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Created in 1849, the Department of the Interior—a department
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Indian and Territorial affairs.
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OCCURRENCE OF POMFRET (Brama japonica)
IN THE NORTHEASTERN PACIFIC OCEAN

Charles R. Hitz and Robert R. French

ABSTRACT

During investigations by the Bureau of Commercial Fisheries in the Northeastern Pacific, pomfret
were found to be widely distributed, from north of Latitude 42° North and from Longitude 175° East to
the coast of North America. Pomfret were taken mainly during August and September at surface-
water temperatures of 11° to 14° C. The catches by the Bureau and others suggest that pomfret
may occur in certain areas of the Northeastern Pacific in commercially harvestable quantities.

INTRODUCTION

Pomfret belong to the family Bramidae. The
nomenclature in this group is confused, apparently
because of the scarcity of specimens and of the great
ontogenetic changes that occur (Mead, 1957). A
number of different scientific names—such as Brama
rat, B. raji, B. rayi, and B. brama—have been used
in the literature for pomfret (Figure 1) captured in
the Northeastern Pacific. Mead, an expert on the
taxonomy of bramid fishes, believes that the popu-
lation of pomfret (B. brama) in the Northern Atlantic
is similar to the population in the Southern Hemisphere
but that the population in the Northern Pacific differs
in certain respects and should be considered as being
a separate species (Mead, 1962 to 1964'). The old-
est established Northern Pacific name of B. japonica
should therefore be used.

Pomfret are widely distributed in temperate and
tropical waters throughout the world (Briggs, 1960).
They are fished commercially in the Atlantic off the
coost of Spain and in the Pacific off the east coast
of Japan (Abe, 1952). Jordan (1924), Crawford
(1927), Pritchard (1930), Cowan (1938), Van Cleve
and Thompson (1938), and Fitch (1950) have reported
pomfret along the coast of California, Washington,
British Columbia, and Alaska. Off Vancouver Island,
it has aroused considerable interest because it has

1 Giles W. Mead. 1962 to 1964. Personal correspondence.
Museum of Comparative Zoology, Harvard University, Cambridge,
Massachusetts.

Author note: Charles R. Hitz, Fishery Biologist (Genmeral), Bureau of Commercial Fisheries Exploratery Fishing ond Gear

occurred in large numbers sporadically (Clemens and
Wilby, 1961). Research vessels operating in the
Northeastern Pacific since 1955 have frequently taken
pomfret (Powell, 1958; Larkins, 1964). Because
pomfret occur commonly in the Northeastern Pacific
and are a food fish in other parts of the world,
they are a potential food resource of the Northeastern
Pacific Area.

The Bureau of Commercial Fisheries has analyzed
data collected during 1950 to 1962 by various agen-
cies. The purpose of the analysis is tc provide bacsic
information on the occurrence of pomfret in the North-
eastern Pacific for the future exploration of this re-
source. Accordingly, the main divisions of the present
report deal with (1) surveys in 1950 to 1962 and (2
future explorations.

SURVEYS, 1950 TO 1962

During surveys in the Northeastern Pacific by the
Bureau of Commercial Fisheries, many types of fishing
gear have been used. No pomfret were taken in the
Bureau’s bottomfish or shrimp surveys with bottom
trawls or in its pelagic surveys with tuna lures and
longline gear; pomfret were frequently taken, how-
ever, in pelagic surveys with gill nets and purse seines

In the present study, 2 sources of data were used
(1)The gill-net data collected by the Bureau of Com-
mercial Fisheries during salmon investigations (1953
and 1955-1962) and tuna investigations (1950 and
1952) and (2) the purse-seine data collected by the

Base, and Robert R. French, Fishery Biologist (Research), Bureau of Commercial Fisheries Biological Laboratory, Seattle, Washingtor
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Figure 1.—A Northeastern Pacific pomfret with a total length of 29.5 centimeters.

Fisheries Research Institute of the University of Wash-
ington during salmon-tagging studies (1956-1962)

under contract to the Bureau. The purse seines used,

were described by Hartt (1962); the salmon gill nets,
by Powell and Peterson (1957); and the tuna gill nets,
by Powell, Alverson, and Livingstone (1952).

To compare catches of the various sets of both
purse seines and gill nets, we used the number of
pomfret caught per set. This number was satisfactory
for purse-seine catches, since there was little change
in fishing methods or gear from year to year. It
appeared at first, however, that the catch per set
for gill nets was not a usable unit of effort because
of selectivity by mesh size and variation in the pro-
portion of different mesh sizes used from year to year.
For example, the number of shackles (50 fathoms
each) of the different mesh sizes per gill-net string
varied from 1 to 5 shackles of 2-1/2-inch mesh, 2 to
8 shackles of 3-1/4-inch mesh, 2 to 24 shackles of
4-1/2-inch mesh, and 2 to 11 shackles of 5-1/4-inch
mesh during the 9 years of salmon investigations.
In the 2 exploratory trips for tuna in 1950 and 1952,
2 shackles each of 7-inch mesh, 8-inch mesh, and 9-
inch mesh were fished. The catch per gill-net set
was found to be a usable unit of effort for comparing
the catches from the salmon investigation when the
following relation was used: About 93 percent of
the pomfret caught in salmon gill nets in 1960 to 1961,
when the incidental species were recorded by mesh
size, were taken in the 2 larger mesh sizes—4-1/2-
inch and 5-1/4-inch. Of these, the catch per shackle
of the 5-1/4-inch mesh was about 4 times that per
shackle of the 4-1/2-inch mesh. The gill-net strings

2

fished over the years were therefore weighted accord-
ing to their efficiency for catching pomfret by multi-
plying the number of 5-1/4-inch-mesh nets by 4
to put the net string in terms of 4-1/2-inch-mesh nets.
When weighted in this manner, the string contained
about the same number of 4-1/2-inch-mesh nets each
year; therefore, the fishing effort was considered to
be similar each year. Catches taken in the 2 explor-
atory sets for tuna were treated separately from those
taken in the salmon investigation.

Gill-Net Catches

The intensity of sampling varied from year to year.
In 1950 and 1952, sampling was conducted off Wash-
ington and Oregon during explorations for tuna. In
1953, salmon were searched for off the Aleutian
Islands, and this exploration was followed in 1955 by
studies of the distribution of salmon. The sampling
during 1955 to 1962 was primarily centered around
the Aleutian Islands; but in 1956, 1961, and 1962,
the sampling was extended to include the Gulf of
Alaska. In these surveys, 900 night sets were made—
243 in the Bering Sea and 657 in the Northeastern
Pacific Ocean from the Aleutian Islands to Oregon
(Figure 2).

