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I. PREFACE
Tropical tunas, albacore, billfishes, and other large 
pelagic fishes have been an important focus of 
study at the Southwest Fisheries Science Center 
(SWFSC) for over 35 years. These large, power
ful fishes, which range widely across international 
boundaries in their migrations, support major 
commercial and recreational fisheries in the 
United States, in the exclusive economic zones 
(F.F.Z) of other countries, and around the world in 
international waters. The SWFSC, which pro
vides quality fishery analyses and management 
information, represents a substantial part of the 
U.S. commitment to supporting international and 
regional management of commercial and recrea
tional fisheries for tuna, billfish, and other large 
pelagic species.

During the past year, the SWFSC continued to 
provide scientific information and advice for man
aging fisheries for tunas and other large pelagic 
fishes and fishery-associated marine mammals 
and endangered sea turtles. Since May 1993, 
much of the Center’s fishery research has been 
focused on supporting the needs of the Western 
Pacific Regional Fisheries Management Council 
(WPRFMC), international working groups and 
committees, and NMFS’ Southwest Region and 
Headquarters.

Tuna and billfish research conducted by the 
Center is designed to meet the information needs 
of fishery managers both in the long and short term 
and includes stock assessment and basic biological 
research to improve the scientific basis for effec
tive management; socio-economic research for 
analyzing management alternatives, especially for 
limited entry regimes; biological and technologi
cal research to eliminate or minimize interactions 
between fisheries and protected species; and 
mathematical modeling to improve our under
standing of fishery interactions and fish move
ments, and to help predict some of the 
consequences of management actions.

Due to a recent Biological Opinion by the 
NMFS Office of Protected Species, measures

were required in the Hawaii-based domestic 
longline fishery to minimize interaction with ma
rine turtles. As a first step in this process, an 
observer program was implemented and research 
was proposed on the mortality factors relating to 
hooking in this fishery. The SWFSC’s Honolulu 
Laboratory convened a workshop November 16- 
18, 1993, to plan research needed to estimate the 
mortality rates of marine turtles incidentally 
hooked or entangled in the fishery.

SWFSC researchers studying marine mammals 
associated with tuna fisheries were largely occu
pied with preparing information for new regula
tions and reauthorization of the Marine Mammal 
Protection Act (MMPA) in 1994 and in conducting 
the common dolphin survey and dolphin-safe re
search projects in California and Mexico waters 
and in producing stock assessments. Status of 
stocks reports for fishery-associated marine mam
mals were updated for the 1993 edition of the joint 
Alaska Fisheries Science Center/SWFSC report, 
"Status of Living Marine Resources off the Pacific 
Coast of the United States for 1993," which was 
released in January 1994.

Monitoring U.S. fisheries for large pelagics and 
archiving and analyzing fisheries data are other 
important activities at the Center. Honolulu Labo
ratory scientists monitor important commercial 
fisheries in and beyond the central and western 
Pacific U.S. EEZ for tuna, mahimahi, billfish, 
swordfish, and other large pelagics. The staff 
participates on the Western Pacific Council’s Sci
entific and Statistical Committee and Pelagics 
Plan Monitoring Team, preparing annual status of 
stocks and fisheries reviews and assisting fishery 
managers in evaluating regulatory alternatives fol
lowing the end of the moratorium on new entry 
into the Hawaii-based domestic longline fishery in 
1994. With the help of the Western Fishboat Own
ers’ Association, staff at the La Jolla Laboratory 
also continue to coordinate the albacore observer 
program to monitor the incidence of driftnet scar
ring of albacore caught by the U.S. troll fishery in 
the North Pacific.

In addition, the SWFSC staff handles extensive 
and complex fishery data bases from tuna fisheries 
around the. world. At the La Jolla Laboratory, the 
staff processes tuna fishery observer data, Califor-
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nia coastal gillnet observer data, tropical tuna fish
eries data, North and South Pacific albacore data, 
and other data collected from field experiments, 
expeditions, and port sampling. The staff main
tains the Atlantic tropical tuna fishery data base 
and develops and maintains data bases for Pacific 
Ocean and Indian Ocean fisheries for tunas and 
large pelagics. The staff also processes South 
Pacific Regional Tuna Treaty data, evaluates the 
sampling regime for their collection, and provides 
reports to the Forum Fisheries Agency as required 
by the treaty. Annual summaries and analyses for 
the U.S. Pacific albacore fishery are provided to 
the albacore fishing fleet, and tuna-dolphin ob
server data are provided for use in marine mammal 
stock assessments. The Center also monitors 
tropical tuna trade and fishery developments on a 
global scale to help interpret and evaluate fishery 
statistics used to analyze stock condition. Data 
obtained from various sources are summarized in 
the SWFSC’s Tuna Newsletter.

The Center staff also remains active on interna
tional forums concerning tuna and other large pe
lagic fishes, such as the Western Pacific Yellowfin 
Tuna Research Group, MEXUS-Pacifico, Interna
tional Commission for Conservation of Atlantic 
Tunas, and South Pacific Albacore Research 
group. On December 8-14, 1993, the Center 
hosted the 13th North Pacific Albacore Workshop 
at the La Jolla Laboratory, where attendees from 
Japan, Korea, Mexico, Taiwan, and the United 
States reviewed 30 working documents on North 
Pacific albacore and identified future research 
needs. Work also continues with the Inter-Ameri
can Tropical Tuna Commission (IATTC) in proc
essing incidental dolphin mortality data from the 
ETP purse seine fishery and collaborating on re
search relating to development of dolphin-safe 
fishing methods. The Center coordinates the Pa
cific International Billfish Angler Survey and Co
operative Marine Gamefish Tagging program and 
publishes the annual Billfish Newsletter, provid
ing summaries of the results of these programs. 
The Center has continued to distribute tags to 
billfish anglers in Mexico, Hawaii, and elsewhere 
in the Pacific.

The following sections describe research at the 
SWFSC between May 1993 and April 1994 relat
ing to tuna and other large pelagic fishes and to

marine mammals that are affected by these fisher
ies. The work was conducted at the Center’s La 
Jolla Laboratoiy in La Jolla, California, and at the 
Honolulu Laboratory in Honolulu, Hawaii. The 
various reports provide informal summaries of 
activities and events that have taken place since 
last year’s Tuna Conference in May, emphasizing 
highlights of the previous year.

MICHAEL F. TILLMAN, PH.D.
Science and Research Director 

Southwest Region

May 1994 
La Jolla, California

2



II. ECONOMIC 
OVERVIEWS

Statistics of the U.S. Canned 
Tuna Industry Compiled for the 

First Three Quarters of 1993

Statistics for the U.S. canned tuna industry for 
the first three quarters of 1993 were tabulated by 
Pat Donley of the Southwest Regional Office and 
were summarized by A1 Jackson of the Southwest 
Fisheries Science Center. The reports describing 
the statistics appear as articles in the August and 
November 1993, and February 1994, issues of the 
SWR/SWFSC Tuna Newsletter.

The total number of vessels in the U.S. tropical 
tuna purse seine fleet in the third quarter of 1993 
was 10, which was unchanged from the previous 
year.

For the first quarter of 1993, receipts of domes
tic and imported raw tuna by U.S. canners were 
down 15 percent from the first quarter of 1992, at 
94,300 short tons (st), converted to round weights. 
Second quarter totals showed a 2-percent increase, 
with 116,300 st received, and third quarter receipts 
showed a 1-percent decrease over the previous 
year’s receipts, with 119,900 st. Species compo
sition data for all three quarters showed skipjack 
tuna to be the largest component of the deliveries, 
comprising 57 percent of the total, followed by 22 
percent albacore and 21 percent yellowfin tuna.

As in the first three quarters of 1992, tuna 
delivered to U.S. canneries for the first three quar
ters of 1993 originated principally in the western 
Pacific. Tuna imported by U.S. canneries in
creased from 43 percent of the total receipts in the 
first quarter to 55 percent of the total receipts in 
the second quarter of 1993, but in the third quarter 
imports declined to 39 percent of the total receipts.

Imports in the first quarter of 1993 were mainly 
from Taiwan, France, and Japan. Taiwan pro
vided 28 percent of U.S. cannery imports. The top 
three supplying nations provided 64 percent of all 
imports. In the second quarter, Taiwan, France, 
and Japan contributed 57 percent of the imports.

The same three countries provided 63 percent of 
the total U.S. cannery imports in the third quarter 
(in the same order). U.S. imports of canned tuna 
packed in water totaled 34,700 st for the third 
quarter of 1993, up 7 percent from 1992. For the 
first 9 months of 1993, imports of canned tuna 
stood at 88,500 st, down 34 percent from the 
previous year.

Contract prices for domestically caught yellow- 
fin and skipjack tuna delivered to U.S. canners in 
the third quarter of 1993 were considerably higher 
than the third quarter prices of the previous year 
for all size categories of fish. Maximum prices 
(not adjusted for inflation) have increased in each 
of the past four quarters, reversing a downward 
trend that started in 1988. Between the first quar
ter of 198 8 and the third quarter of 1992, prices fell 
approximately 40 percent.

To obtain a more detailed account of tuna sta
tistics, write to Tuna Newsletter, Southwest Fish
eries Science Center, P.O. Box 271, La Jolla, 
California 92038. (A. Jackson, [619] 546-7048)
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III. PACIFIC
OCEANIC
FISHERIES
PACIFIC ALBACORE

13th North Pacific Albacore 
Workshop Held

The 13th North Pacific Albacore Workshop 
was conducted at the Southwest Fisheries Science 
Center in La Jolla, California, December 8-14, 
1993. Participants from Japan, Korea, Mexico, 
Taiwan, and the United States reviewed 30 work
ing documents, concluding that (1) the catch-per- 
unit (CPUE) indices for young albacore have 
declined by 50-70 percent since the mid-1970s 
while the CPUE for adult fish has been stable or 
slightly declining since 1972, and (2) biomass of 
the stock dropped below that needed to support a 
maximum sustainable yield (MSY) in 1974 and 
continued to decline until about 1990, reaching a 
level of about 40 percent of MSY biomass. With 
a suspension of the driftnet fishery and a signifi
cant reduction in fishing effort since 1990, stock 
biomass is anticipated to increase. If this reduced 
fishing continues and annual catches remain at the 
30,000-metric ton (t) level (average of the last 5 
years minus the driftnet catches), the biomass 
should continue to increase and reach the level 
needed to support MSY catches in 5 years. If 
catches, however, increase to an annual level of 
50,000 t, the recovery time will be more than 10 
years.

Participants identified further research needed 
to confirm their findings and developed a plan to 
verify the results and to understand the population 
recovery process.

Mathematical Statistician A1 Coan presented a 
paper at the Workshop, "Available fisheries data 
from albacore fisheries in the North Pacific," in 
which he documented the available catch, catch 
and effort, and length-frequency data for albacore 
fisheries operating in the North Pacific.

Catch data by fishing gear were listed for the 
period 1952-1992 for Japan, Taiwan, Korea, the 
United States, and Canada. Catches for all fleets 
combined peaked in 1976 at 124,000 metric tons 
(t) and declined to a low of 36,0001 in 1991. The 
majority of the catch was made by Japan using 
pole-and-line, longline, gillnet, and purse seine 
fishing gears.

Catch-and-effort data were available for Tai
wanese longline (1967-1991), Japanese longline 
(1952-1991), Japanese pole-and-line (1956- 
1991), Korean longline (1966-1970, 1975-1987), 
and U.S. pole-and-line and troll (1961-1992). The 
majority of the longline data were by month and 
5° square, and the pole-and-line and troll data were 
by month and 1° square.

Albacore length-frequency data were available 
for Japan longline and pole-and-line (1956-1991) 
and U.S. pole-and-line and troll (1961-1992). The 
majority of the Japanese data were by quarter and 
5° x 10° square, and the U.S. data were by month 
and 1° square.

Also at the Workshop, Fishery Biologists Norm 
Bartoo and Pierre Kleiber presented the results of 
a generalized additive model analysis of catch- 
and-effort data from the U.S. North Pacific troll 
fleet at the Workshop (see synopsis under Chapter 
V. OTHER TUNA-RELATED RESEARCH AT 
SWFSC).

