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INTRODUCTION

Each year the U.S. troll Fishery for albacore (Thunnus alalunga) in the North Pacific 
catches 15% to 25% of the total amount of albacore caught by all North Pacific fisheries 
(Table 1). During the past forty years, the U.S. fishery has undergone a number of changes: 
The distribution of the coastal fishery has shifted northward to the coasts of Oregon, 
Washington, and Canada as catches off central and southern California have decreased; larger 
troll vessels with increased carrying capacity and increased range have joined the fleet; and the 
traditional North Pacific albacore fishing grounds have expanded westward from the coasts of 
California, Oregon, and Washington, to west of the International Date Line. In recent years, 
the North Pacific albacore season has begun in May, northwest of Hawaii between latitudes 
30°N and 40°N. U.S. troll vessels that operate in these offshore areas fish farther east as the 
season progresses.

Exploratory troll fishing in areas east of New Zealand in 1986 resulted in the 
development of a U.S. South Pacific albacore troll fishery (Laurs, 1986). This fishery annually 
takes less than 10% of the total amount of albacore caught by all South Pacific fisheries (Table 
2). Many large, long-range U.S. troll vessels depart the U.S. west coast after the end of the 
North Pacific season for the fishing grounds of the southern hemisphere where albacore are 
caught during the austral summer months (December through April). The southern fishing 
grounds extend from the west coast of Australia to approximately 110°W between 30°S and 
45°S. Most U.S. troll vessels depart the southern hemisphere in April when catches decrease 
and weather conditions worsen. These vessels run to Hawaii or the U.S. West Coast to prepare 
for the next North Pacific fishing season.

The Southwest Fisheries Science Center (SWFSC) of the National Marine Fisheries 
Service (NMFS), in cooperation with the American Fishermen’s Research Foundation (AFRF), 
Western Fishboat Owners Association (WFOA), and the state fisheries agencies of California,



Oregon, and Washington, maintains a program for sampling catch, effort, and length-frequency 
information from the U.S. albacore fisheries in both hemispheres. Catch/effort data are 
obtained from completed copies of the U.S. Pacific Albacore Logbook that are voluntarily 
submitted by fishermen or completed by port samplers who collect the information from 
cooperating fishermen. Over five hundred logbooks were distributed to albacore fishermen 
prior to, and during the 1994 North Pacific albacore season and the 1993-94 South Pacific 
albacore season by the SWFSC’s La Jolla and Honolulu laboratories, the Southwest Regional 
(SWR) Office in American Samoa, and the above-mentioned agencies. Four biologists 
accompanied four fishing vessels during the 1994 North Pacific season to collect catch/effort, 
length-frequency, and biological information. Catch/effort and length-frequency information 
from the 1993-94 U.S. South Pacific albacore fishery were collected by the SWR office in 
American Samoa. U.S. catches landed in foreign ports were supplied by scientists in New 
Zealand, Fiji and French Polynesia.

This report summarizes information collected from the 1994 North Pacific albacore 
season and the 1993-94 South Pacific albacore season. Data from the 1993 North Pacific 
season, 1992-93 South Pacific season, and landings of albacore by other nations (where 
available) are included for comparison.

LOGBOOK SAMPLING COVERAGE

Nearly four hundred trips (of the estimated 1,935 trips completed during the season) 
were sampled for logbook information during the 1994 North Pacific season. These sampled 
trips caught a combined total of 4,720 t of albacore. Logbook sampling coverage rates are 
calculated as the ratio of catch weights from sampled vessels to the total catch weights from 
all troll vessels. The 1994 North Pacific logbook sampling coverage rate is 45%, significantly 
more than the 1993 season’s logbook sampling coverage rate of 18% (Table 3).

Logbook information for the 1993-94 South Pacific season was collected from 7 trips 
of the 19 trips completed by U.S. troll vessels. These 7 vessel trips caught a combined total 
of 268 t of albacore. The logbook sampling coverage rate for the 1993-94 South Pacific 
season is 44% compared to 17% for the 1992-93 season (Table 4). The increased logbook 
sampling coverage rate in the South Pacific fishery is due in part to the smaller number of 
vessels participating in the fishery.

LENGTH-FREQUENCY SAMPLING COVERAGE

Nearly all albacore that were sampled for fork lengths during the 1994 U.S. North 
Pacific season were caught with troll gear. Length-frequency samples were collected by four 
biologists from the SWFSC who accompanied four U.S. troll vessels. Port sampling of length- 
frequency data was opportunistic during the 1994 North Pacific season due to lack of funding. 
Only four trips (716 fish) were sampled for length-frequency data as the vessels unloaded. 
Approximately 18,430 albacore were sampled for fork lengths during the 1994 North Pacific 
season compared to 10,885 fish that were measured (by port samplers and biologists at sea) 
during the 1993 season. The length-frequency samples collected during the 1994 North Pacific
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season represent all months of the season and a high percentage of the areas fished by U.S. 
troll vessels.

Coverage rates of length-frequency sampling are calculated as the ratio of the number 
of fish sampled to the estimated total number of fish caught for the season (estimated as total 
catches divided by average weight). The length-frequency sampling coverage for the 1994 
North Pacific season is 1.3% compared to 1.2% coverage in 1993 (Table 3). The continued 
suspension of length-frequency sampling at landing ports has kept length-frequency sampling 
coverage low, however, at-sea sampling has resulted in more representative samples and more 
precise data being collected.

Length-frequency sampling of albacore caught by U.S. troll vessels during the 1993-94 
South Pacific season was conducted by port samplers from the NMFS, SWR American Samoa 
office. Port samplers in American Samoa measured 996 albacore during the 1993-94 South 
Pacific season, resulting in a length-frequency sampling coverage rate of 1.1%. The length- 
frequency coverage rate for the 1992-93 South Pacific albacore season is 1.0% (Table 4). The 
collection of length-frequency data from U.S. South Pacific albacore catches continues to be 
hampered by the frequent transshipment of catches and few direct landings that are available 
to be sampled for length-frequency information.

TOTAL CATCH AND EFFORT

U.S. troll vessels fished an estimated 23,670 days during the 1994 North Pacific 
season (calculated as total landings divided by average stratified catch rate divided by average 
weight). This is a 3% decrease from the 24,470 days fished during the 1993 season (Table 3). 
Total catches from the 1994 North Pacific albacore season increased 68% to 10,535 t, the 
highest catch by U.S. troll vessels since 1981. The 1994 season represents the third 
consecutive year of increased catches. The cessation of high seas drift gill net fishing for 
albacore in the North Pacific and the diminishing effects of the last El Nino event may have 
contributed to this recent upward trend in annual albacore catches by the U.S. troll fleet. The 
preliminary estimate of the total amount of albacore caught by the Japanese pole and line fleet 
in 1994 is 31,038 t, a dramatic increase of 148% over the previous year’s estimated catch of 
12,528 t.

Although some catches were made in April, as vessels were in transit from the U.S. 
West Coast to Hawaii, the 1994 North Pacific albacore season really began in May when 
vessels started fishing north of Midway Island (Figures la and lb). Incidental catches of 
skipjack (Katsuwonus pelamis), mahi mahi (Coryphaena hippurus), and billfishes were 
occasionally made en route to the fishing grounds. Fish were abundant near 36°N, 171°W and 
37°N, 174°E in June (Figure lc). Catches in July exceeded 5,000 fish per 1° square near 
37°N, 175°E and 42°N, 145°W (Figure Id). Fishing progressed eastward throughout July and 
by August high catches were made between 131°W and 148°N from 41°N to 45°N (Figure le). 
Excellent catches were also made off the coasts of Vancouver Island, Washington, and Oregon 
in August. Coastal fishing began to decrease in September with the best catches made off the 
northern end of Vancouver Island and approximately 150 nm off the Columbia River (Figure 
If). Fishing remained excellent, however, in the offshore area centered at 45°N, 144°W in
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September. October brought harsh weather conditions and the fishing success diminished as 
the month progressed. Most catches were made in the offshore area centered at 45°N, 144°W 
(Figure lg). A few boats continued to fish into early November in the same vicinity until 
weather and poor catches forced them to end the season (Figure lh). The highest catches 
during the 1994 North Pacific season occurred in four general areas (Figure li):

1. West of 175°E, from 36°N to 39°N (in June and July).
2. Between 170°W and 174°W from 34°N to 37°N (in May and June).
3. Between 141 °W and 147°W from 41°N to 46°N (from July through October).
4. Between 125°W and 130°W from 44°N to 51°N (mostly in August).

Fourteen U.S. troll vessels participated in the 1993-94 South Pacific albacore fishery 
compared to 47 vessels in the 1992-93 fishery. These vessels fished an estimated 1,135 days, 
a decrease of 70% from 3,846 days fished in the 1992-93 season (Table 4). Total catches for 
the 1993-94 South Pacific season decreased to 603 t, 41% less than the 1,028 t caught in the 
1992-93 season.

