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obtained of this species seems to point up th;at the skipjack problem will 
prove a knotty an,d st1Lbborn one. It will almost surely prove to be time­
consuming and costly. This appears the more reason that the Commission 
should get 'on with these researches as soon as possible. 

Besi'des the urgency and sharp priorities on staff duties that were 
occasioned by the reduced abundance an:d in1minent regulation of the yel­
lowfin, the work of the Comn1ission and its scientific staff has been 
hampered by the vagaries of the research budget. Not only was the re­
search budget reduce'd by $212,893 (based 011 $392,100 U.S. share) but the 
am,ount that would be authorized was not known until the middle of the 
fiscal year to wl1ieh the approp,riatio11 ap,plied. This made both p'rogram­
ming and program execution uncertain an'd difficult. 

PROGRAM OF INVESTIGATIONS 

The research program for the fiscal year 1963-64 submitted by the 
Director of Investigations and app,roved by the C'ommission inclu'de'd the 
following: 

1.	 Colle'ction, compilation and analysis of c,atch statistics, and logbook data 
a.	 Continuing colleotion and compilation of current data on catch and fishing 

effort. 
b.	 Calculation of statistical indices of tuna abundance, with continuing attention 

to comparability of indices based on different types of gear. 
c.	 Continuing research to monitor the effects of fishing on the stocks, and the 

effect of changes in the abundance and distriibution of the fish stocks on the 
operating patterns of the fishing fleets. 

d.	 Research in theoretical population dynamics, by the use of mathematical 
models to describe and predict effects of fishing on stock and yield. 

e.	 Collection of current statistics in all important ports and at sea for purposes 
of guiding regul'atory authorities. 

2.	 Inve,stigations of life history, biology, population structure and vital statistics of 
yellowfin and skipjack tunas 
a.	 Studies of population structure and migrations. 

(1)	 Continuation of tagging from commercial vessels at about the current 
scale. Augmentation of tagging from chartered vessels to liberate larger 
numbers of tagged fish in areas of inadequate information, such as the 
Galapagos Islands. Continued analysis of tag-recovery data to measure 
migrations, diffusion, growth, mortality rates and catchability coefficients. 

(2)	 Conducting of genetic research by blood-typing on as broad a basis as 
practicable; attempting to obtain samples from areas to the westward of 
the region of the American fishery. 

(3)	 Continuation of analysis of size-frequency data and their correlation with 
tagging and other information to infer population structure. 

b.	 Sampling for size composition on a continuing basis in California, Costa 
Rica, Peru and elsewhere as possible; routine processing by digital computer. 

c.	 Continuation of research on vital statistics (age, growth, mortality and year­
class strength) from size-composition data in conjunction with data on catch 
and effort. While continuing studies of yellowfin tuna, increased effort to be 
devoted to study of skipjack. 

d.	 Continued development and application of mathematical models based on 
vital statistics, to compare with the results from models based on catch and 
effort data alone, to improve our understanding of the dynamics of tuna 
populations and as a basis of monitoring the effects of fishing (and fishing 
regulations) on the stocks. 

e.	 Studies of spawning and early life history. 
(1)	 Collection of additional data on tuna fecundity, incidental to other work. 
(2)	 Continuation of collection and study of larvae and juveniles, incidental 

to other research, and through the courtesy of cooperating laboratories. 
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f.	 Composition and behavior of tuna schools. 
(1)	 Collection and analysis of information on results of individual purse­

seine sets. 
(2)	 Collection and analysis of information on size composition of individual 

tuna schools (in cooperation with U.S. Bureau of Commercial Fisheries). 

3.	 Oc,eanography and tuna ecology 

a.	 Continued analysis of accumulated oceanographic and meteorological data to 
elucidate seasonal and annual variations in physical, chemical and biological 
factors, and to understand both large and small-scale oceanic processes, and 
their relation to the tunas. 

b.	 Continuation of the study of the physical, chemical and biological oceanog­
raphy of the Gulf of Guayaquil and the adjacent oceanic region, in coopera­
tion with the Fisheries InS'titute of Ecuador and the Institute of Marine Re­
sources Research of !Jeru. 

c.	 Continued cooperation and assistance to other agencies studying fishery 
oceanography in the Eastern Tropical Pacific. 

4.	 Research on baitfishes 

a.	 Studies in the Gulf of Nicoya. 
b.	 Studies in the Gulf of Panan1.a. 