Pomfret were caught throughout the Northeastern
Pacific north of about Latitude 42° North and from
Longitude 175° East to the coast of North America.
Heaviest concentrations appeared in the Western Gulf
of Alaska and in the Central Aleutian Area (Figure
3). Of the 657 sets made in the Northeastern Pacific,
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Figure 2.—Distribution of the gill-net sets.
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Figure 3.—Relative availability of pomfret, based on the number captured per gill-net set.



221 (34 percent) took pomfret. The 221 sets aver-
aged 25.8 pomfret per set with a range of 1 to 232
per set. The area encompassing the heaviest con-

Table 1.—Total number of gill-net sets and the number of corresponding sets that caught pomfret in the Northeastern Pacific Ocean, by year and month.
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sets were made close to the south side of the Aleu-
tian Islands. The major fishing effort in the Gulf
of Alaska was in 1958, 1961, and 1962. During
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the 7 years of sampling, 1,701 daylight purse-seine
sets were made—249 in the Bering Sea and 1,452
in the Aleutian Chain (Figure 4).

The heaviest concentrations appeared in the
Eastern Gulf of Alaska (Figure §). Of the 1,452
sets made in the Northeastern Pacific, only 73 (5
percent) took pomfret; the numbers caught ranged
from 1 to 110 with an average of 13.2 per set.

The purse-seine data indicated, as did the gill-net
data, that pomfret occurred primarily in August and
September (Table 3). The seine sampling was con-
ducted in water in which the surface temperature
ranged from 1° to 17° C.; about 83 percent of the
sets were made at surface-water temperatures ranging
from 1° to 10° C. Pomfret were caught in waters

commercial quantities and which gear is the most
efficient for taking them. Pomfret, as indicated in
this report, occur in the Northeastern Pacific in late
summer and early fall in surface waters with tem-
peratures of 11° to 14° C,

The distribution of pomfret south of the areas
reported here is unknown. These fish are believed
to spawn in waters south of their summer range.
Possibly, the spawning areas, once known, would
be the areas of highest concentration.

SUMMARY

1. Pomfret were found in surface waters from
north of Latitude 42° North and east of Longitude

Table 3.—Number of purse-seine sets and number that took pomfret in the Northeastern Pacific Ocean,

by year and month

Tot Sets Tot. Sets Tot Sets Tot Sets Tot Sets Tot Sets Tot. Sets Tot, Sgll
Year sets with sets with sets with sets with sets with sets with sets with sets with
pom. pom pom pom pom pom pom. pom.
April May June August September October Total
Ve No Ve No No \ A No No No No. No. No. No. No. No.
19 4 0 64 0 21 0 28 2 22 6 139 8
1957 16 0 42 0 81 0 45 2 16 1 200 3
1958 10 0 32 0 | 0 56 18 14 6 163 24
19 2 0 4 0 28 0 28 0 19 9 9 2 1 1 91 12
1960 9 0 {1 0 1 0 19 0 19 0 159 0
1961 15 0 105 0 108 2 76 14 i3 0 337 16
1962 114 0 144 2 102 8 3 0 363 10
Total 11 0 204 0 456 2 440 10 246 45 94 15 1 1 1,452 73
Percent of
s with 0 0 0.4 18.3 16.0 100 5.0
pomiret l

ranging from 9° to 14° C., with the best rate of
catch occurring at 11° to 14° C. (Table 4).

The temperature ranges in which both gill nets
and purse seines caught pomfret are very similar,
as are the temperature ranges of the best catches.
Thus, there appears to be a direct relation between
the temperature of the surface water and the occur-
rence of pomfret. This relation could explain (1) why
no pomfret were taken in the colder Bering Seq,
(2) why the gill nets caught more pomfret than the
purse seines, and (3) why the best catches occurred
in the Gulf of Alaska and south of the Aleutian Chain
in the summer.

FUTURE EXPLORATIONS

Exploratory fishing in pomfret waters would be
necessary to determine if pomfret can be taken in

6

Table 4.—Catch of pomfret for the purse-seine sets,
by surface-water temperature

Water Pomfret
temperature Sets caught
°F. 2€. No. No. No./set

33.8-46.4 1-8 997 0 0
48.2 9 187 2 <0.1
50.0 10 156 37 0.2
S1.8 11 151 397 2.6
53.6 12 116 111 1.0
55.4 13 63 257 4.1
57.2 14 19 159 8.4
59.0 15 4 0 0
60.8 16 5 0 0
62.6 17 3 0 0
Total 1,701 963 6.6

|

LW ]



175° East to the western coast of the United States
and Canada, mainly in August and September. They
were never found in the Bering Sea.

2. There appears to be a relation between the
occurrence of pomfret and the temperature of the
surface water. Pomfret were caught in surface water
at 9° to 19° C., with the best rates of catch occurring
between 11° and 14° C.

3. The observed widespread distribution of pom-
fret and their common occurrence in the Northeastern
Pacific Ocean suggest that this species may occur
in commercially harvestable quantities.
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Status of the botulism control program. Pre-
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Industry-Government Inspection Workshop, Chi-
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Sanford, F. Bruce.
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factual article. Presented at the Society of Tect
nical Writers and Publishers meeting, Seattle,
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at the Society of Technical Writers and Publishers
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Introduction-heading technique in scientific writ-
ing. Presented at the Annual Short Course ir
Technical Writing, University of Washington,
Seattle, Washington, September 18.
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The correlation of calcium and phosphorus con-
tents of fish meal to the ash content. Presented
at the Informal Conference on Fish Meal Utili-
zation, Bureau of Commercial Fisheries Techno-
logical Laboratory, College Park, Maryland,
September 10.

Automation of analytical methods using the
AutoAnalyzer. Presented at the Ninth Annual
Atlantic  Fisheries Technologists Conference,
Martha’s Vineyard, Massachusetts, October
11-14.

Present status of the pepsin digestibility test.
Presented at the Ninth Annual Atlantic Fisheries
Technologists Conference, Martha’s Vineyard,
Massachusetts, October 11-14.

