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REPORT OF THE INTER-AMERICAN TROPICAL TUNA COMMISSION 

FOR THE YEAR 1955 

This is the fifth year of investigations, by the Inter-American Tropical 
Tuna Commission, of the fisheries for tunas and tuna-bait fishes in the 
Eastern Pacific Ocean adjacent to the shores of the Americas. These inves­
tigations are being conducted by an international scientific staff, under the 
provisions of a Convention to which Costa Rica, Panama, and the United 
States are signatories. Other nations having an interest in these fisheries 
may adhere through exchange of correspondence with the present member 
governments. 

The Convention provides that the Commission shall gather and inter­
pret factual information to facilitate maintaining the populations of tunas 
and tuna-bait fishes at levels which will permit maximum sustainable 
catches year after year. For this purpose, it is authorized to conduct all 
kinds of required scientifi'c investigations, to publish reports on its research 
results, and to recommend, on the basis of its investigations, proposals for 
joint actions by the member Governments to maintain the fish populations 
at levels which will permit maximum sustainable harvests. 

The Commission started its work in 1951 with a small scientific staff, 
which has since been increased las additional financial support has become 
available. When the research was initiated in 1951, very little was known 
about the tropical tunas or the most im'portant bait-fish species, and the 
status of the fishery with respect to the level of maximum sustainable 
yield was 'a wide open question. Although very much remains to be learned, 
the Commission has, after five years of study, a sufficient amount of 
factual information to assess the general status of the ttlna an,d bait-fish 
stocks, and has in operation a program of continuous collection and evalu­
ation of data for assessing the effects of fishing on the stocks. Satisfactory 
progress is also being made on the gathering of information regarding 
the details of the life history, ecology and behavior of the tunas and 
bait fishes which will be required as a basis of conservation measures, at 
such time as the fishery reaches p,roportions where such measures are 
necesssary. 

Program of Inve,siigaiions 

Again in 1955, funds appropriated for the Commission's research work 
have been less than the amount repeatedly recommen'ded as being required 
for the comprehensive program recommended by the Commission to the 
member governments. This has made it impossible to conduct work at sea 
in as extensive a fashion as is desirable. However, a moderate increase in 
funds made available in 1955 has enable'd the Commission to initiate some 
new lines of investigation, and to pursue existing lines of research on a 
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4 TUNA COMMISSION 

more adequate basis. We have, at the same time, been again fortunate in 
being able, through cooperative arrangements with the Scripps Institution 
of Oceanography, to accomplish im'portant investigations at sea from its 
research vessels which would otherwise have been impossible. 

During 1955, the research of the Commission's staff has included the 
following items of study: 

1)	 Collection, compilation and analysis of catch statistics, logbook records 
and related data for tunas and bait fishes. 

a) Continuing routine collection of these kinds of data for measuring 
changes in yield, apparent abundance, and intensity of fishing for the 
tunas and bait fishes. 

b) Analysis and interpretation of historical and current data, from 
1934 to date, respecting changes in yield and abundance, as related 
to intensity of fishing, for the tuna species. 

c) Further preliminary analysis of changes in abundance and yield of 
tuna species by geographic sub-areas. 

d) Analysis of historical records and current data respecting changes 
of apparent abundance, yield and fishing intensity for the more impor­
tant anchoveta populations. Compilation of estimates of total catch 
of all bait species by fishing areas and years, for the years back 
through 1947, for which adequate logbook records are available. 

2)	 Investigations of life history, biology, pop,ulation structure, and 
behavior of tunas. 

a) Continued "market-measurement" program at ports of landing to 
provide information on age, growth and size composition of tunas, by 
geograp,hical sub-areas. 

b) Collection and analysis of morphometric data from tunas measured 
at sea. 

c) Investigations of the schooling habits of tunas important to con­
sideration of possible conservation measures. 

d) Studies of tuna spawning by means of: (1) Examination of gonads 
of specimens when landed at canneries; (2) Distribution of tuna larvae 
in plankton hauls made over the Eastern Pacific in the course of the 
"Eastropic" oceanographic survey in October-December 1955. 

e) Collection of observations on seasons and areas of occurrence of 
juvenile tunas, by scientists aboard commercial vessels and research 
vessels, incidental to other work. 

3)	 Tuna tagging. 

a) Research to develop improved methods of tagging tunas. 
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b) Initiation of a tagging p'rogram to provide data on migration and 
possible population sub-divisions of yellowfin and skipjack tun'as. 

4)	 Oceanography arld tuna ecology. 

a) Analysis of existing data on p,hysical oceanography of the Eastern. 
Pacific. 

b) Participation of staff scientists in a cruise ("Eastropic") aboard 
vessels of the Scripps Institution of Oceanography to obtain new data 
on the physical, chemical and biological oceanography of the Eastern 
Pacific; commen'cement of analysis of materials and data collected on 
this cruise. 

c) Correlation of results of oceanographic studies with the geographi­
cal and seasonal variations in distribution of tunas, measured by the 
results of the commercial fishery. 

d) Investigation of possible means of obtaining continuin'g time series 
of oceanographic n1easurements for correlation with variations in 
distribution and abundance of tunas. 

5)	 Investigations of life history, population structure, behavior and 
ecology of bait fishes. 

a) Continuation of field studies at Panama to provide collections and 
observations for elucidating the life history, biology and ecology of the 
a11choveta population of the Gulf of Panama; continuation of serial 
observations on the hydrograp'hic regime of the Gulf of Panama, and 
its biological effects. 

b) Continuation of field studies in the Gulf of Nicoya, Costa Rica, to 
evaluate results of anchoveta transplantation experiment, to study the 
hydrography of the Gulf of Nicoya, and to provide material for studies 
of other bait species than anchoveta from this area. 

c) Continuation of studies of anchovetas from other areas, based on 
samples provided by tuna fishermen. 

Progress on Investigations 

In July 1955 the ap,propriations for research were increased from 
$116,445 to $198,000 annually. This has made possible more intensive work 
on some lines of investigation already commenced, especially research on 
the biology, life history and ecology of tunas and bait fishes, and hHs made 
possible the inauguration of some new research projects. We have been 
able since July 1955 to employ on our staff an oceanographer and assistants 
to engage in research on physical and chemical oceanography, to employ 
n.ew personnel to initiate work on tuna tagging, and to commence new 
research in biological oceanography. Funds have been budgeted for initiat ­
ing studies of the relationships between meteorology and physical ocean­
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ography, but personnel for this work had not been recruited by the end 
of the calendar year. 

The Commission staff has been able to conduct important work at 
sea aboard vessels of the U. S. fishing fleet. Work at sea aboard research 
vessels during the fall of 1955 was made possible by the cooperation of 
the Scripps Institution of Oceanography, thus accomplishing some of the 
important work recommended by 'the Commission for which funds had 
not been made available by appropriations to the Commission. 

Catch statistics, logbook data, and related information respecting 
operations of the tuna fleet operating from the U. S. ports are collected 
and analyzed by the staff on a 'continuing, current basis. This fleet accounts 
for over ninety percent of the catch of tropical tunas in the Eastern Pacific. 
The total catch of tunas for the entire fishery are compiled with the aid 
of agencies of the United States and other governments. From these data 
it is possible to determine currently the geographical distribution of the 
tunas, the total yield of the fishery, the relative intensity of fishing and 
the apparent abundance of the tunas, Estimates are also obtained of the 
quantities of bait, by species, t1aken in each baiting area, and their changes 
in relative abundance from year to year. From these series of statistics 
compared with comparable statistics from former years, it is possible to 
estimate the current condition of the fish stocks. 

A11alysis of the very large quantity of historical data to provide infor­
mation on the effects of fishing on the aggregate population of each species 
of tuna in the Eastern Pacific was completed during the year, and scientific 
reports on these studies will be completed for publication during 1956. 
As previously reported, these researches indicate that the intensity of 
fishing for yellowfin tuna is sufficiently great to affect their average 
abundance, and that the intensity reached by 1952 and 1953 may be near 
that corresponding to maximum yield. There has been, however, a con­
siderable decrease in fishing -effort in 1954 and 1955, so that the fishery 
is currently below the level of maximum sustained production. With the 
decrease in the intensity of fishing, there has been an increase in the 
abund'ance during these two years, just as was expected from the previous 
interpretation of data for the years through 1953. The abundance of skip­
jack tuna has been shown to exhibit large variations unrelated to intensity 
of fishing. It is indicated that a considerable increase in average yield of 
this species should be possible with increase1d exploitation. 

There have also been carried forward during the past year ad'ditional 
analyses of historical statistieal data on tuna fishing by geographical sub­
divisions, in order to inquire into ,changes in abundance in relation to 
fishing effort and other factors over the years. 

Analysis of historical records of bait-fishing effort and catch for the 
years 1947-1954 has also been brought nearly to 'completion. Particular 
attention has been given to the effects of fishing on the anchoveta popu­
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lations in each of the fishing areas for this important bait species. The 
data indicate that in each area there are sizable variations in abundance 
of anchovetas from year to year, but that these appear to be unrelated to 
amount of fishing effort. It does not appear, therefore, that there is need 
for the establishment of conservation regulations under conditions of. 
anchoveta abundance and fishing intensities which obtained during the 
past eight years. 

