INTER-AMERICAN
TROPICAL TUNA COMMISSION

ANNUAL REPORT

FOR THE YEAR

1956

COMISION INTERAMERICANA
DEL ATUN TROPICAL

INFORME ANUAL

CORRESPONDIENTE AL ANO

1956

La Jolla, California
1957



CONTENTS INDICE

Annual Report of the Commission (Versién en inglés) ... 3-16
Informe Anual de la Comisién (Spanish version) ... 17-32
Appendix (Versién en inglés)
A. Report of the Director on the investigations during

the year 1956....... ... .. ... : : 33-70

Apéndice (Spanish version)

A. Informe del Director sobre las investigaciones efectuadas
durante el ano 1956............... ... ... 71-112



REPORT OF THE INTER-AMERICAN TROPICAL TUNA COMMISSION
FOR THE YEAR 1956

The Inter-American Tropical Tuna Commission has completed its
sixth full year of investigation of the fisheries for the tunas and tuna-bait
fishes in the Eastern Pacific Ocean adjacent to the shores of the Americas,
under a Convention to which Costa Rica, Panama, and the United States of
America are signateries. Under the provisions of the Convention other na-
tions having an interest in these fisheries may adhere, and participate on
an equal basis, by exchange of correspondence with the present members.

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 to be made year after year. To this end it is authorized and di-
rected to conduct various kinds of scientific investigations, to publish re-
ports on the results thereof, and to recommend, on the basis of such studies,
proposals for joint action by the member governments to maintain the fish
populations at levels which will permit maximum sustainable harvests.

During the past six years, the Commission has employed an interna-
tional scientific staff which has energetically prosecuted investigations to
elucidate the life history, biology and ecology of the tunas and of the im-
portant bait-fishes, and to determine the effects of fishing and of natural
factors on the abundance of their populations and on the harvests which
can be obtained from them. The staff has in continuous operation a pro-
gram of collection and evaluation of basic statistical and biological data for
assessing the abundance of the fish populations, and the effects upon them
of changes in the amount of fishing effort. Although it appears that con-
servation regulations are not yet required for any of the major populations,
the potential fishing power of the fleets is continuously monitored so that
the Commission may be able to anticipate the need to make pertinent
recommendations whenever there is imminent fishing effort in excess of
that corresponding to maximum sustainable catch. Much research is being
done on those aspects of the biology and behavior of the tunas, knowledge
of which is required for effective and efficient conservation recommenda-
tions when needed.

Program of Investigations

A further increase in research funds during 1956 has made possible
more rapid progress on the investigations already commenced and has
made it possible to initiate additional research. The staff is now engaged in
all of the various lines of inquiry required to provide the data needed by
the Commission to carry out its obligations under the Convention.

Much of the Commission’s research is conducted in cooperation with
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scientists of the Scripps Institution of Oceanography, which makes possible
more comprehensive studies at a lower cost than could otherwise be ob-
tained. The Commission’s staff also maintains liaison, and cooperates to
mutual advantage, with other governmental and international research
agencies in the Eastern Pacific, such as the California State Fisheries Lab-
oratory, Laboratorio Nacional de Pesca of Panama, Consejo de Investiga-
ciones Hidrobiologicas of Peru, and others.

During 1956, the research of the Commission’s staff has encompassed

the following activities:

1)

2)

Collection, compilation, and analysis of catch statistics, logbook rec-
ords, and related data for the tunas and baitfishes.

a) Continuing routine collection of such data for measuring changes
in yield, apparent abundance, and intensity of fishing for the tunas
and baitfishes.

b) Completion for publication of reports on analyses of historical series
of catch statistics for tunas and baitfishes.

c) Analysis of data respecting tuna catches by geographical and
seasonal sub-divisions.

d) Investigation of concentration of fishing effort in relation to aggre-
gation of tunas, in order to study variations in tuna distribution, and
to develop improved indices of abundance.

e) Further development of mathematical models and their application
to the tuna fishery, to provide estimates of the quantitative relation-
ships among fishing effort, abundance and sustainable average catch.

f) Study of the relationship between intensity of fishing and the size
composition of the yellowfin tuna population as revealed by the pole-
sizes of fish logged by vessel masters.

Investigations of life history, biology, population structure, and be-
havior of tunas.

a) Continuation of market measurement program at San Diego and
San Pedro to provide data on size composition of the catches by geo-
graphical sub-areas and seasons; collection of supplementary data in
northern Peru.

b) Biometric studies of yellowfin and skipjack based on measure-
ments at sea of freshly-caught specimens.

¢) Studies of aggregation habits of tunas.

(1) Investigation of aggregation by species based on analysis of
logbook records of individual ‘“sets” of purse seiners, and on
records of species composition of schools encountered by bait-
boats, made by our scientists aboard.
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(2) Investigation of aggregation by size, through collection of data
on size composition of individual schools by our scientists
aboard commercial vessels.

d) Studies of tuna maturation and spawning in different sub-areas,
based on examination of the gonads of specimens landed at U. S. ports
and at ports in northern Peru.

e) Studies of planktonic eggs and larvae of tunas based on material
collected on cruises of research vessels.

f) Observations, by scientists aboard commercial fishing vessels and
research vessels, of seasons and areas of occurrence of juvenile tunas.

g) Studies of food-habits of tunas based on collections of stomach
contents, incidental to other operations at sea.

h) Studies of geographical variations in standing crops and produc-
tivity of organisms at the base of the food chain, and the relationships
thereof to the regions of concentration of the tuna populations.

Tuna tagging to study migrations and rates of exploitation.

a) Further development of improved tags and tagging techniques.

b) Institution of a continuing program of tagging from commercial
vessels sailing from U.S. ports at all seasons of the year.

c) Initiation of tagging throughout the year from vessels based at
ports in northern Peru.

Oceanography and tuna ecology.

a) Analysis of existing data on physical and chemical oceanography
and meteorology to describe the general circulation of the Eastern
Pacific, and to elucidate seasonal and annual variations.

b) Investigation of variations in standing crops and productivity of
organisms at the lower end of the food chain, and their correlation
with physical and chemical factors, with particular reference to pro-
cesses in areas of tuna concentrations.

¢) Investigations toward the characterization of water masses by
indicator organisms.

d) Further investigation on the obtaining of useful sea temperature
data from equipment aboard commercial fishing vessels.

e) Commencing establishment of instruments for obtaining continu-
ous sea level and sea temperature records at outlying islands.

f) Participation in planning oceanographic studies in the Eastern
Pacific during the International Geophysical Year which are of interest
to our research program.
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5) Research on life history, population structure, behavior and ecology of
baitfishes.

a) Continuation of field studies of biology, ecology, and life history of
the anchoveta stocks of the Gulf of Panama; continuation of serial
observations on the hydrographic regime of the Gulf of Panama and
its biological effects.

b) Continuation of field studies in the Gulf of Nicoya, Costa Rica, to
keep track of the anchoveta population, to study the hydrography of
the Gulf of Nicoya, and to provide material for studies of other bait
species from this area.

c¢) Continuation at headquarters laboratory and at the regional labo-
ratories of studies of the reproduction and early life history of ancho-
vetas and related species; further investigations at headquarters labo-
ratory of racial characteristics, age, growth, and spawning seasons of
anchovetas in the several baiting areas.

d) Field collections from areas other than Panama and Costa Rica to
supplement material collected by the tuna fleet.

Progress on Investigations

We are pleased to be able to report that in July 1956 appropriations
were increased to essentially the full amount deemed necessary for the
development of the complete and well-rounded program of research re-
quired to fulfill the duties of the Commission specified by the Convention.
In consequence, the existing lines of investigations are being brought up
to the scheduled scope and there have been initiated additional inquiries
which were formerly incapable of being undertaken. With the additional
capabilities of the research staff, it has been possible to complete the an-
alysis of much of the data previously collected and to prepare reports on the
results. The sea-going phases of the research have been greatly expanded.
The staff is engaged in extensive studies of tuna migrations, schooling
habits, and other aspects of their life history and behavior, from com-
mercial fishing vessels. Progress is being made on collection of useful
physical oceanographic data from commercial fishing craft. Additional
studies have been made from research vessels, and plans have been com-
pleted for further work from such vessels during the early part of 1957.
Work at sea from research craft continues to be conducted very largely in
cooperation with the Scripps Institution of Oceanography, which is mutu-
ally advantageous from both the financial and scientific viewpoints. In the
fall of 1956 it became possible to initiate investigations on a continuing
basis from ports in northern Peru, through the cooperation of the Peruvian
Government in permitting us to station there one of our staff scientists
who, with the aid of locally-employed personnel, is conducting tuna tagging
and the collection of some data on the biology of the tunas in nearby waters
throughout the year.