The 1993-94 South Pacific albacore season began in December, 1993, in the Tasman 
Sea where a chartered U.S. troll vessel tagged and released approximately 460 albacore. A few 
vessels also began fishing about 1,500 nm east of New Zealand’s North Island (Figure 2a). 
The highest sampled catches in January were between 155°W and 170°W from 35°S to 40°S 
(Figure 2b). Sampled catches in February increased significantly with the highest sampled 
catches taken between 145°W and 155°W from 40°S to 45°S (Figure 2c). Sampled catches in 
March were concentrated in a 10° block centered at 40°S, 150°W (Figure 2d). Catches 
diminished in April and fishing was again localized near 40°S, 150°W (Figure 2e). The 
distribution of sampled albacore catches from the 1993-94 South Pacific season shows that 
most catches occurred between 145°W and 170°W from 35°S to 40°S (Figure 2f). The effects 
of an unusually strong El Nino phenomenon, which had an adverse effect on fishing in the 
1992-93 season, seemed to be dissipating and catches improved for the few vessels that 
ventured south for the 1993-94 season.

CATCH RATES

Stratified catch rates (CPUE expressed as number of fish caught per day of fishing) for 
U.S. troll vessels are an indication of relative abundance of albacore available to troll gear. 
Catch/effort data for U.S. troll vessels were summarized by 10-day, T-square strata (Kleiber 
and Perrin, 1991). Monthly catch rates for the 1994 North Pacific season are calculated by 
averaging the catch rates for all strata in each month. The general equation for the calculation 
of stratified catch rates is:

Average stratified catch rate = 1/n Z (Z C( /£ E( )
Where C is the total sampled catch in the ith strata, E is the total sampled effort 
in the ilh strata, and n is the total number of strata.
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The average stratified catch rate for the 1994 North Pacific season is 60 fish/day. This 
is a 58% increase over the 1993 season’s average of 38 fish/day.

The distributions of monthly stratified catch rates for the 1994 North Pacific season 
(Figures 3a through 3h) display roughly the same distribution pattern as sampled catches 
(Figures la through lh). Catch rates in April only exceeded 10 fish/day at 33°N, 154W° 
(Figure 3a). In May, catch rates greater than 50 fish/day were located between 172°W and 
179°E from 33°N to 35°N (Figure 3b). Catch rates in June were best between 173°E and 
178°E from 36°N to 38°N (Figure 3c). Moderate catch rates (between 10 and 100 fish/day) 
were scattered between 171°W and 177°W from 32°N to 38°N and between 134°W and 148°W 
along the same latitudes. Catch rates improved in July when catch rates greater than 100 
fish/day were distributed between 173°E and 176°E from 38°N to 41°N and between 142°W 
and 150°W from 41°N to 45°N. Catch rates between 50 and 100 fish/day were distributed 
between 126°W and 128°W from 43°N to 47°N (Figure 3d). The highest catch rates in August 
were concentrated in two regions. One region is between 140°W and 148°W from 41°N to 
47°N while the second region extends between 126°W and 132°W from 44°N to 51°N (Figure 
3e). These two regions continued to produce good catch rates in September, but their 
boundaries shifted slightly to between 141°W and 146°W from 43°N to 46°N and between 
127°W and 131°W from 49°N to 51°N, respectively (Figure 3f). Catch rates along the coast 
diminished in October but the area between 141°W and 146°W from 42°N to 46°N continued 
to produced catch rates greater than 100 fish/day (Figure 3g). Catch rates greater than 50 
fish/day in November were reported between 137°W and 141°W from 39°N to 41°N (Figure 
3h). Catch rates summarized for the 1994 North Pacific season display three main areas of 
high abundance (Figure 3i). The western-most area extends between 173°E and 177°E from 
36°N to 41°N. The central area extends between 141°W and 149°W from 41°N to 46°N. The 
most productive coastal area is between 129°W and 132°W from 48°N to 51°N.

The average stratified catch rate for the 1993-94 South Pacific season is 79 fish/day, 
compared to a catch rate of 45 fish/day for the 1992-93 South Pacific season (Table 4). The 
1993-94 stratified catch rate increased by 76% despite a significant decrease in fleet size and 
total catches. The distribution of stratified catch rates follows the same general distribution 
pattern as catches. Catch rates in December, 1993 were less than 50 fish/day between 150°W 
and 160°W from 35°S to 40°S and in the Tasman Sea between 150°E and 170°E from the 35°S 
to 40°S (Figure 4a). Fishing improved in January, 1994 when catch rates were greater than 
100 fish/day between 165°W and 170°W from 35°S to 45°S (Figure 4b). The most productive 
fishing was during the month of February when catch rates exceeded 200 fish/day between 
145°W and 155°W from 40°S to 45°S and between 160°W and 165°W from 40°S to 45°S 
(Figure 4c). Catch rates in March remained greater than 100 fish/day between 145°W and 
155°W from 35°S to 45°S (Figure 4d). Catch rates decreased in April 1994, exceeding 100 
fish/day only between 140°W and 145°W from 35°S to 40°S (Figure 4e). The highest catch 
rates (greater than 200 fish/day) for the 1993-94 season were between 160°W and 165°W from 
40°S to 45°S (Figure 4f).
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LENGTH-FREQUENCIES

A total of 18,433 albacore were measured during the 1994 North Pacific season. The 
average fork length of these fish is 71 cm (16 lbs or 7.4 kg) compared to an average fork 
length of 69 cm (15 lbs or 6.8 kg) for the 1993 season (length-weight conversions from 
Clemens, 1961). Fork lengths of sampled North Pacific albacore range from 42 cm to 99 cm. 
Four length-frequency modes are evident in the sample, centered at 54 cm, 66 cm, 77 cm, and 
85 cm (Figure 5). The largest mode is centered at 66 cm, which approximately corresponds 
to 3 year-old fish (length-age conversions from Clemens, 1961; modified by Bartoo, pers. 
comm.). Length-frequency data from the 1994 North Pacific season were summarized by 
5°xl0° quadrangles. Larger fish are more evident west of 170°W (Figure 6).

Albacore sampled from U.S. troll vessels during the 1993-94 South Pacific season were 
measured by port samplers in American Samoa. Only 996 albacore were measured from ten 
U.S. troll vessels. The average fork length of sampled albacore from the 1993-94 season is 
66 cm (15 lbs or 6.7 kg) compared to an average fork length of 63 cm (13 lbs or 5.9 kg) for 
albacore sampled during the 1992-93 South Pacific season (length-weight conversions from 
Nakamura and Uchiyama, 1966). Sampled albacore from the 1993-94 South Pacific season 
range from 46 cm to 95 cm. Two modes are evident in the sample, centered at 61 cm and 69 
cm (Figure 7). These fork lengths approximately correspond to 3 year-old fish and 4 year-old 
fish, respectively (length-age conversion from Labelle, 1993). Fish sampled for length- 
frequency were caught within three 5°xl0° blocks between 140°W and 170°W from 30°S to 
35°S (Figure 8). Larger fish are more abundant in the samples of fish caught farther east.

SEA SURFACE TEMPERATURES AND SAMPLED CATCH LOCATIONS

North Pacific sea surface temperatures (SSTs) recorded from commercial transport 
ships, fishing vessels, and research vessels were compiled into monthly means and plotted as 
1° C isotherms (Figures 9a through 9g). Areas of tightly-grouped isotherms indicate strong 
thermal gradients. Fishermen target these areas where albacore may aggregate in large schools. 
General catch areas for each month of the 1994 North Pacific season were overlaid on monthly 
SST plots to illustrate the correlation between areas of catch and SST distribution patterns 
(Figures 9a through 9h).

Albacore catches in April were limited to an area bounded by the 15°C and the 16°C 
isotherms from 128°W to 155°W (Figure 9a). Catches in May were more widely dispersed, 
occurring between the 12°C and 20°C isotherms west of 160°W (Figure 9b). Catch areas east 
of 160°W were distributed in a narrow band between 17°C and 19°C. Catches in June were 
closely correlated with the 15°C isotherm from 140°W to west of the international dateline with 
some of the highest sampled catches occurring near strong gradients at 170°W (Figure 9c). 
Catches in July were distributed between the 15°C and 20°C isotherms west of 150°W while 
catch areas east of 150°W were more widely-dispersed and extended northward along the 
Canadian coast as did the 15°C isotherm (Figure 9d). Catches in August were distributed in 
smaller areas. Good catches were made near 145°W where the 20°C isotherm crossed 40°N 
(Figure 9e). Catch areas along the Washington and Oregon coasts were strongly correlated 
with frontal zones associated with coastal upwelling. Catches in September were centered near
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45°N, 145°W between the 16°C and 19°C isotherms (Figure 9f). Good catches were made 
along the Canadian and Washington coasts where coastal upwelling continued to create strong 
thermal gradients. High catches in October were localized near 45°N, 145°W where the 15°C 
and 16°C isotherms turned northward (Figure 9g). Scattered catches also occurred in areas 
near the international dateline near the 15°C isotherm. Catches in November were centered at
41 °N, 139°W on the 15°C isotherm and off the Oregon coast where temperature gradients were 
strong (Figure 9h).

Sea surface temperature data are not available for the albacore fishing grounds in the 
southern hemisphere.