(1)	 Continued collection of recoveries of tagged anchovetas. 
(2)	 Completion of reports. 

c.	 Studies in Ecuador. 
(1)	 Collection, by sampling from our research vessel and by sampling com­

mercial catches, of anchovetas, thread herring and other clupeoid fishes 
in the Gulf of G-uayaquil. Limited sampling, as f1acilities permit, at other 
localities. 

(2)	 Studies of the physical, chemical and biological oceanography. 
(3)	 Analysis of samples and data with respect to taxonomy, life history and 

ecology of clupeoid fishes (much reduced). 
d.	 Continuing compilation and analysis of statistical data on baitfish catches ob­

tained from logbooks. 

Because of the $212,893 decre'ase in fun:ds (from $624,835 requested 
to $411,942) some of the proposed researches had to be eliminated, reduced 
or postponed. The situation was further aggravate,d by planne1d salary in­
creases which have to be adjusted into the reduee'd sum, and by reglLlarly 
increasing operating costs idue to rising prices. The program has for these 
reasons had to be modifie'd in the following ways: 

(1)	 Charter of vessels for tagging tunas had to be reduced to one 
short cruise off the Baja C1alifornia coast. 

(2)	 Blood-typing w'ork had to be reduced. 

(3)	 Bait work in E~cuador (Gulf of Guayaquil) discontinued. 

(4)	 Discontinuance of the laboratory at Panama. 

(5)	 Two scientists that resigne'd cannot be replaced. 

(6)	 Sea studies on skipjack have been postp;oned until resources be­
come available., 

The research program has been so reconstructed that good work is 
continuing in the most lurgent areas but there are serious deficiencies de­
veloping, especially in tllose avenues of work th,at require research at sea 
from chartere1d fishing or rese'arch vessels. Sea work is costly and it is 
here where substantial euts have to be m'ade when reductions in fun'ds are 
precipitously imposed. 
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PROGRESS ON INVESTIGATIONS. 1963 

1. Catch, success of fishing, abundance of tuna 

A continuing primary task of the Commission is the collection of 
catch statistics, logbook records and other information require'd for meas­
uring the harvest of the fish populations, their app:arent abun'danee, and 
the amount of fishing effort, an,d for 'assessing changes in the distribution 
of the eommerci'al stocks. The Commission collects Idetailed vessellogboo,k 
records from a 'major share of the purse-seine and baitboat fleets, along 
with essentially complete statistics of yellowfin an,d skipjack total catch 
and lan,dings from the Eastern Tropical Pacific. 

Similar data on catches of baitfish species are obtained from logbook 
records provided to the Commission by most vessels in the long-range fleet. 

Analysis of catch an,d effort data, together with other lines of re­
search, provi,de a means of keeping the Commission informed on tl1e cur­
rent eon\dition of the fish populations, and the relative amou11t of fishing 
effort to which they are being subjected, in relation to the eon,dition cor­
responding to the maximu'm sustainable yiel,d. Correlatio11of information 
on apparent abundance with oceanic information also makes possible the 
understan;ding of fishery indepen'dent variations of abundance, availability 
and catch. 

a.	 Statistics of total catch 
Detailed 'descriptions of the methods of collection an'd compilation of 

statistics of total catch of tunas have been given i11 previous reports. In 
Table 1 (see Appendix) is shown the eontinuing series, for the years since 
1940, of the lamounts of yellowfin an,d skipjack from the Eastern Pacific 
which were lanlded in or transship'ped to the United States, an'd the total 
landings from all sources. 

The total landings during 1963 were 144.3 million po'unds of yellowfin 
and 205.1 million poun:ds of skipj'ack. This is a substantial decrease in the 
harvest of yellowfin over the previous three years; it is the largest harvest 
of skipjack in the history of the fishery. The yellowfin landings ,during the 
year were below the quota recommended by the Commission ,due, largely, 
to a eurtailment of effort by a large 'portio,n of the vessels and not, ap­
parently, to a further reduetion of the stocks. The lan1dings in 1963 are 
about 8,800 tons below the calculated equilibrium yield of 81,000 tons at 
the stock level ealculate,d at the en:d of 1962. This would in'dieate that 
there was some rebuilding of the yel10wfin stocks. 