ANNUAL REPORT FOR 1956 7

A very important part of the Commission’s research is the continuous
assessment of the abundance of the fish populations and the intensity of
fishing to which they are subjected. This is accomplished through the col-
lection and analysis of catch statistics, logbook information, and related
data on the details of the fishing operations and results of the fleets of
vessels operating from U.S. ports, supplemented by some similar data from
vessels operating from ports on the west coast of Latin America and from
Puerto Rico. The total catch of tunas for the entire fishery is compiled
each year with the aid of agencies of the United States and other govern-
ments. KEstimates are also obtained of the quantities of each species of
baitfish taken from each baiting area, and their changes in relative abund-
ance from year to year. From these series of data, compared with similar
data for previous years, it is possible to estimate the effects of fishing on
the fish stocks, and their current condition.

Analyses of the historical series of data for the skipjack tuna indicate
that the levels of fishing effort so far attained by the fishery for this species
have bzen insufficient to exert any pronounced influence on the average
abundance of the stocks. There are fairly large variations in apparent
abundance, but these are not correlated with the fishing effort and must,
therefore, be due to other, natural, factors.

Yellowfin tuna, on the contrary, are subject to a sufficiently high
fishing intensity markedly to affect their abundance. By 1952 and 1953 the
fishing effort for this species had reached a level not very far below the
level which the staff estimates to correspond to maximum sustainable
catches from the aggregate of all stocks of this species in the Eastern
Pacific. In 1954, however, due to economic factors, there was a sharp drop
in fishing effort, which declined even further in 1955.

Fishing effort for both tuna species increased somewhat during 1956,
since, with the partial solution of some of the economic problems, vessels
were able to operate more freely than in the previous year. The potential
fishing power presently available appears, however, to be insufficient to
make overfishing possible even with full operation. Since very little new
vessel construction is in progress, it is anticipated that this situation will
remain unchanged during the next year at least.

Analysis of available historical statistical data on baitfish catches has
been completed for publication. For the anchoveta, the most important of
the bait species, data on changes in fishing effort and catch have been ex-
amined for each major baiting area, from which it was concluded that the
rather large year-to-year variations in abundance observed in different
areas are due to factors other than fishing effort, over the range of fishing
intensities observed. With the decrease in total fishing effort during recent
years, the utilization of the bait resources has, correspondingly, trended
downward. During 1956, when the tuna fishery was relatively more pro-
ductive in the northerly areas off Mexico, the utilization of northern an-
chovy and herrings increased.
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Effects of the fishery on the population of yellowfin tuna, inferred
from data on the changes in catch-per-unit-of-effort, have been confirmed
by study of changes in the size composition of the catches, measured by
the pole-sizes of fish logged by vessel masters, from 1947 through 1955.
The percentage of smaller fish (one-pole) in the catches increases with in-
creasing fishing effort, reflecting the increased mortality rate due to in-
creased fishing.

As is well known, neither the tuna populations nor the fishing effort
are evenly distributed over the Eastern Pacific. The tunas tend to be con-
centrated in certain geographical areas, the locations of these areas and
the degree of concentration in them varying seasonally and from year to
year. The fishermen attempt, of course, to conduct their fishing on such
concentrations, but their average success in doing so varies from year to
year. In order to arrive at improved indices of abundance, and in order also
to obtain understanding of the seasonal and annual variations in the ag-
gregation habits of the fish and the fishermen, investigations are in pro-
gress based on the study of the geographical distribution of catch and effort
by seasons and by years. This should lead to measures of tuna abundance
in terms of density per unit area of sea surface, discounting the effect of
variable success of the fishermen in concentrating their efforts on concen-
trations of tunas.

As has been noted in earlier reports, a particularly important problem
is the population structure of the tuna stocks, that is the question to what
extent each species in the Eastern Pacific is represented by sub-populations,
and the degree to which such sub-populations are independent of one an-
other. This is proving to be a difficult task, partly because of the technical
difficulties involved, but primarily because it appears that the population
structures of the tuna species are complex. Evidence from the current re-
searches indicates that the population of the commercial sizes of each
species is not composed of a single, homogeneous, rapidly-intermingling
group of fish. At the same time, it is improbable that these populations are
divided into completely distinct, self-contained, sub-populations, since, from
tagging results, and from other lines of research, there is evidence of inter-
mingling. In order to obtain a clear understanding of the nature of the
population structure of each tuna species will require, therefore, the inte-
gration of information from a number of different lines of research.

Analysis of morphometric data for both yellowfin and skipjack tuna,
while not yet completed, indicates that there is some heterogeneity among
samples from different areas within the Eastern Pacific, indicating that the
mixing of fish from different areas is at least incomplete. Since we are
dealing with rather small measurement differences, and there are various
possible sources of sampling error, the results are not completely clear.
Additional data and analyses will be required.
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Investigations to measure migrations by means of marked specimens
have been emphasized during the year. Primary attention has been given
to improving the tags and tagging techniques in order to increase the rates
of recovery. In this, encouraging progress has been made, but there is yet
opportunity for further improvement. During the year there were liberated
1438 tagged yellowfin tuna and 3068 tagged skipjack on cruises of tuna
clippers operating from U.S. ports. To the end of the year, 42 yellowfin
and 33 skipjack had been recovered. Most of these were, of course, short-
term recoveries, since many of the tagged fish have not yet been long at
liberty. Some of the fish recovered had migrated a considerable distance
from the point of release — up to 550 miles. At the same time, however,
five fish, after eleven months at liberty, were recovered only a few miles
from the point of release, which might indicate a regular, repetitive an-
nual migration pattern, or might be due to these fish having not gone far in
this period of time. Until we have a great many more recoveries, including
long-term ones, it is pointless to speculate on the migration patterns of
these species. It does seem probable, however, that a continued extensive
program of tagging will provide much vital information for solving the
problems of migration and population structure.

In September 1956 there was also commenced tagging of tunas from
vessels operating out of Paita and Mancora, Peru. These vessels operate in
waters off northern South America throughout the year, whereas U. S.
based vessels operate there only a part of the year. The cooperation of the
Peruvian government in permitting the conducting of this work is, there-
fore, valuable in enabling tagging to be accomplished there throughout the
year. In the first four months of this work, there were liberated 331 tagged
yellowfin tuna and 1006 tagged skipjack.

Another means of investigating the population structure of the tunas
is by the study of temporal and geographical variations in the size com-
position of the commercial catches over a series of years. The systematic
collection of such data was commenced late in 1954 and is being continued
on a regular basis, to provide, as far as possible, estimates of the size com-
positions of the catches from each of twelve geographical sub-divisions by
monthly time intervals. This not only involves measuring many thousands
of specimens each year, but also involves drawing the samples to be meas-
ured in such a fashion as to provide a reliable representation of the true
size composition in any time-area stratum. On the basis of routine samples
collected during 1955, supplemented by some special sampling, an analysis
has been completed leading to a sampling design to provide the required
degree of precision in an efficient manner.

Investigations of the spawning times and areas of the tunas, which
will be described more fully below, is also of value in elucidating population
relationships, because each self-contained population unit must include
breeding individuals. Knowledge of the spawning seasons in different areas,
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considered together with data on size composition, tagging results, and
catch-statistical data, is, therefore, of value in attacking this somewhat
recalcitrant problem.

Various additional aspects of the life history and biology of the tunas
are of importance as a basis for correct interpretation of the catch statistics
for obtaining a clear insight into the dynamics of the fishery, and as a
necessary basis for effective conservation measures when required.

Knowledge of the rates of growth and the ages of the tunas of com-
mercial sizes is being obtained from the study of the temporal progression
of modal sizes in the size-composition curves obtained by the systematic
“market-measurement” program. From the percentage size composition of
the catch, the rate of growth, and the abundance estimated from catch sta-
tistics, it is also possible to derive estimates of rates of mortality. Likewise,
from variations from year to year in size composition of the commercial
catch, taken together with information on growth rate and catch-per-unit-
of-effort, it is possible to detect the occurrence of dominant year classes
which are, in some fisheries, an important source of fishery-independent
variations in abundance. For these latter purposes the staff is now only col-
lecting the required basic data; several years’ collection of such data will
be required for arriving at any useful inferences.