SUMMARY

Catch/effort sampling coverage and length-frequency sampling coverage for the 1994 
North Pacific albacore fishery increased to 45% and 1.3%, respectively. Reductions in the 
funding for the collection of albacore fisheries data continued to hamper sampling efforts. U.S. 
vessels expended 23,670 days of effort and caught a total of 10,535 t during the 1994 North 
Pacific season. Total annual catches for the North Pacific albacore fishery increased for the 
third consecutive year. The average stratified catch rate for the 1994 North Pacific season 
increased to 60 fish/day from 38 fish/day during the 1993 season. The 1994 North Pacific 
albacore season began in May, when vessels began searching for fish north of Midway Island, 
and ended in November, ofl the coasts of Oregon and Washington. The highest sampled 
catches were centered in three regions:

1. West of the International Date Line between 173°E and 180° from 36°N to 41°N 
(in June and July).

2. Between 141 W and 147 W from 41°N to 46°N (from July through October).
3. Between 125°W and 130°W from 44°N to 51°N (in August).

Fork length measurements were collected from 18,433 albacore during the 1994 North 
Pacific season. The average length of sampled fish is 71 cm (16 lbs or 7.4 kg) with a range
of 42 cm to 99 cm. Well-defined modes are evident at 54 cm, 66 cm, 77 cm, and 85 cm.
Catch areas are strongly correlated with SST distributions. Many catches were located near 
strong thermal gradients between 15°C and 20°C. Coastal upwelling was well-developed in 
July and August, creating areas of well-developed temperature fronts.

Catch/effort sampling coverage and length-frequency sampling coverage for the 1993-94 
South Pacific albacore fishery were 44% and 1.1%, respectively. The 1993-94 South Pacific 
albacore fishery was composed of 14 U.S. troll vessels that expended 1,135 days of effort and 
caught a record low 603 t of albacore. The average stratified catch rate for the 1993-94 South 
Pacific albacore fishery increased to 79 fish/day from 45 fish/day during the 1992-93 season. 
A total of 996 albacore were measured during the 1993-94 South Pacific fishery. Sampled fish 
range from 46 cm to 95 cm fork length, with an average length of 66 cm (15 lbs or 6.7 kg). 
Two length-frequency modes are centered at 61 cm and 69 cm. The 1993-94 South Pacific 
season began in December, 1993 and ended in April, 1994.

7



ACKNOWLEDGEMENTS

We thank the U.S. albacore fishermen whose active participation in the sampling 
program make these fisheries’ summaries possible. The American Fisherman’s Research 
Foundation and the Western Fishboat Owners Association provided financial support for 
keypunching of the data. Rhonda Haynes of Oregon Department of Fish & Wildlife, Marija 
Vojkovich of California Department of Fish & Game, Farron Wallace of Washington 
Department of Fisheries, Russell Porter of Pacific Marine States Fisheries Commission, and 
Gordon Yamasaki of the SWR office in Pago Pago, American Samoa, coordinated the sampling 
of logbook data and the collection of sampling statistics. We thank Talbot Murray, New 
Zealand (MAFF); Stephen Yen, French Polynesia (EVAAM); and Subodh Sharma, Fiji 
(FDMPI) who provided information on U.S. landings in their countries. We also thank all port 
samplers for the collection of catch/effort, length-frequency and landings information and the 
distribution of Pacific Albacore Logbooks.

Karen Handschuh typed and formatted the manuscript. Roy Allen and Henry Orr 
(NMFS La Jolla laboratory) produced the illustrations. Atilio Coan, Jr., Robert Nishimoto, 
Norman Bartoo, Al Jackson and Gary Sakagawa provided helpful directions, comments and 
critiques of the manuscript.

8



LITERATURE CITED

Clemens, H.B. 1961. The migration, age, and growth of Pacific albacore (Thunnus germo), 
1951 - 1958. State of Calif., Dept, of Fish & Game, Fish Bull. No. 115. 128 p.

Kleiber, P. and C. Perrin. 1991. Catch-per-effort and stock status in the U.S. North Pacific 
albacore fishery: Reappraisal of both. U.S. Fish. Bull. 89:379-386.

Nakamura, E.L. and J.H. Uchiyama. 1966. Length-weight relations of Pacific tunas, pp 197- 
201. In: T.A. Manar (ed.), Proceedings, Governor’s conference on central Pacific 
fisheries resources, State of Hawaii.

Labelle, M. 1993. Estimates of age and growth for South Pacific albacore. Fourth South 
Pacific albacore research workshop, Taipei, Republic of China, Nov. 1991. Working 
Paper Number 5, 17 p.

Laurs, R.M. 1986. U.S. albacore trolling exploration conducted in the South Pacific during 
February - March, 1986. NO A A Tech. Mem. NOAA-TM-NMFS-SWFC-66, 30 p.

9



Ta
bl

e 1
.

Ca
tc

he
s o

f  al
ba

co
re

 (  in
 m

et
ric

 to
ns

) in
 th

e N
or

th
 Pa

ci
fic

 by
 na

tio
n a

nd
 ge

ar
,

19
52

-1
99

4 
Pr  ov

isi
on

al
 es

ti
 m

at
e  s

ar
e g

iv
en

 in
 pa

re
nt

he
se

s.
—

in
di

ca
te

s
da

ta
no

ta
va

ila
bl

e.
(0

) in
di

ca
te

s
le

ss
 th

an
1

m
et

ric
 ton

.

O —I 
z <
< K- 
OC Oo ►—

i oS co O i? >6 »" (M
N vt st st f\j K M

* ~i\0 r
(0«-0'00'P10"4NN OfONCOO«-M'0

>j->0*->^'0OJin«—
ON-OinNOinin 'OOOOt-COM'Ol

m to i/i «- co in
»- >0 fVJ 'O

r-o n
^scooS'-fvJroror- 
ineoinSooimncvjiM 
ro in in oj oj *- oj ln

vtvOWNstrOO'fVJOM cOstoroN'OO’-
«- -<t oj ro so ro

O' —• 
=3 UJ 
CL CO

— < 
< o
CD CO

kN'jNCOO'J-
ro *— *— in sr ro

M0'0'4»-inino
vjNtsj-'Oin'OinO
coN-ojojh-«—coo
rOLnoaroco*—'-to 
f\J«r-«— «— «— (\J «— OJ

h-iriT-r-«J-»-CON-»-COininco'oojrocooinin
inrO'O'-coNinNO'fO

oinoJOCONro^stN oininvtco--tro*—rooj 
t-os»-r>ninfocOvjco
Of\lO'inCO'Ol/lNOCO <M«— r-OJr-T-»— t-N<-

N- in oj *- N-orO'O'O 
rocoro*-*-o«-oc>' 
C00v*v*>3-'0«-00

■ 00 ~ •nj to i 
CO •

c> st *- ro »- n- 
>0 N in co

oj'OorocoojinO'ro*-
Ki(MoinNno-o«-co
OlTl'O'Ot-OOO'Of^**— oromocomO'O'O 
oj oj oj *— oj *— «— —

'0<-0'Ob'-pooNom
f-NinMNsrooinovtostvjNNNsroro

oj *- oj ro sj- vj- ru -j- N ro t\j •</ ro r\J '

CD LU
z zo —

CD LU
z z 
O ~

ro o oj co o 
•OinOOJin 
vj- CO h- OJ OJ

vfl *- t- in co -j 
oj 'O N ro o ro

OJ OJ vO O O
'OOr-cOO'4 t-rOstS *—inOPoN-OinN-coco
inSor-ir\'jf\JCO('j»-

CD UJ 
z z o —

od
LU UJ

NOJCO'ON»-'J’N
rorororoioiooj'O

co ro co in ro oj

-o CO r- co O *— in o O' o 
s-oo«-*-ojcoojocoOJt— OJfO»— LOLO*— vj-

NroO'C0«-'-O'N<- 
ininnj-r-<-cO'Ooj 

*- *- OJ LO

•jN'OroOvnnO'NcoO"O^roi/unc0NCMn
MO'OinOOJOJfOOr-

NfMNro«-0'0'Oinm
r-oNm'OinO'0«-f\j
roO(\Jro*-«-'-'0«-'1-

NNCONr-rOOJOl
N in N st n ro o 
N O oj ro o vj co

'0SO'0't«-C0in 
ojojoj*—*—oj*—*—

$
0>N'J'tCO<-00»-'0
'OiO'O'Oinoin'O'OO
ro St N >4 Nt N (>
NNinronroincoroco 
*—*—<—*-*—^-ojojoj*—

'O'OOOCO*- O*— N-N inroojonnorocooo 
r-'ON'tCO'tCO'tin«-

Ov}nOOCOO"0
ro oj no N- co oj in

OJ *— O 'O O CO

ojinooroo'ON«-o
NrO'tnin'OOrO'OstroooooocoS-ooj
in«— oJOroOLninrost

'OCOOJr-'ON'O'tNOJ
NO>'Or-NinroroN'fl 
ro«—h-cOLn*—roocO'O

r-OiaOstOJOOJvt
Ntrooit\Jststoj«- oj in vO O I . in co ro in vt

ojrO'fin'OScooinininininininin
O'O'OOOOOO

o--ojrovt noMO 0 
'O'O'O'O'O'O'O'O'O'C oooooooooo

o«-ojro->tin'ONcop>
oooooooooo

H

T

—
•

*

o

*
v
o

—

•

i

 r

c
r

*
c

r

C

L

c

•

O
a
r
t

W
O

—
(

o

c

C

O

t

q

r
C

o
*
o
<
co

O
1

-

3

-

P

O

a

O

x

—

—
—
o

j

qj

•

J
j

C

-

E
-

O
_
o

f

 

E

C

X

■

4

O

J

j

 
 
 

Q
r
c
q
c
Q
C

Q

—
»

J

d

_

>

C
0

•

Jc
o
-
o

O
r

I

o

>

J

~
>

j

l

 

 _

•

j

 
 
 
 
 
 

 

a

-

 
 
 
 
 
 
 
 

o 
c

n

 

 

)

 

r

n

J

 

 

o
j

O

 

- 

a
 

u

*

 

 

 

n
J

J
j

-
)

 

 
 
 
 

 

 

 
 
 

.