Fishery Biologist Darlene Ramon presented a 
paper at the Workshop on the spawning seasonal
ity of albacore, Thurmus alalunga, in the North 
Pacific. In the paper, she discussed the results of 
a study she made of albacore sampled aboard a 
U.S. troll vessel during the summer of 1990 in the 
North Pacific Transition Zone (NPTZ) and of an
other group of albacore caught near the Hawaiian 
Islands by U.S. longline vessels over the period 
1991-1993.

Samples of three size groups of albacore from 
the NPTZ, collected on board the troll vessel Pur
suit, were collected so that maturity and sex ratio 
could be determined. A total of 74 albacore go
nads were collected during the 1990 fishing sea
son, of which 63 were taken from females and 11 
from males. The ovary samples from Hawaii were
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collected during 1990-1993 from Honolulu fish 
markets by Biological Technician Don Hawn of 
Southwest Fisheries Science Center’s Honolulu 
Lab. Samples were taken from 96 large female 
albacore.

Ramon determined maturity for the female al
bacore and measured oocyte diameters from the 
most advanced mode of oocytes within the ovary. 
The condition of albacore caught in the NPTZ was 
categorized as reproductively inactive, with the 
largest oocyte mode being 0.25 millimeters (mm). 
Hawaiian-caught albacore were large (90 centime
ters) and ranged in development from inactive to 
mature. Hawaiian oocyte diameter increased sig
nificantly during April and maintained an ad
vanced mode size of at least 0.5 mm through 
August. Because of the time between capture and 
sampling, histology was inconclusive on the pres
ence of post-ovulatory follicles. Instead, residual 
oocytes were used as indicators of previous recent 
spawning. The residual oocytes were found in 
many ovaries collected during the summer but 
were absent in samples collected from September 
through March.

Results of Ramon’s study indicate that, based 
on the criteria used to determine maturity, spawn
ing activity near Hawaii occurs between April and 
August. (N. Bartoo, [619] 546-7073)

Albacore Fishery Data Summarized

Biological Technician Gary Rensink of La 
Jolla’s Southwest Fisheries Science Center 
authored Administrative Report U-93-10, "Sum
mary of the 1991-92 South Pacific albacore fishery 
data," and with Forrest Miller of the Inter-Ameri
can Tropical Tuna Commission, he authored LJ- 
93-12, "Summary of the 1992 North Pacific 
albacore fisheries data." The following is a sum
mary of these reports:

South Pacific Fisheries— The 1991-92 U.S. 
South Pacific albacore fishery, centered mainly 
south of French Polynesia, started December 1991 
and operated through April 1992. The number of 
U.S. jig vessels participating in the fishery was 35, 
a decrease from the 58 that participated during the 
1990-91 fishing season. The total landings of 
albacore were 3,016 metric tons (t), a decrease

from the 5,540 t that were landed in the 1990-91 
fishing season. The average catch rate of 130 fish 
per day was also lower in 1991-92 than the 193 
fish caught per day in 1990-91. The average size 
of albacore caught was 6.7 kilograms.

North Pacific Fisheries— The 1992 U.S. North 
Pacific albacore fishery began in mid-May and 
continued into early November. As in past fishing 
seasons, the fishery started in the mid-Pacific off 
Midway Island early in the season and gradually 
moved eastward to the Oregon and Washington 
coastlines as the season progressed. Ocean frontal 
boundaries along the west coast were prevalent 
during the season, contributing to moderately 
good fishing between Vancouver Island and Cape 
Mendocino. Landings increased by 148 percent 
from 1991 landings to 4,5721, the highest recorded 
since 1988. Average catch rate was 54 fish per 
day, an increase from 1991 (36 fish per day). Fish 
weight averaged 5.4 kilograms in 1992. (G. 
Rensink, [619] 546-7079)

Observers Document 1993 Albacore 
Troll Season with Catch and 

Gillnet Injury Data

During June-September 1993, for the fourth 
season, the Southwest Fisheries Science Center 
(SWFSC) at La Jolla placed biological technicians 
on U.S. albacore troll vessels to obtain catch and 
length-frequency data and to examine the catch for 
injuries (or marks) indicating previous encounters 
with foreign high-seas driftnets. Samples were 
taken from within the traditional U.S. albacore 
troll fishing grounds in the northeastern Pacific.

Highest numbers of albacore were taken west 
of 140° W longitude. A total of 10,738 albacore 
were examined for net marks and measured for 
both fork length and maximum girth during the 
275 fishing days observed during the season. The 
1993 length-frequency distribution indicates the 
presence of 2-, 3-, and 4-year-old albacore, more 
typical of the 1990 and 1991 data than the 1992. 
The strong 3-year-old age class of 1992 may have 
been influenced by El Nino conditions.

Of the catch observed, only 0.31 percent 
showed signs of previous interaction with drift-
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nets, down from 3.1 percent in 1992 and a high of 
12.4 percent in 1990. This is the first fishing 
season after the 1992 United Nations ban on all 
high-seas drift gillnet fishing in the North Pacific. 
Although effort data from the high-seas driftnet 
vessels are not available for the 1991 and 1992 
seasons, both U.S. troll and high-seas driftnet fish
eries were known to operate in overlapping areas 
of the North Pacific.

Technicians also collected 300 albacore heads 
during the cruises to use for ageing studies at both 
the Honolulu Lab and the Centro de Investigation 
Cientifica y de Education Superior de Ensenada, 
Mexico. Preliminary results from both studies 
presented at the 1993 Albacore Workshop indi
cated matching results, thus confirming technical 
methodology. (D. Holts, [619] 546-7186)

Study Completed on Effects 
of Entanglement in High-seas 

Driftnets on North Pacific Albacore

Fishery Biologists Richard Brill and David 
Holts coauthored a publication, "Effects of entan
glement and escape from high-seas driftnets on 
rates of natural mortality of North Pacific alba
core, Thunnus alalunga," which was published in 
Fishery Bulletin (91[4]:798-803). Data for this 
publication were gathered before the United Na
tions moratorium was placed on the high-seas 
driftnet fishery in December 1992. The following 
is a summary of that publication:

Foreign driftnet fleets and U.S. trailers taking 
albacore target a common stock. Albacore that 
encounter driftnets, then escape and survive long 
enough to be recaptured by another fishery, can 
bear some external marks. U.S. trailers operating 
in the North Pacific have reported an increased 
frequency of net-marked fish with the expansion 
of the Taiwanese, Korean, and Japanese high-seas 
driftnet fleets. This study was undertaken to de
termine whether albacore that encounter driftnets, 
and subsequently escape alive, suffer higher than 
normal rates of natural mortality.

Differences in rates of natural mortality were 
measured by standard fitness, short- and long-term 
growth rates, and indications of bacterial infection 
and long-term stress. Indirect measures were em

ployed because rates of natural mortality (or physi
ological changes) could not be directly observed 
in albacore encountering simulated driftnets in 
shoreside tanks.

No differences were found in any parameter 
that would indicate differences in natural mortal
ity. Most fish recaptured by trailers were only 
minimally damaged or had healed scars, which 
may explain the lack of differences. There is most 
likely a spectrum of damage caused during en
counters with driftnets. The number of albacore 
dying from falling out or escaping, but so badly 
injured that they are unable to resume feeding 
before becoming vulnerable to recapture by troll 
vessels, may well be significant but remains to be 
determined. (R. Brill, [808] 943-1234)

Albacore Ovary Preservation 
Effects Studied

In an examination of albacore ovaries compar
ing the effects of preservation by freezing versus 
preservation by using formalin, Fishery Biologist 
Darlene Ramon examined albacore ovary samples 
collected from various locations in the North and 
South Pacific as part of a larger study on reproduc
tive maturity of albacore.

To assess the effect of formalin on ovary 
weights, samples were first weighed fresh, then 
placed in formalin for 1 to 3 months before being 
reweighed. A significant difference between the 
weight of fresh- and formalin-preserved samples 
was indicated (f=3.58, P<0.05, df=61). The same 
process of taking a fresh weight and reweighing 
the ovary was also done for samples that were 
frozen, which resulted in a significant difference 
between fresh samples and frozen samples 
0=6.96, P<0.05, #=14).

The effect of preservation on oocyte diameter 
was also examined. Samples were available from 
the North Pacific jigboat fishery and from Hawaii. 
When obtained, one side of each ovary was frozen 
and the other side preserved in formalin. Samples 
were examined for differences resulting from 
preservation type. A significant level of differ
ence was found to exist between the mean of the 
most advanced group of oocytes for the two sides 
(P<0.05). A control group for which both sides of
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the ovary were preserved in formalin exhibited no 
significant differences (P>0.05). (D. Ramon, 
[619] 546-7074)

HAWAII FISHERIES

Western Pacific Pelagic 
Species Fishery Management 

Plan: Amendment 7 
Submitted by WPRFMC

In April 1991, a moratorium on new entry into 
the rapidly growing Hawaii longline fishery was 
initiated. It was to last three years, at which point 
it would be replaced by a limited entry regime or 
the fishery would return to open access. Through
out the latter part of 1992 and all of 1993, the 
Western Pacific Regional Fishery Management 
Council (WPRFMC) struggled with issues per
taining to limited entry in the Hawaii-based do
mestic longline fishery. In 1993, this fishery was 
preliminarily estimated to have landed 26 million 
pounds ($53.3 million). Swordfish account for 50 
percent of the landings.

During the 3-year period beginning in April 
1991, two major changes occurred in the fishery. 
First, many of the longliners began targeting Pa
cific swordfish in areas primarily north and north
east of Hawaii and mostly outside of the U.S. 
Exclusive Economic Zone. This growth led to 
some significant questions concerning the status 
of the swordfish stocks, but the range of the fishery 
also began to extend into areas reachable by ves
sels operating out of the mainland United States 
(Alaska, Washington, Oregon, and California). 
Second, interaction between longliners and endan
gered sea turtles was noted. This led to a manda
tory observer program which NMFS began 
implementing in January 1994. Reconciling these 
two issues, as well as the original allocation issues 
which confronted the WPRFMC in 1990 and 
1991, was the purpose of Amendment 7 to the 
Pelagic Species Fishery Management Plan. The 
amendment, which was completed by the 
WPRFMC in January 1994 and forwarded to 
NMFS for review, proposes the following:

• Replacement of the moratorium with a limited 
entry program.

• Issuance of approximately 166 limited entry per
mits to almost all existing longliners (based on 
various size and landings criteria).

• Upgrading or replacement of vessels, except that 
the longest vessel in the limited entry fleet could 
not exceed the largest under the moratorium 
(expected to be 28.5 meters [93 feet] in overall 
length).

• Issuance of transferable permits, with or without 
sale of the vessel.

• Using framework process for adjusting overall 
fleet size as new information becomes available 
on the status of the fishery.

• Allowing NMFS to charge fees to cover the cost 
of administering the limited entry permits.

(C. Boggs, [808] 943-1222)

Presentation Made at 
Blue Marlin Workshop

Fishery Biologists Robert Skillman and Chris- 
tofer Boggs and Industry Economist Samuel 
Pooley participated in a blue marlin workshop 
April 20-22, 1993, sponsored by the Western Pa
cific Regional Fishery Management Council 
(WPRFMC). Honolulu Lab participants reviewed 
available fishery statistics and assessments. Case 
studies from other regions were presented by R. 
Kearney of the Fishery Research Institute, Austra
lia; O. Sosa-Nishizaki of Centro de Investigaci6n 
Cientifica y de Education Superior de Ensenada, 
Mexico; and S. Berkeley of Oregon State Univer
sity. Views of the charter boat industry, recrea
tional fishermen, and the longline fishery were 
presented by members of the Hawaii fishery com
munity, followed by a structured discussion to 
identify problems and recommend courses of ac
tion to the WPRFMC. A report of the workshop 
was edited by WPRFMC’s R. S. Shomura and is 
available from the WPRFMC.

The Honolulu Laboratory overview provided 
information on catch and catch rates of blue marlin 
fisheries in the Pacific and on stock assessment 
reports from the literature. Pacific-wide catches 
reached an all-time high in 1990, the most recent 
year for which catch statistics are available. The
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increase was due to the expansion of Korean and 
Taiwanese longline fisheries after 1985. Stock 
assessments are out of date because of the unavail
ability of catch-per-unit effort (CPUE) data from 
foreign longline fisheries. One production model 
stock assessment, based on CPUE data through 
1980, suggested that blue marlin were overexploi
ted. Another assessment using more recent CPUE 
data through 1985 found little effect of fishing 
effort on catch, thus preventing a meaningful pro
duction model assessment.