The spawning areas and seasons of the tunas are being investigated
by two methods. From systematic examination of the gonads of adults in
the commercial catch, the times and areas of occurrence of maturing, ripe,
and spent females provides a basis of inferring the general seasons and
locations of spawning. Further data on this subject are obtainable from
the times and areas of occurrence of eggs and recently hatched larvae in
plankton hauls. Larger post-larval and juvenile tunas are also collected by
dip net under lights at night, since they are positively phototropic up to
a size of several centimeters.

Knowledge of the schooling habits of the tunas is of importance to
the interpretation of data on size composition of commercial landings, and
in some of the analyses of catch statistics. It will be of great importance,
also, to the devising of fishing regulations when required, because it ap-
pears that it will be necessary to control selectively fishing for the two
species, since the yellowfin tuna are in a more advanced stage of exploita-
tion than are skipjack. Studies have been completed respecting the degree
of schooling by species revealed by records of the results of individual sets
of purse seiners, as recorded in the vessel logs. These show that a large
percentage of the schools encountered are pure schools of a single species,
or with a negligible admixture of the other species. During the year, ob-
servations of the species composition of individual schools fished by clip-
pers were gathered by our scientists on tagging cruises. These data give
results rather similar to those from the purse-seiner logbooks, except that
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perhaps a somewhat higher percentage of mixed-species schools are fished
by the clippers. Additional data for both types of gear are being gathered
on a continuing basis.

The tunas also tend to school by sizes. In order to measure this ten-
‘dency, the scientists aboard commercial fishing vessels are accumulating
data on the length-composition of individual schools in different areas and
seasons.

The food habits of the tunas are being studied by means of examina-
tion of the stomach contents of freshly caught specimens which are ob-
tained on commercial fishing vessels incidental to other research. The ex-
amination of stomach contents which has been so far completed, confirms
the conclusions of previous research in other parts of the Pacific that the
tunas are quite omnivorous, consuming a wide variety of organisms from
rather small crustacea to larger cephalopods and fishes. It is likely that the
quantity of available food is of much greater importance than its par-
ticular composition.

The tunas are completely pelagic at all stages of their life history and
are, therefore, greatly influenced by the variations in the properties of the
oceanic environment. Thus, in order properly to understand their life his-
tory, behavior and population structure, and to arrive at useful explana-
tions of those fluctuations in their abundance and availability to the fishery
which are unrelated to the intensity of fishing, it is necessary to study the
physical and biological features of the oceanic environment. During the
past year, the staff of the Commission has continued and somewhat in-
tensified such studies.

An analysis of the physical and chemical data from the ‘“Shellback”
expedition of 1952, considering also data collected on earlier expeditions,
has been completed by members of our staff in cooperation with staff
members of the Scripps Institution of Oceanography. Physical and chemical
data from the “Eastropic” expedition of 1955 have been processed and dis-
tributed as a data report to other interested oceanographers, and analytical
studies of the data are being carried out both by our staff and by scientists
of the Scripps Institution.

An important part of the work of the ‘“Eastropic”’ expedition was to
survey on a broad scale the standing crops of the phytoplankton and zoo-
plankton organisms at the base of the food chain, and to make measure-
ments of the rate of primary photosynthetic production in different areas.
These data, and some of their relationship to the general hydrography and
to the occurrence of tuna concentrations, were studied during the year and
a report prepared for publication on the results.

Work was also commenced during the year on the identification of
water masses by means of indicator species among the zooplankton, using
as a start the material collected on the “Eastropic” expedition.
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It is our belief that the data from these expeditions are fairly adequate
to provide a general description of the oceanic circulation and the distribu-
tion of physical, chemical and biological properties in our region. Future
development will be increasingly toward the measurement of temporal
variation and the study of the oceanographic and biological processes in
critically important locations. A start has been made on both of these
kinds of study.

During November-December 1956 there was carried out the “Scope”
expedition by personnel of the Scripps Institution and the Tuna Commis-
sion, with support of the U. S. Fish and Wildlife Service. On this expedi-
tion there were obtained further measurements of standing crops of zoo-
plankton and phytoplankton in the region between Baja California and
Panama, together with measurements of associated physical and chemical
factors. An important additional objective was a special study in the region
of the thermal anticline off Central America, which is a highly productive
area of the sea and is an important center of tuna concentration, to meas-
ure in considerable detail the distributions of physical, chemical, and bio-
logical properties, as a basis of elucidating the processes by which the
higher productivity of that area is maintained.

During this year a start was made on investigating the possibility of
obtaining useful ocean temperature data from tuna vessels by means of
continuous recording surface thermographs and by use of bathythermo-
graphs. Encouraging results have been obtained from the surface-tempera-
ture recorders, which require little effort to operate, and which provide
information which many fishermen find immediately useful. The bathy-
thermographs, for recording vertical temperature profiles, are more trouble
to operate and initial results have been disappointing except when our own
staff members were aboard to operate the equipment.

For obtaining continuous records of sea temperature and other data
at specific locations two possibilities are being considered: the location of
fixed instruments on outlying islands, and the use of instruments on an-
chored buoys. As to the first, a long-term sea-level and temperature re-
corder has been subjected to trials, and an installation was recently made
on Clipperton Island. Arrangements are in progress to install similar equip-
ment on islands in the Galapagos and Revilla Gigedos. This program is
being developed, in cooperation with the Scripps Institute, in part in con-
nection with the program of the International Geophysical Year. The em-
ployment of anchored instrument buoys is still in the planning phase.

Research on baitfishes continues to be concentrated primarily on the
biology, ecology and population dynamics of the anchoveta, the most im-
portant of the tuna-bait species. At our headquarters laboratory primary
emphasis was placed during the year on the interpretation and preparation
for publication of the large amount of information collected over several
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years on the racial characteristics, age composition, rate of growth, and
spawning seasons of this species in each of the important baiting areas. A
study was also completed for publication on the statistical data of bait
catches from vessel logbooks through 1954; this has already been men-
tioned earlier.

The study of the egg and larval stages and early development of the
anchoveta constitutes a somewhat intractable problem, because of the dif-
ficulty of distinguishing these stages of the anchoveta from those of numer-
ous other species of anchovies which occur in the same locations. This,
however, is a problem which must be solved before the spawning and early
life history of the anchoveta can be studied in detail. A staff scientist as-
signed to this problem worked the greater part of the year with material
at headquarters already collected, supplemented by special collections from
several spawning areas. During the recent spawning season (October-De-
cember) in Panama he has conducted special field studies. It is believed
that sufficient material is now on hand to enable the completion of this
task during the next year.

At the Panama laboratory studies were continued throughout the year
on various aspects of the life history and ecology of the anchoveta in the
Gulf of Panama, and a start was made on preparing some of the results
for publication. There was also continued the bi-weekly series of observa-
tions, at a fixed station in the Gulf, of physical, chemical and biological
properties to elucidate the effects of upwelling. These data are correlated
with the continuous records of sea temperature, sea level, and meterolog-
ical factors obtained by the Panama Canal Company at Balboa. It is ex-
pected that these observations will, in the course of a few years, lead to an
understanding of variations in the anchoveta population of the Gulf.

An analysis was also commenced in the latter part of the year of the
fifty-year series of data on sea level, sea temperature, and wind at Balboa
in order to determine whether there have been any long-term trends or
cyclic changes in these factors, which could form the basis of useful fore-
casting of the amount of upwelling. While the study is not yet complete,
it appears that there is a long-term secular trend and also some evidence
of cyclical changes, but that their forecasting value is low because of the
presence of a random component of large magnitude.

At our Costa Rica laboratory on the Gulf of Nicoya, observations were
made throughout the year on the occurrence and distribution of anchovetas
and other species of engraulid and clupeid fishes. While the anchovetas
were somewhat more numerous than the previous year, the increase of
the population is disappointingly slow, and it remains far below any useful
magnitude. Some other species are vastly more abundant.

Observations on hydrographic factors were also made at a number
of stations in the Gulf of Nicoya at intervals throughout the year. The



14 TUNA COMMISSION

hydrography of the Gulf is much different from the Gulf of Panama, there
being no pronounced upwelling, and the seasonal changes being, apparently,
more closely related to the annual cycle of precipitation than to the winds.

Further details of the Commission’s research during 1956 are given
in a report by the Director of Investigations attached hereto as Appendix A.