 
 

 

 

o

 

 
 

 

 
s

T

_

 

 

 

 

L

 

 

 

 

 

 
 

 

 
 

 

 *

•

 

 
 

+

4

r

t
r

r

4

-
‘

Q
—

•

—

 

 L

 
C

c

 

o
?

 
 

 

—
-
U

O

t

oQ

”

+

j

O
OJ

—
-

.
—

L

4

>

o
J
J
X

-

•

3

j

-

-

z

•

*

c

o
>

>

-
o

O

-

*
r
4

.

r

(

 

O

c

r

x

r

*

c
*
 

U

 

-

c
Q

c

o

a

 

z

-

—

Q

M

 

 

c

 

O

O

3

:

(

o

u
=

 
 
)

 

»

 

c

/
4

 

 

 

>

—

j

 
 

 

 

 

-
o

-

n

»

 
—
/

o
_

*

)

n
4

n

)

-

n

J

o

*

>

 

)

I

o
 
 
 
 

 
J

C
)
»

o

 

-
 
 
 

r

 

q
c

 
 
 
 
 
 

 

4

 

 
 
 
Q 
-

 

 

 

 
 

 
.

J

 

 
»

 

r

C

  

n

 

 

O

 

t

C

q

j

J
»

E 
o
 

X

 

<
O

*
O
Q

T

 
" 
4
 

H

*

O

*

M

O

—

—

C

o

 

o
E
>-

o 

W

_

/
J

C
-

j

 
x 
 

 
 

4
r
-

o
 
o 

«
i

t

—
'

 *

—

r

 

J

c

Q

c

D
L
w
o

l
J

C

*
O 

j

o

/

Q

O

 

'

 

J

 
 

.

j

l

J

 
 
 

 
 
 

D
r

o

o

-

-
ra
—

J
»

•

-

r
1

O

o

-
'

-

o
 

 

t

4
o

—

 

n

*

-

i

S

 
 
 
 
 
 

 

 

 
c 
 
 
 
 

r

o
L

o

 

j 

 

 

Z

r

o

 

j
•

•

»

 

 

 

 

-

>

-

'

 
 
 
~

 
 
Z

-

-

-
J
a

J

3 

 
 

o

—

C
■
—
—
c

*
<

U
a
c

t

•

-

r

-

o

o
r
l

h
O
L

O
h-
O

o
o
ro
<u

o
 

 

 
 
 

o
-
 
 
 
 
 

 

 

C

 

 

4

j
L

r

-

—

£

_

H
c
E

z
/

O
-

m

>

*
•
u

C

 

 

J

n

D

>

j

—

—

u

(

—

Q

o

D

/

l

r

o
O
-

r

—
 
c

 

D

-

Q

O

c

d

C

 

-

E
Q
 

-
—
O

Z

 

—

Q

 

ro

 

 

 

 

 

 

O

c

 

 

■

c

o
C

o
r
+

i

Z

 
)

J
 o
 

*

m

o

n

 

 

 

 
o

 

 

 

O
 

U 

U

>

□

 

 
 
 

 

 

*

 «

 

 
< 

 

 

q
r

 

J

o

o
-

 
 

 
 

 

 
 

 
 
 

 
 

 

 

-

-

r

—

r

-

»

>
•*

 

j

o

-

)

4

 

.

r

 
 
 
 
 
 
 
 
 

 
 
 

Q

 

h

 

—

^

m

 

 

C

.

'

4
w

Q
O

-
r
c

^

—
X

>

>

O

q3

o
*
—

Q

<u

)
j

--

o

o

x

O

o

 

o

W
O

S

 

—
o
o

1

E

j

»

—

a

t

r

>

-
-

4

 

 •

-

.

—

M-

Q

c

CO
JC

1

o

l

I

*

 
 

 

—

—

T
x
^

—

'

J

O

—3
• 
a

O

J

-
 
/

 

4

 

<

j

D
S

u

4

J

•

 

 

j

j

 

 o

 
-

 

q

 

 

J

z

r

i

 >

 

 

 

 

-

 

)

z
P

*

r
-
j
J

-

 

*

 

<

 

-

'

 

•
j
*
o
*

>
-

 

 

 

 

 
 

 
 

 
 

 
I

 

 

 

 
 
 
 
 

 
 

 
 
 
 
L

X

Z

+

w

U
5 O

X

J

 

 

 

 

 

 
 

 

_

-

 

.

*

C
C

 
T

•

 

r

4

 

r

r

•

-

4->

X

(

o

o

<
-

JZ
OJ

X

4

 

qj

o

r

—

C

X

*

 

4

4

*-

O

o

/

O

P

r

o
>

O

-
J

»

CO

4

00

j

oo
P
U

JZ

•

4

>

r
-

O
o
-

C

Z

-

O

o

O

f

—

t
o

o

u

)

o

■

-

'

o
-

 

 

 

 

o

 

5

—>
'

c

c

r

4

)

)

*
J

)

»

*

O
r

 

-*

>

-

I

 

>
O
•

 
■
 

»

o

J

-

—'

C 

t-

o
—
—

 

 

o

 

n

-
t

x

o

 

 

 

-

 

 

 

 

 
 

 

 
 
 
 
 
*

J

O

—
O
 

o 

 

 

 

l

•
>

>
■

'

 
 '

 

 

 
 

t

C

C
T
H

-

*

T

I 

:

O

*

!

c

 

r

O

<

r 
*

 
J

 

a

 

 

-

 

Q

 

/

 

 
 

 

 

r

a
C

 

 

 

c

 

4

o

-

Q

■

rC
=

4

4

Q

•

r

Q

t

r

_

J
—

J
o

 

“

•

>
/

o

o

_

—
o

 

O

Z

3
o
o

 
 

«

»>
O 

>

o
D

O

-

-

m

l

—

o
—'

q

Z

O

-

-

t

u

•

'

“

O

o

 

l

 

5
O

o
*

Q

 

o
C

_

o
-

J

 
 

»

J

—

-
'
-

-

  

Q

»

J

-

o

r

 

-

J

 

 

 

i

J

o
>

j

■ 

10



Ta
bl

e 1
.

(c
on

tin
ue

d)

^ ^ /> ^>\ 'tc\j'OOinn»-cocoN M «- «- O o o «-cj m m n c> co o O' ro ro rvj o po 2 < PO'ON(\iO''j'^ininS «- o r\i o ro
oc O ^ o inn >o :S in in >*■ >4- >t in n in vj in

«-ooSfOfOOnNin(\j 
ro ro *- v* «-

iMO'tinO'OOst^o r\j o ro o co >-oo(\JininMOino o ro 'O rvj 'O f\i r\j t- rvj «— *— oj ro «- ro ro

NtOvjncorO'O'Ocooj * '-4’ CO « «—
c\J'Oco^rocooroi-N co co CD ro c\j 

oj « »- <- ro (\) »- ro -vf ro so

az —
Z) LU 
Q. CO

f\J ro in in o N- o o o

co inN'NN'O'O'4'sj'O 
OOiOCOfMN.O'N-'O'O O <*— «— CM «J- r- i- «—

Q.
CO

'ONOO^inCOsOfNJO ro in r\j v* m mroomo*—OvOr-vQ o ->f N in ro in'O'OrorO'j-NNnjco *0 co in f\j in
Nrvj'OOO'O'jrvj'tr- fM r- vj >0 o'

(M co in N O CO (\J co co vf — < cosjrvjorooroinom < o (O N vt <o o vj sr i-mCO CO

'O'OiorO'O'O'ON'Oro '0(M«-00 
^t-t-fOr-NCMr-T— (\l «- in N 

vr-(\jinmNcooo O CO (NJ

CD LU N-ors--4-'0«—«—r\JO'«- o ro ro ro roz z OincomroOstcooco OJ vj sf -J-
o — io-<fro-<j-»— r\jr\jt—»—

^ O' o co "O o o
«— 00 LO o O' 'o
in ro ro N- ro co
oj N- co 'O ro N

CD LU CO O' O' O «— O' N ro o o o z z »- ro in rviN o co in o o o O — ro ro in in vj »- rvi ro ro ro to

Ost MinCONO 0>N«0 roO‘>tNt>4- ooro w<-om tON'O in O' ro ro ro njO'^T-inNi-'O*-*-'!- nj ro in in in
o