During 1963 the fishing effort was substantially reduced from 1962, 
due mainly to eeo11omic curtailn1ent of fleet activity during late May, 
June, July 'an'd most of August. This level of effort produced substantially 
less yellowfin tuna than in previous years. Although there was a continued 
shift of effort to the southern fishing grounds during the year, the yello,w­
fin landings from this area declined substantially from the 1962 level. This 
is sh'own in Table 2 which gives, by major latitudinal zones, a tabulation 
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of that portion of the cateh whieh was logged by vessels from which we 
obtained fishing reeor,ds for each year 1960-1963. This includes logged 
catches from the n1ajolr purse-seine :and baitboat vessels but excludes land­
ings by the small-craft fleets in Ecuador 'and Peru, an'd the Japanese long­
line vessel catches in the p'ropo,sed regulatory area. Since the excluded 
fleets o,perate primarily in the more southern 'areas, the landings shown 
in the southern area are underestimated. Landings from the areas no,rth 
of 15°N were about the same 'during 1962 ,and 1963. 

The landings of skip,jack during 1963 surpasse'd the previous high by 
about 22 th,ousan'd tons.. Much of this increase was from purse-seine vessels 
operating in the more southerly fishing 'areas. This suggests that, with a 
scarcity of yellowfin in the southern area, the seiners were 'able to place 
more effort toward catching skipj,ack, an,d were successful in this respect. 

It appears that, as will be 'discussed below, the yellowfin tuna stocks, 
in the aggregate, are eoming near to stability with the current level of 
fishing effort, an,d rern'ain somewh'at below the level corresponding to 
maximum sustainable yield. Without regulation ,during 1964, it woulld be 
expecte1d that, unless th.ere is a repetition of the economieally-inducBd fish­
ing curtailment, there will be increased fishing effort, and a furthe'r redue­
tion in the yellowfin stocks, with little increase over the 1962 total catch 
level. Further increase in effort on skip1ack is to be expected, whether o'r 
not the yellowfin fishing is regulated. With average availability of skip­
jack, this may not result in a further increase of total lan'dings of that 
species in 1964. 

b.	 Trends in the size of fishing fleets 
The changes in the composition of the elip/per and p'urse-seine fleets 

from 1957 through 19G3 are summarized in Table 3. In addition to the 
vessels operating from U.S. p,orts, there were 18 long-range p,urse-seiners 
and 8 long-range b:aitboats fishing for tropiieal tunas from p,orts in Latin 
America ,during 1963. rrhe purse-seine fleet has been the ,dominant element 
in the Unite,d States fishery since 1960. Durh1g 1963 the baltboat fleet was 
further reduced, 'p'rincipally by the eonver-sionof six vessels, 301-400 to,ns 
capacity, to p,urse-seiners; at the year's end, it consiste'd of 30 vessels, none 
over 250 tons capacity. The purse-seine fleet was augmented by new con­
struction and eonversion of military hulls, in 'addition to the conversion of 
the baitboats noted above. The vessels 'add'ed to the purse-seine fleet were 
all large craft, 300 or rnore tons in earrying capacity. 

The share of the catch of each species, for vessels based in California, 
m'ade by clipp,e'rs for thle period 1948 through 1963 is tabulated in Table 4. 
During 1963, the share of the yellowfin and skipJack catch ffi'ade by bait ­
boats remained quite n.ear the level attained in 1962 because of the good 
fishing experieneed by this somewhat reduee'd fleet. 

c. Recent trends in total catch 
Figure 1 (see Appen'dix) shows the 12-month rllnning totals for yel­

lowfin alld skipjack landings 'plotted against the mi'dldle month of the 
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twelve. These 'data represent all receipts of Eastern Pacific tuna in U.S. 
ports from U.S. vessels plus receipts in Puerto Rico, and constitute about 
85 per cent of the total Eastern Pacific lan,dings of each species. There 
was a rapid increase of yellowfin landings 'during late 1959 and most of 
1960, followed by a rapid ,decrease in 1961. Yellowfin landings from mid­
1961 to the latest estimate for 1963 have trended downw'ard. Skipjack lan'd­
ings 'are almost the reciprocal of the yellowfin landings, and show steadily 
reduced landings ,during 1959 an'd 1960 as the purse-seine vessels coneen­
trated on yellowfin tuna. However, as yellowfin lan'dingsdeclined, there 
was a substitution of skipjack and after No'vember 1962 the skipj'ack lan,d­
ings were greater than those of yellowfin. 