Publication of Research Resulis

An increasing share of the time of our staff members is being devoted
to preparation of reports for publication on the results of the researches,
as progress along the various lines of investigation makes this possible.
During 1956, several reports were completed for publication in the Bulle-
tin series. The first two, listed below, have been printed; the others will
be off the press early in 1957:

Bulletin, Volume 1, Number 7—"“A study of changes in fishing effort,
abundance, and yield for yellowfin and skipjack tuna in the Eastern Trop-
ical Pacific Ocean” by Bell M. Shimada and Milner B. Schaefer (English
and Spanish).

Bulletin, Volume II, Number 1—“Changes in the size structure of the
yellowfin tuna population of the Tropical Eastern Pacific Ocean from 1947
to 1955” by Gordon C. Broadhead (English and Spanish).

Bulletin, Volume II, Number 2—*“A study of the Eastern Pacific fish-
ery for tuna baitfishes, with particular reference to the anchoveta (Ceten-
graulis mysticetus)” by Franklin G. Alverson and Bell M. Shimada (Eng-
lish and Spanish).

Bulletin, Volume II, Number 3—‘‘Schooling habits of yellowfin tuna
(Neothunnus macropterus) and skipjack (Katsuwonus pelamis) in the
Eastern Pacific Ocean as indicated by purse-seine catch records, 1946-
1955 by Craig J. Orange, Milner B. Schaefer, and Fred M. Larmie (Eng-
lish and Spanish).

Bulletin, Volume II, Number 4—“Primary production, chlorophyll,
and zooplankton volumes in the Tropical Eastern Pacific Ocean’ by Rob-
ert W. Holmes, Milner B. Schaefer, and Bell M. Shimada (English and
Spanish).

In addition to these publications, three papers by our staff members
were published during the year in other journals (see Report of Director
of Investigations, page 70).

Inter-American Conference on Conservation of Natural Resources

There was held in Ciudad Trujillo, Dominican Republic, from March
15 to March 28, 1956, under the auspices of the Organization of American
States, an ‘“Inter-American Specialized Conference on Conservation of
Natural Resources: The Continental Shelf and Marine Waters.” At the in-
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vitation of the Organization of American States, the Inter-American Trop-
ical Tuna Commission sent as an observer to this conference its Director
of Investigations, who presented two papers on the research being con-
ducted by the Commission and on the current status of the tuna and tuna-
bait resources of the Eastern Pacific Ocean.

National Academy of Sciences Committee on Biological Effects of
Atomic Radiations in Oceanography and Fisheries

At the request of the National Academy of Sciences—National Re-
search Council of the United States, Dr. Schaefer served during the year
on a Committee, under the chairmanship of Dr. Roger Revelle of the
Scripps Institution of Oceanography, to consider the Biological Effects of
Atomic Radiation in Oceanography and Fisheries. The Committee met sev-
eral times during the year, and prepared a number of detailed reports on
various aspects of this subject. A summary report of the findings of the
Committee was published in June, 1956. The detailed reports will be pub-
lished in the near future.

Annual Meeting

The Commission held its regular annual meeting in San Diego, Cali-
fornia, on July 30, 1956. The following actions were taken:

1) Approved publication of the Annual Report for 1955.

2) Reviewed research in progress and discussed and approved the
program of investigations for the fiscal year 1956-1957.

3) Discussed the future research program necessary to carry out the
Commission’s duties under the Convention, and budget requirements.
Recommended to the member Governments for fiscal year 1957-1958 a
program requiring a budget of $352,700.

4) Determined, on the basis of current information on utilization of
yvellowfin and skipjack tuna in the respective countries, that the joint ex-
penses of the Commission for fiscal year 1957-1958 should be in the fol-
lowing proportions: United States 99.7%; Costa Rica 0.3%; Panama,
minimum contribution of $500.

5) Considered, in principle, an employee retirement plan under de-
velopment by the United States Government for employees of International
Fisheries Commissions to which it is a party. Approved such an idea in
principle, and authorized the Director of Investigations to work with the
U. S. State Department on the details of a specific proposal, to be subse-
gquently submitted in detail, in writing, to the Commissioners for further
consideration.

6) Considered a proposal to provide fellowships for one student each
yvear from each of the member countries to study oceanography in the
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United States. Requested the Director of Investigations to obtain further
information on existing fellowships from other sources, and on the avail-
ability of qualified candidates, for further consideration at the next an-
nual meeting.

7) Elected Mr. Gordon W. Sloan, of the United States, Chairman, and
Sr. Miguel A. Corro, of Panama, Secretary, for the next year.

8) Agreed to hold the next annual meeting in San José, Costa Rica,
on 5 March, 1957. (The date was subsequently changed, through exchange
of correspondence, to 12 March 1957).

As a result of the augmentation of research funds during the latter
half of 1956, the Commission’s research program is developing on a basis
which is now believed to be adequate to enable the Commission to carry
out its duties under the Convention on a reasonable time-schedule. Con-
tinued cooperation of other agencies, including the California State Fish-
eries Laboratory and the Scripps Institution of Oceanography of the Uni-
versity of California, has enabled the research to be carried forward more
effectively than would otherwise be possible. The continuing cooperative
arrangements with the latter agency, particularly the use of its facilities
for sea-going research, are especially helpful to the Commission.

Although the amount of fishing increased somewhat during 1956 over
the previous year, it does not appear that the present capabilities of the
fishing fleet are such as to make probable the overfishing of any of the
major stocks of baitfishes or of either of the species of tropical tuna. There
is, therefore, no necessity for conservation recommendations at this time.
At such time as any large increase in fishing intensity becomes possible,
however, it will be necessary to make such recommendations with respect
to yellowfin tuna, which are being fished at a level not far below the esti-
mated point of maximum sustainable yield.
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APPENDIX A

REPORT ON THE INVESTIGATIONS OF THE INTER-AMERICAN
TROPICAL TUNA COMMISSION FOR THE YEAR 1956

By

Milner B. Schaefer, Director of Investigations

The purpose of the Inter-American Tropical Tuna Commission is the
gathering and interpretation of factual information to facilitate maintain-
ing the populations of tunas and tuna bait-fishes at levels which will permit
maximum sustained catch year after year. The Convention authorizes and
directs the Commission to conduct all of the kinds of research necessary
for this purpose, to publish on the results, and to make, from time to time,
recommendations, based on the scientific investigations, as to joint action
by the member governments to maintain the fish population covered by
the Convention at those levels of abundance which will permit maximum
sustained catch.

In order to conduct the required investigations, the Commission em-
ploys a staff of scientists, which is pursuing studies along several avenues
of research, each a part of a comprehensive program of investigations of
the biology, ecology, and population dynamics of the fish populations cov-
ered by the Convention, in order to determine the effects both of fishing
and of natural factors on these populations and on the catches that can
be made from them.

Until this year, it has not been possible fully to implement the com-
prehensive program adopted by the Commission and recommended to the
member governments. While some work was done along all of the several
lines of investigation constituting the program, some of them were pursued
on an inadequate basis. With an increase in funds during the latter part of
1956 to the full amount recommended by the Commission, it is now pos-
sible to conduct all of the required research, so far at least as can now be
foreseen, on an adequate scale. It has, in particular, been possible to in-
crease our progress on the analysis of accumulated data and preparation
of reports thereon for publication; to pursue more intensively research on
the life history, behavior, and population structure of each tuna species,
especially by means of tagging; and to expand the studies in physical, chem-
ical, and biological oceanography and other research pertinent to the tuna’s
ecology.

During 1956 we have continued on a routine basis the compilation and
analysis of logbook information, catch statistics, and related information on
the operations and results of the fishing fleets, which provide the funda-
mental basis for determining the effects of fishing on the tuna and bait
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resources. Additional research is in progress to provide improved indices
of abundance, discounting effect of temporal changes in the aggregation
habits of the fish and fishermen. Research on mathematical models of the
fishery and their application to the yellowfin tuna have provided improved
estimates of the average sustainable yield from this resource at different
levels of fishing effort, the approximate level of average maximum sustain-
able yield, and the confidence limits on the estimates. Research effort has
been increased on elucidating the migration and population structure of
the tunas, and on those aspects of their life history and behavior most im-
portant to understanding their population dynamics and to providing a
sound basis for conservation regulations. There is in continuing operation
a program of assessing the size composition of the commercial catches
which, among other things, provides an independent basis of assessing the
effects of fishing on the stocks, and a basis of determining the effects of
variable success in reproduction in causing fishery-independent variations
in the stocks due to variations in recruitment of the youngest age class.
Investigations of the physical, chemical and biological oceanography of
the Eastern Pacific, with special reference to those phenomena related to
temporal and geographical variations in the distribution and abundance of
the tuna populations, have continued to be conducted in close cooperation
with scientists of the Scripps Institution, which makes for more rapid
progress at much lower cost to the Commission than would otherwise be
possible.