Brown, N. L.
Current status and plans on physical processing
methods. Presented at the meeting of the Na-
tional Academy of Sciences, Scientific Advisory
Committee on Marine Protein Concentrates,
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Available methionine chick assay. Presented
at the informal Session of the National Fisheries
Institute Meeting, Washington, D. C., March 11.
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ed at the Food and Agriculture Organization
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Effect of fish oil on the organoleptic value of
meat of swine. Presented at the meeting of
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Value of menhaden fish meal as a protein sup-
plement to practical swine diets. 1ll. Corn-meat
and bone meal. Presented at the 1964 Meeting
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Utilization of fishery products in swine diets.
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Knobl, George M., Jr.
Introductory remarks on the Bureau of Commer-
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the meeting of the National Academy of Sciences,
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Fish protein concentrate research program of
the Bureau of Commercial Fisheries. Presented
at the Fifth Annual Conference of the Interna-
tional Association of Fish Meal Manufacturers,
Vienna, Austria, September 29-October 2.

Fish protein concentrate research at the College
Park Laboratory. Seminar presented at the
Bureau of Commercial Fisheries Biological Lab-
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Kurtzman, C. H.
An automated method for the determination of
cystine. Presented at the Technicon International
Symposium, “Automation in Analytical Chem-
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the Informal Conference on Fish Meal Utilization,
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Marine Protein Concentrates, Washington, D.C.,
March 23.
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Pariser, E. R.—Continued

World interest and efforts on the development
of fish protein concentrate and the Bureau of
Commercial Fisheries Research Program. State-
ment before the Subcommittee on Merchant Ma-
rine and Fisheries of the Committee on Com-
merce, U. S. Senate, Washington, D.C., August
14.

Recent advances in the fish protein concentrate
program. Presented at the Ninth Annual At-
lantic Fisheries Technologists Conference, Mar-
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The application of solvent extraction procedures
to the preparation of fish protein concentrate.
Presented at the 57th Annual Meeting of the
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Snyder, D. G.

Edible grade fish meal. Presented at the Vir-
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Virginia, February 23-25.

Hunger, man, and the seas. Presented at the
Twenty-Ninth North American Wildlife and Nat-
ural Resources Conferences and Related Meet-
ings, Las Vegas, Nevada, March 9-11; and
seminar presented at the Bureau of Commercial
Fisheries Biological Laboratory, Oxford, Mary-
land, April 24.

Introductory remarks on the Bureau of Commer-
cial Fisheries fish protein concentrate research
at College Park. Presented at the meeting of
the National Academy of Sciences, Scientific
Advisory Committee on Marine Protein Con-
centrates, Washington, D.C., March 23.

Fish protein concentrate research at College
Park. Presented at the Industry-Government
Symposium, New York City, New York, April 2-4.

Fish protein concentrate research. Presented at
the University of Maryland Institute of Advance-
ments in Modern Health and Health Education,
College Park, Maryland, July 17.

Fish protein concentrate research program of
the Bureau of Commercial Fisheries. Presented
at the WHO/FAOQ/UNICEF (World Health Or-
ganization/Food and Agriculture Organization
of the United Nations/United Nations Interna-
tional Children’s Emergency Fund) Protein Ad-
visory Group Meeting, New York City, New York,
July 20.

The nutritive and feasibilty implications of fish
protein concentrate utilization.  Statement be-
fore the Subcommittee on Merchant Marine and
Fisheries of the Committee on Commerce, U. S.
Senate, Washington, D. C., August 14,

The Bureau of Commercial Fisheries research
program on fish protein concentrate. Presented
at the 18th Meeting of the American Fisheries
Advisory Committee, Gloucester, Massachusetts,
October 5-7.

Spandorf, A. H.

The biological availability of calcium and phos-
phorus in menhaden fish meals. Presented at
the 53rd Annual Meeting of the Poultry Science
Association, University of Minnesota, St. Paul,
Minnesota, August 5.

Nutritive value of menhaden fish meals. Pre-
sented at the Informal Conference on Fish Meal
Utilization, Bureau of Commercial Fisheries Tech-
nological Laboratory, College Park, Maryland,
September 10.



Gloucester, Massachusetts

Anderson, Margaret L.

Some physical effects of freezing fish muscle and
their relation to protein-fatty acid interaction.
Presented at the Food and Agriculture Organ-
ization of the United Nations’ Symposium on
the Significance of Fundamental Research in the
Utilization of Fish, Husum, Germany, May 26-30.

Protein-lipid interrelation in freezing-induced
denaturation of cod muscle. Presented at the
Ninth Annual Atlantic Fisheries Technologists
Conference, Martha’s Vineyard, Massachusetts,
October 13.

Gould, Edith D.

Enzyme kinetics as indicators of early quality
changes in frozen-stored fish. Presented at the
Ninth Annual Atlantic Fisheries Technologists
Conference, Martha’s Vineyard, Massachusetts,
October 13.

Kayior, John D.

The marine products development irradiator.
Presented at a National Fisheries Institute Cut-
ting, Gloucester, Massachusetts, October 8.

King, Frederick J.

Some physical properties of cod actomyosin and
their possible relationship to the texture of fro-
zen cod. Presented at a Food Science Seminar
held at the Massachusetts Institute of Technology,
Boston, Massachusetts, March 26.

Lane, J. Perry.

Standards and specifications developmen! pro-
gram at the Gloucester Technological Labora-
tory. Presented at the Industry-Government
Symposium on Inspection and Technological Re-
search, New York City, New York, April 2.

Standards and inspection and the quality of
fishery products. Presented at a meeting of the
American Fisheries Advisory Committee, Glouces-
ter, Massachusetts, October 5-7.

1964 grading survey of frozen fishery products.
Presented at the Ninth Annual Atlantic Fisheries
Technologists Conference, Martha’s Vineyard,
Massachusetts, October 11-15.

Learson, Robert J.

Report of the 1964 grading survey on frozen
fishery products. Presented at a meeting of
the New England Fisheries Institute, Beverly,
Massachusetts, April 29.

Peters, John A.

Time-temperature tolerance of frozen seafood.
Presented at the Semi-Annual Meeting of the
American Society of Heating, Refrigerating and
Air-Conditioning Engineers, New Orleans, Louisi-
ana, January 28.
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The Bureau of Commercial Fisheries program of
grade standards and inspection of fishery pro-
ducts. Presented ot a meeting of the U, S.
Public Health Service and the Rhode Island
State Department of Health, Providence, Rhode
Island, October 19-23.

Mechanization in the fishing industry. Presented
at the Pacific Fisheries Technologists Meeting,
Union, Washington, March 23.