Hawaii fisheries account for less than 4 percent 
of the Pacific-wide harvest of blue marlin. Do
mestic longline landings decreased during the 
1960s as foreign longline landings in the Hawaii 
area increased. However, the first major increase 
in Hawaii landings occurred in the late 1970s due 
to the expansion of domestic commercial troll 
fishing. A second major increase in landings oc
curred with the revitalization of the domestic 
longline fishery in the late 1980s, and Hawaii 
catches have been relatively stable since 1988. 
Despite these increases, commercial troll CPUE 
has not shown a downward trend in recent dec
ades. A major decline in blue marlin CPUE in the 
Hawaii longline fishery from the 1950s through 
the early 1970s corresponded with a Pacific-wide 
trend unrelated to domestic fishery expansion. 
Since 1970, total Hawaii catch has increased in 
rough proportion to estimated equivalent Hawaii 
fishing effort. Total equivalent Hawaii effort was 
estimated as catch divided by troll CPUE. Troll 
fishermen at the blue marlin workshop com
mented that catch rates have been maintained by 
improvements in fishing technology and they 
voiced their strong opinion that local blue marlin 
abundance has actually declined. (R. Skillman, 
[808] 943-1257; C. Boggs, [808] 943-1222)

Hawaii Longline Fishery Annual 
Reports Completed

Fishery Biologist Robert A. Dollar completed 
the Hawaii longline fishery annual report, Hono
lulu Administrative Report H-93-12, which was 
distributed to the Western Pacific Regional Fish
ery Management Council and to participants in the 
fishery. The report is also available to the general 
public.

The 1992 Hawaii longline fishery showed a 
continuing trend toward targeting swordfish 
(broadbill). Overall, however, the rapid growth in 
the late 1980s and 1990-91 was halted by the 
late-1991 moratorium on new entry into the fish
ery. The moratorium expires in April 1994 and is 
expected to be replaced by an effort limitation 
program.

Total longline landings in 1992 were approxi
mately 25.1 million pounds (using average 
weights applied to logbook number of fish), com
pared to 26.8 million pounds in 1991. Swordfish 
landings increased to 10.9 million pounds, up from 
9.9 million in 1991. These data are based on the 
logbook records of federally permitted longline 
fishing vessels. Additional market information, as 
well as more detailed information on size compo
sition, will be included in a forthcoming general 
report on Hawaii’s pelagic fishery.

Swordfish was the largest component of the 
landings (71,000 fish), followed by mahimahi 
(53,900 fish), and bigeye tuna (42,750 fish). Blue 
shark represented approximately 26 percent of the 
catch (61,500 fish), but few were landed. How
ever, a market is developing for shark fins. Sharks 
which were finned but otherwise "released" may 
not have been recorded as "kept" in the logbooks. 
More on this topic will be covered in next year’s 
annual report on the pelagic fishery as a whole. 
Major problems exist in the identification of blue 
and striped marlin (striped marlin are frequently 
misidentified as blue marlin). In the annual pe
lagic fishery report, shoreside sampling data are 
used to correct these figures. Sharks may also be 
mislogged as "kept" when they are killed and 
released while other sharks may not be logged as 
"kept" when finned.

Of 166 federally permitted longline vessels reg
istered in Hawaii, 123 were active in 1992. Inac
tive vessels included vessels in the lobster and 
bottomfish fisheries, vessels which sank or had 
moved out of Hawaii, and 19 vessels that simply 
did not fish in 1992. In 1991, there were 140 active 
longline vessels in Hawaii.

There were 1,261 longline trips in 1992, com
pared to 1,665 trips in 1991. Approximately 22 
percent of the trips specifically targeted swordfish
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while approximately 35 percent of the trips tar
geted tuna. The remainder (42 percent) repre
sented mixed or unknown targeting. Fishing effort 
(number of hooks set) was predominately outside 
the U.S. Exclusive Economic Zone (EEZ), 52 
percent. Remaining fishing effort was within the 
200-mile EEZ around the main Hawaiian Islands 
(40 percent); within the Northwestern Hawaiian 
Islands (6 percent); and in U.S. possessions, such 
as Johnston Atoll (2 percent). Catch-per-unit ef
fort (CPUE), the number caught per 1,000 hooks 
set, for all areas was about the same in 1992 as in 
1991. Swordfish CPUE was 6.36 per 1,000 hooks 
while bigeye tuna was 3.74 per 1,000 hooks.

Interactions with protected species are also re
corded in the logbooks. The Hawaii fishery re
ported 180 interactions, of which 55.5 percent 
were with seabirds and 35.5 percent were with 
marine turtles. These interactions include those in 
which animals were released alive (either un
harmed or injured), as well as those in which the 
animals were already dead when released. One 
dolphin and 71 seabirds were already dead when 
released in 1992. Over 80 percent of the interac
tions occurred outside the U.S. EEZ. (S. Pooley, 
[808] 943-1216)

Pilot Observer Program 
Guidelines Developed for
Hawaii Longline Fishery

The report "Statistical guidelines for a pilot 
observer program to estimate turtle takes in the 
Hawaii longline fishery" was prepared by Fishery 
Biologist Gerard DiNardo, currently with the Joint 
Institute for Marine and Atmospheric Research 
(JIMAR). DiNardo’s intent in the report was to 
provide statistical guidelines for development of 
an observer sampling program for the Hawaii 
longline fishery. Development and implementa
tion of the sampling program is a requirement of a 
recent internal Biological Opinion rendered under 
the Section 7 Consultation conducted by NMFS in 
response to concerns regarding the incidental tak
ing of listed sea turtles by this fishery.

The sampling design that was outlined in the 
guidelines was developed using 1991 and 1992 
Hawaii longline logbook and 1990-92 observer 
data from vessels that exclusively targeted sword

fish, tuna, or some mix of both. For all months, 
tuna fishing trips were generally proximal to the 
Hawaiian Islands, with mixed tuna and swordfish 
trips north of the tuna effort and swordfish effort 
north of the mixed effort. During the 1991 fishing 
season, 28 percent of the longline vessels fished 
exclusively for tuna, 11 percent fished exclusively 
for swordfish, and 24 percent always fished for a 
mixed catch. The remaining vessels (37 percent) 
switched between targets from trip to trip with no 
obvious pattern. During the 1992 fishing season, 
30 percent of the longline vessels fished exclu
sively for tuna, 19 percent fished exclusively for 
swordfish, 31 percent always fished for a mixed 
catch, and 20 percent switched between targets. 
The identification of exclusive groups of vessels 
within the longline fishery is basic to developing 
strata and sampling frames.

A total of 11 trips (109 sets) were monitored by 
scientific observers in the longline fishery between 
1990 and 1992. Cooperating vessels were oppor
tunistically sampled. All vessels monitored fished 
exclusively for swordfish. A total of 7 turtle inter
actions were observed on 3 of the 11 monitored 
trips.

Information from the Hawaii longline logbook 
system has not been fully verified by scientific 
observer reports, so the reported take of protected 
species was most likely downwardly biased be
cause of nonreporting. Because the available ob
server data set was small (11 trips) and limited to 
vessels fishing exclusively for swordfish, the data 
were not considered to be representative of turtle 
interactions in the Hawaii longline fishery.

Consequently, additional baseline turtle inter
actions data will be required. To collect such data, 
a stratified pilot sampling design was proposed as 
part of the guidelines for the pilot observer pro
gram. Data from the logbooks were used to iden
tify appropriate strata and sampling frames while 
observer data were used to estimate sample size 
requirements.

As sources of variability in turtle take rates were 
not known, stratification was based on charac
teristics of the fishery. In the survey design, all 
potential vessel trips were classified into a unique
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stratum defined by two stratification variables, 
time and trip type.

For the pilot program, an array of sample size 
choices was presented to cover a range of tolerance 
and confidence levels for estimation of total turtle 
take, assuming both normal and negative binomial 
take rate distributions. It was assumed that ap
proximately 10 longline sets comprise a trip. A 
sampling frame for the pilot survey was developed 
and appropriate sample selection procedures were 
advanced. Procedures for optimizing future sam
pling were also described. (G. DiNardo, [808] 
943-1259)

Workshop Held on Marine 
Turtle Hooking Mortality

A workshop on marine turtle hooking mortality, 
sponsored by the Honolulu Laboratory and NMFS 
Headquarters, was held November 16-18,1993, in 
Honolulu. Turtle experts from across the United 
States, Australia, and Japan participated in this 
workshop, which was designed to develop a coor
dinated research plan for estimating the mortality 
and physiological impact on marine turtles hooked 
or entangled in longline fishing gear. The first day 
of the workshop was dedicated to technical pres
entations on longline fishing, the Endangered Spe
cies Act, and turtle physiology and fishery 
interactions. The second day was a facilitated 
strategic planning session in which specific re
search objectives and activities were identified. 
On the third day, a number of related issues, in
cluding mitigation and observer protocol, were 
discussed, and detailed research outlines were pre
pared. The results of the workshop were presented 
to NMFS Headquarters.

Those attending the workshop included Alan 
Bolten and Elliott Jacobson, University of Florida, 
Gainesville, Florida; Scott Eckert and Pamela Yo- 
chem, Hubbs-Sea World Research Institute, San 
Diego, California; Kiyoshi Katsuyama, Japan 
Fishing Agency, Tokyo, Japan; Itaru Uchida, Port 
of Nagoya Public Aquarium, Minatoku Hagoya 
City, Japan; Jeffrey Miller, Department of Envi
ronment and Heritage, Queensland, Australia; 
Bernard Thoulag, Micronesian Maritime Author
ity, Pohnpei, Micronesia; Charles Caillouet, 
NMFS, Galveston, Texas; Phil Williams, NMFS,

Silver Spring, Maryland; Larry Ogren, Southeast 
Fisheries Science Center (retired); Frederick 
White, Scripps Institution of Oceanography (re
tired); and Christofer Boggs and Jerry Wetherall 
of the Honolulu Laboratory. (G. Balazs, [808] 
943-1240; S. Pooley, [808] 943-1241)

Hawaii Pelagic Fishing Vessel 
Economics Project Under Way

Michael Travis, principal research assistant, 
and Rita Curtis and Marcia Hamilton, research 
associates, have recently begun research to deter
mine the economic characteristics and optimal 
number (and spatial distribution) of Hawaii-based 
domestic longline fishing vessels, to identify the 
determinants of longline fishing vessel operations 
(spatial, temporal, and species) relative to interac
tion with other domestic fishing fleets, and to 
identify the economic characteristics of commer
cial troll-handline and charter boat operations.

Objectives specific to first-year funding include 
(1) determining the basic cost-eamings and fishing 
operation relationships of longline, pelagic han
dline, and commercial troll fishing and charter 
boat vessels in Hawaii, (2) developing a model of 
the impact of fish price and factor input prices on 
the supply of fishing effort in these fisheries, and 
(3) developing a model of dynamic factors of 
at-sea longline fishing behavior.

The research should provide fishery manage
ment information based on the economic charac
teristics of the Hawaii longline and troll-handline 
(and charter boat) fisheries. The primary client for 
the research is the Western Pacific Regional Fish
ery Management Council, a Federal organization 
authorized under the Magnuson Fishery Conser
vation and Management Act of 1976 that regulates 
fishing within the U.S. 200-mile Exclusive Eco
nomic Zone surrounding Hawaii as well as Ameri
can Samoa, Guam, and the Northern Mariana 
Islands.

The project is part of the Pelagic Fisheries Re
search Program, which is funded through the Uni
versity of Hawaii’s School of Ocean and Earth 
Science and Technology (SOEST) and its Joint 
Institute for Marine and Atmospheric Research. 
The program is the outgrowth of a collaborative
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process including the Council, SOEST, and 
NMFS. The Hawaii Pelagic Fishing Vessel Eco
nomics project is expected to last 3 years, depend
ing on funding availability for the second and third 
years. Industry Economist Sam Pooley is the prin
cipal investigator at the Honolulu Laboratory. (S. 
Pooley, [808] 943-1216)

Social Science Investigators Meet

Investigators from the University of Hawaii’s 
Pelagic Fisheries Research Program met at the 
Honolulu Laboratory on November 5, 1993, to 
discuss issues of large pelagic Fishery project co
ordination.