The analysis of the dynamics of the tuna fishery of the Eastern 
Pacific has, so far, been based on considering each tuna species in this 
region to be a single biological unit. If, however, one or both species are, 
in truth, separated into several distinct or semi-distinct populations, it will 
be necessary to consider the dynamics of each component population, to 
make possible the maximum harvest fron1 each. The interpretation of 
statistical data from this standpoint cannot proceed further until we know 
something of the existence and geograp,hical boundaries of component 
pop'ulations. The population structure of the tunas is, therefore, perhaps 
the most urgent unsolved problem now faced by the Commission. Research 
on this problem is being pursued along three primary lines: morp,hometric 
analysis, measurement of migration by tagging, and analysis of temporal 
and geographical changes in size-composition of commercial sizes of tunas. 

Morphometric analysis has already demonstrated rather conclusively 
that the yellowfin tunas of the Eastern Pacific are distinct from those 
further to the westward. Data for skipjack are still inconclusive in this 
respect. Morphometric data are bein'g collected also for possible indication 
of sub-pop,ulations within the Eastern Pacific. Although additional data 
of this sort for skipjack were gathered and analyzed this year, they appear 
to be yet inadequate for drawing definite conclusions. Similar d'ata for 
yellowfin are being collected, but more data will be required for profitable 
analysis. 

The most direct way of investigating population structure is by tracing 
migration patterns by means of marked specimens. The California State 
Fisheries Laboratory commenced this approach three years ago, but results 
of this work have provided insufficient numbers of recovered tagged speci­
mens to give even a first approximation to the migration pattern. It appears 
that there is a need to develop improved tagging methods to obtain a 
larger percentage of recoveries, and also to liberate a larger number of 
marked fish, if we are to come to understand the tunas' migrations in a 
reasonably short term of years. The Commission has, therefore, during the 
latter part of 1955 assigned a team of researchers to these endeavors. This 
work is being coordinated with the continuing efforts of the scientists of 
the State Fisheries Laboratory in order to avoid wasteful duplication of 
effort. 

Seasonal and geographical changes in the size composition of com­
mercial sizes of the tunas, gathered over a period of several years, may 
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also yield information on the migration and population structure of these 
species. For this purpose, and others, the Commission instituted in 1954 a 
continuing program of systematic collection of measurements of the lengths 
of tunas in representative samples of commercial landings from all major 
fishing areas, by monthly time intervals. The data so far collected in'dicate 
a sufficient ,complexity of behavior or migration that it will require the 
careful consideration of rather long series of data to arrive at a correct 
interpretation. This program. must be continued for several years to yield 
reliable results. 

Size-frequency data from the market measurement program are also 
valuable for studying other important aspects of the life history and 
biology of the tunas. Since groups of fish often persist in an area for 
considerable time periods, it is possible to determine the rate of growth 
of a size-group by following it from month to month in the samples from 
an area. From knowledge of the rate of growth, the approximate ages of 
the fish in the commercial catch may be inferred. Presently available data 
of this sort indicate that both the yellowfin and skipjack tuna are very 
rapid-growing fish, and that, for each species, the bulk of the commercial 
catch consists of members of only two or three age grou'ps. 

From the joint consideration of size composition of the landings and 
the relative apparent abundance measured by the catch-per-unit-of-fishing­
effort, it should also be possible to determine whether the very large short­
time variations observed in skipjack abundance are due to changes in true 
abundance in the sea, resulting from variations in the size of the incoming 
year-class, or to variations in availability to capture. Several years' data 
will be needed for this purpose. 

Knowledge of seasonal and geographical distribution of spawning of 
each species of tuna is important for several reasons: such information is 
valuable in relation to the interpretation of size frequency data from the 
market measurement program, particularly with relation to the season of 
entry of the entering year class; if spawning is confined to certain areas 
only, or if there are characteristic differences in spawning seasons in 
different areas, these facts provide additional evidence as to population 
structure; information on temporal and geographical extent of spawning 
is of value in assessing the probability of fluctuations in abundance of the 
con1m'ercial stock due to variations in recruitment resulting from variations 
in success of spawning. Therefore, during 1954 there was initiated a study 
of determination of times and places of spawnin'g by study of degree of 
maturation of gonads of specimens in the commercial catch. During 1954 
data were collected from three initial sampling areas, on the basis of which 
there has been developed a rapid, objective method of assessing degree of 
maturity from weight of gonads and size of fish. On the basis of these 
preliminary studies, sampling of commercial landings for determining 
spawning seasons has been extended to additional fishing areas. 
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Additional information on spawning will result from the occurrence 
of larval tunas in plankton hauls taken at over 150 stations in the Eastern 
P'a'cific on expedition "Eastropic" in October-December 1955. Collection of 
juvenile tunas with lights and dipnets at night on this same expedition 
and similar collections from commercial tuna fishing vessels during tuna 
tagging cruises by Commission scientists are of value in this same context. 

It has been indicated by analysis of the historical and current catch 
statistics that the skipjack tuna can probably support a mu'ch greater 
production than has yet been attained, whereas the production of yellowfin 
tuna is probably not far below the maximum sustainable yield. If this 
proves to b,e true, it will be necessary, at such time as the tuna fleet again 
resumes its expansion, to recommend measures for curtailing fishing effort 
on yellowfin while 'allowing the fishing effort for skipjack to increase. 
One of the most important considerations to devising practical measures of 
this sort, is to what degree selectivity can be exercised in the fishing, 
which, in turn, depends on the ,degree to which the two tuna species occur 
in separate schools. Investigation of this has been commenced by two 
methods: (1) Records of the percentage of "pure" schools of each species 
from individual sets of the nets of purse seine vessels (2) Observations by 
our scientists aboard fishing vessels in the course of cruises for other pri­
mary purposes, such as tagging. Preliminary indications are that a large 
percentage of schools are pure schools of a single species, so that selectivity 
in fishing is physically practical. 

The productivity of the tuna populations, and the behavior of the tunas, 
are believed to be in large part determined by the features of their oceanic 
habitat. In order to understand the causes of fluctuations in catch not 
related to intensity of fishin'g, it is, therefore, essential that we obtain 
adequate information on the physical an,d biological features of the oceanic 
environment, which is t'ermed oceanography, and the relationships of the 
tunas thereto, their ecology. Since the habitat of these high-seas pelagic 
fishes is a region of the Pacific Ocean extending from California to Peru 
and offshore several hundre'd miles, studies of this kind involve costly 
operation of seagoing research vessels. The Commission has not been able 
to support the operations of such craft, but it has been very fortunate in 
being able to make an excellent start on this sort of research by partici­
pating in cooperative investigations with the Scripps Institution of Oeean­
ography, aboard vessels operated by that institution with primary support 
from other sources. 

The aecumulated data 011 physical and chemical oceano'graphy, pri­
marily from the "Shellback" expedition in 1952, but also from other sources, 
are being analyzed b'y scientists of the Commission staff and the Scripps 
Institution of Oceanography, and provide a good picture of the general 
circulation in this region of the sea. All of the basic analyses for this 
purpose have been completed and a report on the results is to be published 
in the Bulletin of the University of California in the 11ear future. 
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During October-December 1954, two vessels of the Scripips Institution 
of Oceanography carried out anew expedition, "Eastropic," in the Eastern 
Pacific from California to northern Peru and offshore to longitu,de 120 0 w. 
On this expedition, survey data were obtained from areas not previously 
adequately covered, but primary attention was given to studying details 
of the currents in areas of particular interest, and in making measurements 
of standing crops of organisms at the lower levels of the food chain and 
of the rates of productivity of the primary plant producers, in viarious parts 
of the region. Important information was obtained on the physical proc­
esses responsible for the large standing crops of lower organisms and high 
rates of basic productivity in areas where tuna are caught in large num­
bers by the fishing fleet. From these and other data, correlated with the 
fishing records of the commercial fleet, it appears that the regions of 
con'centration of the tunas correspond with regions where the physical 
processes produce conditions favorable for the production of organisms 
and this, in turn, provides good feeding conditions for the tunas. This offers 
the possibility of obtaining a basis of understanding and forecasting some 
of the fluctuations in tuna catches from knowledge of oceanographic varia­
tions. The further development and 'pursuit of this avenue of investigation 
is an important part of the Commission's research program. 

Studies of the biology and ecology of bait fishes continues to be pri­
marily ,devoted to the anchoveta, CetengrauUs mysticetus, which is the most 
important of the bait species. Study has cOl1tinued of collections made by 
the tuna fleet, as well as collections made by Commission staff members. 
On the basis of these studies the age, growth and spawning seasons for 
each of the major populations are now fairly adequately known. 

At our Panama laboratory studies are being continued on the life 
history and ecology of the important population of anchovetas in the Gulf 
of Panama. During the spawning season in the winter of 1955, special 
efforts were made to collect material to describe the egg and larval stages, 
and to differentiate them from the dozen other species of anchovies in the 
Gulf, which is a necessary prerequisite to surveys to determine temporal 
and spatial distribution of eggs and larvae in the Gulf. 

The high abundance of anchovetas, shrimps, and other marine resources 
in the Gulf of Panama is believed to be due to the upwelling of deep, 
nutrient-rich water during the season of strong offshore win'ds in the 
wint'er and early spring. In order to better describe the physical phenomena 
involved, and to measure the effects on basic productivity, there are being 
made at our Panama laboratory serial observations on the physical, chemi­
cal and biological features of the waters at a fixed station in the Gulf, 
supplemented by surveys over the whole Gulf of some physical factors 
at seasonal intervals. These data, gathereid over several years, rand related 
to the fifty-year series of observations of sea temperature, sea level, and 
meteorological phenomena gathered by the Panama Canal Company, will 
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be employed, together with information on the biology of the anchovetas, 
to obtain a basis of explaining and forecasting variations in the size of the 
anchoveta pop,ulation. As noted earlier, the variations in this bait-fish 
stock appear to be related to environmental phenomena rather than amount 
of fishing. 