Research on the bait species continues to be concentrated primarily
on the tropical anchoveta, which is the most important to the tuna fishery
of the several species used for tuna-bait, and which is the bait species of
primary concern to the present member governments. Research on the
biology, life history, ecology, and population dynamics of the anchoveta,
and limited research on other bait species, are being carried forward both
at the headquarters laboratory and at regional laboratories in Costa Rica
and Panama.

We wish, once again, to acknowledge the very material assistance of
the Scripps Institution of Oceanography of the University of California,
through the provision of office and laboratory space, the use of its facili-
ties, and the active cooperation of the members of its Faculty.

Investigations during 1956 have included the following activities:

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

Fundamentally important to all phases of the Commission’s research
are measurements of the abundance of the fish populations supporting the
fishery, the magnitude of the catches taken from these resources, and the
amount of fishing effort employed in taking the harvests. Such data pro-
vide the basic information for investigating the effects of fishing on the
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resources, and for keeping the Commission and the member governments
informed of their current condition. They are also necessary for the inter-
pretation of the results of the other researches in terms of the ecology of
the fish populations. Such data are obtained on a continuing, current basis
from the detailed records of the fishery. The staff maintains a system of
collection, compilation and analysis of data on the total catch of each tuna
species from all parts of the Eastern Tropical Pacific, and of information
from a very large sample of the fishing fleets respecting the areas of fish-
ing, dates of fishing, fishing effort employed, and the amounts of the
resulting catches of each species, for both tunas and bait fishes.

There are few fisheries in the world for which such complete and de-
tailed statistical information is available.

Statistics of total catch of tuna

The total catch of each tuna species from the entire Eastern Pacific
is compiled each year from a number of sources, as described in previous
reports. The resulting estimates are believed to be essentially complete, ex-
cept for negligible quantities, consumed in countries other than the United
States, for which data are not available. In Table 1 are shown the total
landings of each species from the Eastern Pacific Ocean for each year since
1940. Shown separately are the quantities landed in the United States or
transshipped to the United States as frozen tuna. Since, in recent years,
these quantities constitute over 95% of the total catch from the Eastern
Pacific, they are a good index to total production.

It may be seen that the total harvest of yellowfin tuna increased con-
siderably in 1956. This increase is attributable to an increase in fishing
effort, due to the ability of the fleets to operate more freely in 1956 than
in the previous two years, and a relatively good abundance of the yellow-
fin tuna population resulting from the accumulation of stocks associated
with the lowered fishing effort in 1954 and 1955. As will be shown below,
the increased fishing effort and catch was, as might be expected, associated
with some decline in the abundance, measured by the catch-per-day’s-fish-
ing of the clipper fleet.

The landings of skipjack also increased during 1956, but to a lesser
extent than yellowfin tuna, despite the fact that the average abundance of
skipjack, measured by the catch-per-day’s-fishing of the clipper fleet, ap-
pears to have been slightly higher than the previous year. The primary
source of this discrepancy is the purse seine fleet, which experienced in-
creased success of fishing for yellowfin tuna and decreased success of skip-
jack fishing in 1956. At least part of the decrease in skipjack landings by
purse seiners results from the fact that these vessels concentrated their
efforts to a greater degree in 1956 in the more northerly part of the fish-
ery, where they normally capture a higher percentage of yellowfin tuna



TABLE 1. CATCH OF YELLOWFIN AND SKIPJACK TUNA FROM THE EASTERN PACIFIC OCEAN

Landed in or transshipped frozen to United States*

Year

1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956

Yellowfin

113.9
76.7
41.5
49.3
63.1
87.3

128.4

154.8

199.8

191.7

204.7

181.8

191.3

138.3

135.0

135.4

169.0

Skipjack

56.6
25.6
38.7
28.9
30.0
33.3
41.5
52.9
60.9
80.6
126.8
118.3
89.2
133.6
172.2
127.1
148.5

*Including Puerto Rico

1940-1956, in millions of pounds.

Not identified
by species

11
0.2
19
37
2.8

0.1

Total

170.5
102.3

80.2

78.2

94.3
120.6
169.9
207.8
260.9
273.5
331.5
303.9
283.3
271.9
307.3
262.5
317.5

Yellowfin

114.6
76.8
42.0
50.1
64.1
89.2

129.7

160.1

200.3

192.5

224.8

183.7

192.2

138.9

138.6

140.9

177.0

Total Caich, Eastern Pacific

Skipjack

57.6
25.8
39.0
29.4
31.2
34.0
425
53.5
61.5
81.0
129.3
121.1
90.8
133.7
173.7
128.0
150.3

Not identified
by species

1.1

73
92
31
45

1.6
1.5

Total

172.2
102.6

81.0

79.5

96.4
123.2
172.2
213.6
269.1
282.7
354.1
308.5
287.5
274.2
313.8
268.9
327.3

%
Yellowfin

67
75
52
63
66
72
75
75
76
70
63
60
68
51
44
52
54

9¢
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than further south. The transshipments of seiner catches from Latin
American ports decreased markedly, and some vessels which had been based
in Peru and elsewhere returned to fish from California ports.

Geographically, the fishery was rather similar to that in 1955. Al-
though detailed tabulations of geographical origin of the catches has not
yet been completed, it appears that the tunas were encountered in rela-
tively greater abundance in the northern part of their range in both 1955
and 1956 than in the years immediately preceding.

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
1956 72.9 95.3

The greatest share of the catch of both tuna species is made by clip-
pers, which use live bait to attract the fish and pole-and-line to catch them.
During 1956 the share of yellowfin tuna taken by seiners remained well
above the average for recent years (Table 2), while the share of the skip-
jack taken was below normal. Three factors are probably responsible for
this: (1) As in 1955, but to a much lesser extent, the clippers were cur-
tailed in their operations, and the curtailment came late in the year when
many of the seiners turn to other fisheries. (2) The seiner fleet conducted
a greater share of its fishing to the northerly areas of Baja California and
the Mexican mainland where a greater percentage of yellowfin is captured
by seiners than on their more southern grounds. (3) The availability to
capture of skipjack to the seiners was probably lower than average in the
northerly areas.

Measurement of changes in abundance of tunas

From the logbook records of a very large sample of the fleet of tuna
clippers, there is computed each year the catch-per-day’s-fishing, which is
a measurement of the abundance of each tuna species as encountered, on
the average, by the fishermen. These figures of apparent abundance may
not always be proportional to the true abundance of the species in the sea,
because of variable availability to capture but, since such variations aver-
age out over a series of years, the trends are meaningful in terms of true
abundance.
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The average catch-per-day’s-fishing is computed, for each tuna species,
for each of the size-classes of tuna clippers. By applying correction factors
for the relative average efficiency of vessels in each size-class, the data
are also combined to obtain a single estimate of apparent abundance in
terms of the catch-per-day’s-fishing of a size (class 4) taken as a standard.
Such estimates, for each species, for the years 1951 through 1956 are shown
in Figure 1.
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FIGURE 1. Catch-per-day-of-tuna-fishing, by species and vessel size-class, for clip-
pers, 1951-1956.

It may be seen that the apparent abundance of yellowfin tuna de-
creased from 1955 to 1956 for all size-classes, except class 5, but remained
generally above the values for 1954. One of the reasons for the better
showing of class 5 vessels is the addition to the fleet in 1956 of several new
and highly efficient vessels of this class. In subsequent analysis, employing
efficiency factors calculated for each year, this will be taken care of in the
computing processes. The decline in average apparent abundance in 1956
is believed to reflect a decrease in true abundance associated with increased
fishing effort. These changes are quite in accordance with expectations
from mathematical models of the dynamics of the fishery.

1956 Bait catch statistics

Vessels which capture tunas by the use of live bait land the major
share of the catch from the Eastern Pacific each year. Accurate records



ANNUAL REPORT FOR 1956 39

of the amounts of each kind of baitfish taken, and the locality of capture,
were obtained for approximately 95 percent of all trips made during 1956
by vessels based in California ports, and, in addition, similar information
was collected for the majority of trips made to the Eastern Pacific by
vessels based in Puerto Rico. Prior to 1956, the very few vessels based in
Puerto Rico were not included in our logbook system. During this year,
however, a sizable number of craft have been based there, and arrange-
ments have, therefore, been made to include them.