LU LU O'f\i«-ooroi\iinco«- in m vj in -4 
rvJin'OincorO'toooj O' in o ro o 
ro(\JinroroLnin<\ic\Jin O' 'O «- co

C\J

'Oco«-f\JcO'j-roco>j-N- 'tr-r-O
CO^r-intOOr-ONrO o o r\j o
OroincoO'njcO'Oo-4 Ovf Sr-
ru o r\j o' co' r-' lO o" O'" N-"

roo(\Jror-omrM'j-4 co O' O' O O' CD LU •4- ru o O r- ru N -4- n Nz z o-oN-*-«-roO'voo«- O' ro S- ro O ~
■<rcooLnin-4T4N}-roro in o O' O' o

oa rO'Oincoinvt'O'-'OO' nj ro oo co co 0>«— x— O'O'^— r\j ro o co oj ro LU UJ N-'j-'Ooor^-oonj'O in «— co in o—I z O N O- r- o' o' o' O'' o" co"o ~ co N- ro" oj"
«- ro

o*-(\jrO'4inONcoO' o «- rvi ro vj 
oococooococococococo O' O O' O O' 
O'OO'O'O'O'O'O'O'O' O O' O' O' O' -»

o

—

03
Q
10
C
OJ

—

 
 

cn
OJ

Q.
O

OJ

»

■

 

 

a

—
C
0)

o
to

o
X
QJ

 

 

1

-
 

 

 

 
cn

—
CO.
o

oj

^
—
w

 

 

*
 
 

 

 

 
X 

<->
03
_

t-

*

c

«

 
 

 
 

•

 

 

Oj
c

—'

—

—

 

 

■

-

 

 

 
 

n

-Q
>•
^
OJ
cn
o

L-

X

'i

CJ

>
OJ
cn
Cn
oj

cn

\

 

<

 

 
 
 

 

■

 

*

 
 

 
 

c

 

 

 
 
 

O

 

i 

O)
•-
C
0J
U
03
O
QJ
cn

 

 
x

O

—

 

 
 
 
 

 

H-

O
in

“

o

—

u
X
o
3

TJ
OJ

E
C
O
L.
0J
E
O

c

0

o

*

■»-*«
—

P

 

 

oir-

*

—

 

 

 

—

—
>*D

.E

i

m

 

 
 

H-

—

•

 
 

j

 
 

 

<0

*

 
 
 

 
 
 

S
n

3
^

r

£

V

1

 

o
(0

cn

CO

03

■M

 

 
 

cn

o

 

E

 

-

 
 

 
 
 
 

)

3
C

CO

5

•

o
c

OJ

C_
QJ

•

■

 

>

>

_

—

-

•

»

 
 

X

 

 

 

 
4-*

o
c

O

.

X

0J

x

4-»

 

x

 

 

)

CJ

 
—

 

 

 

>.
OJ
>

O

 

-Q

3

 

 

 

QJ
—

 

X

4-*

CD)

cn

—

8

E

 

 

D

 

 

 

 
 

 

OJ

 

 

 

4

 
 

i
 
C
D

 

 

oj

oj

7

 
 

 

C

 

cn

 

Z3
O)

-

'

 

OJ

 
 
 

 

CT)
 

 
4-»
4-*
—
cn'

CL.

'

—
—

or
 

—

 
 

 

 

  

•

 

 
 

 

t 

 
 

 

*

>

 
 

 

c

*
O

 
 

 

 
D

<D

 

 

 

3

 

—

03

o
c/l

oa
 
 

■

)

C
<
4

3

 

OJ

T3
co
4-*
03

M-
o

i

1 

O
O'

*4-

-
 

O

C

D
-

O

l

j

—

oj

 

C

»

c

t-

J
(0

Q

.

_

O

(0
L

L

—
O'

(\l

'

'

-

o
E

•

O
3
E

n

-

Q_

 

 

4

03

 

*■

H_O

0J
-

—
0)

—

OJ

 
 

Q.

cn
OJ

ZJ
cn
OJ

C
OJ

 

«— 
O'

« 
 
 

 

 

H-

 

 

 

O'

 

 

)

 
 ?

-

)
 
 

 
 

 

 
 

 

 

 

 
 

-
 

 

 

 

 

{M
 

 

 

'

•

 
 

•

*

 

 

 

 

 

 

 

-

 
LQ.O

 
 
 

CO
C

03

—
O'

O
 

 

>- 

3

t
co

 

«

 
4~»

c
0

CO
C

—
O

CD

QJ

u

-

—
 

CT

o

—

D
--

0)

h

 

o

 
 

©a
«

0

—
CL.
 
*->

TJ

 

 
 

c_

 

 

 
 

 
 

 

TJ
+-»

 

 

 
t-

O'
c\j-

 
 
 

ro

E

03

 

 

co
—

C

OJ

0

^
-

4-»

x

-O

OD

CD

OJX

 
X

 

h

 

 

 
 
 

 

 
 

 
 

x

J

o
03

 

•

J

3

c

cn

 

o

co

E

>-

c

“

C
C3)

oj

 

 

co

 

•

4J

 

OJ

 
 

 

•

 

 
 
 

 

-
1

-

*4

 

 

 

^
O

 
 

*

)

0)

 

 
 

j

T

 

 

 

 

 
 
 

 
 

 
 

 

o

<

 

 
 

0J

o

■*-

 
- 
 

-

 

 

 
 

•
 

 
•

cn

 
 

 

 

 

 

•

 

+-»

3

 

—
O
O

o

—

 

x

t_

o
 

C

cn
 
-

 

 

 

OJ

C

13

_Q

cn

C

  

 

o>

 

 

E

m

 

c_ 
E

4-
x

z
L

o

O'OL.O
*

x
Q

■*
0J
O

-

O

T

—
U

—

D
-

C

D

E

—
4J

au

-

 

 
 
 

 
 

1
 

 

_

J•

O
03
«-*
u
x
Qj
cn
H-
O
L

O

O
O

■

 

“

o

O
CO
(/)

 

OJ

_a

—

c

0)

*

o

4-<
x

«

 
03
4-»

 
 

 
2

—

 

 

 
 

 

 
 

*

 

 
o

U

w

H-
—

 

 

 
 
 

 
 
 
 

 

 
 

 
 

-

•

 

cn

oj
1

C.
4-»
 

%

o
cn

 
 —

 
 

 

 
 

•

 

 
 
 
 
 
 

 
 

  

 
 
 

'

 

 

 

'

 

'

 
u

—

J

 

X

 

 
 %

 

>

 

Q.
 

Q.

^

 

—

 

 

Q
-x

/->

>S_Q
0)
H-
H-
o
 

^

Q.

 

 

>

 
 

 

 

4-»

'

 

 

 

^
^

E
T

—

 

X
OJ
C

C

 
 

—

 

cu
>
L

3

4

C

 

t

«.

«

 

*

 

 

 

 

 
x

 

 

(

CO)

 

X

x
 

 

O'
in

'O

-

 
 

 

 

—

 
 
X

 

 
 
 

 
 

-r-

_Q
>* 

cn 

cn

w
O

 
*o_o

 
>s

c
D

 

OJ

qj

 •«-

)

co

x

-
'

>
»
 

-
 O

 

'
O'
OJ

st

O

3

—

 

 •

M
 

*

—

D

X

UJ

 

ro
.*

o

H

 

 

cn

 

\

/

£

O

 

 

-

-

O

«

—

•

"O

-

 
T3

)

t_
O
—

o

4-*
 

cn

)

o
03

o

4

m

 

—

l_

—

 

0J

—

■

j

03

 

-

 
 

 
 

 

«

 
 
 

 

 
 

 

•

 

cn
4-»

co

 

 
 

 
 

 

 

 
 
 

 

 

Z3

>.

03
4->
_Q
o

4-»
cn

X

 

x

4-

«

»

0

l

JC

•

 
 

w

 

 
 

 

 

 

 

 

o
oj

 

 

—

 

>

—

 

 

—

 

i 

 

 

 

.

X

 

 

jQ

—

 

■

 
 

•

.

—

h

x

—
-r-

-

—
—

X

 

x:
 
 
 
 

 

4->
L.

_

03

u
3

4-<
x

 cn
O)'*-

'O
00

co

7
D

 
C 

 

O

 

4->

w

4-*

r

 

o

 

 

 
 
 

H-

r-

 
 
 

 

 

O'
WO'

*C0

 
 
 
 
 

OTJ
 

—
 

v*

—
O'
0
 

j
 

*
'

0

C
O

D

qj

O

o

cn

a

E

/-

4

=

4-»

K-

O'
co

 

C

TJ

O)
—

coj
4-J

O
(0

 

 

P
U
X

f

<

03

oj

—
L
O
e

co
3

 

cn

'
o
C

 
 

o

 

j

'

C
QJ

n

-*

QJ
C-
O)
qj

l_

CJ
03

T

CO

o
0J

o
c-

.

h

—

T3

4

•

-

 
 

O

i

 
 
 
  

)

 
 

l
.