Based on collections made by staff members of our laboratory at 
Puntarenas, Costa Rica, a report has been prepared on the taxonomy and 
biology of the Clupeid and Engraulid fishes of the Gulf of Nicoya, which 
include species of secondary importance as tuna bait. 

Continuing observations and collections are being made to estimate 
the increase in the anchoveta pop,ulation in the Gulf of Nicoya an,d to 
obtain material for stu,dying the biology of this species. These data indicate 
that the population resulting from the transplant from Panama in the fall 
of 1953 is continuing to reproduce, and that the size of the population is 
increasing, althou'gh, so far, more slowly' than might have been hoped for. 
Probability of ultimately successful reestablishment of a commercially 
abundant population app'ears good, but no forecast can be made of the 
time required. 

Observations are also being made, at intervals throughout the year, 
on hydrographic features in the Gulf of Nicoya, to be employed in eluci­
dating the ecology of the anchoveta and other bait spe1cies. 

Further details on the Commission's research during 1955 are given in 
a report by the Director of Investigations, attached hereto as Appendix A. 

Publication of r,esearch results 

Two reports were completed during 1955 for publication in our Bulletin 
series. These p'apers, the titles of which are given below, will be off press 
early in 1956. 

Bulletin, Volume I, Number 5-"Observations on the taxonomy, biology 
and ecology of the Engraulid and Clupeid fishes in the Gulf of Nicoya, 
Costa Rica" by C. L. Peterson (English and Spanish). 

Bulletin, Volume I, Number 6-"Studies of the sexual development an,d 
spawning of yellowfin tuna (Neothunnus macropterus) and skipjack (Katsu­
wonus pelamis) in three areas of the Eastern Pacific Ocean, by examination 
of gonads" by M. B. Schaefer and C. J. Orange (English and Spanish). 

In addition to these publications, some papers have been published in 
other journals (see Report of Director of Investigations, page 58). 

International Technical Conference on :the Conservation of the Living 
Reso1urces of the Sea 

Pursuant to a resolution of the General Assembly, there was held 
in Rome from April 18 to May 10, 1955, under the auspices of the United 



12 TUNA COMMISSION 

Nations, an International Technical C011ferenee on the Conservation of 
the Living Resources of the Sea. At the request of the Secretary General, 
Dr. S'chaefer, the Director of Investigations for this Commission, served 
during the preceding winter on a comn1ittee which prepared the agen1da 
for the Conference and arranged for prep,aration of background papers. 
He was invited to prepare the basic paper on "Types of Scientific In­
formation Required for a Fishery Conservation Program, and Types of 
C011servation Measures Applicable in a Conservation Program." At the 
Conference, he was one of the two technical advisers to the United Nations 
Secretariat. 

As an observer for th'e Inter-American Tropical Tuna Commission, Dr. 
Schaefer also presented a paper on the research being conducted by the 
Tuna Commission. 

Annual Meeting 

The Commission held its regular annual nleeting in the City of 
Panama, on July 14, 1955. The following actions were taken: 

1) Ap'proved publication of the Annual Report for the year 1954. 

2) Reviewed research in progress, and discussed and approved the pro­
gram of investigations for fiscal year 1955-1956. 

3) Discussed the resear'ch program required to carry out the Commis­
sion's duties under the provisions of the Convention and the budgetary 
requirements. Recommended to the member Governments for fiscal 
year 19516-1957 a research program requiring a budget of $379,912. 

4) Determined, on the basis of current information on utilization of 
yellowfin and skipjack tuna in the respective countries, that the joint 
ex'pense of the Commission for fiscal year 1956-1957 shall be in the 
following proportions: United States 99.8~); Costa Rica 0.2% or $500, 
whichever is the greater; Pan'ama $500. 

5) Elected Sr. Miguel A. Corro of Panama Chairman and Sr. Lic. Jose 
L. Cardona-Cooper of Costa Rica Secretary for the next year. 

6) Decided to hold a special meeting in Washington, D. C., in March 
1956. 

7) Agreed to hold the next annual meeting in July 1956 at a suitable 
location in Southern California, the date and place to be selected later. 

Due to some augmentation of research funds, it has been possible to in­
crease the scope of the Commission's research program, and to accelerate 
progress on existing lines of investigation, approaching a more nearly ade­
quate program than has been possible in the past. Continued coop,eration of 
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the Scripps Institution of Oceanography and the California State Fisheries 
Laboratory has been of material assistance to the Commission, especially 
the f1acilities for sea-going research provided by the former agency. De­
velopment of the research at sea on a fully adequate basis requires, how­
ever, that additional funds be made available to the Commission. 

While, due to a decreasing amount of fishing during 1954 and 1955, there 
appears to be no immediate need for conservation regulations on either of 
the tropical tuna species, nor on any of the major stocks of bait fishes, it is 
probable that the economic difficulties of the industry will be overcome in 
the next few years, and the growth of the fishery resumed. At such time as 
the intensity of fishin'g rises above the levels previously attained, it is likely 
that recon1mendations for control of fishing for yellowfin tuna will be 
necessary. The Commission is, therefore, carrying forw'ard as vigorously 
as possible scientific investigations to provide the information necessary as 
a basis for efficient recommendations. 

INTER-AMERICAN TROPICAL TUNA COMMISSION 

Miguel A. Carro, Chairman 
Domingo A. Diaz 
Walter Myers, Jr. 
Eugene D. Bennett 
Lee F. Payne 
Gordon W. Sloan 
John L. Farley 
Victor Nigro 
Virgilio Aguiluz 

Jose L. Cardona-Cooper, Secretary 



APPENDIX A 

REPORT ON THE INVESTIGATIONS OF THE INTER-AMERICAN 

TROPICAL TUNA COMMISSION FOR THE YEAR 1955 

By 

Milner B. Schaefer, Director of Investigations 

The research staff of the Inter-American Tropical Tuna Commission is 
engaged, pursuant to the provisions of the Convention, in gathering al~d 

interpreting the factual information required for maintaining the popu­
lations of tunas and tuna-bait fishes at such levels as will make possible 
maximum sustainable catches year after year. This requires investigations 
along a number of different lines, each a part of a comprehensive program 
of study of the biology, ecology and population dynamics of the fish popu­
latiol~s of concern to the Commission, in order to assess the effects both 
of fishing and of natural, environmental factors on these populations. 

The Commission has adopted and repeatedly recommended to th.e 
member governments a research program of adequate scope to meet the 
requirements of the Convention. Due to limitation of appropriations, it has 
not been possible to implement the complete program on a fully adequate 
scale. With an increase in funds during the latter half of the year 1955, 
however, we have been able to commence the development of some lines of 
research previously not possible, and to bring other studies, earlier begun, 
up to a n~ore nearly adequate level of research effort, although financing 
is yet not sufficient for the full support of extensive work at sea which will 
be required for the solution of some of the important problems of tuna 
ecology. 

During 1955, there has been continued on an adequate basis the col­
lection and analysis of catch statistics and related information on the 
operations and results of the fishing fleets, which provide the indispensable 
basis of determining the effects of fishing on the tuna and bait resources, 
and also furnish measurements of the geographical distribution and varia­
tions in abundance of the resources. Increased research effort has been 
directed to studies of the population structure of the tuna species, and to 
investigations of their lif.e history and behavior, with particular reference 
to those aspects which appear to be most pertinent to considerations of 
their pop,ulation dynamics. Investigations of the physical, chemical and 
biological oceanography of the Eastern Pacific, with particular reference 
to the phenomena important to understanding the temporal and geo­
graphical variations in the tuna stocks, have been carried forward, largely 
in cooperation with scientists of the Scrip'ps Institution of Oceanography, 
which provided major facilities for extensive work at sea during the 

26 
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autumn of 1955. This cooperative work has made possible much greater 
progress on understanding the ecology of the tropical tunas than could 
have been obtained by the Commission within its own funds. 

Major emphasis in research on the bait-fishes continues to be placed 
on the anchoveta, Cetengraulis mysticetus, which is the most important to 
the fishery of the several bait species, and appears to be more nearly fully 
utilized than any of the others. Research on the biology, life history, 
ecology, and populations dynamics of the anchoveta, and limited studies 
of other bait species, are conducted both from the headquarters laboratory 
and from regional laboratories in Costa Rica and Panama. 

We wish to again acknowledge our indebtedness to the Scripps Insti­
tution of Oceanography which, by providing office and laboratory space 
to our staff, the use of its facilities, and the advice and assistance of its 
Director and Faculty, has very greatly aided the staff of the Commission 
in all aspects of its research. 

Investigations during 1955 have included the following activities: 

1.	 Compilation of current statistics of total catch, amount and success of 
fishing, and abundance of the fish po,pulations 

Measurements of the ap'parel~t abun'dance of the fish stocks supporting 
the fishery, the magnitude of tl~e harvests being made, and the amount 
of fishing effort required to reap the harvests, are obtained on a con­
tinuing, current basis from the detailed records of the fishery. These data 
provide the basic information for studying the dynamics of the tuna and 
bait-fish resources, and for keeping the Commission and the member 
governments informed regarding their current status in relation to the 
conditions corresponding to maximum sustainable yields. The Commission's 
staff maintains a system of collection, tabulation, and analysis of records 
of total catch of each species from the Eastern Pacific, and information 
from a very large sample of the fishing fleet on amount of fishing effort 
and resulting catches, both of tunas and bait-fishes, by species, geographical 
areas, and seasons of each year. This system of collection and interpretation 
of catch statistics is perhaps the most important phase of our work. 