The total catches of yellowfin and ski'pjack, respectively, from the 
Eastern Pacific, by cumulative weekly totals for the years 1960-1963 are 
shown in Figures 2 and 3. This system of 'data compilation was initiated 
during 1962 and is now being contin:ued to keep, total catch statistics cur­
rent. The eurves for 1960 and 1961 were calculated from ,data in the Com­
mission's files; the 1962 an'd 1963 curves were compiled weekly from cur­
rent catch an;d landing statistics. The progressive decrease in eatches of 
yellowfin and increase in catches of skipjack since 1960 is evident. The 
rapi,d increase 'during the last week of 1963 is not 'due to a rapi,d increase 
of landings, but to receipts at that time of 'additional ,data for Japanese 
landings, an'd also to the ad'dition of estim'ates for landings not yet reported 
by some eountries. 

d.	 Recent trends in catch-per-dayJs-fishing 

In Table 5 are sh'own the values of catch-per-rday's-fishing for the 
years 1960-1963, for both baitboats an,d p,urse-seiners, by vessel size classes 
for the fleets based in the United States (inclu1ding Puerto Rico). T'he 
annual averages, stan'davdized to a vessel size for each gear, are shown. 

During 1963 the baitboat fleet was further reduced, but its average 
success increased, due almost e'ntirely to the Class 4, ,and a few Class 3, 
vessels which fished the Galapagos Islands area. Those vessels that fished 
the more northerly areas were about as successful in eatching yellowfin 
in 1963 a'S in 1962. 

Cateh-per-,day's-fishing for skipjack by baitboats duriI1g 1963 in­
creased for each size class, with the stan,da,rdized average of 7939 ,poun'ds­
per-day's-fishing being the highest of the 4-year series. 

Catch-per-'day's-fishing of yellowfin by purse'-seiI1ers was again re­
duced for each size class except Class 3, while skipjack catches increased 
for each elass except Class 4. The ,Class 6 purse-seiners exp,erience,d a sub­
stantial ,decline in yellowfin success, but their skipjack eatches greatly in­
creased. It is believe'd that this is 'due to a continue'd decline in the abun­
dance of yellowfin and a -concentration lof effort for skipdack on the south­
ern fishing grounds. 

The eatch-per-'day's-fishing of yellowfin by purse-seiners may be ex­
amined in greater ,detail in Figl.lre 4, showing the catch-per~day's-fishing 

ANNUAL REPORT FOR 1963 9

twelve. These 'data represent all receipts of Eastern Pacific tuna in U.S.
ports from U.S. vessels plus receipts in Puerto Rico, and constitute about
85 per cent of the total Eastern Pacific lan,dings of each species. There
was a rapid increase of yellowfin landings 'during late 1959 and most of
1960, followed by a rapid ,decrease in 1961. Yellowfin landings from mid­
1961 to the latest estimate for 1963 have trended downw'ard. Skipjack lan'd­
ings 'are almost the reciprocal of the yellowfin landings, and show steadily
reduced landings ,during 1959 an'd 1960 as the purse-seine vessels coneen­
trated on yellowfin tuna. However, as yellowfin lan'dingsdeclined, there
was a substitution of skipjack and after No'vember 1962 the skipj'ack lan'd­
ings were greater than those of yellowfin.

The total catches of yellowfin and ski'pjack, respectively, from the
Eastern Pacific, by cumulative weekly totals for the years 1960-1963 are
shown in Figures 2 and 3. This system of 'data compilation was initiated
during 1962 and is now being contin:ued to keep, total catch statistics cur­
rent. The eurves for 1960 and 1961 were calculated from ,data in the Com­
mission's files; the 1962 an'd 1963 curves were compiled weekly from cur­
rent catch an;d landing statistics. The progressive decrease in eatches of
yellowfin and increase in catches of skipjack since 1960 is evident. The
rapi,d increase 'during the last week of 1963 is not 'due to a rapi,d increase
of landings, but to receipts at that time of 'additional ,data for Japanese
landings, an'd also to the ad,dition of estim'ates for landings not yet reported
by some eountries.

d. Recent trends in catch-per-dayJs-fishing

In Table 5 are sh'own the values of catch-per-rday's-fishing for the
years 1960-1963, for both baitboats an,d p,urse-seiners, by vessel size classes
for the fleets based in the United States (inclu1ding Puerto Rico). T'he
annual averages, stan,davdized to a vessel size for each gear, are shown.

During 1963 the baitboat fleet was further reduced, but its average
success increased, due almost e'ntirely to the Class 4, ,and a few Class 3,
vessels which fished the Galapagos Islands area. Those vessels that fished
the more northerly areas were about as successful in eatching yellowfin
in 1963 a'S in 1962.