During the meeting, Industry Economist Sam 
Pooley calculated revised estimates of 1992 com
mercial landings for Hawaii. Combining State of 
Hawaii commercial catch reports with NMFS log
book and shoreside monitoring information, total 
commercial landings in 1992 were 30.4 million 
pounds ($62 million). Longline landings ac
counted for 21.2 million pounds ($44.6 million) of 
this total; the small-scale troll handline pelagics 
fishery was the second largest fishery (4.4 million 
pounds, $7.2 million). Landings in 1991 were 
approximately 29 million pounds ($61 million). 
The 1992 information will be included in next 
year’s Fisheries of the United States. (S. Pooley, 
[808] 943-1216)

DRIFTNET IMPACT WORK

Fish and Cephalopod Catch in North 
Pacific High-seas Driftnet Fisheries 

Estimated for 1990 and 1991

From the late 1970s, large-scale high-seas drift
net fisheries had been the dominant fisheries in the 
North Pacific Transition Zone. Neon flying squid 
and two faunal groups, tunas and billfishes, were 
traditionally targeted by the driftnet fisheries. The 
squid driftnet fishery was comprised of vessels 
from Japan, Taiwan, and the Republic of Korea 
that targeted neon flying squid. The large-net 
driftnet fishery was comprised of other vessels 
from Japan and Taiwan that targeted tunas and 
billfish.

The rapid expansion of large-scale driftnet fish
ing during the early 1980s led to increasing con
cern over the incidental killing of nontargeted 
species (including marine mammals, sea birds, 
turtles, and salmonids) by the driftnet fisheries, 
and its potential impact on the ecosystem resulted 
in the adoption of stricter time-area regulations 
and development of international monitoring pro
grams. In 1989, a cooperative pilot scientific ob
server program was established between Japan, 
Canada, and the United States. Later, bilateral 
observer programs were launched by the United 
States and the Republic of Korea and the United 
States and Taiwan. The goals of the scientific 
observer programs were to monitor driftnet fishing 
operations and obtain data on the rates of inciden
tal take of various species of fish, marine mam
mals, turtles, and birds in an effort to estimate total 
mortalities and assess impacts on the affected 
populations. Increased public concern over the 
potential impact of these fisheries resulted in a 
global United Nations ban on large-scale driftnet 
fishing effective December 31, 1992.

Total catches (numbers and biomass) of squids 
and pelagic fishes in the North Pacific high-seas 
drift gillnet fisheries have been estimated for the 
1990 and 1991 fishing seasons. These estimates 
are based on data collected by multinational scien
tific observers and total fleet effort reported by the 
fishing nations. Catch was examined relative to 
the type of fishery (squid or large-mesh), the flag 
of the vessels involved (Japan, Korea, or Taiwan), 
and physical and operational factors affecting 
catchability.

An initial step toward estimating total catches 
required the assessment of "dropouts" during net 
retrieval. A dropout is defined as an animal that 
emerges from the water entangled in the net but 
becomes disentangled and falls out of the net be
fore it reaches the deck, either on its own or by the 
crew’s deliberate shaking of the net. A General 
Linear Model was used to explore factors that may 
be correlated with net retrieval dropouts, and the 
reported number of fish decked were "scaled-up" 
using mean dropout rates. Total catches by spe
cies and month were estimated using a ratio esti
mator. Species-specific metrics of exploited 
biomass \yere estimated by apportioning total 
catches into length categories based on length-fre-
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quency data collected by observers, then convert
ing catch-by-length to catch-by-weight using ex
isting or derived length-weight relationships. 
Precision of the estimates of total catch was evalu
ated by bootstrap resampling.

In 1990, observers monitored 5,333 fishing op
erations in the North Pacific high-seas, and in 
1991, they monitored 4,079. Observers reported 
8 cephalopod and 76 fish species caught in these 
fishing seasons, representing five faunal groups— 
squids, sharks, tunas, billfishes, and other pelagic 
fishes.

For most species, dropout rates were similar 
between years. However, differences in dropout 
rates between fisheries were apparent. Dropout 
rates were generally lower in the large-mesh fish
eries than in the squid fishery for all fish species.

Although the magnitude and composition of 
catches differed between fisheries and years, high
est combined total catches were generally associ
ated with intended target(s): neon flying squid by 
the squid driftnet fleets and albacore tuna, skipjack 
tuna, and striped marlin by the large-mesh driftnet 
fleets. While the catches by the Japanese squid 
fleet were dominated by neon flying squid, nontar- 
geted pelagic species of low economic value 
(LEV) accounted for approximately 40 percent of 
the total numbers of cephalopods and fishes caught 
on an annual basis. LEV species are defined as 
those species included in the two faunal groups 
"other pelagic fishes" and "sharks." Paramount 
among LEV species caught by the Japanese squid 
fleet were Pacific pomfret, pelagic armorhead, 
blue shark, and yellowtail, with catch estimates of 
approximately 35.1, 3.2, 0.9, and 0.1 million ani
mals in 1990 and 17.5, 0.9, 0.9, and 0.2 million 
animals in 1991, respectively. Relatively large 
numbers of LEV species including Pacific pom
fret, blue shark, and yellowtail were also caught 
by the Korean and Taiwanese squid driftnet fleets. 
In 1990, approximately 9.0, 0.7, and 0.07 million 
and 0.6, 0.1, and 0.005 million Pacific pomfret, 
blue shark, and yellowtail were caught by the 
Korean and Taiwanese squid fleets, respectively. 
In 1991, approximately 1.4, 0.6, and 0.4 million 
and 0.3, 0.1, and 0.008 million Pacific pomfret, 
blue shark, and yellowtail were caught by the 
Korean and Taiwanese squid fleets, respectively.

The catches by the Taiwanese large-mesh fleet 
were predominately albacore tuna (5.2 million in 
1990, 0.7 million in 1991) and skipjack tuna (0.4 
million in 1990, 0.3 million in 1991), but species 
of LEV were also taken, Pacific pomfret in par
ticular (1.3 million in 1990,0.08 million in 1991). 
The catches by the Japanese large-mesh fleet were 
predominately species of LEV, Pacific pomfret 
(1.5 million) and mahimahi (0.3 million) being 
most prevalent. Relatively large numbers of alba
core tuna (0.2 million) and skipjack tuna (1.4 
million) were also caught as well as neon flying 
squid (0.6 million).

Highest estimates of total biomass removed 
occurred in the squid driftnet fisheries. From 1990 
to 1991, approximately 461,000 metric tons (t) of 
squid and fish were caught by the squid driftnet 
fleets compared with 59,000 t by the large-mesh 
fleets. Highest biomass removed in the squid fish
ery was associated with the Japanese fleet (ap
proximately 231,000 t) followed by the Korean 
(approximately 142,000 t) and Taiwanese (ap
proximately 88,000 t) fleets. In the large-mesh 
fishery, highest biomass removed was associated 
with the Taiwanese fleet (approximately 45,0001).

Within fleets, highest biomass removed esti
mates were associated with target species, fol
lowed by species of LEV. Paramount among LEV 
species were Pacific pomfret and blue shark. In
terannual variability in biomass removal estimates 
was observed, particularly for target species and 
species of LEV.

The average weight and length of key species 
were generally larger in the large-mesh fisheries 
than in the squid fisheries. Within the squid drift- 
net fishery, no apparent trend in average weight 
and length of key species was observed between 
fleets. However, in the large-mesh fishery, the 
Japanese fleet generally caught larger fish com
pared with the Taiwanese fleet. (G. DiNardo, 
[808] 943-1259)

United Nations Driftnet Moratorium 
Economic Impact Report Completed

In September 1993, Daniel D. Huppert and 
Todd Mittleman of the University of Washington 
completed NOAA Technical Memorandum num-
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ber 194, "Economic effects of the United Nations 
moratorium on high-seas driftnet fishing," which 
was the result of a research grant supported by the 
NMFS Southwest Fisheries Science Center.

In the memorandum, they concentrated on the 
likely disposition of the Asian driftnet fleet (which 
includes Japan, South Korea, and Taiwan) follow
ing the imposition of the moratorium in 1992. 
Table 1 indicates the projected disposition based 
on field work in Japan, South Korea, and Taiwan 
in late 1992. The basic alternative dispositions 
were to scrap it or shift it into alternative fisheries. 
The authors found that government compensation 
programs were important in scrapping vessels, 
with a much higher percentage of vessels being 
scrapped in Japan because of a well-financed com
pensation program. Restrictions and opportuni
ties in alternative fisheries also differed among the 
countries, as did the relative costs and capabilities 
of the vessels. Alternate fisheries include the 
squid jigging, tuna longline and pole-and-line, 
trawl and bottom longline, and saury dipnet fish
eries.

The authors found that the overall economic 
impact of the high-seas driftnet moratorium on the 
three countries was not easily summarized nor 
were the potential impacts on other countries 
through conversion into other fisheries or through 
reductions in landings of squid and albacore. 
However, they estimated that 8,000 of the 16,000 
people employed by the driftnet fishing industry 
lost their jobs because of the moratorium and that 
the total value of lost seafood landings is $414 
million. The purpose of the driftnet moratorium 
was to support the populations of high-seas marine 
mammals, birds, and turtles. (S. Pooley, [808] 
943-1216)

SOUTH PACIFIC AND WESTERN 
PACIFIC TUNA FISHERIES

U.S. Purse Seine Fishery 
Reviewed for Tropical Tunas in 

the Western Pacific

At the annual meeting of the South Pacific 
Regional Tuna Treaty in Nadi, Fiji, March 7-9, 
1994, Mathematical Statistician A1 Coan pre
sented a working paper titled "Review of the U.S. 
purse seine fishery for tropical tunas in the western 
Pacific Ocean, 1993," in which he reviewed data 
collected from the fishery. An abstract of the 
paper is as follows:

During 1993, 42 U.S. purse seiners fished for 
tropical tunas in the western Pacific. Preliminary 
data on landings from the fleet indicate a decrease 
of approximately 8 percent from landings in 1992. 
The fleet concentrated more of its fishing effort 
than in previous years in areas southeast of the 
Federated States of Micronesia and Kiribati where 
it experienced longer trip lengths, lower catch 
rates, and fewer sets per trip. The estimated ex
vessel value of the 1993 landings, however, in
creased 9 percent as canneries paid higher prices 
for fish, and the fleet found slightly larger sizes of 
fish which brought higher prices.

Sampling coverage of the U.S. fleet in 1993 
remained very high. Logbook and landings cov
erage was at 100 percent and length-frequency 
coverage was well above those needed to estimate 
the major modal groups in the catch of both yel- 
lowfm and skipjack tunas. There were no landings 
in Tinian, Commonwealth of the Northern Mari
anas, that could not be adequately sampled in Pago 
Pago, American Samoa. Therefore, sampling in

Disposition
Japan

Country

Korea Taiwan
Number vessels in 1991............................................................................ 454 142 223
Number vessels planned for scrap......................................................... 280 30 60 j
Number vessels estimated for scrap....................................................... 98 - -

Number vessels switching to squid jigging........................................... 26 90 55
Number vessels switching to tuna longline and pole-and-line......... 32 - 90
Number vessels switching to trawl and bottom longline..................... 18 - 18
Number vessels switching to saury dipnet............................................ - 22 !
Total number vessels switching to alternative fisheries..................... 76 112 163

Table 1. Projected disposition of the Asian base driftnet fleet (from Hupped and Mittleman 1993).
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Tinian was not necessary. However, NMFS is 
actively seeking to find a way to sample landings 
in Tinian in the future, should the need arise. [A. 
Coan, [619] 546-7079)

SPAR 5 Meetings Held

The fifth meeting of the South Pacific Albacore 
Research (SPAR) Group was held in Papeete, 
French Polynesia, during March 29-April 2,1993. 
Staff of the Southwest Fisheries Science Center 
(SWFSC) submitted three working documents for 
the meeting: (1) "Summary of the 1990-91 U.S. 
South Pacific albacore fisheries data" by G. 
Rensink, (2) "Report of SWFSC research activi
ties for South Pacific albacore during 1991-92 and 
plans for 1993" by SWFSC staff, and (3) "Repro
ductive patterns of South Pacific albacore, Thun- 
nus alalunga, as indicated by gonosomatic index 
and meiotic activity" by SWFSC Fishery Biologist 
Darlene Ramon and by the late Kevin Bailey of the 
South Pacific Commission. These documents 
along with others submitted by scientists from 
American Samoa, Australia, Cook Islands, Fiji, 
French Polynesia, Japan, New Caledonia, New 
Zealand, Solomon Islands, Taiwan, Tonga, and the 
South Pacific Commission formed the basis for an 
evaluation of fisheries results and condition of the 
stock by the Group.

