arctic waters  t h a n  in Transition Zone or  Central  
waters ,  it would be most advantageous from the  
s tandpoint  of food avai labi l i ty  for albacore to 
confine their  migration pa th  to Subarctic waters .  
However. dur ing  spr ing  months t h e  temperature  
of the  Subarctic waters  is much lower t h a n  the 
habi ta t  preference for a lbacore.  We conclude. 
then. t h a t  t h e  northern limit of t h e  albacore mi- 
grat ion route  d u r i n g  spr ing  is determined by 
ocean temperature  a n d  t h a t  t h e  l imit ing tempera-  
ture  is found near  t h e  northern boundary of the  
Transition Zone. The  temperature  of the  upper 
layer of t h e  Central  waters  is higher  t h a n  t h e  
habi ta t  temperature  preference for albacore, h u t  
there  a r e  tempera tures  below t h e  upper  layer  
which lie within t h e  habi ta t  temperature  prefer- 
ence for albacore. Thus ,  t empera ture  could restrict 
t h e  distribution of albacore from t h e  upper layer  
but  not a t  some depth interval below t h e  upper 
layer. We propose t h a t  while tempera ture  may 
play a role in  determining t h e  southern l imit  o f the  
i i l h x o r e  distribution a n d  migrat ion route, t h e  
major factor is t h e  abundance a n d  availability of 
forage organisms which drop off sharply near  t h e  
southern boundary of t h e  Transi t ion Zone. 

O C E A N  T H E R M A L  G R A D I E N T S  A N D  
T H E R M O R E G U L A T I O N  O F  ALBACORE.-  
Thcwnoregulation processes by albacore may be 
a n  important  factor in determining their  associa- 
tion with t h e  Transi t ion Zone a n d  its frontal  
boundaries. Thermoregulation is  characteristic of 
tunas  and  cer ta in  other  fishes (Carey  et al. 1971). 
According to  Neill (1976) for fishes as a group, t h e  
only effective means  of regulat ing body tempera- 
tu re  is by behavioral regulation of t h e  immediate  
environmental  t empera ture  through locomotory 
move men t s . 

Computer s imulat ion models developed by Neill 
( 19761 indicate t h a t  where environmental condi- 
t ions  are charac te r ized  by l a r g e  expanses  of 
isothermal or nearly isothermal water  separated 
by relatively narrow thermal  discontinuities (e.g., 
oceanic frontal systems), fishes will be relatively 
concentrated near  t h e  discontinuities. 
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cvidcnccx \v i i s  givcbn for th i s  statr~nicnt and our 
i i c \ \ c ~ r  finding5 do not support i t .  We  concur  t h a t  
not't h\v:ird longshort& mc:\ .~nic~nt  is important in 
ncx:il.shorc. \v:itt,rs, but concludc that  fish enter ing 
\\:itc>rs off Ikij i i  C;ilifoimi;i 01' southrim Califoixin 
do not migriitc far ther  north t h a n  iibout S i n  Fran-  
cisco I)ofor(~ lcliivi ng the  Anic~t~iciin fishc1l.y. 

Fli t tner  i 19631 presented a schematic diagram 
of;ilbncoi.e movement off the Pacific coast based on 
iilhacort, catches made by U S .  Navy picket vessels 
during 1960-62. T h e  picket vessels, stationed 200 
to 500 n.nii.  offshore ( n o  far ther  west t h a n  long. 
135 \ V I  and spaced a t  la t i tudinal  intervals  of 300 
n.mi. .  each trolled several j ig  lines from May 
thiwugh Octotwr. Fl i t tner  said that  albacore ap-  
peat . td t o  c o n g r e g a t e  w i t h i n  a n  " o p t i m u m -  
tempcrature" zone and  seem to split into two mi- 
gratory coniponents. Ear ly  arr ivals  proceed to 
soiithtwi fbeding iireiis a n d  la te  arr ivals  t u r n  to 
thck nor thern  area. each movement  depending 
upon t h c  progression of seasonal warming.  

I ' tqycssion of seasonal warniing continues to 
a p p c ~ i r  t o  be ;in important f;ictor affecting paths  of 
;i I h ;icorc~ ni i g ra t  i o n . However , i n fl u e lice of t h e  
Triinsition Z o n c  development and  the  division of 
niigvat ion p a t t c m  dcwi.ibcd here  add considerable 
complexity to ear l ier  idcw.  Our findings suggest 
tha t  e v e n t s  i n  offshore waters  are important  in  
d t x t  e r m  i n i n g t he d i s t r i b 11 ti on and  re1 i i  1 i ve abu n - 
danctk of alhncore in  coastal waters .  

1 j . i ~  i fk N ()rt h \\' cs t ;i 11 d 
(:alifornia Groups o f  Fish 

H wed on o Cfs h art*- ne ;i rs h ore and  north - so u t h 
geographic variations in size composition of alba- 
core' \\v postulate tha t  t h e  g o u p  of fish which 
compose t h e  iilhacore fishery off California a r e  
separate  from those which make  up the fishery off' 
thc  Pacific Northwest. Brock 1943 I arr ived a t  i i  

si i n  i I ;i r co nc I u s i on a ft e r coni p a r i n g  1 e n  g t  h - 
f r tq i imcy distributions of albacore landed in S a p  
Pedro. ('alif., and  Astoria. Oreg. Brock found dif- 
li.rc,nces in  size composition a n d  s ta ted,  "This 
would argue t h a t  t h e  schools of fish of f the  Oregon 
coast were not ;I par t  of t h e  schools appearing off 
thc  Californi;i coast. even though. as indicated 
above>. the  two groups may have had a common 
o r i g i n . .  . The t ime of arr ival  of fish a n d  their  
ahundance a s  shown by t h e  monthly commercial 
catch for t h e  ports discussed here  tSan Pedro a n d  
Astor ia)  makc  i t  seem likely t h a t  a t  least two 
separate  groups of schools invaded t h e  coastal 
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area, one in the north off Oregon and the other in 
the south off southern California.” 

Results of studies on the artificial radionuclide 
6OCo in albacore provide additional evidence tha t  
the “northern” and “southern” groups of fish a re  
independent. Krygier and Pearcy (1977) found 
that the peak activity levels of 6oCo in albacore off 
Oregon occurred a year earlier than the peak ac- 
tivity levels seen by Hodge et  al. (1973) offsouth- 
ern California. According to Krygier and Pearcy, 
the heaviest fallout input of 6oCo into the North 
Pacific occurred a t  about lat. 40”N. They specu- 
lated that due to circulation in the North Pacific, 
albacore which were associated with waters north 
of lat. 35”N could have experienced high levels of 
6oCo up to a year before the tuna associated with 
waters to the south. They concluded that,  “Circu- 
lation in the North Pacific and the latitudinal dif- 
ferences in the location of the two portions of the 
albacore population las proposed by Laurs and 
Lynn in this paper I appear to be a plausible expla- 
nation for the difference of 1 yr in activity peaks 
between albacore caught off Oregon by us and 
those offsouthern and Baja California by Hodge et  
al. (1973):’ Thus, strong evidence from several 
independent sources points toward two separate 
groups of albacore following separate migration 
paths. 
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