Since the staff cannot obtain data on all trips of all vessels, we must
estimate the amounts of each kind of bait used by those vessels for which
we do not obtain logbook information. To do this, 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 that for vessels for which we do obtain com-
plete logbook data. The unknown quantities of bait can then be estimated
from the known quantities of tuna landed by such vessels. These estimates,
added to the amounts of bait logged, give the approximate total catch of
bait by the entire fleet.

The estimated total quantities of each of the several kinds of bait used
in 1956 are tabulated in Table 3, with comparative data for 1952-1955.
Data for earlier years will be found in the Annual Report for 1955. Al-
though these statistics do not include bait taken by some vessels based in
Latin America, for which we do not have logbook data, nor do they include
the catches of small California vessels which fish seasonally and sporadic-
ally, they represent the great bulk of the bait catch.

The total quantity of bait used increased from 2,586,000 scoops in 1955
to 3,658,000 scoops in 1956. This appreciable increase is, of course, due to
the greater fishing effort already noted above.

The anchoveta (Cetengraulis mysticetus) was, as in previous years,
the most important species in 1956, comprising 46 percent of all bait taken.
Over half of the anchoveta catch was made at Guaymas, Mexico, and in
the Gulf of Panama.

Since tuna fishing off Mexico was relatively attractive to the fleet in
1956, the catches of California sardine and northern anchovy accounted
again for a high percentage of the total. Relatively unproductive tuna fish-
ing in the extreme southern areas is reflected in the lack of any large in-
crease in the catch of southern anchovy, despite favorable licensing ar-
rangements in Peru, and in the very small catch of sardines in the Gala-
pagos Islands. The percentage of utilization of the latter species represents
a historical low for the period 1946-1956.

2. Compilation and analysis of historical data on tunas

The priority task of determining the reactions of the populations of
Eastern Pacific yellowfin and skipjack tuna to different amounts of fish-



TABLE 3. ESTIMATED AMOUNTS* AND PERCENTAGES OF KINDS OF BAIT
FISHES TAKEN FROM 1952 TO 1956 BY CLIPPERS"*.

Anchoveta (Cetengraulis mysticetus)
California sardine (Sardinops caerulea)
Galapagos sardine (Sardinops sagax)
Northern anchovy (Engraulis mordax)
Southern anchovy (Engraulis ringens)

California sardine and Northern anchovy
mixed and not separately identified

Herring (Opisthonema, Harengula)
Salima (Xenocys jessiae)

Miscellaneous and unidentified

TOTALS

*In thousands of scoops

1952 1953 1954 1955 1956
Amount Percent Amount Perceni Amount Percent Amount Percent Amount Percent
2,542 59.5 1,618 37.2 1,820 46.3 1,321 51.0 1,667 45.6

286 6.7 413 9.5 203 5.2 541 20.9 362 9.9
596 14.0 1,145 26.3 590 15.0 247 9.6 152 4.2
577 13.5 814 18.7 604 15.4 159 6.2 594 16.2
............ 36 0.8 553 14.1 214 8.3 355 9.7
53 1.2 168 3.9 65 1.7 9 0.4 38 1.0
124 2.9 88 2.0 49 1.2 49 19 368 10.1
51 1.2 31 0.7 23 0.6 21 0.8 27 0.7
40 0.9 36 0.8 20 0.5 25 0.9 95 2.6
4,269 4,349 3,927 2,586 3,658

**Vessels based in U.S. West Coast ports for years 1952-1955,
and for 1956, include vessels fishing from Puerto Rico.
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ing, associated with the growth of the fishery in the past years, was finally
brought to completion in 1956. Although the methods and data empioyed
in these analyses, and some of the findings, have been discussed in previous
Annual Reports, and a publication summarizing the entire study is being
distributed, it may be worthwhile to restate the conclusions reached, and
to examine against this background, data which have more recently be-
come available.

In Figures 2 and 3, we show for Eastern Pacific yellowfin tuna and
skipjack, respectively, indices of total catch, abundance (catch-per-standard-
day’s-fishing) and calculated relative fishing intensity for the series of years
from 1934 through 1955. These measurements are based, for the most part,
on data obtained from vessel logbooks of the California baitboat fleet, sup-
plemented by statistical information from industry and government sources.
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FIGURE 2. Total catch, standardized catch-per-day’s-fishing, and calculated relative
fishing intensity, for yellowfin tuna in the Eastern Pacific Ocean.

From the inverse relationship between changes in the amount of fish-
ing and changes in the population abundance over the period 1934-1954,
it was concluded for yellowfin tuna that there is a measurable cause-and-
effect relationship between the intensity of fishing and average size of the
catchable stock. Moreover, it appears that the intensity of fishing for this
species in some recent years may have been great enough to approach that
corresponding to the maximum sustainable yield.

For skipjack, our conclusions were entirely different. Since there is no
apparent relationship between variations in abundance and in fishing effort,
it seems that the magnitude of the skipjack stock is affected more by fish-
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ery-independent factors than by the amount of fishing, at levels of fishing
effort so far observed. It appears, therefore, that this species can support
a considerably greater average harvest, on a sustainable basis, than is now
being taken.

The data for 1955 fall in line with these general conclusions. For yel-
lowfin tuna, there was a rather sharp increase in abundance with de-
creased fishing intensity, as expected, and the total catch remained at about
the same level as in the previous year, whereas, for skipjack, there oc-
curred simultaneous drops in all three indices. The latter, however, offers
no cause for concern because of the wide variations in abundance known
to occur from year to year for this species. Although our statistical tabula-
tions for 1956 are not yet complete, it appears that with the increase in
fishing effort experienced during the year, there is a decrease in catch-per-
unit-of-effort of yellowfin tuna, but that total catch is greater in 1956 than
it was in 1955. For skipjack, it appears that there are increases in abund-
ance, intensity, and total catch.
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FIGURE 3. Total catch, standardized catch-per-day’s-fishing, and calculated rela-
tive fishing intensity, for skipjack tuna in the Eastern Pacific Ocean.

In order to seek independent confirmation of the effects of fishing on
the stocks of yellowfin tuna, inferred from the historical series of data on
catch, catch-per-unit-of-effort, and fishing intensity, we have also exam-
ined available data on the size composition of the catches from the log-
books of clippers. If the changes in intensity of fishing are affecting the
magnitude of the population through changes in the rate of mortality, we
should expect the average size of the fish to be inversely related to the
fishing effort. A number of tuna clipper masters do record in their log-
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books the size categories of fish captured, according to the number of poles
attached to a single hook employed in their capture. Data of this sort over
the period 1947 through 1954 indicate that with increasing fishing effort
the percentage of small (one-pole) fish increased. Records of sales of fish-
ing gear by one of the larger vendors of this equipment, for the years 1939-
1941 and 1949-1955, also indicate that the sales of hooks and lures for cap-
turing the smaller fish constituted a higher percentage of total sales in the
later years of high fishing intensity. These data, while not as precise as
the “market-measurement’” data now being collected (see below), are all
that are available for years prior to initiation of our research. They do tend
to confirm the conclusions from the previous analysis.

The results of the foregoing studies apply to the aggregate of the East-
ern Pacific populations of each tuna species. It is possible that the fishery
operates on a number of semi-independent sub-populations. However, if we
are to carry still further our investigations of the population dynamics of
these species in relation to the fishery, we need to know the natural bio-
logical divisions, if any, of these tuna populations. Accordingly, our priori-
ties of research have now been turned to the resolution of this complex
problem as discussed elsewhere in this report. Meanwhile, however, work
is continuing on methods of obtaining better estimates of abundance than
those now on hand, and on understanding the effects of differences of avail-
ability between seasons and years upon the success of fishing. Our efforts
in this respect during 1956 have taken the following course:

Since it is known that the fishermen tend to go to certain areas at
seasons when the yellowfin and skipjack aggregate there, the estimate of
population density derived from their records for a year will be higher, on
the average, than the true population density of fish over the whole area
of the fishery. Therefore, in order to obtain a measure of abundance which
is not weighted by the distribution of fishing effort, we have started to
compute from summaries of logbook data for each of the years from 1947
to 1955 the catch-per-unit-of-effort for yellowfin and skipjack per unit area
of sea surface, using the 60 mile squares comprising our statistical area
system as the basic unit of area. These density estimates integrated over
the area of the Eastern Pacific fishery should provide a more realistic esti-
mate of the standing crops of yellowfin and skipjack, and their distribu-
tions compared among seasons and years should contribute information on
the variability, in time and space, of the aggregations of these species.