Progress in irradiation-preservation of seafoods
at the Gloucester Technological Laboratory.
Presented at the Pacific Fisheries Technologists
Meeting, Union, Washington, March 24,

Quality of fishery products in the distribution
chain. Presented at the Pacific Fisheries Tech-
nologists Meeting, Union, Washington, March 25.

Freezing fish at sea. Presented at a meeting
of the Quartermaster Food and Container In-
stitute R & D Associates, Boston, Massachusetts,
April 28.

Retrigerated sea water. Presented at the Ninth
Annual Atlantic Fisheries Technologists Confer-
ence, Martha’s Vineyard, Massachusetts, Octo-
ber 13; and presented at a meeting of the
American Institute of Chemical Engineers, Boston,
Massachusetts, December 9.

Research activities at the Gloucester Technolog-
ical Laboratory. Presented at the University of
Massachusetts Graduate Seminar in Food Tech-
nology, Amherst, Massachusetts, December 16.

Peters, John A., Joseph W. Slavin, Clarence J.Carlson,
and Daniel W. Baker Ii.

Storing groundfish in refrigerated sea water:
Use of ultraviolet radiation to control bacterial
growth. Presented by Joseph W. Slavin at the
OECD-sponsored  (Organization for Economic
Cooperation and Development-sponsored) Meet-
ing on Fish Technology, The Hague, Holland,
September 14-17.

Ronsivalli, Louis J.

Radiation preservation of fish of the Northwest
Atlantic and the Great Lakes. Presented at
the International Conference on Radiation Preser-
vation of Foods, Boston, Massachusetts, Septem-
ber 29.

Pasteurization of fishery products with gamma
rays from a Cobalt-60 source. Presented at a
meeting of the American Institute of Chemical
Engineers, Boston, Massachusetts, December 9.

Skerry, John B.

Activities of the Soviet fishing fleet in the North-
west Atlantic. Presented by John A. Peters at
the Ninth Annual Atlantic Fisheries Technologists
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Skerry, John B.—Continued

Conference, Martha’s Vineyard, Massachusetts,
October 11.

Slavin, Joseph W.

Need for mechanizing groundfish handling on
fishing trawlers and at unloading docks. Pre-
sented at the OEDC-sponsored (Organization for
Economic Cooperation and Development-spon-
soréd) Meeting of Fish Technology, The Hague,
Holland, September 14-17.

Research on frozen fishery products. Presented
at a meeting of the American Fisheries Advisory
Committee, Gloucester, Massachusetts, October
5-7.

The Atlantic tuna, sea to shore. Presented at the
Ninth Annual Atlantic Fisheries Technologists
Conference, Martha’s Vineyard, Massachusetts,
October 13.

Evaluation of AEC contract research on radiation
preservation of fishery products. Presented at
the Fourth Annual U. S. Atomic Energy Com-
mission’s Food Irradiation Contractors’ Meeting,
Washington, D. C., October 21.

Application of refrigeration in the developing
countries. Presented at a meeting of the North-
east Section of the Institute of Food Technolo-
gists, Boston, Massachusetts, December 15.

Steinberg, Maynard A.

The radiation-preservation program at the
Gloucester Technological Laboratory. Presented
ot a meeting of the National Fisheries Institute,
Inc., Boston, Massachusetts, January 15.

Radiation preservation of fishery products. Pre-
sented at the Industry-Government Symposium
on Inspection and Technological Research, New
York City, New York, April 2; presented at a
meeting of the Northeastern Resources Commit-
tee, Rowe, Massachusetts, April 8-9; and pre-
sented at a meeting of the American Fisheries
Advisory Committee, Gloucester, Massachusetts,
October 5-7.

Pascagoula, Mississippi

Love, Travis D.

Microbiological studies to aid the American
fishing industry. Presented at the Joint Bureau-
Industry Technological Meeting, New York City,
New York, January 20.

Chemical and technological progress in the new
southern industrial fish industry. Presented at
the American Institute of Chemical Engineers,
Boston, Massachusetts, December 6-10.

Thompson, Mary H.
Seasonal variations in the composition of the
Chesapeake Bay blue crab. Presented at the
Ninth Annual Atlantic Fisheries Technologists
Conference, Martha’s Vineyard, Massachusetts,
October 11-14.

The connective tissues of shrimp and their pos-
sible connection with textural changes. Pre-
sented at the Ninth Annual Atlantic Fisheries
Technologists Conference, Martha’s Vineyard,
Massachusetts, October 11-14.

Seattle, Washington

Dassow, John A.
Highlights of irradiation research at Seattle Fish-
ery Technological Laboratory. Presented at
Pacific Fisheries Technologists 15th Annual Meet-
ing, Union, Washington, March 24.

Radiation of fishery products. Presented at 19th
Annual Convention of the National Fisheries
Institute, Seattle, Washington, April 24.

Domestic fishery problems. Presented at Food
from the Sea Seminar, Naval Reserve Training
Session, Sandpoint Naval Air Station, Seattle,
Washington, June 19.

Radiation-pasteurization of Pacific crab—Dun-
geness and king. Presented at Second Confer-
ence on Technology of King Crab Processing,
Ketchikan, Alaska, October 19-20.

Dassow, John A., and David Miyauchi.
Radiation preservation of fish and shellfish of
the Northeast Pacific and Gulf of Mexico. Pre-
sented at International Conference on Radiation
Preservation of Foods, Boston, Massachusetts,
September 28.

Dassow, John A., and Wayne |. Tretsven.
1963 studies of halibut quality and plans for
1964. Presented at Ninth Fish and Seafood
Quality Program (National Fisheries Institute,
Seattle, Washington, March 11,

Dassow, John A., Wayne Tretsven, and Max Patashnik.
1963 studies of halibut grading and quality.
Presented at meeting with representatives of
Deep Sea Fishermen’s Union and Fish Vessel
Owners’ Association, Seattle, Washington, Feb-
ruary 27.

Eklund, Melvin W.
The microbiological implication of the newer
methods of food preservation and new products.
Presented at Pacific Fisheries Technologist 15th
Annual Meeting, Union, Washington, March 25.
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Eklund, Melvin W.—Continued
Incidence of Clostridium botulinum on the West
Coast. Presented at the Ninth Annual Atlantic
Fisheries Technologists Conference, Martha's
Vineyard, Massachusetts, October 12,

Groninger, H. S.
Purification and characterization of a proteinase
from albacore muscle. Presented at Pacific Fish-
eries Technologist 15th Annual Meeting, Union,
Washington, March 24.