Statistics of total catch of tunas 

An estimate of the total catch of eacl~ tuna species in the entire 
Eastern Pacific is obtained from compilation of data from a number of 
sources, as described in previous reports. These figures of total production 
are believed to be essentially complete, except for minor quantities con­
sumed in countries other than the United States, for which accurate and 
complete figures are not always available, but these are negligible. There 
are tabulated in Table 1, for the years since 1940, the total landings of 
each species in the Eastern Pacific, and the amount of these that were 
landed in the United States, or transshipped from other countries as 
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TABLE I. CATCH OF YELLOWFIN AND SKIPJACK TUNA FROM THE EASTERN PACIFIC OCEAN 

1940-1955. in millions of pounds. 

Landed in or transshipped frozen to United States Total Catch. Eastern Pacific 

N 01 identified N 01 identified %
 
Year Yellowfin Skipjack by species Tolal Yellowfin Skipjack by species Tolal Yellowfin
 

r-31940 113.9 56.6 170.5 114.6 57.6 172.2 67 q 
1941 76.7 25.6 102.3 76.8 25.8 102.6 75 Z 

>
1942 41.5 38.7 80.2 42.0 39.0 ". 81.0 52 () 

1943 49.3 28.9 78.2 50.1 29.4 79.5 63 0 
~ 

1944 63.1 30.0 1.1 94.3 64.1 31.2 1.1 96.4 66 ~ 

I--f
1945 87.3 33.3 120.6 89.2 34.0 123.2 72 r.n 

rn. 
I--f1946 128.4 41.5 169.9 129.7 42.5 172.2 75 0 

1947 154.8 52.9 207.8 160.1 53.5 213.6 75 Z 
1948 199.8 60.9 0.2 260.9 200.3 61.5 7.3 269.1 76 
1949 191.7 80.6 1.2 273.5 192.5 81.0 9.2 282.7 70 
1950 204.7 126.8 331.5 224.8 129.3 354.1 63 
1951 181.8 118.3 3.7 303.9 183.7 121.1 3.7 308.5 60 
1952 191.3 89.2 2.8 283.3 192.2 90.8 4.5 287.5 68 
1953 138.3 133.6 271.9 138.9 133.7 1.6 274.2 51 
1954 135.0 172.2 0.1 307.3 138.6 173.7 1.5 313.8 44 
1955 135.4 127.1 262.5 140.9 128.0 268.9 52 
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frozen tuna for canning in the United States. Since over 95% of the total 
catch, in recent y'ears, is canned in the United States, these latter figures 
are a good in,dex to total production. 

The catch of yellowfin tuna was nearly as large in 1954 as in the 
p'receding year, despite a rather considerable decrease in fishing intensity. 
The amount of fishing declined even further in 1955, but the catch of 
yellowfin tuna remained as high as in the previous year. This is asso­
ciated with a notable increase in the accumulated stocks of this species, 
as will be shown below. 

Landings of skipjack declined in 1955, both due to the decrease in 
amount of fishing and to a slight decline in apparent abundance. The latter 
is not surprising, since this species has been shown to exhibit large fluc­
tuations in abundance not associated with changes in fishing effort, and 
the apparent abundance in 1954 was the highest on record. 

In consequenee of these changes in yield of the two tuna species, the 
percentage of yellowfin in the landings increased to 52 percent, which is 
still one of the lowest values on record for the modern fishery. 

The major share of the catch of both species is made by clip,pers, using 
live bait to attract the fish, and pole-and-line to catch them. T'he remain­
ing part of the catch is taken by purse-seiners. During 1955, the share of 
the landings of the California fleet which was made by purse-seiners 
increased (as shown in Table 2) to well above the normal value for recent 
years. This is primarily attributed to a strike of cannery workers in South­
ern California during the latter pHrt of the year, which seriously curtailed 
the operation of the clippers, but which had a much lesser effect on the 
purse-seiners, since it came at a time of the year when many of the seine 
vessels characteristically turn to other fisheries. 

TABLE 2. PERCENTAGE, BY SPECIES, OF LANDINGS OF CALI­

FORNIA BASED VESSELS THAT WAS CAUGHT BY CLIPPERS 

Year Yellowfin Skipjack 

1948 81.9 92.3 
1949 86.6 94.1 
1950 80.6 89.6 
1951 90.8 88.7 
1952 82.8 87.2 
1953 73.1 90.8 
1954 85.9 87.8 
1955 77.8 88.8 

Total catch and catch-per-unit-of-effort of each tuna species, for ves­
sels keeping logbooks for the Commission, are tabulated and charte'd by 
geographical sub-division.s of our statistical system, which has been de­



30 TUNA COMMISSION 

scribed in earlier reports. These charts are prepared both on a quarterly 
and annual basis. These provide a means of determining the regions of 
greatest tuna abundance, and shifts in the fishery within and between 
years. 

Measurement of changes in abundance of tunas 

Catch-per-day's-fishing, computed from the logbook records of tuna 
clip'pers, is employed to measure changes in apparent abundance of the 
tunas. The apparent abundance may not be always proportional to the 
true abundance of fish in the sea, because of variations in their availability 
to capture. Over a series of years, however, the variations in availability 
should average out, so that the trends are meaningful in terms of true 
relative abundance. Furthermore, we may sometimes take into account 
ancillary information on environmental changes and changes in the 
behavior of the tuna stocks, and so avoid confusing changes in availability 
with changes in true abundance. 

The average catch-per-day's-fishing is calculated, for each tuna species, 
by six different size classes of tuna clippers. By applying correction factors 
for the relative efficiency of different size classes, we also combine the 
data for different size classes to obtain a single estimate of ap'parent 
abundance of each species in. terms of catch-per-day's-fishing of a size 
class taken as a standard. 

These estimates of ap,parent abundance computed from the logbook 
data, for yellowfin and skipjack tuna for years 1951 through 1955 are 
depicted in Figure 1. With respect to yellowfin tuna, it may be seen that 
the apparent abundance increased markedly for all size classes in 1955. 
The increase was especially large for the two smallest size classes, which 
fish exclusively in the northern part of the range of the fishery, well 
north of the Gulf of Tehuantepec. 

The general increase in ap,parent abundance of this species during 
1955 is associated with a further decline in fishing effort from 1954. The 
increases in aplparent abundance in 1954 and in 1955 are believed to rep­
resent a real increase in the stocks of this species in the Eastern Pacific, 
in response to decreased fishing pressure. Indeed, the quantitative relation­
ships between fishing effort and abundance for these two years are in 
accordance with the expectations from theoretical models of the dynamics 
of the fishery for this species fitted to data of previous years. 

The remarkable increase in catch-per-unit-of-effort for the smallest 
size classes, however, probably represents, in part, increased availability 
in the "local" fishing areas off Baja California, due to the presence of fish 
in these waters somewhat later in the fall than normal. Oceanographic 
data which may explain this variation have not yet been processed. 

This same phenomenon of greater availability on the "local" grounds 
is pTobably also responsible for the slight increase in apparent abundance 
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FIGURE 1. 'Catch-per-day-of-tuna-fishing, by species and 

vessel size class, for clippers, 1951-1955. 

of skipjack measured by the two smallest size classes, in contl-ast to a 
small decline for some other classes. The general apparent abundance of 
skipjack during 1955 was above average. 

1955 Bait catch statistics 

The n1.ajor sl1.are of the catches of yellowfin and skipjacl tunas from 
the Eastern Pacific is made by vessels which use live bait. In 1955, the 
Commission obtained accurate logbook records of the amounts and kinds 
of bait-fish taken by approximately 90 percent of the California-based 
fleet. In order to estimat'e the amounts of each kind of bait taken by those 
vessels for which we do not obtain logbook information, it is assumed 
that the ratio of the amount of each kind of bait used to the quantity of 
tuna caught by such vessels is the same as for those for which we obtain 
complete logbook data. The unknown quantities of bait can then be esti­
mated from the known landings of tuna by such. vessels. These estimates, 
added to the logged amounts of bait, give an approximate total eatch of 
bait for the el1.tire fleet. These estimated totals of the several kinds of 
bait-fish for 1955 are given in Table 3, together with comparative data 
for earlier years. These statistics do not include bait taken by a few very 
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refinement as our research proceeds, they are instructive in showing the 
manner in which the standing crops of yellowfin and skipjack have change,d 
from year to year within certain sub-regions. For yellowfin tuna, w'e find 
the variations in population magnitude for all areas except the most north­
erly fishing grounds to have followed more or less the same downward 
trend in recent years, with partial recovery in 1954. The markedly high 
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density encountered in the area south of 5° N, excluding the Galapagos 
Islands, in 1950 and 1951 was due to the shift in southern limits of fishery 
at that time to newly discovered areas of tuna concentration off the coast 
of northern South America, which produced mostly yellowfin tuna. How­
ever, as the long-range component of the fleet concentrated on this region, 
the abundance of yellowfin was reduced considerably by 1952. Respecting 
skipjack, there seems to be no consistent picture between areas except for 
the fact that skipjack appear to be relatively more abundant at the two 
ends of their range than in intervening areas. This is probably related to 
the habits of skipjack tuna, which are a more temperate water species, 
going further north and further south than yellowfin tuna. The increase 
in ap,parent density of skipjack around the Galapagos Islands and other 
distant areas in the most recent years, is believed to reflect a shift of fish­
ing effort to this species by the longest range vessels, which formerly 
tended to pass by skipjack schools so long as yellowfin tuna were suffi­
ciently abundant. 