Cateh-per-,day's-fishing for skipjack by baitboats duriI1g 1963 in­
creased for each size class, with the stan,da,rdized average of 7939 ,poun'ds­
per-day's-fishing being the highest of the 4-year series.

Catch-per-'day's-fishing of yellowfin by purse'-seiI1ers was again re­
duced for each size class except Class 3, while skipjack catches increased
for each elass except Class 4. The ,Class 6 purse-seiners exp,erience,d a sub­
stantial ,decline in yellowfin success, but their skipjack eatches greatly in­
creased. It is believe,d that this is 'due to a continue'd decline in the abun­
dance of yellowfin and a -concentration lof effort for skipdack on the south­
ern fishing grounds.

The eatch-per-'day's-fishing of yellowfin by purse-seiners may be ex­
amined in greater ,detail in Figl.lre 4, showing the catch-per~day's-fishing
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for purse-seiners standardized to Class 3, for regions north and south of 
15°N l'atitude for each :month for the period 1960-1963. It can readily be 
observed that for the northern areas there was a high abundance during 
1960, which w'as reduced during 1961, an:d further reduced ,during early 
1962. From Mayan, the abLlndanee prevailing during 1962 was slightly 
higher than that for the similar period in 1961, suggesting that the popu­
lation had eome approximately into equilibrium at the level of effort ex­
erted ,during the latter part of 1962. The level of abundarlce observed for 
the northern area during 1963 is somewhat higher, on the 'average, than 
that for 1962 which in:dicates that the population may have increased 
slightly, at the level of effort ,obtaining during the year. 

111 the southern area, the app:arent abundanee for 1963 was the lowest 
of the 4-ye'ar series. 

In Figure 5 is sho\vn the purse-seine catch-per-day's-fishing of skip­
jack. The catch-per-unit-of-effort of skipjack for purse-seiners operating 
north of 15°N latitu,deduring 1963 has remaine'd substantially the same 
as in the previous years. However, the seiners operating south of 15°N 
had consi,derably improved skipjack fishing in 1963 over the previous 3 
years. From 1960 to 19f32, the highest catch-per-unit-of-effort in this area 
was slightly less than ~) tons per day, but in 1963 the eatch-per-unit-of­
effort was well above this point for 4 months. 

e. Potential fishing power 

The carrying capacity of the United States-based fleet, including 
Puerto Rico, with deletions an,d accessions consi'dered, average'd ap'proxi­
mately 35,700 tons ,during 1963. This represents an increase of 2,900 tons 
over the average carrying oap'acity realized in 1962. On the average, 62 
per cent of this capacity was at sea during tl1e year. In Figure 6 are plotted 
the m'onthly average per cent capacity at sea, along with the ,annual aver­
age for comparison. Th:e per cent capacity at sea ranged from a high of 
77 'per cent in November to a low of 32.5 per cent in July. 

The precipitous ,decline in fishiI1g effort, commencing in April and 
reaching its lowest level in July, was occasioned by a drastic slow-'down in 
vesselunloadings. The slow-:down encouraged some vessels to charter to the 
Alaska11 salmo'n trade alld others to transfer to the Atlantic bluefin fishery, 
further rdeereasing the effort. Without this economic ,disruption of the 
fleets' activities, the capacity at sea during June through September prob­
ably would have remairled above 65 per cent. 

f. Other studies of tUfjta catch statistics 

Relationship between economic factors of the fishery and apparent 
abundance of yello~wfin tuna 

There h'as been shown to be a very significant negative eorrelation be­
tween the 'anomalies of sea surface temperattlre and the anomalies of 
apparent abun'danee of yellowfin tuna in the Eastern Tropical Pacific 
Ocean for the period 1B35-1961 (Annual Rep'ort 1962). Using the average 
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relationship between the water temperature and apparent abundance, it 
is piossible to 'adjust the yearly values for pop,ulation ,density. The devia­
tions, from the theoretical equilibrium line, in apparent abundance of yel­
lowfin which still remain after this 'adjustment, when p'lotted in a con­
tinu'ous series from 1935 to 1961, ap,pear to be cyclic in nature with about 
two complete periods of about 13 years. each in the series. Peak perio1ds of 
apparent 'abundance of yellowfin occurreid in 1939-40 and in 1948-51. 