Houle, Clifford R., and Donald C. Malins.
Effect of ingested octadecyl nitrate on the rat.
Presented at the American Oil Chemists’ Society
meeting, New Orleans, Louisiana, April 21-22.

Karrick, Neva L.
Fishery technology. Presented at National Aca-
demy of Sciences Committee on Oceanography
meeting, Corvallis, Oregon, October 30.

Malins, Donald C., John C. Wekell, and Clifford R
Houle.
The metabolic fate of ingested glyceryl ethers
in rainbow trout (Salmo gairdneri). Presented
at First World Fat Congress, Hamburg, Germany,
October 12-18.

Menzel, D. B., and H. S. Olcott.
Myosin aggression by fatty acids. Presented at
Federation of American Societies for Experiment-
al Biology meeting, Chicago, lllinois, April 12-18.

Menzel, D. B., E. G. Richards, C. S. Chung, and
H. S. Olcott.
Comparative chromatography of fish myosins.
Presented at Pacific Slopes Biochemical Confer-
ence, San Francisco, California, August 27-29.

Miyauchi, David T.
New fish preservation methods. Presented on
KOMO TV and KOMO Radio, Seattle, Wash-
ington, February 12.

Summary of accomplishments—application of ra-
diation-pasteurization processes to Pacific crab
and flounder. Presented at Fourth Annual U. S.
Atomic Energy Commission’s Food Irradiation
Contractors’ Meeting, Washington, D. C., Octo-
ber 21-22.

Nelson, Richard W.
Recent fishery products. Presented on KOMO
TV and KOMO Radio, Seattle, Washmgton Feb-
ruary 12.

Recent technological studies on Dungeness crab
processing. Presented at 19th Annual Conven-
tion of National Fisheries Institute, Seattle, Wash-
ington, April 24; and presented at Second Con-
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ference on Technology of King Crab Processfng; -
Ketchikan, Alaska, October 19-20. '

Nelson, Richard W., and Harold J. Barnett,
Determining fish quality with the German elec-
tronic fish tester. Presented by David T. Miyau-
chi at the Ninth Annual Atlantic Fisheries Tech-
nologists Conference, Martha’s Vineyard, Mass-
achusetts, October 14,

Roubal, William T., and A. L. Tappel.
Protein change induced by free-radical lipid-
peroxidation. Presented at Pacific Slopes Bio-
chemical Conference, San Francisco, Cahfornlo,
August 27-29.

Free-radical lipid-peroxidation damage: A de-
teriorative pathway in biological systems. Pre-
sented at American Oil Chemists’ Society meet-
ing, Chicago, lllinois, October 11-14.

Spinelli, John.
Obijective test for fish freshness; use of electronic
fish tester and hypoxanthine measurements, Pre-
sented at Pacific Fisheries Technologist 15th An-
nual Meeting, Union, Washington, March 25.

Stansby, M[aurice] E.
Fish oil—nutritive value. Presented at Bureau-
Industry meeting, New York City, New York,
April 3.

Recent progress in fish oil research. Presented
at Symposium of the Northeast Section of Amer-
ican Oil Chemists’ Society, Newark, New Jersey,
April 7.

Nutritive value of fish. Presented at 19th An-
nual Convention of the National Fisheries Insti-
tute, Seattle, Washington, April 24.

Effects of ionizing radiation on lipids of fish.
Presented by David T. Miyauchi at the Fourth
Annual U. S. Atomic Energy Commission’s Food
Irradiation Contractors’ Meeting, Washington,
D. C., October 21-22.

Stansby, M. E., and Gisela Jellinek.
Flavor and odor characteristics of fishery prod-
ucts with particular reference to early oxida-
tive changes in menhaden oil. Presented at
the Symposium on Significance of Fundamental
Research in Successful Utilization of Fish, Husum,
Germany, May 26-30.

Tappel, A. L., K. A. Caldwell, W. T, Roubal, and
F. Shimazu.
Selenium and vitamin E function. Inhibition of
free-radical lipid-peroxidation damage. Pre-
sented at Sixth International Congress of Bio-
chemistry, New York City, New York, July-August.



- Tretsven, Wayne |.

Effects of simple handling techniques and use of
sodium hypochlorite treatment of washed halibut.
Presented at Pacific Fisheries Technologist 15th
Annual Meeting, Union, Washington, March 25.

Wekell, John C.
Thin-layer chromatography. Presented at sem-
inar, Chemistry and Biology Department, Seattle
University, Seattle, Washington, April 20.

The glyceryl ethers of fish. Presented at Bi-
ology Club meeting, Seattle University, Seattle,
Washington, December 7.

Wekell, John C., Clifford R. Houle, and Donald C.
Malins.
Recent advances in the microanalysis of lipids.
Presented at 19th Annual Northwest Regional
American Chemical Society meeting, Spokane,
Washington, June 15-16.

Washington, D. C.

Allen, H. B.
Technological research that could and should be
undertaken by the Atlantic Coast States. Pre-
sented at the Atlantic States Marine Fisheries
Commission Annual Conference, Atlantic City,
New Jersey, September 22.
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INFLUENCE OF TEMPERATURE ON THE

FATTY ACID PATTERN OF MUSCLE
AND ORGAN LIPIDS OF THE RAINBOW TROUT
(Salmo Gairdneri)

Werner G. Knipprath and James F. Mead

tures were analyzed.

types of tissues.

ABSTRACT

Fatty acids of the total lipids of 2 groups of rainbow trout kept at ditferent water tempera-

Both muscle and organ lipids tended to incorporate more highly unsaturated fatty acids at
lower temperatures. The specific fatty acids that were incorporated, however, differed in the 2

INTRODUCTION

The influence of the environmental temperature
on the fatty acid pattern of the lipid of several forms
of aquatic life has been studied by several authors.

Holton, Blecker, and Onore (1964} reported on the
fatty acids of blue-green algae (Anacystis nidulans).
For this alga, in which palmitic (16:0) and hexade-
cenoic (16:1) acids account for 90 percent of the
total fatty acid mixture, the ratios of the unsaturated
to the saturated fatty acids remained about 1.0 for
algae grown at 26°, 32° and 35° C., whereas a ratio
of 0.7 was calculated for algae grown at 41° C.
The major change was due to a relative decrease
in 16:1 acid.