 
 

cn

 

t_

 

<u
l_
<o

 

cn
J

-

 

t_o
E

co
j

co

3
—

x:

 
4
 

 
 

4-»

>
oj

C

"

 

 

_

2
3

O
>
CD
L_
03

qj

c.
03
-*
J

Q

■

 
 

l

>.

l/l

>

 

CD

o

 

 
 
 

 

 

_

8

.

11



Ta
bl

e
2.

Ca
tc

he
s

of
  al

ba
co

re
(  in

 m
et

ric
to

ns
)

in
 th

e
So

ut
h

Pa
ci

fic
by

na
tio

n
an

ge
ar

,
Pr  ov

isi
on

al
 es

ti
 m

at
e  s

ar
e g

iv
en

 in 
pa

re
nt

he
se

s.
—

in
di

ca
te

s
da

ta
no

ta
va

ila
bl

e.
(0

) in
di

ca
te

s le
ss

 th
an

 1 m
et

ric
 to

n.
 

__
__

__

o*— OOOnJsTO «-corocos«-oo^j- o0'W6'0''0'0'tf0M r- O' o (Vj t\j VO O O >jO"OOroinroW'Oro O o <r- O' O ■1- o >o >oc\jofMsrrviN-N-co
ltT rs? S- co co o »- vt rvistcoojocoo'oqm

cm cm cm oj «— cm ^ ro cm

CD UJ
z zo —

C J LU 
z z 
O ■—

O CD UJ
3 Q z z 
UJ UJ o —

oooooooooo
oooooooooo
cmcmcmcmcocmcmcmcmcm

CD UJ 
z z o —

CD UJ 
z z o ~

CD UJ
z z o —

CD UJ
S2

cO'O’CO'Oin*—'O'O" 
ocoo^rcMCMCo*— 
CM -4- 00 >o O O CO

—• < Z H- 3 c/>

ooo-s«-ow't'jo(J UJ vO nO »-roO'0»~'~'0’_N'0 rvj O' «— co 'Jh co toz z ^ in 'OKilnfoooocoM't ro Is- ro^ o^ sj-^ ro.o — *— >sf
cm ro o cm O' o o«-rorocO'Oco»-'-r-

sf MO inO'jocOr-coinO’-CD UJ cm 0> in incocO'-MfM'O'J-Lnoz z CO CO N coin-ocoroco^roN'to —
ro -s* o mcoO'jcocococMin*-

«— c-CMCM«— »-«— (M»— «—

I-'OO'O'SCMN'OM o «— OOO^COsJ- 'OW'J-m'O'-cO'OfOr-
r-O'OCMCM'Oin'J- incM'tSMioincMinco CO imJCM«— O CO in 00 CM N- 'O 

in'OinO'fMO'j'J-'O’-(MOfvj'tcMNinro N'OoinvjintM'OMi-
in im rJ* ro cm cm f- «- cmroinO'<-'JincOMNin 

CM CM CM CM *- r- r- «-

oa
UJ UJ
—I z
O ~

fMrovJin-ONcoO' __ . CMrO'tin'OSooO' or-njfO'Jin'ONcop'
inininininininin 'O'O'O'O’OO'O'O'O'O fs.S.SS-h'SN'h-NS
O'OO'OO'O'O'O O'O'O'O'O'O'O'OO'O' O'O'O'O'O'O'OO'O'O

3
>>

I

.8

J

s

C
C

C
Cr

r

C
C
L

o
r

*

+

i

-
S

-

o
O

_
D

L
Oo
D
D
_

o

3
O
t

0

I

)

o

a
D

-

z

8
u
*

z
O
>
CD

R

o

<

x

o

>
Z

CO
o

■3
SZ

o
<

Q

u

-a

r

o

 

C
Q

C
rco

-
_

.

o
ro

f
L

 
 

’
o

O

>

j

 
 

 

 

i

 
 

 
 

 

S

3

-
-

O
o

)

-

C

r
r

4

r

C

C

tr

 

C

 

 

 

S

J

 
 
 
 

O

-
a

r
C

O

L

o
a

D
.

z

Q

o
>

 
 

1
0
L

.

 
 

)

'
'

 

 
 

i
 

o

-

C

C

o

(

 

s

Q

L
C

CD
o

—

o

L

C

Q

(

1
 

L

o
-

Z

V

O

)

N
0

—
r
-

O

o

O
E

O

-»3

J

O

c

L

o

-

z

D

J

-

z

I—

r

O

*

o

'

l

-

c_

-

 

 
 
 
 

 
.

-

ro

o

 

E

«

)
3 

) 

 

4
rr

 

 

s

C

 
 
S
 

 
 

 
 
 
 

 

CL

••
h

-

O

£

8

S

H

CO

o

t
C

3

O
_

z
o

Z

O

-*

-

<

3
o

/
_

V
C

g

ro

2

D

3

 

a

C
L
a

O

r

D

>
o 

d
 L

-

-
■

z

r

Q

ro

(

c

1

•*-

•

3

N

—

—

a

L)

 
 

o

ro

 

a

c

M
J
Z

-

/

O
L

!

 
 
 

 
 

—

 

-

 

 
 

 

—
H
•

^
■

C

r

J

C

1

;

o

>

 I

  

 
 
 

 
 )
 
 
 

X

•

»

«

C

1

r

*

 

3
l

O

 

 
■
4

-3

O
_

—
C
O

C

3

o

 

 

 

o
C

3

c

8
2

M

c

 

'
o

 

R

—

c

D
-

,

 

r

 

  

g

F
r

rr

O

_

*■

 

—

—
•

x

C

4

C

 
 

>
CD
C

CO
+-»
ro

E

M
-

o
o

oo

'
-
-

-

 

)

 

 
 
 

u_
d

s

L
C

a.

U

o

0
CO

I
oc.

-
—

)

O)

C

*

C

O

»

 

r

)

O

(

O

-»

j

3

j

-

L

»

 

 

r

o
O

.

:
J

A

o

D

 

*

 

 

 

r
 

z

 
 

 

-
 

-

C

 

 
 

«

O

S

 

s

< 

O

O

31
ro
—
O
z

o

 
 
 

 

 

 

:

 

 

D

O

 
 

 
i
 

 
 

 
 

'
'

 

■

r

■

r
l

 

r
l

 

—

SZ

4

8

 

 

 

C

Cr

—

'
 

 

 

 

—

Q

O
V
c

Q

T

M

 

U

 

 
 

C
O

—

SZ

X

(/)

u
Z

O

-J

o3
-M
.c

CO-
r

•-

<

 

a

o

I

o
O
_
D

C
o
o
_

-

O

 
-

 

)
.

 

.

 

 

<
V
*

c
t

CJ

•

3

r
—

*->

C

r

-
L

ro
o
a)

_
O

/
+

o

-

'
O

 

o

>

-

 
 

>

*

o

 

o

 

c

 

 
 

 
 

S

-

.

 

 
)

 O

 

.  

 
 
 

i

:
 
 

•

■O

c

ro
cn

ro

j
ro
c
rox>
ro

"E

—
.

 
 
 

 

 
 
  

—

r

x
 

 o
—

§

r 

O

3

<

o

o

c/)

-

co

0

o
E

>
d

o

)

 
 

 
 
 
 

¥

o
Q-

 

 

I

o

12



Ta
bl

e
2.

(c
on

tin
ue

d)
CD 

CD 
z 
O 

ac
CO

PO
LE

O

<t CD 
id z 
z O 
o —i 
h-

o CD 
DC Q z 
LU LU O 

—1 _i 
<
O

Lf»

<
_1
<
cx
1— CD 

ZD O 
< —1 

■_, CD 
~3
■—■ O 
Li- —1 

< CD 
z 

CO O 
3Z LU _l 
(_>

QC O
LI— Q_

CD 
<C
—1 O 
<
LU

DC
LU

CO

H— I—
Z t—
=3 C/)

—1 
—1 
— 
CD

<
LU CD 
cm z 
() O 

—! 