Also, for the baitboats, for more recent years, 1951 to 1955, we have
compared quarterly estimates of abundance of yellowfin tuna, obtained by
taking the total catch for the entire region of the fishery and dividing it
by the total number of standard days’ effort, with estimates for the same
quarters computed by averaging the catch-per-standard-days’-fishing for
each 60 mile square over all such sub-areas in which fishing was done.
This provides a basis of evaluating the variations in availability of the yel-
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lowfin tuna due to variations in the aggregation pattern of the fish and the
success of the fishermen in taking advantage of them.

3. Estimation of the relationship between fishing effort and equilibrium
caich for yellowiin tuna

As was noted in the foregoing section, it is possible from inspection
of the data in Figure 2, to draw useful conclusions respecting the effect
of fishing on the yellowfin tuna stocks of the Eastern Pacific, and to ob-
tain some idea of the approximate magnitude of fishing effort correspond-
ing to maximum sustainable yield. It is also possible, however, to study
these data in a more precise fashion and arrive at some quantitative esti-
mates of these relationships.

For this purpose we have conducted research to develop a mathe-
matical model of the dynamic relationships between the amount of fish-
ing, the average abundance, and the average sustainable yield (or average
equilibrium catch), and to apply this model to the data for the yellowfin
tuna fishery. The details of the development and application of this model
are too lengthy to present here, and are the subject of a Bulletin in prepara-
tion. The essential results are shown in Figure 4.
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FIGURE 4. Relationship between fishing intensity and catch for yellowfin tuna in
the Eastern Pacific Ocean. Values of actual catch shown for each year
1934-1955. Broken lines indicate the estimated value of average equil-
ibrium catch corresponding to values of fishing effort on horizontal axis,
and the 90% confidence limits on this estimate.

In this figure are shown the actual values of fishing intensity and
catch for each year of the series 1934-1955, labelled ‘““Actual Catch.” The
broken line labelled “Estimated Equilibrium Catch” indicates the best esti-
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POTENTIAL ANNUAL FISHING POWER OF THE CALIFORNIA FLEETS

19321956

BAITBOATS (CLASS4)

PURSE- SEINERS (CLASS 3)

NO OF VESSELS

1932 33 34 35 36 37 38 33 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56
YEAR

FIGURE 5. Potential annual fishing power of the fleets of clippers and seiners
operating from California ports 1932-1956.

In Figure 5 are shown, for the years 1932-1956, the potential annual
fishing power of the clipper fleet and of the purse seine fleet based in Cali-
fornia ports. Since these vessels account each year for the preponderate
majority of the tuna catch from the Eastern Pacific, the changes in their
potential fishing power from year to year provide a good means of follow-
ing the trends of the fishing intensity to which the tunas are likely to be
subjected. It should be noted that each index is comparable with itself from
year to year, but that the numbers of standard vessel equivalents of the
two fleets are not comparable. That is, one standard vessel equivalent of
the clipper fleet does not represent the same fishing power as one standard
vessel equivalent of the purse seine fleet. It would, of course, be desirable
to express the fishing power of both fleets in common units, but this has
not yet been accomplished; it is a matter of some difficulty because of the
difference in geographical and seasonal operational patterns of the two
fleets.

The potential fishing power of the baitboat fleet increased rapidly in
postwar years until 1951. Subsequently, as losses from the fleet exceeded
replacements, the potential fishing power has declined steadily. There was
a slight increase in 1956, despite the fact that more ships were lost than
were added to the fleet, because of the greater size and efficiency of newly
constructed vessels. We do not expect a further increase in 1957, because
there is very little new construction in progress. With normal attrition,
and little new construction, we expect this fleet to either maintain its
present level or decline slightly.
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For purse seiners, the potential fishing power, as computed here,
varied somewhat erratically in prewar years. This is attributable to the
fact that for most of the fleet fishing for tunas was supplementary to fish-
ing for sardines, and, in consequence, some vessels did not enter the tuna
fishery during some years. The postwar changes have been smoother. The
potential fishing power increased to a maximum in 1948, since which it
has trended downward due to losses, with some variations due to shifts of
a few vessels in and out of the fleet. No new tuna purse seiners have been
built for several years and none are now under construction, and, so far
as we can ascertain, none are presently contemplated.

As we have seen from Figures 2 and 4, the maximum fishing intensity
on the tropical tunas was reached in 1953, during which year the vessels
cperated essentially without curtailment. Since then the fishing power of
both fleets has declined. It would appear, therefore, that even if the fleets
operate during the next year without restriction, the fishing intensity is
unlikely to reach a level exceeding that estimated to correspond to the
maximum equilibrium catch from the aggregate of yellowfin tuna stocks
in the Eastern Pacific.

5. Compilation and analysis of hisiorical data on the baitfishes

The Commission is directed by the Convention not only to study the
effects of fishing and of natural factors on the populations of yellowfin
and skipjack tuna, but also to study the effects of fishing and of natural
factors on the populations of baitfishes. We have, therefore, collected all
available information on the baiting operations and catches of the tuna
fishing fleet, in order to provide the basic information for estimating the
quantities of each species of fish taken from each baiting area, the amount
of fishing effort employed in making these catches, and the abundance of
the baitfish population as encountered by the fishermen.

Our tabulations have shown that the bait catch each year consists
predominately of five species: anchoveta (C. mysticetus), Galapagos sar-
dine (8. sagax), California sardine (S. caerulea), northern anchovy (E.
mordax), and southern anchovy (K. ringens). Since the last three species
are used in much larger quantities by fisheries other than for tuna bait,
and since for the fourth (S. sagax), the extreme variability in abundance
from year to year is probably independent of the amount removed by the
tuna fishermen, we have concentrated our analyses of the historical series
of data primarily on the anchoveta, which is the single most important
species used for tuna bait.

Biological information indicates that the population of achovetas in
each major baiting area is an independent biological unit. We have, there-
fore, examined separately the data from each important baiting area
(Almejas Bay, Guaymas, Ahome Point, Gulf of Fonseca, and Guif of
Panama) for which estimates of fishing effort, catch, and apparent abund-
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ance are available for the years 1947-1954. During 1956 the analysis of
these data was completed and the results summarized for publication. The
studies indicated that in each of these baiting areas there are sizable varia-
tions in the abundance of the anchoveta, but that such variations are not
correlated with the amounts of fishing effort to which the stocks have
been subjected over this eight year period. It appears, therefore, that, at
current levels of fishing intensity, natural factors are of greater importance
than the amount of fishing in bringing about changes in the anchoveta
stocks.

These statistical series are being continued routinely. The statistics
for 1955, and preliminary data for 1956, indicate no need for modification
of the conclusions based on the earlier information.

8. Research on tuna population structure and migrations

One of our highest priority problems is the determination of the extent
to which the populations of each tuna species are separated into inde-
pendent or semi-independent sub-populations, and the geographical or
oceanographic boundaries of such population sub-divisions. This problem
requires to be solved as a basis for investigating the population dynamics,
including effects of fishing, of these resources in greater detail, and as a
basis for future efficient management of the fishery, since, so far as pos-
sible, any management regulation will need to be applied individually to
whatever separate population units may exist.

This is proving to be a complex and difficult problem, partly because
of the technical difficulties of the necessary research, but also because it
appears probable that there exists no simple solution. Data so far ac-
cumulated indicate that the commercial size of each tuna species do not
constitute a single, homogeneous, rapidly intermingling biological unit; at
the same time there is reason to believe that there may not exist com-
pletely separate, self-contained sub-populations referable to specific geo-
graphical areas.

This problem is being approached along three primary lines of in-
vestigation: morphometric studies, time and area changes in the size com-
position of the commercial catches, and direct measurement of migration
by liberation and recovery of tagged specimens. Other types of research are
also of importance to this problem in providing useful ancillary information.

Morphometric investigations

Morphometric data were collected during the year from several addi-
tional series of skipjack specimens, from commercial fishing vessels at sea.
These samples were so chosen as to eliminate the formerly confounding
effects of differences between measurers within areas. The analysis of these
data has not yet been completed, but computations made so far demon-
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strate that, with respect to one or more body dimensions, there are dif-
ferences between areas which are much greater than can be attributed to
sampling variations, and, consequently, that the skipjack from different
regions have, on the average, real differences in body form. This indicates
that we are not dealing with a completely homogeneous population, al-
though considerable mixing is not excluded as a possibility.