Lewis (1962) investigated the fatty acid compo-
sition of some marine poikilothermic animals from
temperate and from arctic regions and found that

Note: This study was supported by Contract AT(04-1)GEN-12
between the U. S. Atomic Energy Commission and the University
of California; and by Public Health Service Research Career Award
No. GM-K6-19, 177 from the Division of General Medical Sciences,
National Institutes of Health.

the influence of the lower temperature was visual-
ized in the loss of stearic (18:0) acid and o reduction
in the 16:0 acid level, with an increase in 16:1 acid.
He points out the possibility of a connection between
the change in fatty acids and the preservation of
protoplasmic viscosity to enable the organism to
maintain its normal metabolism.

An aquatic food-chain experiment by Kayama,
Tsuchiya, and Mead (1963) showed a marked in-
fluence of the environmental temperature,. In an
experiment dealing with the feeding of brine shrimp
(Artemia salina) to guppies (Lebistes reticulatus)
kept at different temperatures, these authors found
a distinct variation in the composition of the fatty
acids of the guppies. The fish kept in warmer water
showed an increase percentage of 16:0 and 18:0
and a relative decrease in 16:1, oleic (18:1), and
docosahexaenoic (22:6) acid.

A comparison of the water temperature with iodine
values of the fat of crustacean plankton from Lake
Balaton, Hungary, over a period of 3 years (Farkas

Authors’ note.—Werner G. Knipprath, Assistant Research Biochemist, and James F. M. Mead, Professor, Department of Biophysics and
Nuclear Medicine, School of Medicine, University of California at Los Angeles.
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and Herodek, 1964) gave convincing evidence for
a correlation between temperature and degree of
unsaturation of fat in these crustaceans, During
the entire time of the experiment, the melting point
of the lipid from planktonic copepods was found
to be somewhat lower than the temperature of the
lake. The unsaturated fatty acids with chain lengths
of 20 and 22 carbon atoms increased with the lower
temperature.

According to Reiser, Stevenson, Kayama, Choud-
hury, and Hood (1963), the fatty acid pattern did
not change significantly with temperature when cer-
tain teleost fish were depleted of long-chain fatty
acids and later fed with linoleic (18:2) and linolenic
(18:3) acids.

Recent investigation by Johnston and Roots (1964)
on the effect of temperature differences, particularly
on the fatty acids of brain lipids of goldfish (Caras-
sius auratus L.), indicated that the fatty acids tend
to become more highly unsaturated as the environ-
mental temperature decreases, especially in relation
to the 18-carbon acids and the long-chain polyun-
saturated acids.

The purpose of our investigation was to find a
suitable experimental subject for a study of the
mechanism of the temperature effect on lipid com-
position in fish. Obviously, the experimental subjects
for such a study must show a pronounced change
in fatty acid unsaturation with change in temperature
and, at the same time, be amenable to laboratory

conditions of raising and handling.

Unfortunately, the rainbow trout that were avail-
able from the hatchery for this study had been
changed to different environmental temperatures
seasonally, with the result that the groups of fish
held at different temperatures differed in age. De-
spite this difference in age from 1 group to another,
we carried out the study because we assumed that
age is not a significant variable in the relation of
temperature to fatty acid composition.

The 2-year-old rainbow trout used were kept in
water of 10°-14° C, for 18 months and were then
transferred to colder water (0°-9° C.) 6 months prior
to this investigation. One has to assume that the
adaptation was completed during the 6 months.
Actually, the acclimation seems to be a rapid process.
Our experiments with mosquito fish (Gambusia affinis)
and guppies indicate that the adaptation is in good
progress after 2 days and that it is presumably
completed after 4 weeks, as shown by the changes
of the fatty acid pattern.

The lipids from muscle and organs (liver, heart,
and spleen) were investigated separately. The muscle
lipids consist largely of deposited storage trigly-
cerides and thus contain the more common fatty:
acids; whereas the more highly unsaturated acids
are found in the phospholipids of the organs, so it
is probable that the maintenance of their physical
properties at different environmental conditions may
be of considerably greater importance.

I. TROUT USED

The rainbow trout were raised in the Mt. Whitney
Hatchery, Independence, California, as brood stock,
and their diet, during their entire lives, consisted
of about 2/3 slaughter-house scrap meat and organs
and 1/3 ocean fish, mainly anchovies. There was no
possibility for controlling the diet by means of chem-
ical analysis. The diet remained the same, however,
for all groups of fish,

The 1-year-old fish, averaging 24 centimeters in
length and 212 grams in weight, had been .kept
throughout their lives in water of 10°-14° C., whereas
the 2-year-old fish, averaging 36.5 centimeters in
length and 548 grams in weight, had been kept
for 18 months in 10°-14° C. water and for 6 months
in 0°-9° C. water.

. EXTRACTION OF FATTY ACIDS

A. PROCEDURE

As the first step in the extraction of the fatty acids,
trout were killed by a blow on the head and then
kept at -20° C. overnight. Muscle tissue and organs
(liver, heart, and spleen) of 3 fish from each age
group were removed and immediately placed on dry
ice. The organs within each group were pooled,
and all tissues were weighed, dried by lyophilization,
weighed again, and extracted 3 times in a Waring
blendor' with chloroform/methano! 2:1 (v/v). The

i Trade names are used merely to simplify the description of
the experitmental equipment; no endorsement is implied.

24

mixture of tissue and solvent was filtered, and the 3
filtrates resulting from the 3 extractions of each tissue
were combined,. The solid matter remaining after
filtration was dried in a vacuum desiccator and
weighed. The filtrates were freed from solvent; and
the residues—that is, the extracted total lipids—were
weighed and then saponified overnight at room tem-
perature with 15 times their volumes of 10 percent
methanolic KOH containing 5 percent water. The
methanol was partially removed on a rotary evap-
orator at 30° C. under reduced pressure, After the
methanol was diluted with an equal volume of water,
the unsaponifiable material was extracted 3 times




jith-nepentane: The combined n-pentane solutions
. where re-extracted once with water/methanol 1:1, and

‘the aqueous layers were combined. After acidifica-
" tion of the combined acqueous layers with HCI, the
free fatty acids were extracted 4 times with ether,
and the combined ether solutions were washed with

~ water until neutral; they then were dried over MgSQ,.

Evaporation of the ether yielded the free fatty acids.