3. Compilaiio,n and analysis of historical data on the bait-fishes 

Prior to the initiation of the investigations by the staff of the Com­
mi.ssion in 1951, no records were collected by any agency respecting the 
amounts and kinds of bait-fishes used by tuna vessels. Since 1951, over 
80% of the vessels based on the West Coast of the United States, which 
produce the predominant share of all tuna taken by hook and line in the 
Eastern Pacific, have kept for the Commission detailed records of their bait 
fishing activities, from which it is possible to estimate the total quantities 
of each kind of bait taken by this entire fleet each year. From logbooks 
which had been kept by some vessels during years before this, and which 
the vessel masters have made available to us, adequate information has 
been obtained to make similar estimates for years back to 1946. Prior to 
this, the available data are too few to provide reliable estimates. 

The estimated an10unts of each kind of bait taken by the clippers 
based on the United States West Coast, for the years 1946 through 1955, 
are tabulated in Table 3 and shown graphically in Figure 5. The total 
amount is estimated from the amounts logged in the following fashion: 
the amount of each kind of bait logged by vessels of each size class is 
multiplied by the ratio of the total tonnage of tuna landed by all vessels 
of that size class to the tonnage landed by vessels of the size class for 
which logbook data on bait catches are available. The resulting estimates 
for each size class are then summed to give the estimated total for the fleet. 

It may be noted that the figures in Table 3 differ slightly from data 
previously published in our annual reports. This is because prior to 1954 
in the earlier reports, the multiplying factors for the estimates were based 
on tuna landings for the fleet as a whole, rather than by size classes. Also 
there was a small computing error in 1954 for anchovetas, which has been 
corrected. 
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The data in Table 3 and Figure 5 reflect the post-war developn1ent of 
the fishery. Not only did the total bait catch increase in conformity with 
the increase in tuna landings, but with the reconstitution of the long-range 
component of the fleet, due to return of some vessels from naval service 
and the construction of new craft, there were some shifts in relative 
importance of the species used. The catch of California sardine and northern 
anchovy, which are employed primarily in the fishing areas nearer to the 
ports of landing, increased relatively less, on the average, than the catch 
of anchovetas, which are used to a greater extent in the more distant 
areas. Similarly, the catc11 of Galapagos sardines, also employed in distant 
fishing areas, increased relatively more rapidly until 1954. In 1954 and 
1955, significant quantities of the southern anchovy (or Peruvian "ancho­
veta") were taken, and appear to have, perhaps, replaced in part the 
Galapagos sardine. The latter species is, however, notably variable in its 
apparent abundance from year to year. In 1951, for example, the very low 
catch is known to be due to the scarcity of sardines in Galapagos. 

From the data it may be seen that the bait catch is predominantly of 
only five species:Cetengtaulis mysticetus, Sardinops sagax, Sardinops caerulea, 
Engraulis mordax and Engraulis ringens. As has been noted in earlier reports, 
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the last three species are harvested in much greater quantities by other 
fisheries than that for tuna bait, and ar'e also under study by other agencies. 
Prin1ary attention is, therefore, being given by us to the anchoveta, 
Cetengraulis mysticetus, with some analysis of catch statistics of the other 
species going forward in addition. 

Analysis has been completed of existing statistical data with respect 
to changes in fishing effort, catch, and ap'parent abundance of anchovetas 
in five major baiting areas (Almejas Bay, Guaymas, Ahome Point, Gulf 
of Fonseca, Gulf of Panama). Studies of meristic characters of specimens 
from these locations have, as reported before, indicated that each is 
inhabited by a separate pop1ulation, so they must be treated as separate 
llnits. 

The clip,p'ers not only log the amounts and kinds of bait captured, but 
also the place of capture for each day of fishing. From these data it has 
been possible to derive estimates, for each of these baiting areas, for each 
y'ear since 1946 or 1947, of the total catch of anchovetas, their apparent 
abundance, and the total fishing effort. Total catch is estimated, for each 
area, from the quantity of anchovetas logged from the area, by tIle appli­
cation of correction factors to allow for the catches of those vessels 110t 
keeping logs. These correction factors are based on the tonnage of tuna 
landed by all vessels compared to landings by those vessels which h.ave 
kept logs, as described above. The estimate of app,arent abundance is the 
catch-per-day-of-bait-fishing of the sample of the fleet for which logs are 
available. Just as in the case of tuna fishing, it was discovered that vessels 
of different size classes have different efficiencies, so it has been necessary 
to compute efficiency factors for each class relative to a standard class 
(class IV, of 201-300 tons capacity) based on catch-per-day of vessels of 
different classes when fishing in the same areas during the same years. 
These factors are applied to adjust the catch-per-unit-of-effort of all size 
classes to a standard measurement. Total effort, in terms of number of 
standard day's fishing, is estimated by dividing estimated total catch by 
the standard catch-per-day-of-bait-fishing. 

These measurements for the anchoveta fishery of the Gulf of Panama 
during the period 194,6-54 are shown in Figure 6. It may be seen that, over 
this nine-year period, the fishing effort and the annual total catch have 
increased very greatly. No downward trend in apparent abundance is evi­
dent; indeed there is possibly a slight up1ward trend over the series. There 
appears to be no evidence that the increased effort and cat'ch have affected 
the level of abundance of the population. There are evident, of course, 
sizeable variations in apparent abundance from year to year, but these are 
not correlated with changes in fishing effort. 

Some other areas, for example Guaymas, have exhibited even a wider 
range of variation in apparent abundance of anchovetas than has the Gulf 
of Panama. In no case, however, do th'e data, over the series of years for 
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which they are available, indicate any measurable relationship between 
fishing effort and abundan'ce. It ap'pears, therefore, that, for each of the 
major baiting areas, the variations in pop'ul'ation size are to be attributed 
primarily to natural factors, and are relatively little affected by the 
amounts taken by the fishery at p'resent levels of fishing effort. 

A Bulletin on the analysis of bait-fish catch statistics is in process of 
preparation. 
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4. Researcll on biolo!gy, life hisio,ry, and ecololgy of tunas 

Information respecting the life history and behavior of the tunas, and 
their relationships to the physical and biological features of th'eir environ­
ment, is necessary both in order to properly interpret the data from cateh 
statistics witl~ respect to the effects of fishing on the resources, an,d in 
order to arrive at an understanding of the variations in abundance and 
yield of the populations which are due to variations in other factors than 
amount of fishing. During 1955, the staff of the Commission has been able 
to carry forward, at an accelerated rate, lines of investigation previously 
commenced, and also to initiate some important additional researches. 

Population structure and migration 

The p,roblem of elucidating the population structure of the yellowfin 
and skipjaek tunas is being attacked by three methods: analysis of mor­



42 TUNA COMMISSION 

phometric data, liberation and recovery of tagged specimens, and analysis 
of size composition of the commercial catch. 

Further investigations into th'e racial structure of skipjack, based on 
morphometric analysis, has been carried forward during 1955. Two addi­
tional series of morphometric data on skipjack were collected at sea during 
the year. Mr. Angot, a visiting French. scientist, obtained measurements 
from 75 fish off Costa Rica aboard the California Fish and Game research 
vessel Scofield in May. The second sample consists of 132 fish measured 
off Baja California aboard th.e tuna clipper Viking by a member of the 
Commission's staff in August. 

Comparison of four series now available from within the Eastern Pacific 
region reveals statistically significant differences. There is some indication 
of differences between fish from the Baja California and Central American 
areas, but the analysis is confoun'ded, because the variation between areas 
cannot be estimated apart from possible differences between measure­
ments of different observers. Inasmuch as it is impossible at present to 
determine the significance of the confounding source of variation, further 
sampling, providing estimates of the confounding variation, is necessary 
before inferences as to the intra-regional racial structure can be arrived at. 

A comparison of samples from the Eastern Pacific with samples from 
the Hawaiian region has shown that the differences in body proportions 
of skipjack from the two areas are not significant in relation to the varia­
tion between samples within the two regions. Consequently, any ,differ­
ences, if in fact they do exist, cannot be demonstrated with the present data. 

Morphometric measurements of yellowfin tuna have also been gatl~­
ered during the year from several fishing areas within the Eastern Pacific 
incidental to tagging and other work at sea. No an'alysis of them has yet 
been made, however. 

The problem of population stru'cture may be approached more directly 
by tracing the movements of fishes by means of tagged specimens. With a 
sufficiently large number of liberations and recov'eries of tagged tunas, it 
m'ay be possible to determine whether, as adults, they remain within cir­
cumscribed regions or migrate from one region to another and, in the latter 
case, it may also be possible to estimate the rates at which intermixing 
between different localities occurs. Unfortunat'ely, the tunas, despite their 
size, are quite delicate fish and, until recent years, little success has been 
achieved in developing sLlitable techniques for t'agging them. Scientists of 
the California State Fisheries Laboratory succeeded in 1952 in devising a 
tag which resulted in some recoveries, and have continued to tag both 
yellowfin and skipjack tunas each year since. Some tagged specimens 
have been recovered more than a year after tagging, and movements 
of several hundred miles have been recorded in some instances. T'he data 
are, however, as yet too few to support conclusions as to possible sub­
populations, geographieal boundaries thereof, or rates of intermixing. 
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Because of the very great importance of this problem, the staff of the 
Commission during the latter part of the past year, has commenced a 
new research project directed toward devising improved tags and tagging 
techniques in order to increase the percentage of recoveries. Several types 
of tlags have been tested experimentally on mackerel in tanks at the 
Scripps Institution of Oceanography and at the Marineland of the Pacific 
at Palos Verdes, in order to screen out unsuitable types. Field trials were 
commenced in December of certain types which appear promising, by 
liberating tunas with such tags from fishing vessels at sea. 365 yellowfin 
and 1006 skipjack were tagged between December 1, 1955, and January 
6, 1956, off northern South America. Additional work at sea is going for­
ward as this is written. This work will be vigorously pursued during the 
forthcoming year. 