_J
—1 
—* 
CD 

z
<
DC CD 

z 
< O 

—i
—1 
—« 
CD 

4 CD 
CL z 
< o 
“3 —I 

oa

O CNJ 5R ro in x- N- cnj m
cnj cj 4 4 o in O' o N- O' O x-
o o oo ro o 4 >4 in ro ro CNJ in N- co ro

*— O r\j o o O' N- ro ro ro co r— in x- o o
ro ro cnj ro x— ro ro ro ro ^4 ro CNJ 4 4 4

LU
z in ro co O' O' ro
— ro --

_1 o ro i ro o O i
_l ~4 xO i o i
O
cm
LI

N
E

J—

LU 'O ro in ^ 'O ro cnj in ro 4 O' o o
z O >0- ro K- o in v4 O' in N- O' O' O'
— ro ro CNJ x- ro ro
_i w

ro ro x- O' ro •4 O ro O' o in in
X- ro K- 'O 00 'O in o ro jcLU x- in in in o O' in

z •*
— X—
_i

/->
—J o o o o o o o o o o O o o 4 4
—J o in in in in in m in in in in in o ro ro
o
Cm
1—

LU o o o o o in >o «—
>4 O o ro CO in ro o

— CNJ CNJ xO 'O 'O x—
_i

LU ro CO R ro ro5 o 
v0 vO

— CNJ CNJ 4 4
—1 w

/X
LU O 4 4 4
z 4 N-
—• X— K- N-
—J
_1 o O' 'O ro in in
_1 O' in CNJ K- 4 4
O ro ro xy
cm
J—

/x rx
LU O' O' in >o NO NO

4 ro o o o
— CNJ ro K- K- N-

—1 co in vj vt ro ro x- K- O X- in 4 O O NO
_l >o CO ro 4 in x- ro ro NO CNJ O in in in
o stOstN K- ro O' ro ro x- in 4 co CO 00- —
»— x- ro ro ro ro X— x— in CNJ ro ro ro ro

N-X N^

O' X- ro co CO O nO co ro
_J "1C in O O' 4 x- CNJ o
o CNJ o CO in o O NO

>•
J— ro ro ro in ro x—

»—
UJ ro i i i « o
z i i i 1 N>

LU x- co ro 4 Sj" x— CO CNJ in K- o r- k-
z Oin Kin 0 CNJ CNJ sf O' CO x- 00 N- N-
— >OOvf o x— o in K- O CNJ K ro x- 00 00
—1 - x— X--

O sj- OJ K in ro in 'O O ~4 CNJ x— N^ N-X

^N
O O O' x- O O O

»— O CNJ in ro
LU o in co oo
Z

x- co

LU in co ro cnj co in vO ro N- O' o xO in NO o
z O o ro in x- ro O O' O 4 4 4
— in o ro 4 >4- ro ro O ro ro 4 ro K- k-

in x— o N- vO in CO O' ro N- O' co CO CO
CNJ x— x— ro ro ro

N^ V-X

/X
ro x- co 'O O' J- ro N- o o O O

h- ro co ro ro x- N- vO o
LU in O' O' O' ro ro in
Z •• —

X— X— X— -4 ro in

LU co st in in 00 co x- ro X— o T-- N- ro 'O >o
z N- «— in x— co O' nO co N- x- 'O O X—
—• O CO O- CO ro -<j- x- ro O' O in ro co CO 00
—J

ro 4 in 4 ro ro •o ro *4 4 4 ro ro ro ro

o co x— CNJ

cm o x- ro ro >4 in O N- 00 O' o X— CNJ ro 4
«c 00 CO CO CC CO CO CO CO 00 00 o O'
LU O' O' O' O' O' O' O' O' O' O' O O'
>- * ' X—

1

I

cn

0

4

a
a

c
O)
o

3

X
o
0
a

•

T

x

«

4

■

Q

“

—

m

0

_Q

c/>

0

0

O

O
O
ro

U_

4-»
X
C/>

X

a

3

x:

C

u
W

O

Q£
<L>

3
0

0
cn

-
0

0

o
£_

in
C\J

-

—

O
E

O
3
t-

O
3

l
0
O

-
u

<

0
O
o
L
0

0

0
ra
l.

o

J

-

 
 

 '

»

 
 

 

 

 

 
— 
M-

-

 
Q.

 

 

 
C 

 
 

 

 

 

 
 
 
 
 

 
 

 
 

 
 

 
 
 

Q.

 

 

 

 

 

 

<0
 
 
 
 
 
 
 

 
 
 
 
 
 

5
 

 

 

•

 
 

 

 

 

 

 

Z

—

4

t
l
_

T

-

*

0

o
>0
K

x

po

H-

u_

5

O

<
—

*->
O

O
3
-

4-»
X

(/)
O
3
-M
X

a.

M

0
O
—
—

'
-Q

O
O
l—
0

O'
0
c/>
0
0
c_
o

o

0

.

J

*

S
t-
tf)
x:

 
J
O
l_

C

0

-

-

-

-

-

8.5
C71

R

x:

Q.

a.

 
0
3

N
0
0

—

 

 
 

 

 
-
 
 

 
 
 

 

 

 

 

 
 
 
 

 

 

-

•

 

 
 

 
 

 
 
 
 

 
 
 
 
 
 

 
 

 

 

 
 

 ^

  
 
 

 
 

 

 

1

Z
 
 
N
 0X0
 
—

 
 

 
 
 

 

 

 

 

 
 

-

 

 

0

c

H

C

0
3

o

>

—
_
•-

0

n

—
O
L

x-
O

O

*4-
t_
O

Li_

C

3
L.
4-*
C

t/>

0
o

O
3
4-»
X

Q-
0
o

—
H-
—
O
<
—
XJ
0
U
O
L.
0
3
o
L
-x

c/>
x:
0
Q.
cm
0

t_
v
 
z
O
>
0
c
-Q
0
l-
-
O
o
<-

 
 

 
0

o

 

 

I

 

 

 

 
 

 
 
 
 
 •

 

 
 
 

 

4

c

C_
0

—

-*

n

 
OOOt-

 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

•

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 

 
 

 
 
 
 
 
 

i

 

—

•

 
 
 j

 
 

(/)

(_)

u_

a.

_J
O
C

O
X

M-

0

r-

O

0

0

H-
O

O

O
£

0
>
0
C
4-»
X

</)
4-»
0
C

T3
—
C
O)

O
E
E
—
4-»
*-*
0
O

o
c

—
3
c
0

ro

—

C/3

C
O

O

0
cn

 

•

 

*

8/8
CQ

>
*4-
—
£

3
O
*
c

R

 
 

o)

8

 

 

 

 

 
 

 

 
 
 
 

 

 
 
N

 

 
 

 

 

)

o

 

 
 
 

 
 
 
 
 
 
 

 
 
 
 

•

 
 
 

 

 

 
 
 
 
 
 
 

 
 

 
 
 
 

 

 
 
 
 
 
 

 
 
 

3

 

J*

 

..

<

L

—
0

o
4

3
cn

4-*

i

0
-
x
c

«

>

»
0
0
n

-

x-
O

-M
O

O'
CO
O

£_
E
_

Ll_
—

H-
4-»
X

C/)
O

4-»
X

CL

*4
#r

—

0
O
—
—
"

O
C

'
jQ
0
O
O
<-
0

a;
0

0
ra
t_
o

O

c/)
O

J
O
l-

c

—
o

 
 

 

 
 

 

 

 
 

 

 
 
 
 
 
 

 

tfl

_c
3
L

x:

-X

 

 
 

Q.

 
 

 

O)

a.

 
 

 

 

 

 

 
 

 

o
4-»
X

—

 
 
•*

0

C-
o»

—
c
o
•§
0

CJ
0
c0

TJ
0

0

 
 
 
 

 
  

 
 

 
 

 
 

 
 
 

 

o
4-*
X

—

—

0

o
co>

c
0

8
*

«"S
0
(/)

C/)
O
'

O
E

0

</>

0
C

TJ

0
O
Q.

0

-Q3

 
 

 

 
 

a

 

13



Ta
bl

e
3.

Sa
m

pl
in

g
re

su
lts

th
e

19
93

an
d

19
94

U
.S

.N
or

th
Pa

ci
fic

al
ba

co
re

tro
ll

fis
he

rie
s.

14

T

T

T



A
PR

IL
 19

94

P................... ----------------............................mz z z z z£2io io io m m
m "t K) CM

Fi
gu

re
 la.

 Sample
d U

.S
. N

or
th

 Pa
ci

fic
 alb

ac
or

e c
at

ch
es

 fo
r A

pr
il,

 199
4.

15



M
A

Y 
19

94

<s

Fi
gu

re
 lb

.
Sa

m
pl

ed
 U.

S.
 N

or
th

 Pa
ci

fic
 alb

ac
or

e c
at

ch
es

 fo
r M

ay
, 19

94
.

i



JU
N

E 
19

94

£

Fi
gu

re
 lc.

 Sample
d U

.S
. N

or
th

 Pa
ci

fic
 al

ba
co

re
 ca

tc
he

s fo
r J

un
e,

 199
4.

17



JU
LY

 19
94

LO

5£m
cm

£mm

£m
n-

£mm

m
ID

£m

LxJm

in
ID

LxJmm

I
v | O I

U

o 1

□

io
x <:
CD O 
LL O

w 3 
CC CQ
LU tco £

LU

£>

<j)
CT>
CD666 ■ +

CD l O o
CD f—i o o

i i—>o CD o
T— T" LO

□ m Cl ■

z z z zm m in mm IN

Fi
gu

re
 Id

. Sampl
ed

 U.
S.

 N
or

th
 Pa

ci
fic

 alb
ac

or
e c

at
ch

es
 fo

r J
ul

y,
 199

4.

18



A
U

G
U

ST
 19

94

Fi
gu

re
 le.

Sa
m

pl
ed

 U.
S.

 N
or

th
 Pa

ci
fic

 alb
ac

or
e c

at
ch

es
 fo

r A
ug

us
t, 19

94
.

19



SE
PT

EM
B

ER
 19

94

Fi
gu

re
 If.

 Sampled
 U.

S.
 N

or
th

 Pa
ci

fic
 alb

ac
or

e c
at

ch
es

 for
 Se

pt
em

be
r, 1

99
4.

20



O
C

TO
B

ER
 19

94

Fi
gu

re
 lg

. Sample
d U

.S
. N

or
th

 Pa
ci

fic
 alb

ac
or

e c
at

ch
es

 fo
r O

ct
ob

er
, 19

94
.