B. RESULTS
The findings are reported in Table 1.

Table 1.—Data on rainbow trout tissue components of 2-year-old fish kept at 10°-14° C. (18
months) and 0°.9° C. (6 months) water temperature and of 1-year-old fish kept at
10°-14° C. (12 months) water temperature

Tissue data
Lipid in
Dry weight wet Water
: Water Wet Dry tissue Extracted Fatty (calcu-
Tissue temperature weight weight extraction (calculated) material acids lated)
°C. Grams Grams Percent Grams Grams Grams
10-14
(18 months) 76.1 23.0 7.1 5.4 4.0 70
0-9
Muscle (6 months)
10-14
(12 months) 148.4 43.8 5.9 8.8 7.7 71
10-14
(18 months) 7.6 2.0 6.6 0.5 0.4 74
09
* Organs (6 months)
10-14
(12 months) 13.1 3.7 6.9 0.9 0.7 72

Ill. ANALYSIS OF FATTY ACIDS

A. PROCEDURE

As the first step in the analysis, the resulting 4
samples of fatty acids (2 from the muscle of trout
held at 2 temperatures and 2 from the organs of
trout held at 2 temperatures) were esterified with
ethereal diazomethane solution, the ether was re-
moved, and the methyl ester residues were dissolved
in n-pentane. The resulting solutions were analyzed
by gas-liquid chromatography with a Barber-Colman
Model 10 apparatus with a 40- x 0.25-inch column
of ethylene glycol succinate, 16.9 percent on gas
chrom P, 80 to 100 mesh. The mass peaks in the
chromatograms were calculated by multiplication of
the peak height by the peak width at half-height.
The possible presence of hydroxy- and branched-
chain fatty acids or of any and all fatty acids beyond
a chain length of 22 carbon atoms was not ascer-
tained. The other acids were calculated as percent-
ages of the total fatty acids.

Since the esters of octadecatrienoic (18:3) and
octadecatetraenoic (18:4) acids had about the same
retention time as those of eicosaenoic (20:1) and
eicosadienoic (20:2) acids, these acids could not
always be distinguished. The total mixtures there-
fore were separated into fractions with the same
chain length by preparative gas chromatography,
using a Wilkens Instrument Co. A-100 Aerograph
apparatus with @ 60- x 0.5-inch column of SE-30

silicone stationary phase, 10 percent on chromosorb
W support. The 4 samples containing the methyl
esters of the acids with 18 carbon atoms were re-
chromatographed to achieve purification. Hydroge-
nation of portions of the samples, followed by ana-
lytical gas chromatography, revealed no traces of
fatty acids with other than 18 carbon atoms. The
unsaturated ester mixtures showed only very small
amounts of 18:3 and 18:4 acids. These results per-
mitted the correct identification of the questionable
peaks in the chromatogram of the total fatty acid
mixture, which were attributed now to eicosaenoic
and eicosadienoic acids.

B. RESULTS

The results of the calculations are shown in Table 2.

1. Muscle Tissue

The results obtained from the examination of the
lipids from trout-muscle tissue showed the expected
overall increase in unsaturation in the lipids with de-
clining temperature. Among the major peaks, doco-
sahexaenoic (22:6) acid showed the greatest increase,
followed by docosapentaenoic (22:5) and oleic (18:1)
acids, but the palmitoleic (16:1) acid level decreased.
The proportion of eicosatetraenoic (20:4) acid was

25



Table 2.—Gas chromatographic analysis of methyl esters
from total lipid of trout

Concentration of fatty acids derived from:
Muscle of trout held at: |Organs of trout held at:
Fatty 10147 ¢.|"*18 montha " |10°-14° €. 45 monihe
f?)cuiﬂfi 12 ngc:nths 0°-93n8. for |12 n?cfnths 0°-93n8. for
6 months 6 months
Percent of total lipids
14:0 2.5 1.4 1.9 0.7
14:1 + + + +
15:0 + % + +
16:0 17.1 16.2 17.2 24.2
16:1 7.5 6.4 7.2 4.3
16:2 + + + +
16:4 + & + -

16:3 and/or 18:0 10.0 8.3 11.4 7.4
18:1 28.4 29.3 23.5 218
18:2 6.1 5.1 4.9 3.8
18:3 + -+ + +
18:4 + + + *
20:0 + + + +
20:1 3.1 3.6 25 1.4
20:2 1.5 1.7 1.5 0.7
20:3 1.1 1.2 1.5 1.0
20:4 2.3 2.2 5.3 8.1

20:5 and/or 22:2 6.4 4.8 6.8 7.6
2223 + 0.5 0.6 0.7
22:4 e 0.2 0.5 0.3
22:5 2.3 3.7 2.4 2.4
22:6 1.7 15.4 12.8 15.6

v.

The effects of environmental temperature on the
fatty acid pattern of trout were studied. Muscle
tissue and the organs were analyzed separately.

The tendency of the lipids to become more highly
unsaturated at lower water temperature was evident,

= CR T ".é(
about the same in both cases. Since the lipids cone
tained only insignificant amounts of linolenic (18:3)
and octadecatetraenoic (18:4) acids in both warm-
and cold-water fish, the increase of 22:6 acid could
not be due to chain elongation and desaturation of
18:3. Hence an increased deposition of 22:6 acid -~
supplied in the food is indicated. Some 22:6 acid -
might have derived from eicosapentaenoic (20:5) acid,
however, as the level of this acid is lower in the cold-
water fish than in the warm-water fish.

2. Organs

The pattern for the organs is marked by a strong
increase in palmitic (16:0) acid at lower tmeperature,
whereas all the other acids with 16 and 18 carbon
atoms are decreased. The other major components
of the mixture—the polyunsaturated fatty acids such
as 20:4, 20:5, and 22:6—are proportionally greater
at lower temperature, although 22:5 acid does not
change. ‘

3. Muscle Tissue and Organs

For the strong increase of 16:0 acid in the organs
of cold-water trout, no explanation can be offered;'
nor can an explanation be offered for the decrease
in linoleic (18:2) acid, which occurs in muscle and
organs alike at lower temperature. Focusing at-
tention only on the higher unsaturated long-chain
fatty acids, one can summarize that with decreasing
temperature, the major change in the fatty acids
of trout muscle seems to occur in an increase in 22:6
acid, and the major change in the fatty acids of
trout in organ tissue seems to occur in an increase
in 22:6 and 20:4 acids.

SUMMARY AND CONCLUSIONS

especially in the marked increases in 22:6 and 22:5
acids of the muscle and in 22:6 acid in the organs.