A third app'roach to the study of mixing of fish between areas is 
through the analysis of the size composition of samples of the commercial 
catch, which also is a basis of investigating growth, mortality, and varia­
tion in year class strength. For these purposes, we comm'enced in the 
summer of 1954 a continuing program of collecting such data in a systematic 
fashion, which is designated the "market measurement" program. 

Investigations based on analyses of the size conlposition of the commercial catch 

The collection of length-frequencies of yellowfin and skipjack tuna, 
in samples of th.e fish landed at San Diego and San Pedro, has continued 
during 1955. This "market measurement" program has as its objectives 
the estimation of growth, mortality, variations in year-class strength, and 
mixing between different fishing areas. 

For purposes of sampling, the fishing region has been divided into 
several sampling areas, based on the average distribution of total catch 
logged by the tuna clippers (Figure 7). 

The program was started in July 1954, but useful data are available 
only for a few months and areas during that year. Sampling has p'roceeded 
very well in 1955 and over 100,000 fish, of both species, have been meas­
ured. Unfortunately, due to the seasonal variation of effort and catch in the 
various sampling areas, it is not possible to collect complete time-series 
in all areas. It appears, however, th:at several of the areas will provide 
data sufficiently continuous for our purposes. 

Because of the large number of fish involved, the data are being 
tabulated bly punch-card techniques under a contract with the International 
Business Machines Corporation. This gives a saving of both time and money 
over manual methods. 

Primary emphasis is being placed initially on the development of 
suitable sampling methods which will provide, most efficiently, represen­
tative samples of the catch. The problem is somewhat complex and suf­
ficient data are not yet at hand to allow a final analysis. 
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Th,e nature of the occurrence of modes in the size-frequencies in the 
landings from different areas indicates that the behavior of both tuna 
species may prove to be quite complex. In certain areas, modal sizes appear 
to persist and progress in a regular fashion over long time periods, while 
in other cases, there is evidenee of rather sud'den transitions. It is hoped 
that, by comparison of the pattern of sizes in different areas, aided by 
clues from tagging results, it will eventually be possible to arrive by this 
means at an understanding of the pattern of movements of fish between 
sampling areas. 

1200 1000 90° 

INTER-AMERICAN TROPICAL TUNA COMMISSION 
MARKET MEASUREMENT AREAS 

1200 110° iooo 900 80· 

FIGURE 7. Sampling areas for the program of "market measurements". 

It does appear that certain modal size groups often persist in an area 
for several months, and remain quite distinct from those in adjacent areas. 
From this it would ap'pear that mixing between areas is certainly not 
rapid and continuous. 

From the size composition of the catch, and the progression of per­
sistent modes in certain areas, it has also been possible to infer that both 
species are quite fast-growing, and the commercial fisherydepen'ds for 
each species, primarily on only two age groups of rather young fish. It 
will, of course, be necessary to accu'mulate data for several years to ascer­
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tain how the size (and age) composition varies from year to year, and so 
arriv'e at some estimate of the variations in year-class strength. 

Spawning and early development of tunas 

As reported last year, a study of the spawning areas and spawning 
seasons of the tunas, based on examination of ovaries from specimens 
sampled from the commercial landings, was commenced in 1954. During 
that year, samples were obtained, during the different seasons, from three 
areas: off the Coast of Baja California, the vicinity of the Revilla Gigedo 
Islands, and off the Coast of Central America. These samples have been 
examined in detail, with p'articular reference to devising methods of objec­
tively judging degree of ripeness without having to measure developing 
eggs from the ovaries. It was found that a "gonad index" computed by 
dividing the weight of the ovaries by the cube of the fish length provided 
quite a good estimator of the size of developing eggs, and was independent 
of fish size. A Bulletin on these studies and on the spawning seasons of 
the two tuna species in these areas, inferred from the material collected 
in 1954, is now in press. 

With a rapid an,d objective method of judging maturity available for 
use, sampling of the commercial catch for detecting spawning seasons and 
areas was continued in 1955 in the three areas studied in previous years, 
and was also extended to include two new areas, on'e off northern South 
America and another consisting of the waters near Galapagos Islands. 
Data from these series of samples have not yet been completely processed. 

Some idea of the geogr1aphical extent of spawning both in the fishing 
areas and in regions farther offshore may be obtained from the occurrence 
of tuna larvae in plankton hauls. During the "Eastropic" expedition (see 
page 47) in October-December 1955, hauls were made at over 150 stations 
between 115° W longitude and the mainl1and and between 30° N latitude 
and 7° S latitude. The fish larvae from these hauls are being sorted at 
present. It will be some time before the tuna material is identified and 
tabulated. 

In the course of oceanographic expeditions an,d tagging cr"uises on 
commercial vessels, small juvenile tunas, which are positively phototropic, 
are also collected by dip net under a light at night. Considerable numbers 
of specimens of the two commercial tuna species, as well as closely related 
non-commercial species are being coll'ected by this means. Over a period 
of time, this material will provide the basis for descriptions of develop­
mental stages of these species, and also give additional information on the 
locations of areas of reproduction of the tunas. 

Aggregation habits of tunas 

Both yellowfin and skipjack tuna are caught in the same region at the 
same times of year. As we have shown above, the yellowfin tuna are much 
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nearer to the point of maximum sustainable yield than are the skipjack. 
It appears probable, therefore, that it may be necessary in the not distant 
future to recommend conservation measures which will curtail the fishing 
intensity on yellowfin tuna while, at the same time, permitting increased 
fishing effort to be applied to skipjack. One important practical question 
in this respect is, whether or not the two species tend to aggregate in 
separate schools so that it is practicable to bypass one species while 
capturing the other. 

One means of studying this has been by the analysis of th'e logbook 
records of purse-seine vessels, in a good many of which are logged the 
results of each individual set of the net. On the presumption that each set 
is made on a single school of tuna, we may then determine what share 
of the schools, and of the catches resulting therefrom, are of only one 
species, and what share are a mixture of the two species. Analysis of such 
data for the years 1954 and 1955 indicates that a large share of the schools 
encountered were of only one species. For 1954, a total of 1010 sets pro­
ducing 12,765 tons included 82.8~!d of sets producing one species only, and 
84.4% of the catch was from such "pure" schools. In 1955, the records of 
1358 sets producing 17,780 tons, indicate that 90.1 of the sets were made 
on pure schools, which accounted for 88.2% of the total catch. 

Similar statistical analyses are not possible for clippers, because the 
results of fishing individual schools are seldom logged. We are, however, 
gathering data on the composition of individual schools encountered by 
clip,pers aboard which our scientists are conducting tagging experiments 
and other studies. These data are yet too few for worthwhile analysis, but 
appear to confirm in general the results revealed by statistical analysis of 
the seiner logbook data, that a high percentage of schools are of only one 
species, or with only a small admixture of tl~e second species. 

Other studies 

In the course of the collection at sea of the foregoing types of infor­
mation, information is also gathered by our scientist, as op,portunity affords, 
on other aspects of the biology and ecology of the tunas. Among these are 
data on the degree to which the tunas tend to school by size, for which 
measurements of the lengths of samples from individual schools are 
taken. Stomach contents are also collected to provide information on the 
feeding habit of these fishes. 

5.	 Inves,figa:l:ion of :the physical, chemical, and biological o,ceanography 
of :the Eas:te'rn Pacific 

Because the tunas are completely pelagic at all stages of life, and are 
capable of moving freely over long distances in the sea, the important 
frames of reference for studying their ecology are the water masses and 
currents of the ocean and their chemical and biological contents. The staff 
of the Commission has carried on studies of these matters in the past only 
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through the assignment of personnel to cruises of research vessels of 
cooperating agencies, primarily the Scripps Institution of Oceanography. 
With some additional funds made available during the latter part of 1955, 
it has been possible to employ on the staff a physical oceanographer and 
necessary assistants, as well as additional biologists, making it possible 
for us to participate to a greater extent in the analysis of data obtained on 
p'ast and future cruises, and also to commence planning for certain special 
types of observations of particular value in measuring variations in the 
oceanic regime which may permit us, eventually, to understand some of 
the variations in the availability of tunas. 

Physical and chemical data from the "Shellback" cruise in 1952, and 
from previous cruises in the Eastern Pacific, have now been quite com­
pletely studied by Dr. W. Wooster of the Scripps Institution and Mr. T. 
Cromwell of our staff. They are in the process of preparing a publication 
which will be the existing definitive work on the descriptive oceanography 
of the Eastern Pacific. 