21



N
O

VE
M

B
ER

 19
94

Fi
gu

re
 lh

. Sampl
ed

 U.
S.

 N
or

th
 Pa

ci
fic

 alb
ac

or
e c

at
ch

es
 fo

r N
ov

em
be

r, 1
99

4.

22



TO
TA

L 
C

A
TC

H
 19

94

Fi
gu

re
 li.

 Sampled
 U.

S.
 N

or
th

 Pa
ci

fic
 alb

ac
or

e c
at

ch
es

 fo
r th

e 1
99

4 s
ea

so
n.

23



D
EC

EM
B

ER
 19

93

o CO CO CO COo o o OC\| K)

Fi
gu

re
 2a

. Sample
d U

.S
. So

ut
h P

ac
ifi

c a
lb

ac
or

e c
at

ch
es

 fo
r D

ec
em

be
r, 19

93
.

24



JA
N

U
A

R
Y 

19
94

Bs
ohx

ooo

B=
o
05

Bs
o
o

B£
o

Bs
o
CM

B?
oNO

BS
o
■M-

£
o
inT--

5:
oco

o

ooo

Ld
o

LdO
CO

LdO
o (/) 00 CO (O co£2o o o o o

T— CM NO m

Fi
gu

re
 2b

. Sampl
ed

 U.
S.

 So
ut

h P
ac

ifi
c a

lb
ac

or
e c

at
ch

es
 fo

r J
an

ua
ry

, 19
94

.

25



FE
B

R
U

A
R

Y 
19

94

o to 00 to too o o O<N hO

Fi
gu

re
 2c

. Sample
d U

.S
. S

ou
th

 Pa
ci

fic
 alb

ac
or

e c
at

ch
es

 for
 Fe

br
ua

ry
, 19

94
.

26



M
A

R
C

H
 19

94

£

Fi
gu

re
 2d

. Sample
d U

.S
. S

ou
th

 Pa
ci

fic
 al

ba
co

re
 ca

tc
he

s fo
r M

ar
ch

, 19
94

.

27



A
PR

IL
 19

94

Fi
gu

re
 2e

.
Sa

m
pl

ed
 U.

S.
 So

ut
h P

ac
ifi

c a
lb

ac
or

e c
at

ch
es

 for
 A

pr
il,

 199
4.

28



TO
TA

L 
C

A
TC

H 
19

93
-9

4

o l/) CO CO 01o o O OT— CM K)

Fi
gu

re
 2f

.
Sa

m
pl

ed
 U.

S.
 So

ut
h P

ac
ifi

c a
lb

ac
or

e c
at

ch
es

 for
 th

e 19
93

-9
4 s

ea
so

n.

29



A
PR

IL
 19

94

Fi
gu

re
 3a

. U.S. N
or

th
 Pa

ci
fic

 alb
ac

or
e c

at
ch

 ra
te

s fo
r A

pr
il,

 199
4.

30



M
A

Y 
19

94

Fi
gu

re
 3b

. U.S. N
or

th
 Pa

ci
fic

 alb
ac

or
e c

at
ch

 ra
te

s f
or

 M
ay

, 19
94

.

31



JU
N

E 
19

94

£
10

£m
<N

in

£in
■"t

0 0

0
0

£min

£m
CD

Bsm

Ldm

X
o
H
<
O

> o
< X
Q

1—.. 3
X CO
CO CC CD CDLL O CT> +

LL O 1 i OLi- • O o O
LU 1— T— LO

0 m m n ■

z z z zm m in mm -'t K> (N

Ldm
CD

mm Fi
gu

re
 3c

.
U

.S
. N

or
th

 Pa
ci

fic
 alb

ac
or

e c
at

ch
 ra

te
s fo

r J
un

e,
 199

4.

32



JU
LY

 19
94

in

£m
CM

mK)

£in
'"t

£mm

£m
CD

£m

Ldm

LUm
CD

mm

Ldm
■'+

m 
m

|o|o|o|

n 0El
El El 

E] El 
0

EJ

IO

5
Q

CD O)
CT> +

O) , i o
' O O o

LD 'T_

m m a ■

mm m mro m
CM

Fi
gu

re
 3d

. U.S. N
or

th
 Pa

ci
fic

 alb
ac

or
e c

at
ch

 ra
te

s fo
r J

ul
y,

 199
4.

33



A
U

G
U

ST
 19

94

Fi
gu

re
 3e

. U.S. N
or

th
 Pa

ci
fic

 alb
ac

or
e c

at
ch

 ra
te

s f
or

 A
ug

us
t, 1

99
4.

34



SE
PT

EM
B

ER
 19

94

£

Fi
gu

re
 3f

. U.S. No
rth

 Pa
ci

fic
 alb

ac
or

e c
at

ch
 ra

te
s fo

r S
ep

te
m

be
r, 19

94
.

35



O
C

TO
BE

R
 19

94

z z z zin m m mm ■'t K) CM
z£in

Fi
gu

re
 3g

. U.S. N
or

th
 Pa

ci
fic

 alb
ac

or
e c

at
ch

 ra
te

s fo
r O

ct
ob

er
, 19

94
.

36



N
O

VE
M

B
ER

 19
94

Fi
gu

re
 3h

. U.S. N
or

th
 Pa

ci
fic

 alb
ac

or
e c

at
ch

 ra
te

s fo
r N

ov
em

be
r, 1

99
4.

37



TO
TA

L 
C

A
TC

H
 R

A
TE

 19
94

Fi
gu

re
 3i

. U.S. No
rth

 Pa
ci

fic
 alb

ac
or

e c
at

ch
 ra

te
s f

or
 th

e 1
99

4 s
ea

so
n.

38



D
EC

EM
B

ER
 19

93

3s

cm ro ^ in

Fi
gu

re
 4a

. U.S. S
ou

th
 Pa

ci
fic

 alb
ac

or
e c

at
ch

 ra
te

s f
or

 D
ec

em
be

r, 1
99

3.

39



JA
N

U
A

R
Y 

19
94

Fi
gu

re
 4b

. U.S. S
ou

th
 Pa

ci
fic

 alb
ac

or
e c

at
ch

 ra
te

s fo
r J

an
ua

ry
, 19

94
.

40



FE
B

R
U

A
R

Y 
19

94

Xo
\—
<o
o

> X
< 1-Q X---- CO
X
CO £ CD 19

9
iu o CD CD i +

U- • o O
Li_ 1 o o O
LU IT) r— C\J

El ED □ :■ ■

o

y/

o
CD

3=

5:
o

3=
o

£
o
CM

£o
fO

o

3=
oin

5:
o
CD

£Or^

oco

LxJor^

LUo
CO

CO
o

CO CO CO (OLO
o O O o
CM K> LO

Fi
gu

re
 4c

. U.S. S
ou

th
 Pa

ci
fic

 alb
ac

or
e c

at
ch

 ra
te

s fo
r F

eb
ru

ar
y,

 199
4.

41



M
A

R
C

H
 19

94

Fi
gu

re
 4d

. U.S. S
ou

th
 Pa

ci
fic

 alb
ac

or
e c

at
ch

 ra
te

s fo
r M

ar
ch

, 19
94

.

42



A
PR

IL
 19

94

Fi
gu

re
 4e

.
U

.S
. S

ou
th

 Pa
ci

fic
 alb

ac
or

e c
at

ch
 ra

te
s fo

r A
pr

il,
 199

4.

43



TO
TA

L 
C

A
TC

H
 R

A
TE

 19
93

-9
4

Fi
gu

re
 4f.

U
.S

. So
ut

h P
ac

ifi
c a

lb
ac

or
e c

at
ch

 ra
te

s fo
r th

e 1
99

3-
94

 se
as

on
.

44



N
 = 

18
,4

33
 fis

h 
AV

G
. F

O
R

K 
LE

N
G

TH

Fi
gu

re
 5.

Le
ng

th
-fr

eq
ue

nc
ie

s o
f a

lb
ac

or
e sa

m
pl

ed
 fro

m
 th

e 19
94

 U.
S.

 N
or

th
 Pa

ci
fic

 
tro

ll f
ish

er
y.

45



50N -

40N
C<1)
O
a3 10 

cl

2°
ca>o
a5 10

CL

30N -

N=5073 Fish
26

20

10

N=998 Fish

42 47 52 57 62 67 72 77 82 87 92 97 42 47 52 57 62 67 72 77 82 87 92 97

20 N=1071 Fish

N=140 Fish l

iJ. Jll.
42 47 52 57 62 67 72 77 82 87 92 97 0

Fork Length (cm) Fork Length (cm) Fork Length (cm)

N=37 Fish 20

II
N=21 Fish

ill 10 1

I
42 47 52 57 62

lii ill illn_ 0 . _ i li
Fork Length (cm)

20N
170E 180 170W 160W 150W

Figure 6. 
troll
Size

 
 
fisher
distri

y 
bution

summa
 of 

rize
alb

d by
acore

 5°xl0°
sampl 

 quadrangles.
ed from the 1994 U.S. North Pacific 

46



Figure 6. Continued.
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