The rainbow trout appears to be a suitable ex-
perimental subject for a study of the mechanism of
the temperature effect on lipid composition in fish,
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COSTS AND EARNINGS OF
TROPICAL TUNA VESSELS BASED

IN CALIFORNIA

by

Roger E. Green and Gordon C. Broadhead

ABSTRACT

This paper presents a method of estimating earnings of purse seiners, taking into account effects
of vessel size and various tuna prices and rates of harvest on the economics of purse seining.  Esti-
mations are made of earnings to crew and net profit or loss to owners for a selected range of prices
and catch rates for vessels in the size range 100 to 500 tons capacity.
examined from standpoints of both owner and crewman.

Optimum vessel sizes are
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INTRODUCTION

Since 1946, there has been an evolution in methods
of harvesting tuna throughout the world. The vessels
of the Japanese longline fleet have continuously in-
creased in numbers and in average size and have
expanded their operations around the world. In
the United States there was a postwar expansion in
the long-range fleet during 1946-51. Competition
between the tuna fleets to supply the world’s demand
of tuna led to 8 years of economic difficulty for the
United States fleet, beginning about 1952. During
this period, the domestic fleet of bait vessels and
purse seiners lost strength because casualties and
transfers to foreign flags and other fisheries exceeded
new construction each year. In these years the
purse-seine fleet produced only about 20 percent of
the catch, excluding albacore. During 1958-60, the
introduction of nylon nets, power blocks, and other
technological improvements led to a remarkable in-
crease in the efficiency of the tuna purse-seine vessels.
Nearly all the suitable bait-vessel hulls were modified
for purse seining to take advantage of the increased
catch rates. The fleet now includes about 113 purse
seiners. The changes involved in this transformation
have been discussed in detail by Orange and Broad-
head (1959), McNeely (1961), Broadhead and Mar-
shall (1960), Broadhead (1962), and Schaefer (1962).

A search for further efficiency led to a recent trend
toward building larger purse seiners. The standard
used by the industry to measure vessel size is tuna-
carrying capacity in short tons. 12 new purse seiners
and converted military hulls in the capacity range
of 450 tons to 1,000 tons have been added to the
fleet since 1960. The investments represented by
these larger vessels attest to the belief of many-owners
that returns on investment can be improved by in-

creasing carrying capacity. This belief is founded
mainly on the knowledge that as vessel size increases,
the cost of construction per ton of capacity decreases,
as do many of the operating costs when based on
capacity tonnage alone, These advantages, inherent
in a large vessel, do not necessarily increase the
profitability of the vessel. Opinions differ as to which
vessel size will yield the maximum economic return
per dollar invested. The factors contributing to gross
revenue and operational costs are complex, because
they vary considerably with the conditions surrounding
vessel operation.

2 studies were made several years ago. The Stan-
ford Research Institute (1954) undertook a study for
the Southern California tuna industry entitled, The
Impact of Imports on the U. S. Tuna Industry. The
Institute’s report, however, is confidential and has
limited distribution. The United States Tariff Com-
mission (1958)‘issued a report, Tuna Fish, that con-
tains much valuable information on the operational
costs for long-range tuna vessels.

Because these studies examined vessel profitability
under the prevailing conditions of catch rate and
tuna prices for an average-sized vessel, they can
seldom be applied to the operation of a vessel of
specific size at current rates of harvest.

The purposes of the present study are: (1) to
present a method of estimating vessel earnings and
(2) to examine vessel profitability by vessel size under
varying fishing conditions and prices for tuna. Exam-
ination of these data permits, among other things,
approximation of the sizes of vessels that are most
efficient for owners and for crew under varying con-
ditions.

I. THE DATA

A. SOURCE AND NATURE OF DATA
1. Cost of Operation

Information on the cost of operation of tuna boats
used in this report has come from several sources.
The United States Tariff Commission (1958) supplied
the basic data on the costs of operation of 123 bait-
boats in 1952-57. Many of these records were dup-
licated by cost-of-operation data gathered and tab-
vlated by Harold Cary for the American Tunaboat
Association on 58 California-based baitboats in 1952-
56. Westgate California Corporation supplied val-
vable data on its fleet operations. More recent cost
information was obtained from several private owners
of purse seiners and from the files of the Bureau
of Commercidl Fisheries Office of Loans and Grants
at Terminal Island, California.

The costs of operation reported by baitboats and
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purse seiners were available in the following cat-
egories:

Trip expenses - shared by owner and crew:
1. License fees
2. Fuel

3. Other trip expenses

Trip expense - paid by crew only:
Provisions (including food, cleaning supplies, and
other consumable items)

Owner expenses:
1. Repairs
2. Depreciation
3. Insurance
4. Property tax and social security
5. Other owner expenses

These categories are defined subsequently under
“Cost of Operation”.




2 Catch and Fishing Effort

. As a basic portion of its research on the stocks
of tuna in the Eastern Pacific Ocean, the Inter-
~ American Tropical Tuna Commission has maintained,
since its inception in 1950, records of vessel logbooks.
Data extracted from these records and analyzed by
the Commission staff provided the information on
catch rates, numbers of days at sea and days spent
fishing, and proportions of each species in catches
according to size and type of vessel. These basic
data and the details concerning methods of analysis
are contained in the research bulletins and annual
reports of the Commission.

3. Confidential Nature of Data

Most boat owners were reluctant to have their
financial situations examined publicly, as is true for
most private enterprise, and supplied cost-of-oper-
ation data only under the assurance that information
on individual boats would not be disclosed. We gave
this assurance. Logbook information supplied to the
Tuna Commission by fishermen is given with the same
understanding. Most of the graphic and tabular in-
formation provided throughout this study is presented
in grouped form. We considered that some boats
might otherwise be identified by their unique size,
horse power, or other vessel characteristics. Further-
more, we will be unable to honor requests for access
to original data except with the consent of the in-
dividual vessel owners.

B. TREATMENT OF DATA

1. Regressions

All regressions were computed by the least squares
method. For analysis, the individual data points
were used where they were available. To preserve
the anonymity of individual boats, only averages for
interval groups were plotted. The number of indi-
vidual points within each group is shown in parenthe-
ses beside each point.

2. Costs of Operation

In some cases it was advantageous to analyze the
larger sample of data for more than 100 baitboats,
instead of the smaller, but more recently reported,
sample of about 20 purse seiners. Correspondence
was close between current operating costs of these
purse seiners and operating costs of baitboats in
1952-57 after the baitboat data were adjusted for
changes in cost of living indexes and kno<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>