Additional extensive data on physical, chemical and biological oceanog­
raphy of this region were collected between September and December 
1955 by the "Eastropic" Expedition. This involved the coordinated operation 
of five vessels: Spencer F. Baird and Horizon of the Scripps Institution, 
Hugh M. Smith of the Hawaii Laboratory of the U. S. Fish and Wildlife 
Service, B. A. P. Bondy of the hydrographic office of the Peruvian Navy, 
and the N. B. Scofield of the California State Fisheries Laboratory. Tuna 
Commission personnel constituted part of the scientific group on the Baird, 
and our staff members are un'dertaking analysis of much of the data 
obtained by the two Scrip'ps vessels. Each agency designed its vessel pro­
gram for its own particular interests, but it is expected that, when all data 
are analyzed and reported, they can be considered as a w1101e, resulting in 
better understanding of this oceanic region than could be obtained from 
entirely independe11t operations. 

The work of the Baird and Horizon had two general objectives. One 
was to complement and extend the hydrographic and biological survey 
of the "Shellb'ack" Expedition, and the other was to study special features 
revealed by earlier expeditions. For the first purpose there were occupied 
189 stations at which measurements were made of temperature, salinity, 
inorganic phosphate and dissolved oxygen from the surface to approxi­
mately 1000 meters. These stations, the locations of which are shown in 
Figure 8, include: (a) A survey of the Panama bight, east of the "S,hell­
back" observations, (b) Two simultaneous parallel sections, 300 miles ap,art, 
across the equatorial system, (c) Rep,etition of one of the long "Shellback" 
sections, (d) A section roughly p,arallel to the Central American and Mexi­
can coasts along, approximately, the 1000 fathom depth contour. It is 
believed that when these data are completely p,rocessed and interpreted, 
we will have an adequate understanding of the general circulation of the 
region. It is, therefore, believed that, in the future, exploratory' survey 
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work will be less profitable than intensive studies of special areas and 
phenomena within the region. 

In order to further our knowledge of the distribution of biological 
properties w'hich are of importance to the ecology of the tunas, observa­
tions of several kinds were made during "Eastropic." At nearly all sta­
tions on both ships measurements were made of the standing crop of zoo­
plankton by oblique hauls from 300 meters to the surface. Measurements 
were made daily on the Baird of the stan,ding crop' of phytoplankton in 
the surface waters, by measurements of chlorophyll. Observations were 
made, in different places, of the rate of basic produ'ction by the determina­
tion of uptake of radioactive carbon by phytoplankton. These observations 
confirm and extend the results of the "Shellback" observations that certain 
areas are characterized by large populations of organisms, due to the nature 
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of the oceanic circulation, and that these regions correspon,d in general 
with the regions from which the largest harv'ests of tunas are taken. 

In order to learn more about the physical and biological processes in 
particular areas, detailed studies were made of the Equatorial Counter 
Current, the thermal anticline off Central America, the Equatorial circu­
lation in'cluding the Undercurrent, and the north edge of the' Peru Current. 

Twenty-eight ship days were spent in the Equatorial Counter Current 
to study the current structure with depth by direct measurements, and 
to study variability of surface currents. 

Off the coast of Central America and extending along the northern 
boundary of the Counter Current is a large area characterized by a sltrong, 
very shallow thermocline (a "thermal anticline"). In this region there is a 
high concel~tration of plant nutrients below the thermocline, but this 
extends well up il~to the zone where there is adequate ligl~t for photo­
synthesis. C·hlorophyll determinations and measurements of radiocarbon 
uptake in situ in this area demonstrated large standing crops of phyto­
plankton and high rates of basic productivity below the thermocline as 
well as above. This oceanographic feature, by which nutrients are brought 
to the photosyntheti'c zone not by upwelling, but by the distribution of 
mass, is app,arently what supports the large population of tunas encoun­
tered by the fishery in this region. 

A study of the currents on the eqtlator was made both by conventional 
methods and by the use of parachute drogues. The strong, easterly-flowing 
Undercurrent was found beneath the westerly-flowing South Equatorial 
Current on crossings at 115° W longitude and 110° W longitude. It was not 
present east of Galapagos Islands at 83° W. Further studies to determine 
the extent and structure of the Undercurrent, and the nature and location 
of its eastern terminus may be important to full understanding of the 
tuna aggregations near the Galapagos. 

Physical, chemical and biological data from this expedition are being 
processed by our staff in cooperation with scientists of the Scripps Insti­
tution. It is expected that more rapid progress \vill be made than on the 
"Shellback" data as a result of the increased capabilities of the Ttlna 
Commission in providing personnel for this work. 

The oceanographic investigations of the Commission have, so far, been 
primarily directed toward understanding the general pattern of tl1e cir­
culation of the Eastern Tropical Pacific, and the biological effects thereof. 
This is, of course, a necessary foundation for more detailed stu'dies direoted 
toward the temporal variations which may be responsible for temporal 
variations in the abundan'ce and availability of the tuna stocks. We need 
now, however, in addition, to begin gathering data on a serial basis to 
provide means of study of temporal variations. Toward this end, we have 
recently commen'ced investigating the possibility of o'btaining information 
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on a continuing basis by means of sea temperature recording equip,ment on 
tuna vessels, and by means of automatic instr"uments on fixed stations on 
outlying islands. 

The future program of the Commission also includes investigating the 
relatiol~ships between meteorological phenomena and variatiol~s in the 
oceanic circulation. Since the circulation of the up'per layers of the ocean 
is primarily driven by the winds, it may be possible by this means to 
utilize tl~e vast quantity of meteorological data being collected routinely 
by many agencies to achieve some understanding of the fluctuations of the 
tuna fishery on the basis of such data. It must be understood that this is a 
completely new type of research and, as an exploration into a new field of 
knowledge, the procedures and methods cannot be specified in advance. 
It is hoped to be able to commence this line of study with tl~e addition of 
a research meteorologist to the staff during the forthcoming year. 

6. Investigations of the biology, ecology and life history of bait-fishes 

Investigations during 1955 continued to be directed almost exclusively 
to the anchoveta (Cetengraulis rnysticetus), because it is, as noted before, 
the only one of the important bait species for which the fishing effort by 
tuna vessels can possibly be sufficiently great to constitute a conservation 
problem. Data on other species continue to be gathered incidentally to the 
studies of the anchoveta. 

Important aspects of the life history of the anchoveta in each of the 
major baiting localities are being investigated by the study of samples 
collected by the tuna fleet. Detailed field studies are being conducted from 
our laboratories in Costa Rica an,d Panama on the populations of the Gulf 
of Nicoya and Gulf of Panama, respectively. 

Studies, completed and reported previously, of meristic characters 
of anchovetas from each of the major baiting areas indicated that each 
area had a population distinct from the others, with little or no inter­
mixing between them. T'hese inferences from m'orphological evidence need 
to be verified by tagging experiments, but these are dependent on suitable 
tagging techniques, which we had hoped to develop and verify in the 
Gulf of Panama during 1955. Unfortunately, possibly due to the lack of 
bait fishing in Panama during the latter part of the year, following libera­
tion of some 13,000 tagged fish from our research vessel there, only one 
recovery was made, so we are yet not certain of the efficien'cy of the tag 
and tagging method. Similarly, an experiment of holding tagged specimens 
in a live box to measure mortality and tag-shedding rates was interrupted 
by destruction of the equipment in a storm. It was determined that the 
initial handling and tagging mortality is high, approximately 50%, but 
that subsequent mortality is probably not greater in the tagged fish than 
in untagged controls. Shedding rate could not be determined, because of 
the accident referred to. These experiments will be repeated in 1956 with, 
it is hoped, better success. 
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Collections of anchovetas made by the tuna fleet, supplemented by 
our own extensive collections in the Gulf of Panama, p,rovide information 
on the age, rate of growth, and spawning seasons. Information on spawn­
ing seasons is, however, not yet IcompIete for some localities because sam­
pIes are not available throughout the entire year, due to the fact th.at they 
are frequented by the tUl1.a fleet during only those seasons when tuna 
fishing is productive il~ adjacent sea areas. 

By following the temporal progression of modal size classes from 
length-frequency measurements of the samples, it has been determined 
that, in all areas, this species grows very rapidly, and is short lived, 
although longevity appears to vary somewhat in different areas. In the 
Gulf of Panama, the young anchovetas are hatched during the spawning 
season in late October to early January. In two months the young attain a 
standard length of 30 mm., by six months they average 115 mm., and at 
the end of a year they average about 130 mn1., at which time they reach 
sexual maturity and spavvn. At two years old, specimel~s reach an average 
size of about 150 mm., w11ile at three years tl1ey average about 160 mm. 
Extensive samples from the Gulf of Panama indicate that less than 5% of 
the catch is of fish over one year old, and less than 1% of fish are over 
two years old. Among over 10,000 specimens examined from tUl~a-boat 

catches, only 20 were larger than 165 mm. In Figure 9 is ShOWl~ the age 
and growth of this species in the Gulf of Panama based on tuna-boat 
samples from 1951-1955. 

Rate of growth in other areas appears to be quite similar to that in 
the Gulf of Panama. In some localities, as for example Guaymas in the 
Gulf of California, however, the mortality rates ap!pear to be lower than 
in Panama, because an ap'preciable share of the catch is composed of fish 
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in their second and even third year of life. The percentage of older fish 
in the catch will, of course, be expected to vary from year to year depend­
ing on the relative abundance of successive year classes. 