Fisheries statistics reviewed at the meeting in
dicated that in 1992, the surface fishery caught an 
estimated 7,300 t of albacore from the South Pa
cific. This catch was well below the peak taken in 
1989 (31,0001) and the lowest catch for this fish
ery since 1987. Statistics for the 1992 longline 
fishery were not available; however, statistics for 
1991, which indicated a total catch of21,7001, and 
anecdotal information on the 1992 fishery indi
cated that the 1992 catch was either the same as in 
1991 or lower.

The Group reviewed the performance of the 
fisheries, trends in catch rates, and biological in
formation to determine the condition of the stock. 
It concluded that since the moratorium on driftnet 
fishing went into effect in 1990-91, catches of 
South Pacific albacore have remained near or be
low their historical average. There is no evidence 
from the available stock abundance indicators that 
current levels of fishing are adversely affecting the

stock. However, because the time series of abun
dance indicators is short and provides imprecise 
information on trends for recent years, the Group 
advised that rapid expansion in the catch not be 
encouraged at this time. (G. Sakagawa, [619] 
546-7177)

Third Meeting of the WPYRG 
Held in June 1993 in Pohnpei, 

Federated States of Micronesia

The Western Pacific Yellowfin Tuna Research 
Group (WPYRG) was formed in 1990 in response 
to growing concerns over the expanding fisheries 
and catch of yellowfin tuna in the western Pacific. 
The Group consists of scientists and fishery offi
cers who are interested in collaborative research 
on western Pacific yellowfin tuna for management 
advice. They are principally from South Pacific 
Island nations, distant-water fishing nations, the 
South Pacific Commission (SPC), and the Forum 
Fisheries Agency (FFA).

The strategic plan for the Group includes 
achieving three objectives by 1994 through col
laborative research among participants: (1) deter
mining the safe level of yield and exploitation for 
the stock, (2) determining the level of interaction 
among the different fisheries, and (3) determining 
the factors contributing to local depletion.

The Group held its third meeting in Pohnpei, 
Federated States of Micronesia, from June 21 
through 23,1993, under the chairmanship of Gary 
Sakagawa of the Southwest Fisheries Science 
Center. Scientists and fishery officers from 16 
Pacific countries as well as from the Food and 
Agriculture Organization, the FFA, and the SPC 
participated.

The Group reviewed the latest information on 
the western Pacific yellowfin tuna fisheries. The 
information indicated that the total catch increased 
from 310,000 metric tons (t) for 1991 to a possible 
record of 349,000 t (estimated) for 1992. For 
1993, preliminary information indicated poor fish
ing for many of the fleets during the first semester. 
The Group concluded that the total catch for the 
year may be less than for 1992.
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The Group also reviewed advances in develop
ment of a common data base, biological informa
tion, and investigations into stock abundance. 
Highlights of the reviews were that current catches 
are not excessive and the yellowfm tuna stock is 
capable of safely withstanding further fishing 
pressure. Catch-per-unit effort indices for moni
toring trends in stock biomass were also deter
mined to be unreliable and appropriately used only 
to monitor fishery performance.

Mathematical Statistician A1 Coan presented a 
working paper at the 1993 WPYRG meeting on 
yellowfm tuna catches from the central and west
ern Pacific. The paper was coauthored by Com
puter Programmer Doug Prescott.

Three types of U.S. fisheries that catch yellow
fm tuna currently operate in the central and west
ern Pacific: (1) the distant-water purse seine 
fishery, (2) the Hawaii-based commercial fisher
ies, and (3) the artisanal fisheries.

The distant-water purse seine fishery operates 
with purse seiners having 1,000 to 1,800 metric 
tons (t) carrying capacity in a large area of the 
southwestern Pacific. It targets yellowfm and 
skipjack tunas. The number of vessels participat
ing in the fishery peaked in 1983 at 63, decreased 
to 32 in 1988, and increased to 46 in 1992. Yel
lowfm tuna landings peaked in 1987 at 66,400 t 
and, after a significant decrease the next year to 
25,200 t, reached highs of 57,100 t in 1990 and 
50,300 tin 1992. Statistics for the first half of 1993 
show a decrease in both catch rate and average size 
of fish from statistics for the same period in 1992. 
Total yellowfm tuna landings are therefore antici
pated to be 25 to 30 percent lower for 1993, or 
approximately 35,000 t. The number of vessels 
fishing in 1993 is expected to be approximately 44, 
the same as in 1992.

Hawaii-based commercial fisheries and arti
sanal fisheries use primarily handline, troll, and 
longline gears and operate mainly within the Ex
clusive Economic Zones of Hawaii, Guam, 
American Samoa, and the Commonwealth of the 
Northern Marianas. They target a variety of tunas, 
tuna-like fishes, and billfishes. The majority of the 
yellowfin tuna landings from these fisheries are 
from troll and handline gears operating in waters

off Hawaii. Yellowfm tuna landings for Hawaii- 
based fisheries reached a high of 2,2001 in 1986. 
Since then, landings have decreased to 1,200 t in 
1992. Yellowfm tuna landings for artisanal fish
eries that operate off Guam, American Samoa, and 
the Northern Marianas are typically below 90 t a 
year.

Statistics to date for 1993 indicate that yellow
fm tuna landings for 1993 will be approximately 
1,400 t for Hawaii-based fisheries and about 70 t 
for the artisanal fisheries.

The year 1994 will mark the end of the term of 
the strategic plan; consequently, the fourth meet
ing will be largely devoted to highlighting 
achievements in meeting the objectives of the plan 
and discussing the future of the Group. (G. Saka- 
gawa, [619] 546-7177 and A. L. Coan, Jr., [619] 
546-7079)

PACIFIC BILLFISH PROGRAMS

Study Completed on the 
Horizontal and Vertical 

Movements of Striped Marlin

A study on the horizontal and vertical move
ments of striped marlin near the Hawaiian Islands 
has recently been published in Marine Biology. 
The paper was coauthored by Fishery Biologists 
Richard W. Brill and Randolph K. C. Chang, 
Honolulu Laboratory; David B. Holts, La Jolla 
Laboratory; Scott Sullivan, NOAA Corps; Heidi 
Dewar, Scripps Institution of Oceanography; and 
Francis G. Carey, Woods Hole Oceanographic 
Institute.

In the study, striped marlin movements were 
determined by ultrasonic telemetry with simulta
neous measurement of oceanic currents. Fish 
movements were monitored using ultrasonic 
depth-sensitive transmitters, depth-temperature 
profiles were made using a bathythermograph sys
tem, and oceanic current patterns were measured 
using an acoustic Doppler-current profiler. Striped 
marlin near Hawaii, like Indo-Pacific blue marlin, 
spend over 85 percent of their time in the mixed 
layer (above 90 m). The maximum depth in which 
striped marlin are found appears to be limited by 
water temperatures 8°C colder than the mixed
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layer, rather than by an absolute lower tempera
ture. Also, the horizontal displacements of some 
striped marlin can be strongly influenced by cur
rents. (R. Brill, [808] 943-1234)

Results of 1992 Angler Survey 
and 1993 Tagging Reported in 

1994 Billfish Newsletter

The 1994 Billfish Newsletter was distributed in 
April 1994. The newsletter, with an emphasis on 
billfish angling results in the Pacific and Indian 
Oceans, is an annual publication produced by the 
Southwest Fisheries Science Center. Data used in 
the newsletter were taken from the 1992 Pacific 
Billfish Angler Survey, which follows the trends 
in fishing in terms of catch rates for the recrea
tional fishery, and from the 1993 Cooperative 
Billfish Tagging Program reports. A summary of 
the information in the Newsletter is as follows:

Anglers responding to the international Billfish 
Angler Survey for 1992 reported catching 3,751 
billfish throughout the Pacific and Indian Oceans. 
The total number of days reported fishing for 
billfish in the Pacific, Indo-Pacific, and Indian 
Oceans increased 6.4 percent to 8,712 days. The 
catch rate was 0.43 billfish caught per fishing day 
or 2.3 days/billfish. This is down about 25 percent 
from the 1991 catch rate of 0.57 but very similar 
to the 1990 catch rate of 0.42 billfish/day. Highest 
catch rates for striped marlin were at the southern 
tip of Baja California, Mexico. Best catch rates 
for blue marlin were in Hawaii and Tahiti, while 
black marlin were highest in Australia and New 
Guinea. The greatest success in fishing for sailfish 
was in the Indian Ocean (Seychelles) and off Costa 
Rica and Guatemala in the Pacific.

Billfish tagging reports received indicated a 
total of 1,153 billfish were tagged and released in 
1993; a 35-percent increase over 1992. Recrea
tional billfish anglers tagged 952 billfish while 
commercial swordfish/tuna longliners operating 
out of Hawaii tagged 187 billfish (mostly small 
swordfish). Fourteen billfish were tagged and re
leased from NMFS research ships.

Fourteen billfish tags were returned in 1993. 
One was from a blue marlin, nine were from 
striped marlin, one was from a swordfish, and one

each was from a yellowfm tuna, a bigeye tuna, and 
a blue shark. The blue marlin was at liberty only 
6 days and had traveled just a short distance. Of 
the striped marlin tagged in southern California 
waters, one traveled in excess of 2,000 miles, from 
near Santa Barbara Island, California, to just 
northeast of the Island of Maui in 214 days. An
other striped marlin tagged near Avalon, Santa 
Catalina Island, traveled 865 miles south to the 
East Cape area of Baja California in 144 days. 
Other striped marlin recoveries in and around the 
Hawaiian Islands indicate significant inter-island 
movement. The swordfish tagged in the North 
Pacific was at liberty a full year but only had a net 
movement of 321 miles.

Response to the Billfish Angler Survey and 
participation in the Billfish Tagging Program are 
voluntary and tagging supplies are available at no 
cost to billfish anglers from the SWFSC. The 
1993 Angler Survey will be included with the 
mailing of this year’s Billfish Newsletter. (D. 
Holts, [619] 546-7186)

International Pacific 
Swordfish Symposium Planned

An International Pacific Swordfish Sympo
sium, hosted by Centro de Investigacidn Cientifica 
y Education Superior de Ensenada (CICESE) with 
assistance from the Southwest Fisheries Science 
Center, is being planned for December 10-13, 
1994, at CICESE in Ensenada, Mexico. The sym
posium will focus on recent developments in Pa
cific swordfish fisheries, markets, and biological 
research. Papers, which will be accepted through 
June 1994, will be peer reviewed and published 
following presentation at the symposium. This 
symposium is the first meeting in the Pacific dedi
cated exclusively to swordfish. (N. Bartoo, [619] 
546-7073)
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IV. EASTERN
TROPICAL
PACIFIC
TUNA-DOLPHIN
RESEARCH

Tuna Discards Studied from Log, 
Schoolfish, and Dolphin Set 

by U.S. Tuna Purse Seiners in 
the ETP, 1989-1992

A recent study conducted at the Southwest Fish
eries Science Center focused on the extent of tuna 
bycatch discarded from the U.S. tuna purse seine 
fishery in the ETP, primarily with respect to set 
type modified by geographic area. The study de
scribed the general characteristics of the available 
data in terms of patterns in effort and resulting tuna 
bycatch discard, and it included development of a 
formula to estimate average tuna bycatch dis
carded per set, given set type and geographic area. 
This formula was used to estimate the total U.S. 
tuna discard in the ETP fishery during the study 
period. The formula was then applied to estimate 
total tuna discard by the international fleet (of 
which the U.S. fleet was only a small part) during 
the study period and to estimate expected tuna 
discard if the international effort had been redis
tributed from sets made primarily on dolphins to 
sets made primarily on school or log fish.