Additional series of morphometric data were obtained also for yellow-
fin tuna in the course of cruises of our scientists aboard commercial fishing
vessels. While the investigations are not yet far enough advanced to be
definitive, preliminary studies indicate that for this species also there are
real average differences in the body form of fish from different regions
of the fishery, and that the population of yellowfin tuna is, therefore, not
entirely homogeneous.

Size composition of the commercial catch

We have continued the program of continuous sampling of the com-
mercial landings to measure the size composition of the stocks of commer-
cial sizes of each tuna species, thoughout the year, in each of twelve fishing
areas (shown in Figure 7 of the 1955 Annual Report). By comparing the
patterns of size-frequencies from area to area in different months, we ex-
pect to be able to determine: (a) Whether there are characteristic, per-
sistent differences among fishing areas (b) Whether the growth rates of
tunas are different in different areas, and (c) Whether it is possible by
matching the temporal sequences of modal sizes in adjacent areas to infer
the migration patterns of certain stocks.

This line of research requires large quantities of data over several
years to produce sound inferences as to population structure. Data now in
hand, however, do indicate that there are probably several sub-divisions of
the yellowfin tuna population, characterized by differences in the time of
entry into the commercial catch of the entering year class (presumably
related to differences in spawning season), and, correspondingly, by differ-
ences in the modal lengths in different areas during the same months. Com-
parison of the temporal progression of modal sizes of yellowfin tuna in ad-
jacent areas, particularly in the regions north from the Gulf of Tehuan-
tepec, has provided the basis for hypotheses about seasonal movements
between areas; these hypotheses require to be tested by further data, and
to be confirmed by tagging results, however, before publication.

Tuna tagging and recovery

The most direct approach to the study of population structure is by
means of the tagging and subsequent recovery of marked specimens, in
order to elucidate the migration pattern. Research was commenced along
this line late in 1955 and has been vigorously pursued during 1956.
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Previous experience of the California State Fisheries Laboratory had
shown that it is possible to mark tunas with some success by means of a
tag consisting of a piece of vinyl plastic tubing threaded through the dorsal
muscles below and posterior to the second dorsal fin, the ends being fastened
together to form a loop. However, the rates of recovery obtained in these
experiments (in the neighborhood of one percent for yellowfin and one-
half percent for skipjack) were so very low that the number of liberations
necessary to achieve sufficient recoveries to elucidate migration patterns
would be almost prohibitive. Since, from the analysis of the catch sta-
tistics, it appeared that the rates of exploitation are much greater than
the rates of tag recovery experienced by the scientists of the California
State Fisheries Laboratory, we believed that the low rate of tag recovery
was most probably due to mortality of fish due to the tagging operation,
loss of tags from the fish in the water, or failure of fishermen and others
to see the tags on the fish after capture. Major emphasis in our research
during 1956 has, therefore, been directed toward improvement in the tags
and in tagging techniques to increase the recovery rate. At the same time,
we have attempted to liberate tagged fish in different seasons of the year
throughout the range of the fishery, in order to make a start on obtaining
the data needed for elucidating the migration patterns.

Seven tagging cruises have been completed from California ports by
our scientists aboard commercial tuna clippers. In Table 4 is a summary
of the tagging done on these trips, and the recoveries obtained from them
up to the end of the year. It may be seen, particularly from the earlier trips
for which there has been sufficient time elapsed, that there has been some
success in increasing the recovery rate. In addition, one cruise was made
aboard a California purse seiner in the spring of 1956 during which were
tagged 234 yellowfin tuna and 5 skipjack. There have been no recoveries
from these liberations; however, a somewhat different tag was employed
on most of the fish, so we cannot yet determine whether the lack of re-
coveries is due to the method of capture or to the tag.

Perhaps the major difficulty in tuna tagging is that these are power-
ful, yet delicate, fish. Their vigorous struggles may cause injury, despite
the fact that they are held during tagging in a ‘“cradle” lined with soft
sponge rubber; also excessive muscular fatigue may so debilitate them that
they are easy prey to sharks and other predators soon after tagging. For
this reason, we have attempted to handle the fish quickly and return them
to the water as rapidly as possible; we do not measure the fish. The im-
portance of the condition of the tagged fish at liberation has been demon-
strated by grading them as ‘“good,” ‘“fair,” or “poor” (based on time out
of water, amount of struggling during tagging, any evidence of bruising or
other injury, and swimming action when released) and comparing recovery
rates from the three groups. There is a significantly higher recovery rate
for fish in better condition; being most notable for skipjack, which are
more active during tagging than yellowfin.



ANNUAL REPORT FOR 1956 51

TABLE 4. SUMMARY OF TUNA TAGGING FROM TUNA CLIPPERS
DURING 1956

Recovered to

Cruise Date when _Number of tagged ~ pec. 31, 1956
No. Vessel voyage Areas fished Yel_low- §kip- m
ended fin jack fin iack
1 Concho 1/29/56 Northern So. America 356 1006 19 19
3 Mary Lou 4/26/56 Manzanillo to Gulf 160 71 2 1
of Fonseca
4 Mary Lou 6/25/56 Revilla Gigedo Islands 139 199 8 3
5 Mary Lou 9/17/56 Revilla Gigedo Islands 36 382 2 5
and Baja California
6 May Queen 11/16/56 Central America, 179 172 1 0
Gulf of California,
Baja California
7 South Coast 11/13/56 Baja California 219 915 9 13
8 Jeanne Lynn 12/24/566 Revilla Gigedo Islands 340 323 1 3

and Tres Marias

In the original model of the plastic tubing tag, it was fastened by tie-
ing a double figure eight knot. This is time consuming, and there is also a
suspicion that some knots come untied. To increase the tagging speed, we
have replaced the knot by a clamp of stainless steel or Monel metal, which
can be rapidly closed with pliers. To further accelerate the tagging pro-
cedure we are developing more nearly automatic tag applicators. One de-
vice, which was tested on a few fish on cruises 4 and 7, threads the tubing
through the fish, applies the clamp, and cuts off the excess tubing in a
single operation. This device did not prove very successful in these field
trials, and has been temporarily shelved in favor of a simple device which,
after manual threading of the plastic tubing through the fish, applies the
clamp and trims the tubing in one quick operation. This latter device is
undergoing further tests and seems to be successful.

On cruises 4 and 5, we tested a water-bath for tagging the tunas under
water in place of holding them in the ‘“cradle” lined with sponge rubber.
It appears, however, that any advantage gained by holding the fish in water
is lost by the greater time required to apply the tag under these circum-
stances.

Seven long-term tag recoveries during 1956 indicated that after about
six months the vinyl plastic tubing becomes brittle, presumably due to
leaching of the plasticizer, and may break and fall off the fish. We are
searching for a suitable substitute material. Meanwhile we are experiment-
ing with vinyl plastic tubing reinforced with a core of nylon monofilament,
which is not affected by seawater.

The 86 recoveries already made from the 1956 tagging from California

commercial vessels are, of course, inadequate for inferences as to migra-
tion patterns, both because of their small number and because, except for
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Increase in the anchoveta population of the Gulf of Nicoya is disap-
pointingly slow. During 1956, specimens continued to appear in our collec-
tions both in the inner and outer Gulf, and the occurrence of ripe adults,
as well as numbers of very young juveniles in certain localities, indicates
that the population is reproducing. The number of fish captured, however,
indicates no large increase in the magnitude of the stock, which remains
far below a useful size.

Publication of research resulis

During the year, a considerable share of the time of the staff was de-
voted to the preparation of publications on the results of the researches.
There were completed several Bulletins, the titles of which have been given
in the Commissioners’ report (page 14), and other are being prepared, as
noted above.

In addition, members of the staff also publish in other journals. Three
additional contributions to “outside” journals were published during the
year:

11. Cromwell, T.
1956—Eastropic expedition
Pacific Fisherman, July 1956, p. 25 et seq.

12. Schaefer, M. B.

1956—The Inter-American Tropical Tuna Commission and Con-
servation of the tuna and tuna-bait resources in the East-
ern Tropical Pacific Ocean.
Pan American Fisherman, May 1956, p. 10 et seq.

13. Cromwell, T., and J. L. Reid
1956—A study of oceanic fronts
Tellus, Vol. 8, No. 1, pp. 94-101.