Spawning seasons are determined by examination of gonads. In the 
Gulf of Panama, during most of the year, the gonads are in a resting stage 
and are, th'erefore, so small as to be all but invisible to the naked eye. In 
August development can be detected, and by the latter part of October 
the ovaries of the females reach their maximum size. Fully developed 
ovaries are prevalent through November, and by the middle of December 
spawned out individuals are found. Th'e spawning season is, essentially, 
over by the e'nd of December, although a few ripe specimens are found 
into January. It appears that the larger (and older) fish mature sexually 
earlier in the season than smaller individuals. 

Other major baiting areas are not as "veIl represented by samples 
through the entire year as is Panama, but sufficient samples are now 
available to determine approximately the spawning seasons in most of 
them. In the Gulf of Fonseca, there is a progressive sexual development 
of the pop,ulation from May to late August or early Septemb'er, at which 
time sp,av/ning 'begins. It continues, apparently, through March, although 
in some years it may terminate earlier. At Guaymas, sp,awning ap'parently 
begins in July and continues at least through September. The po'pulation 
at Ahome Point appears to spawn at the same time as the one at Guaymas. 
While vve do not have collections from Almej as Bay for the summer 
months, the tuna boat collections for other months indicate that spawning 
occurs in the summer, sin'ce young fish (50-90 mm.) appear mostly in the 
fall and early winter. 

Late in 1955, we were able to assign a staff scientist full time to the 
complex problem of identifying the eggs and larvae of the anchoveta, and 
distinguishing them from those of the numerous other an'chovy and 
herring-like species which occur in common with the anchoveta. This 
problem requires to be solved in order that w'e may determine the geo­
graphical and temporal distribution of th.e adults during sp,awning, and 
of the yOllng during their early stages, from the occurren,ce of eggs and 
larvae in p,lankton tows. Its solution is also a prerequisite to examination 
of Ithe plankton samples for eggs and larvae of the anchoveta which were 
collected from the Gulf of Nicoya after the transplantation experiment 
in October 1953. 

Series of developmental stages of the anchoveta and related species 
are being built up in order to recognize the identifying characters of each. 
We are workin'g backwards from juveniles of 25 to 35 mm., which are 
fairly easily identified, and are hoping to work forward from the egg, 
in an effort to complete the identification of the stages between. Initially, 
the study is concentrated on the advanced larvae, early juveniles and 
planktonic eggs. The material is being collected from the Gulf of Panama. 
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Attempts to artificially fertilize eggs of the anchovetas and raise the 
hatched larvae to perhaps ;) mm. failed this year, but will be attem,pted 
again in 1956. SuC'cessful artificial fertilization would be most valuable in 
the identification of the fertilized egg and early larval stages. 

Investigations in the Gulf of Panama 

Field work began in the Gulf of Panama in November 1954, so that 
1955 was the first full year devoted to investigations at the Panama Lab­
oratory. Purposes of the stlldies at this laboratory are: (1) Elucidation of 
the life history and ecology of the pop,ulation of anchovetas in the Gulf of 
Panama as a basis for investigating the effects of fishing and natural fac­
tors on the resources, and, (2) Investigation of the effects of seasonal 
upwelling in the Gulf of Panama on the basic biological productivity, and 
correlation of this with the variations in the anchoveta population. 

Collections of anchovetas were made throughout the year to supple­
ment the material collected by tuna boats for the study of age, growth 
and spawning. During the spawning season net tows were made with 
plankton and larval n'ets at frequent intervals in many parts of the Gulf, 
in order to obtain eggs and larvae of the anchoveta and of other sp,ecies 
of anchovies, for studies of early life history, and to provide material for 
eventual determination of the geograp,hical and temporal distribution of 
the adults during spawning and the young ,during early stages of life. 
A standard half-meter plank~ton net of 40 xxx sil'k grit gauge with a 56 xxx 
bag is used to collect eggs and half-meter net made of nylon with 1-mm. 
apertures is employed to catch larvae from approximately 10 to 20 mm. 
A 'cast net is used to capture fish of 30 mm. or larger. So far, we have had 
no success catching anchovetas b'etween 20 and 30 mm. The few specimens 
obtained in this range have been taken from stomachs of mackerel. 

Eggs and larvae of the tropical anchovies develop rapidly. Usually, 
the eggs 'hat1ch in 24 hours. 'ro obtain samp,les of the various stages during 
the intial period of developn1ent, stations were occupied every two hours 
during twenty-four hour periods, to make net tows for eggs and larvae. 
These stations were run several times during the sp'awning season. The 
material has not yet been identified. 

T'he marking of anchovetas by tagging occupied the staff at Panama 
during the spiring months. lJnfortunately, as noted before, results of these 
tagging experiments were inconclusive and require to be repeated. 

The large pop,ulation of anchovetas, the extensive s4rimp resources, 
and other plentiful marine resources of the Gulf of Panama, are believed 
to be the result of unusuall:y high productivity of the area, due to intense 
upwelling which occurs bet'ween November and April. 

During this season, the inlcreased frequency and force of the winds 
from the north drive t'he surface water offshore, and it is rep,laeed by 
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colder, more saline water upwelling fron1 deeper layers offshore. The deep 
water brought to the surface is rich in nutrient salts, particularly p'hos­
phates, which fertilize the eup,hotic zone. This supports abundant growth 
of phytoplankton, the mi1croscopic plants on which the organisms higher 
in the food c11ain depend. 

In order to study in some detail the upwelling phenomena and the 
biological effects thereof, we are taking, twice each month, a series of 
p'hysical, chemical and biological observations at a station situated 10 miles 
southwest of Taboga Island. Temperature of the water from the surface 
to the bottom is measured, and water samples are taken at several depths 
for determination of salinity, oxygen, p,hosphate, and particulate iron. 
Standing crops of p,hytoplankton and zooplankton are measured by means 
of quantitative net hauls. Rate of phytoplankton production is determined 
by measuring the uptake of carbon, using radioactive carbon as a tracer. 
Data of these sorts taken over a few years are expected to lead to an 
understanding of effects of variations in upwelling on the basic biology 
of the Gulf, to be correlated with variations in the anchovetas, on the 
one hand, and, on the other, with measurements of meteorological and 
hydrograp,hic phenomena made by the Panama Canal Company at Balboa. 
The Canal Company has a fifty year record of sea temperature, sea level, 
and various meteorological observations which, with an understanding of 
their relationships to upwelling phenomena in the Gulf, provide a rather 
unique series of data for possible use in understanding the fluctuations 
in the anchovetas and other fishery resources in the Gulf of Panama. 

Figure 10 illustrates some of the physical features related to the 
upwelling. The chart covers the period from December 1954 through 
December 1955. The upwelling process, which is produced by the northerly 
Winds, was already started at the beginning of this period, reached its 
greatest intensity' about mid-March and terminated in late April or early 
May. In the bottom panel of this Figure is shown the mean daily yelocity 
of winds at Balboa from the northern and southern sectors. It may be seen 
that, during the period referred to, the winds are almost steadily from the 
north. The stress of these winds on the sea surface results in the surface 
water being transported offshore. This water, which is warm and of low 
salinity, is replaced by deeper water from offshore which has a low 
temperature and high salinity. In the top two panels are shown the changes 
in vertical distribution of temperature and salinity at the station southwest 
of Taboga Island, based on the two-weekly hydrographic observations, 
which clearly illustrate this. In the third panel from the top is shown a 
similar chart for changes in vert~cal distribution of oxygen content. The 
very low oxygen content of water below about 20 meters, associated with 
the low temperature and high salinity, during the period of intense upwell­
ing, is additional evidence that this is deep water from offshore. Also 
shown in this chart are the daily mean temperature of the sea at three 
feet below the surface at Balboa, froni the thermograph of the Panama 
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Canal Company, and the daily mean sea temperature for a similar depth 
at Taboga Island from a thermograph maintained during part of the year 
by our laboratory. The effect of up'welling on the sea temperature is clearly 
evident. An additional phenomenon associated with this process is the 
depression of the sea level inshore, as shown by the mean monthly sea 
level from the tide gauge at Balboa. It may be seen that during the month 
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FIGURE 10.	 Meteorological and oceanographic data from the Gulf of Panama, 
December 1954-December 1955, illustrating some of the effects of 
upwelling during the season of northerly winds. 
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Publication of re's,earch results 

During the initial years, the efforts of the staff were directed almost 
exclusively to the collection and study of data. As the quantity of data 
on the several lines of investigation accumulates, it is necessary to spend 
an increasing share of the time on the equally important activity of sum­
marizing the results for publication, in order tl1at they may be useful to 
the member governments, the scientific world, the fishing industry, and 
the general public. 

The Commission publishes scientific reports by its staff members and 
by scientists of other agencies in its "Bulletin." There were con1pleted 
during 1955 two publications for this series, the titles of which have been 
given in the Commissioners' report (p. 11). 

The staff of the Commission also publishes in other journals. Three 
such contributions were published during the year: 

8. Schaefer, M. B. 
1955	 Aspects of 1955 Inter-American Tuna researches.
 

Pacific Fisherman Yearbook, Jan. 1955, pp. 133-137.
 

9. Schaefer, M. B. 
1956	 The scientific basis for a conservation program. 

Papers of the International Technical Conference on the Con­
servation of the Living Resources of the Sea, United Nations, 
N. Y., Jan. 1956, pp. 14-55. 

10. Schaefer, M. B. 
1956	 Scientific investigation of the tropical tuna resources of the 

Eastern Pacific. 
Papers of the International Technical Conference on the Con­
servation of the Living Resources of the Sea, United Nations, 
N. Y.,	 Jan. 1956, pp. 194-221. 