Although more detailed data reports would 
have been desirable, currently available data for 
the U.S. purse seine fleet include only per-set 
estimates of total tons of tuna discarded. Data on 
size classes and species composition of this dis
carded tonnage were not available, nor were data 
available on discards of species other than tuna. 
This study also could not include data about dis
card from the considerable number of non-U.S. 
purse seiners fishing in the ETP, or from U.S. 
seiners fishing outside the ETP, because the data 
were not available to NMFS.

Observed tons of tuna discard per set (all tuna 
species combined) from U.S. tuna purse seine

vessels fishing in the ETP during 1989-1992 were 
two orders of magnitude higher for sets made on 
floating objects (log sets) than for sets made on 
dolphins (dolphin sets) and one order of magnitude 
higher than for sets made on pure schools of tuna 
(schoolfish sets). Estimated average discard was 
7.0-15.0 tons per set on logs, 1.0-1.2 tons per set 
on schoolfish, and 0.06 tons per set on dolphins, 
depending on geographic area.

Extrapolating estimated average tuna discarded 
per set to the total effort by the U.S. fleet during 
the observation period produced total tuna discard 
estimates of 15,558 tons due to log sets, 1,546 tons 
due to schoolfish sets, and 266 tons due to dolphin 
sets. Redistributing effort by U.S. seiners from 
setting primarily on dolphins to setting primarily 
on schoolfish or log sets during the observation 
period could have increased total tuna discard by 
an estimated 357 percent (from 17,370 to 61,973 
tons). Such redistribution of effort by U.S. boats 
is occurring in response to pressures to eliminate 
dolphin mortality by eliminating fishing on dol
phins.

The U.S. fleet during the observation period 
was a small and decreasing fraction of the total 
international fleet. On average, U.S. vessels com
prised only about one-eighth of the international 
fleet fishing during the study period (15 of the 120 
vessels fishing the ETP were U.S. registered). 
Assuming that non-U.S. vessels spent the same 
amount of time fishing as U.S. vessels, then tuna 
discard for the international fleet can be estimated 
very roughly by multiplying the estimated U.S. 
bycatch by a factor of eight. This produces an 
estimated total tuna discard of 138,960 tons. Had 
all effort been directed toward logfish, total dis
card of tuna might have been as high as 495,784 
tons.

These estimates of tuna discard extend through 
4 calendar years but actually include only about 36 
months (3 years) of data. Dividing the estimates 
of total discard by 3 produces a rough annual 
estimate of 5,790 tons of tuna discarded from the 
U.S. fleet and 46,320 tons from the international 
fleet. In comparison, total catch of yellowfin and 
skipjack tuna by the U.S. fleet during the single 
year 1991 was 36,800 tons; total catch by the 
international fleet was 330,343 tons. Thus, esti-
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mated tuna discard represented about 14 percent 
of the tuna caught by the U.S. fleet and 12 percent 
of the tuna caught by the international fleet. Al
though this appears to represent a relatively small 
fraction of the total catch, its cumulative effect on 
the tuna populations could be substantial since this 
bycatch is composed primarily of pre-reproduc- 
tive fish. (E. Edwards, [619] 546-7099)

Dolphin Mortality in U.S. Tuna 
Fishery Continues to Decline

The estimated number of dolphins killed in the 
U.S. eastern tropical Pacific tuna purse seine fish
ery in 1992 was 438, down 56 percent from the 
estimated 1991 kill of 1,004 animals, according to 
data collected by on-board observers fromNMFS. 
The 1992 dolphin kill was well below the annual 
quota of 20,500 and was the lowest on record for 
the U.S. fleet. This quota was reduced to 800 
dolphins for the period of January 1, 1993, to 
February 28,1994, by passage of the International 
Dolphin Conservation Act of 1992 by the U.S. 
Congress.

The major reasons for the marked decrease in 
dolphin kill in 1992 were the continued reduction 
in the size of the U.S. fleet and an increase in the 
fishing effort on nondolphin-associated tuna by 
the remaining U.S. vessels; both are largely the 
result of the U.S. tuna canners’ decision in April
1990 to purchase only "dolphin-safe" tuna.

In 1991 there were 13 U.S. purse seiners active 
in the eastern tropical Pacific, of which 9 made sets 
on dolphin-associated schools. In 1992 the active 
fleet declined to seven vessels, of which only five 
made sets on dolphin-associated schools. In both 
years, 1991 and 1992, the observer coverage rate 
was virtually 100 percent. Forty fishing trips and 
430 dolphin-associated sets were observed in 
1991. In 1992, 40 trips and 650 dolphin-associ
ated sets were observed. The dolphin kill-per-set 
rate in 1992 was 0.7, down 70 percent from the
1991 rate of 2.3 dolphins per set. This was the 
lowest annual rate ever achieved by the U.S. fleet.

Based on preliminary data from observed trips 
completed during the first 8 months of 1993, the 
dolphin kill and kill-per-set rates remain at histori
cal lows: 75 dolphins killed in 99 sets for a kill-

per-set rate of 0.8. Of the eight U.S. purse seiners 
that are active in the eastern tropical Pacific and 
permitted to set on dolphins, only three actually 
made dolphin-associated sets during this period. 
(A. Jackson, [619] 546-7048)

Dolphin-Safe Cruise Completed

On December 5, 1993, the Dolphin-Safe re
search project in the eastern tropical Pacific was 
completed. The NOAA research vessel McArthur 
and the Mexican commercial tuna purse seine 
Convemar embarked upon a cooperative research 
effort directed toward developing a better under
standing of the tuna-dolphin associations charac
teristic of this area. The primary goal of the 
research program was to collect information that 
will aid in developing methods of catching large 
yellowfin tuna in the eastern tropical Pacific 
Ocean without endangering the dolphins that often 
occur in association with these fish. Project objec
tives included the capture, tagging, and simultane
ous tracking of spotted dolphins and yellowfin 
tuna. This was a cooperative study conducted by 
the Inter-American Tropical Tuna Commission 
(IATTC), NMFS, the University of Hawaii, the 
Tuna-Dolphin Program (Programa Nacional para 
el Aprovechamiento del Atun y Protection de los 
Delfines, or PNAAPD) of Mexico and the Na
tional Institute of Fisheries (Instituto Nacional de 
Pesca, or INP) of Mexico.

To study the relationship between yellowfin 
tuna and spotted dolphin, IATTC Chief Scientist 
Michael Scott proposed simultaneously radio 
tracking dolphins and sonic tracking yellowfin 
tuna from the same aggregation. Both tuna and 
dolphin tags were equipped with pressure-sensing 
devices which would transmit (tuna) or store (dol
phin) dive data and permit analyses of their verti
cal distribution. The value of the data collected by 
this approach is twofold. First, understanding tuna 
and dolphin movements and interactions in con
junction with food habit studies which are under 
way at NMFS and IATTC should help to establish 
the dynamics and duration of the tuna-dolphin 
bond and the degree to which it is food based. 
Second, from a management perspective, it may 
be possible to determine if the bond weakens at
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particular times, which may make the tuna catch- 
able using dolphin-safe fishing methods.

The 1,200-gross ton, Mexican-flagged tuna 
purse seine vessel Convemar was contracted for 
30 days of fishing. The primary function of the 
Convemar was to support the simultaneous tuna- 
dolphin tracking study by locating, capturing, tag
ging, and releasing spotted dolphins and yellowfm 
tuna for subsequent tracking by McArthur and its 
tracking launches.

Eighteen sets were made on dolphins during the 
30-day Dolphin-Safe research cruise. Five spot
ted dolphins were captured and tagged with radio 
transmitter packages; all five were successfully 
tracked. The radio transmitter packages attached 
to four of the tagged dolphins were integrated with 
time-depth-recorder (TDR) units. The TDRs 
measured and stored the depth of tagged dolphins 
every 10 seconds and the ambient sea temperature 
every minute. One of the tagged dolphins was 
outfitted with a standard radio transmitter pack
age. In order to download data from the TDRs, it 
was necessary to recapture tagged dolphins and 
remove the radio tags from the dorsal fins. Three 
of the four TDR packages were recovered from 
recaptured dolphins. One of the TDR-tagged dol
phins evaded sets on three occasions before it was 
recaptured on the final set of the trip. This animal 
will furnish researchers with data on diurnal dive 
patterns as well as chase behavior. The dive data 
downloaded from the TDRs ranged from 18 hours 
to over 4 days in duration.

A total of six yellowfm tuna were tagged during 
the research cruise. Three of the tagged tunas were 
tracked successfully. Two of the tagged tunas 
were released simultaneously with the dolphin 
school during backdown procedure and one 
tagged tuna was released after the backdown pro
cedure by releasing the end of the net. Each of the 
yellowfin tuna that was tracked was outfitted with 
60-KHz sonic transmitters that broadcasted direc
tion and dive data in real time to the tuna tracking 
team’s tracking equipment. The three tuna tracks 
were 49, 1, and 8 hours in duration. (W. Arm
strong, [619] 546-5616)

Population Status Estimated for 
Northeastern Offshore Spotted and 

Eastern Spinner Dolphins

Since 1959, dolphins have been killed in the 
tuna purse seine fishery in the eastern tropical 
Pacific, with the majority being either from the 
northeastern stock of spotted dolphin, or from the 
eastern stock of spinner dolphin. In a recent paper, 
National Research Council Fellow Paul Wade 
used data from five NMFS research vessel surveys 
completed from 1986-90 to calculate the current 
abundance of each stock. The calculations re
sulted in current estimates of 730,900 for the 
northeastern spotted and 631,800 for the eastern 
spinner. The population status of both stocks was 
assessed in 1993 by back calculating initial popu
lation size in 1959 from these current estimates of 
abundance. The eastern spinner dolphin was esti
mated to be at 44 percent of its level in 1959 while 
the northeastern spotted dolphin was found to be 
at 22 percent of its level that year.

Both stocks are currently significantly below 
the maximum net productivity level, indicating 
that they are both depleted as defined by the 
MMPA. To improve upon the back-calculation 
technique, in 1993 Wade later developed a new 
method using Bayesian statistics to simultane
ously estimate the rate of increase of a dolphin 
population and its initial population size by fitting 
a population model to available time-series-of- 
abundance data. This analysis resulted in an esti
mated rate of increase of 2.2 percent annually for 
the eastern spinner dolphin, with the current popu
lation level estimated to be at 23 percent of its 
initial population size in 1959. For the north
eastern offshore spotted dolphin, the annual rate of 
increase was 3.8 percent, which was 27 percent of 
its 1959 population size. The eastern spinner and 
northeastern offshore spotted dolphins were for
mally listed as depleted by NMFS in 1993. (P. 
Wade, [619] 546-7097)

PODS93 Survey Completed

In November 1993, the NOAA research vessels 
McArthur and David Starr Jordan completed a 
3-month survey of the area inhabited by the north
ern stock of the common dolphin. This year’s
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survey, referred to as PODS93 (Population of Del- 
phinus Stocks 1993), was a cooperative study be
tween Southwest Fisheries Science Center 
(SWFSC) and SEPESCA (the Mexican Secretaria 
de Pesca) and CICIMAR (Mexico’s Centro In- 
terdisciplinario de Ciencias Marinas - La Paz). 
The primary objective of this year’s project was to 
survey the ocean area inhabited by the short and 
long-beaked forms of the northern stock of com
mon dolphin and make estimates of their absolute 
abundance. These data are used to assess the 
impact of dolphins killed incidental to fishing op
erations in California waters and international yel- 
lowfin tuna commercial fishing operations in the 
eastern tropical Pacific (ETP). Other objectives 
included collecting physical, biological, and 
oceanographic data regarding the habitat of marine 
mammals to better understand their distribution.

Information provided by the 1993 survey will 
be useful in determining the status of the two forms 
of the northern stock of common dolphin relative 
to their optimum sustainable population level. 
These absolute abundance estimates are important 
because information obtained from tuna vessel 
observer data indicate that over the last 10 years, 
there has been a significant decline in the relative 
abundance of northern common dolphins in the 
ETP. Summaries of the various aspects of the 
survey follow:

Marine Mammal Survey Overview— The sur
vey area extended along the west coast of North 
America from Cabo Corrientes, Mexico, to the 
Califomia-Oregon border, covering approxi
mately 606,700 square miles and extending about 
300 nautical miles offshore.

On each vessel, surveys were conducted by 
maintaining a visual watch during daylight hours 
using 25-power binoculars mounted to the ship’s 
flying bridge, with a maximum ship-to-horizon 
sighting distance of approximately 6 nautical 
miles. Generally, all schools encountered within 
3 nautical miles were approached to confirm iden
tification and obtain school size estimates. An 
event-driven data acquisition system (CRUISE2) 
was employed to record all environmental pa
rameters and sighting information.

Each observer made an independent estimate of 
school size and species composition for each sight
ing. Marine mammal observers aboard David 
Starr Jordan recorded a total of 1,072 sightings, 
of which 780 were "on effort." Observers aboard 
McArthur recorded a total of 632 sightings, of 
which 506 were "on effort." The "on effort" sight
ings will be used to calculate final abundance 
estimates. Collected data will be analyzed using 
line-transect methods to produce abundance esti
mates for common dolphins and other species. 
These results will be submitted to the Scientific 
Committee of the International Whaling Commis
sion during their annual meeting in May.

Southwest Fisheries Science Center (SWFSC) 
scientists also collected data that will aid in defin
ing marine mammal stock boundaries. To com
plement the aerial photogrammetry (see below), 
shipboard photographs were taken to document 
dolphin body morphology and color patterns, 
which for example, are known to vary between 
onshore and offshore animals. Eighteen different 
species of cetaceans were photographed.

These photographic methods provide a de
tailed, noninvasive examination of vital popula
tion parameters such as survival rates, 
reproductive rates, calving intervals, and age at 
first reproduction. Photo identification has proven 
to be a versatile and powerful technique for ad
dressing a wide variety of management-related 
issues such as movement, stock identity, and abun
dance. This year’s effort, in conjunction with the 
ship and aerial surveys, and the genetic inquiries 
(see below), will allow the SWFSC an unprece
dented assessment of cetaceans off the coast of 
Mexico and California. For more detail, see 
SWFSC Technical Memorandum 185. (T. Ger- 
rodette, [619] 546-7131)

Marine Mammal Photogrammetry Activities— 
Helicopter operations were conducted from David 
Starr Jordan to obtain dolphin school photographs 
for calibration of observer sightings, cetacean 
length-frequency analysis, and assessment of pin
niped island colonies. Estimates of cetacean 
school size made by observers aboard both vessels 
will be calibrated against counts from aerial pho
tographs. This reveals, and allows correction for, 
tendencies to over- or underestimate school size,
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thus providing more accurate estimates of dolphin 
population size. During the 1993 survey, 203 
dolphin schools were photographed, and of these, 
47 were suitable for school size calibration. Be
cause photographs are taken vertically and with 
such high resolution, lengths of dolphins and 
whales can be accurately determined. Measure
ments from the aerial photographs will be used to 
identify possible differences in average body size 
among common dolphin stocks. (W. Perryman, 
[619] 546-7014)

Biopsy Tissue Samples Collected for Genetic 
Analysis— SWFSC scientists also collected skin 
biopsy samples to aid in defining the structure and 
boundaries of cetacean stocks. Samples were 
taken from dolphins that approached the vessel to 
ride the bow wave. A scientist stationed at the bow 
of the vessel used a crossbow, firing a bolt with a 
small, hollow tip and then retrieving the line to 
obtain a tiny piece of tissue from the back of each 
animal. In general, the procedure did not cause the 
animals to halt their bow ride. During the 
PODS93 survey, 41 tissue samples were collected 
from 5 different species by scientists on board 
David Starr Jordan, and 29 tissue samples were 
collected from 8 different species by scientists on 
board McArthur.

The tissues will be analyzed for genetic differ
ences using a standard, well-established DNA pro
cedure. Briefly, the procedure first involves 
extraction of the total cell component of DNA 
(nuclear and extra-nuclear) from the tissue. The 
DNA segment desired for analysis (approximately 
500 base pairs) is isolated and amplified to high 
concentrations using the polymerase chain reac
tion (PCR), a rather extraordinary procedure con
sidering that the ratio of desired DNA to the rest 
of the DNA is less than 1 in 10,000. The amplified 
segment is analyzed to determine the sequence of 
nucleotide bases (abbreviated A, C, G, or T) that 
constitutes the genetic signature of the particular 
animal. The animals’ sequences are then analyzed 
using computer programs that determine the de
gree of relatedness between individuals. Besides 
revealing existence of reproductively isolated 
populations (stocks) and evolutionary lineages, 
recently developed methodologies allow estima
tion of gene flow between lineages and average

dispersal distances per generation. (A. Dizon, 
[619] 546-7089)

Dolphin-Safe Program's FAD 
Projects Reviewed, 1991-1994

The Inter-American Tropical Tuna Commis
sion (IATTC) and NMFS since 1991 have been 
cooperating on joint research projects to explore 
mechanisms of attracting mature tuna to FADs 
(fish aggregating devices) in sufficient quantities 
that fishing activity on tuna in association with 
dolphins can be decreased. Although the precise 
mechanisms involved in the attraction of fish to 
floating objects are unknown, this behavior occurs 
with sufficient regularity to justify research efforts 
that explore the use of FADs to enhance dolphin- 
safe fishing efforts in the eastern tropical Pacific 
ocean (ETP). This report briefly summarizes the 
research to date.

PAST AClTVmES: 1990-1992

Sea kites were provided in 1990 to captains of 
several purse seine vessels who volunteered to 
construct and deploy subsurface arrays for their 
drifting FADs. Sea kites are pyramidal structures, 
measuring 6 feet on a side, and are constructed 
with a fiberglass pole frame and yellow "rip-stop" 
nylon. A number of kites were attached at regular 
intervals to a weighted monofilament mainline 
suspended in the water from the surface buoy. 
Seven FADs with NMFS’ sea kite arrays were 
deployed, and they remained in the water from 2 
hours to 19 days. Observations of accumulations 
of forage fish, barnacles, and crabs were reported, 
but no tuna were observed and no sets were made 
on these FADs.

In January of 1991, two identical, satellite- 
trackable FADs were deployed by two purse seine 
vessels. These FADs were deployed to test the 
durability of the surface buoys and electronic com
ponents, and the practicality of tracking FADs by 
satellite to provide more-or-less continuous posi
tion information to fishing vessels. Positions and 
estimations of drift transmitted to vessels search
ing for the FADs were fairly accurate and sightings 
of the FADs by NMFS observers indicated that the 
surface buoys were in good condition.
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Positions of low profile, wave- and wind-resis
tant drifting oceanographic buoys (drifting FADs) 
were provided by Don Hansen of Atlantic Oceanic 
and Meteorologic Laboratory, Miami, Florida, to 
Southwest Fisheries Science Center (SWFSC) at 
La Jolla, California, via OMNET twice each week 
from March 21, 1991, through October 5, 1992. 
These data were transmitted to interested purse 
seine skippers and owners on a weekly basis. 
Three sets were made on drifting buoys and sig
nificant quantities of tuna were caught. The ability 
of anchored oceanographic buoys to attract fish 
has been noted by personal observations of NMFS 
observers and purse seine fishermen, but these 
buoys are not actively promoted as FADs by the 
Dolphin-Safe program as fishing near or around 
these structures could damage them.

In late July 1991 NMFS, Bumblebee Seafoods 
Inc., and the IATTC deployed 30 FADs con
structed of 10 different designs and equipped with 
various tracking and locating devices. The design 
of the surface buoys ranged from surface units 
only to surface units with arrays descending to 100 
meters in depth. FADs were deployed in 10 
groups, each group consisting of three identical 
FADs. One FAD in each group was equipped with 
a satellite transmitter that transmitted positions 
through the ARGOS satellite system. The other 
two were equipped with selective-calling (SEL- 
CALL), medium-wave radio buoys which operate 
only when activated by a vessel’s signal generator. 
The satellite transmitters provided positions that 
were accurate to within a kilometer or less and 
position data could be accessed daily through 
Service ARGOS satellite system. SELCALL ra
dio buoys can be interrogated by vessels at dis
tances up to 200 kilometers.

These FADs were deployed 1,000 miles off
shore of Mexico in an area from 9° to 11° N and 
between 121° and 124° W. This area and the 
region to the west where the FADs were expected 
to drift are the traditional fishing grounds for large 
yellowfin tuna caught in association with dol
phins. IATTC’s historical data also indicated that 
adjacent areas, although not especially rich in 
natural logs, had produced larger-than-average 
yellowfin for log sets.

All FADs were launched within a 24-hour pe
riod in roughly a 2° x 3° area. The deployment 
around the 10° N latitude appears to have over
lapped the north equatorial countercurrent and the 
north equatorial current, as several of the FADs 
drifted in a northwesterly direction while others, 
positioned a short distance away, drifted to the 
southeast. Those drifting to the northwest eventu
ally turned to the west. Those drifting to the 
southeast circled around to the northeast and then 
to the west as they encountered a westerly current 
near 12° N latitude. FADs were tracked for sev
eral months by NMFS and IATTC staff at the 
SWFSC in La Jolla, California, and daily positions 
were provided to vessel managers and IATTC 
field offices throughout Latin America.

The first failure of a satellite transmitter was 
recorded on November 6, 1991, 106 days after 
deployment, and was followed by the failure of a 
second satellite transmitter on November 8,1991. 
The last positions obtained for the eight remaining 
satellite-equipped FADs were received from Serv
ice ARGOS Inc. on April 20, 1993, and indicated 
a continued westward movement well outside the 
fishing grounds. IATTC ceased providing weekly 
positions to their field offices on September 28,
1992, because all the remaining groups of FADs 
were well west of the fishing grounds. A Spar- 
type, SELCALL radio-equipped FAD was recov
ered by a fisherman from the Province of Southern 
Leyte in the Republic of the Philippines in May
1993. Technicians from the Fisheries Research 
Division of the Bureau of Fisheries and Aquatic 
Resources, Manila, Philippines, retrieved the de
vice and contacted the IATTC.

CURRENT ACTIVITIES: 1993-1994

Dolphin-Safe Questionnaire— Dolphin-Safe 
Research Program personnel created a question
naire for tuna fishermen to solicit advice, stimulate 
suggestions, and offer critiques of existing and 
proposed methods to catch mature yellowfin tuna 
without encircling dolphins. The questionnaires 
will provide information about the types of support 
NMFS/LATTC could provide fishermen in terms 
of equipment, gear research projects, and data. 
Questionnaires were distributed at the IATTC Or
ganizational Meeting of the Scientific Advisory
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Board in San Diego during April 1993, and several 
have been mailed to owners and skippers in the 
U.S. fleet. Currently, two U.S. purse seine cap
tains are participating in studies on anchored or 
drifting FADs.

Anchored FADs-- In December 1992, a U.S. 
tuna fleet skipper (Skipper-A) contacted the Dol
phin-Safe Program and expressed interest in pro
curing materials to construct and deploy anchored 
FADs in waters 280-1000 meters deep offshore 
Costa Rica. The vessel owners provided materials 
to construct surface buoys and anchors, and NMFS 
supplied mooring line in November 1993. Skip- 
per-A will construct at least five anchored FADs 
to be deployed in 1994. He will assemble an
chored FADs using one or both of the following 
designs: (1) He will build multichambered metal 
surface buoys with a truck tire affixed to the bot
tom of each buoy. Several loops of steel cable will 
be threaded through the middle of the tire, and this 
cable will then be spliced and clamped to 100 
meters of steel cable attached to a large swivel. 
Mooring line joined to the swivel will lead to the 
bottom and be connected to a large swivel coupled 
to the anchor’s bridle. Anchors will be con
structed of two 55-gallon drums filled with con
crete. (2) The alternative design will incorporate 
all features of the previous model, plus a detach
able buoy equipped with a generator and lights. 
Several hours before sunrise this buoy will be 
disconnected from the anchored surface buoy and 
towed away by a speedboat so that a set can be 
made away from the mooring. A logbook has been 
furnished to Skipper-A and NMFS will receive 
data on the design, construction, deployment, vis
its, sets, and catch on the anchored FADs.

Drifting FADs— The Dolphin-Safe program pur
chased five Ryokuseisha1 SELCALL radio buoys 
during June 1993 and loaned them to a second U.S. 
fleet skipper (Skipper-B) in exchange for informa
tion about construction, deployment, visits, and 
sets on drifting FADs assembled during his "dol
phin-safe" fishing trips. Skipper-B constructs 
drifting FADs out of surplus materials found 
aboard the ship, including old net webbing, used

1 Reference to trade names does not imply endorsement 
by the National Marine Fisheries Service, NOAA.

corkline, balloon floats, scrap lumber, and wooden 
crates and pallets. He incorporates "seasoned" 
flotsam found at sea into the structure, which 
includes logs, driftwood, dead whales, and aban
doned or discarded fishing gear such as longline 
floats, tangled gillnets, plywood, and floating line.

A general FAD design used frequently by Skip
per-B utilizes two 4-meter-long two-by-fours tied 
together with net twine. Used corks are tied to the 
top of the boards. Net webbing, approximately 4 
meters wide and 12 meters deep, is connected to 
the bottom of the two-by-fours. This design cre
ates a curtain that can be rolled up for storage 
aboard the vessel, which simplifies deployment. 
A plastic, 55-gallon drum filled with discarded fish 
is connected to one end of the two-by-fours and a 
radio buoy is attached to this bait bucket with 20 
meters of line. FADs are deployed as a group in 
areas where signs of tuna are detected. The radio 
buoys’ signals can be activated from the seiner’s 
helicopter, located, and the FADs checked for 
tuna.

Skipper-B is documenting the FADs he has 
used and is explaining how, where, and when they 
were constructed, deployed, and fished in a log
book provided to him by the Dolphin-Safe pro
gram. He has deployed 20 FADs during two 
separate fishing trips. On the first trip, five sets 
were made on FADs yielding a total of 27.5 tons 
of market-sized tuna (predominately bigeye tuna 
and a few tons of yellowfin and skipjack tuna). 
Fishing on FADs during this trip was not as suc
cessful as was hoped. During the second trip, an 
excess of 600 tons of market-sized bigeye, 
skipjack, and yellowfin was produced from eight 
sets. The first seven sets averaged 20-30 tons per 
set. At the time of the last set, 156 tons were 
needed to fill the ship’s fish wells. This set proved 
to be exceptional. The skipper estimated that there 
were about 400 tons of tuna associated with this 
particular FAD and, in fact, he captured so much 
fish that it was necessary to cut the rings in order 
to release the excess 150-200 tons of live fish prior 
to brailing (hauling fish aboard using a dip net). 
These data illustrate the variability of FAD pro
ductivity oyer a relatively short period of time (3-4 
months). He has volunteered to furnish detailed
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information on all the FADs deployed during his 
trips and not just the FADs attached to NMFS 
radio buoys. One of the key disappointments re
alized during previous NMFS/IATTC FAD re
search projects was the lack of visits to FADs by 
tuna purse seine vessels. Since Skipper-B is de
ploying FADs with NMFS radio buoys in conjunc
tion with his own gear, program scientists believe 
he will visit the NMFS FADs on a regular basis.

The Dolphin-Safe program has proposed de
ployment of two anchored FADs in an area where 
large yellowfin tuna are known to occur to deter
mine if pelagic, anchored FADs are capable of 
attracting large yellowfin, bigeye, and skipjack 
tuna in economically attractive quantities. The 
cost to construct and deploy such anchored FADs 
on the high seas would range from $1,000 to 
several thousand dollars per unit. The wide range 
in cost estimates is influencing the design and 
quality of materials used to construct various com
ponents of the anchored FADs, which await fund
ing for construction and deployment. (E. 
Edwards, [619] 546-7099)

Consumption of Prey Studied for
Eastern Tropical Pacific Spotted 

Dolphins and Yellowfin Tuna

Fishery Biologist Kelly Peltier and Wildlife 
Biologist Susan Chivers of the Population Identity 
Program, in collaboration with Lisa Roberts of 
Humboldt State University, have been analyzing 
the results from two independent studies and com
paring the prey species consumed by spotted dol
phin and yellowfin tuna from the eastern tropical 
Pacific.

Stomach contents were available for only one 
set, collected in 1985, in which both spotted dol
phin and yellowfin tuna were sampled simultane
ously. The remainder of the samples were 
collected from yellowfin tuna between 1970 and 
1972, and from spotted dolphin sampled by ob
servers on tuna purse seine vessels between 1989 
and 1991. The cephalopod mandibles (beaks) and 
fish otoliths recovered from the stomachs of these 
two species were used to identify the fishes and 
cephalopods consumed. Beaks from 38 cephalo
pod taxa were found in the spotted dolphin stom
achs (n=428) and 25 different taxa were found in

the yellowfin tuna stomachs (n=760). The most 
frequently occurring cephalopod taxa differed in 
the spotted dolphin and the yellowfin tuna con
tents. For the spotted dolphin, the most frequently 
occurring cephalopods were squids of the family 
Ommastrephidae, whereas for the yellowfin tuna, 
they were the surface-dwelling argonauts, family 
Argonautidae.

Fishes have been identified from the samples, 
but as yet from only a subset of spotted dolphin 
stomachs. The most frequently occurring fishes 
identified to date have been members of the family 
Myctophidae.

Stratification of the yellowfin tuna by area and 
the spotted dolphin data by management unit 
(stock) indicate that the species composition of the 
prey changes seasonally and geographically.

Peltier and Chivers further stratified the data 
from the spotted dolphin sample to look for 
changes in stomach fullness with time-of-day as 
supporting evidence for the theory that spotted 
dolphins feed at night. There was a significant 
difference in stomach fullness between dawn and 
dusk; stomachs collected in the morning generally 
contained fresh prey items, and those collected in 
the late afternoon were empty of fresh prey re
mains. The most predominantly occurring squid 
found in the dolphin stomachs (Ommastrephidae) 
are known to occur primarily in the deep scattering 
layer that comes to the surface at night. Peltier and 
Chivers also tested the hypothesis put forward in 
the published literature that the proportion of squid 
in the diet of pregnant female spotted dolphins is 
significantly greater than for lactating females. 
Based on their analyses, the proportion of beaks 
recovered from the stomachs of lactating or preg
nant females was significantly different, but it was 
the lactating females that show a greater propor
tion of squid consumed. (S. Chivers, [619] 546- 
7093)
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V. OTHER 
TUNA-RELATED 
RESEARCH AT 
SWFSC

Tuna Movement Model Developed

Movement is a natural phenomenon of great 
importance in the lives of many fish species, but 
this phenomenon has been largely neglected in 
stock assessment models. Tuna are no exception. 
Much of Fishery Biologist Pierre Kleiber’s re
search is devoted to making tuna movement mod
els for the twofold purpose of measuring 
parameters of movement by fitting the models to 
data and incorporating movement information into 
tuna stock assessments.

One of the problems Kleiber has encountered in 
developing movement models of tuna is the high 
rate of movement in relation to the temporal and 
spatial scales that he is dealing with. To imple
ment such models on a computer, it is necessary 
to divide time and space into descrete increments. 
In a recently developed model, he investigated an 
alternative algorithm for simulating movement in 
two spatial dimensions, using the variables of har
vest and death rates of tagged tuna. The algorithm 
was part of a model that had been developed to 
study skipjack movement in relation to fish aggre
gating devices by analyzing tag return data from 
skipjack tagged and released in the Solomon Is
lands.

Kleiber explained that the algorithm previously 
used in the model is satisfactory as long as the 
movement rate is moderate in relation to the tem
poral and spatial scales of the model but can be 
unstable (can generate negative fish) at higher 
movement rates. However, the alternative algo
rithm used by Kleiber holds the promise of im
proved stability (thus allowing higher movement 
rates) with the prospect of no significant sacrifice 
in computational speed. Stability and computa
tion speed are both important when the model is

embedded in an iterative parameter estimation 
scheme.

Kleiber reports that preliminary results are posi
tive. The alternate algorithm is stable with order- 
of-magnitude higher movement rates than 
heretofore used in the model. Computation speed 
is somewhat slower than with the old algorithm, 
but some code optimization should increase the 
speed considerably. (P. Kleiber, [619] 546-7076)

Generalized Additive Model 
Analyzes Catch-and-effort Data

Fishery Biologists Norm Bartoo and Pierre 
Kleiber presented the results of a generalized ad
ditive model (GAM) analysis of catch-and-effort 
data from the U.S. North Pacific troll fleet at a 
biannual albacore workshop held at Southwest 
Fisheries Science Center in December 1993. The 
workshop was attended by albacore scientists 
from Japan, Korea, Taiwan, Canada, and the 
United States. Data used in the analysis span the 
years 1961 to the present.

GAM analyses are used to explore the statistical 
effects of arbitrary nonlinear transformations of 
independent variables on a dependent variable. 
For instance, catch-per-unit effort (CPUE) can 
depend on various factors in a lonlinear way. 
Wind may enhance CPUE up to a certain point, 
after which time the weather becomes too rough 
for fishing gear to operate. Thus, a nonlinear 
relationship between wind and CPUE is produced.

In their model, Bartoo and Kleiber searched for 
the optimum transformation for each independent 
variable. The dependent variable selected for the 
analysis was the log of the CPUE in spatio-tempo
ral strata (1- or 2-degree squares and monthly time 
intervals) with 0.1 added to account for instances 
of zero catch. Various independent variables were 
evaluated, the main one being time, to generate a 
time series of CPUE with the effects of various 
other independent variables removed. Additional 
independent variables included latitude, distance 
from the North American west coast, and Southern 
Oscillation Index Index (SOII), which is related to 
El Nino events. The latter was dubbed an index of 
an index because it is the melding of two time
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series, neither of which covers the whole span of 
years of the fishery data.

The subplots were the fitted nonlinear effects of 
the four independent variables. The vertical scales 
were the same so that the relative importance of 
the effects could be judged from the plots. Lati
tude appeared to have the strongest effect, which 
is confirmed by the chi-square measures of contri
butions of the various effects on the dependent 
variable. All effects were statistically significant 
(P < .01), but the magnitude of the SOII effect was 
substantially less than the others. The declining 
trend of CPUE with time is not a good sign if 
CPUE, with effects of variables other than time 
removed, is interpreted as an index of abundance, 
but Bartoo and Kleiber added that such an inter
pretation was not warranted at this time because 
results were preliminary. A better index of El 
Nino, covering the years of the fishery data, is 
needed to replace the SOII, and additional inde
pendent variates (such as upwelling index) need to 
be explored. Such changes could modify the trend 
in the effect of time seen in this analysis. (TV. 
Bartoo, [619] 546-7073; P. Kleiber, [619] 546- 
7076)

Visiting Scientist Discusses 
Shark Research and Acoustic 

Tagging Methodology

A. Peter Klimley of the Bodega Marine Labo
ratory, University of California at Davis, visited 
the Honolulu Laboratory in March 1993 and pre
sented two seminars on his shark research. Inter
est in sharks is high in Hawaii because of recent 
problems with tiger sharks, and Honolulu staff 
researchers are particularly interested in Klimley’s 
work with archival tags for use in monitoring 
behavior of large Pelagic fishes.

Part of the shark research reported by Klimley 
involved concerned movement patterns in scal
loped hammerhead sharks. He described a system 
of individually coded acoustic tags and moored 
receivers that automatically record the behavior of 
sharks around a seamount where hammerheads 
tend to aggregate at certain times of day. Arrivals 
and departures of many identified individuals were 
tracked to show coordinated behavior. The paths 
taken by sharks to and from the seamount were

also tracked, and Klimley’s analysis suggests that 
hammerhead sharks use contours of magnetic field 
topography for guidance.

Klimley has proposed using moored receivers 
and acoustic tags to record residence time, depar
ture, and return of tuna to fish aggregating devices 
in Hawaii. Honolulu Laboratoiy personnel dis
cussed development of archival tags with Klimley, 
who has received funding to further develop this 
technology. Current archival tags store informa
tion such as depth, temperature, and light intensity. 
Light intensity data are used to estimate local noon 
and day length to provide a sequence of low-reso
lution geographic position (a track line) when an 
animal ranges over a very broad area (hundreds of 
miles). Existing archival tag technology requires 
physical recovery of the tag to retrieve the data. 
Klimley hopes to adapt his acoustic tag and 
moored receiver system for use with an advanced 
archival tag that would acoustically download 
stored data whenever a tagged animal comes near 
a receiver. He also hopes to improve archival tag 
position estimation through incorporation of ex
tinction coefficients (to quantify signal attenuation 
versus distance from source in the onboard micro
processing) and through use of magnetic sensors. 
(C. Boggs, [808] 943-1222)
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