These two periods of increases in yellowfin abiLln,dance appear to be 
related to two periods of econo1mic exp'ansion of the fishery into the south­
ern areas of the Eastern Pacific fishery. Just prior to World War II, the 
fishery expanded to the south, an'd a 'decreasing share of the total catch 
was taken on the northern grounds. During the war, fishing on the south­
ern grounds was restricted because most of the long-range fishing vessels 
were commandeered for military purposes. Shortly after the war, the ex­
pansion of the fishing fleet resume,d and the southern stocks we,re again 
subjected to heavy fishing pressure from the growing fleet of large vessels. 
During the 1950's, fishing was again curtailed by economic pressures from 
the increasing quantity of imported tuna 'available to 'Califor11ia canners. 

2. Analysis of Japanes,e longline tuna catch data in the regulatory area 

Dr. Akira Suda, Nankai Regional Fisheries Research Laboratory, 
Japan, a guest scientist at the -Commission headquarters laboratory during 
1963, spent the year analyzing J-apanese longline reeor1ds of tun,a an,d bill­
fis11es captured in the Central and Eastern Pacific for the period 1956-62. 

His preliminary analysis indicates that the intensity of longline fish­
ing in the Eastern Pacific has risen sharply since 1961. This has resulted 
in increased catches of yellowfin -and b'igeye tunas in 1961 anld 1962. C,on­
current with the sharp rise in effort, there has been a Idecline in the hoo-k 
rate (catch-per-unit-of-effort) for both species. 

It is thought that the catch of both species inereased again in 1963 
but that this increase was realized only through a great increase in effort 
(approximately 1.7 times that of 1962). 

3. Population structure, migrations and vital statistics 
a.	 Tagging 

The Commission has sinee 1955 been con'ducting an extensive program 
of tuna tagging. During the first few years of the program, special 
emphasis was place'don improving tagging meth-ods. Later, as the num­
bers ,of returns increased with the extension 'of the program throughout 
the Eastern Pacifie (Figures 7 and 8), attempts were made to estimate 
total mortality rates, growth rates, and ,dispersion coefficients. Still more 
recently attempts have been made to estimate the various .coefficients of 
attrition which collectively result in the total mortality coefficient. A re­
port on the results of this stu:dy is in the final stages of preparation for 
inclusion in 'our Bulletin series. 

It has become increasingly apparent that the population structure of 
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the yell'owfin foun',d in the Eastern Pacific Ocean is highly complex. For 
any p,romulgated regulations to be most effectively applied, it is necessary 
that the 'details of this population strueture be better Lln:derstoo,d. One of 
the first steps in this direetion is the summ,ation, by areas of tagging and 
recovery, of the data now available. These data are p1resente,d in Tables 
6 and 7 for yellowfin and 8 an'd 9 for skipjack. The significant increases 
in reoovery rates in certain areas of the fishery 'during recent years and 
the high variability in recovery rates from area to area are noteworthy. 
Detailed analyses of tllese and related 'data will be included in a forth­
coming Bulletin. 

Mortality rate estimations 

The estimations of total mortality rates through the ,diminution of 
numbers of tag returns with the passage of time after tagging has le1d, 
with suitable corrections, to the derivation of total mortality rates for 
1957-1960 an!d for 1962' for the local banks area, an,d for the peri'od 1956­
1960 for northern Peru. During the period 1957-1959, for the local banks 
experiments, total mortality (Le. the rate of mortality on an instantaneous 
basis for a one-year period for the combination of fishing, natural, and 
she'dding attrition) for yellowfin varied between 2.3 an\d 2.8. In 1960 it 
was 6.2 and in 1962 it had further increased to 10.2. For northern Peru 
the rate varied between 1.8 and 3.0 during the 1956-1959 period but in­
creased markedly to 7.Ei in 1960. Equally high rates were probably experi­
enced in this ,area ,during the last few years but final estimates are not yet 
available. Nearly all the increases in total mortality rates mentioned above 
are attributable to increases in the rates of fishing mortality. 

Tagging operations 

There were two cruises made during the year: (1) The M/V Julia B. 
was chartere'd 'during June in o'rder that large numbers of yellowfin and 
skipjack co'uld be tagged off Baja California, in addition to work on other 
projects. There were tagged 3441 yellowfin and 1505 skipjack. So that a 
direct estimate might be made of the rate of tag sheddirlg, 292 yellowfin 
and 157 skipjack were tagged with a con1bination of a dart and a loop-type 
tag, an,d 533 yel10wfin and 262 skipjack were tagged with two dart tags, 
one on either side of the second dorsal fin. Preliminar~r analyses of the 
recovery data from these tagged fish give, according to the methods used, 
various high rates of tag shedding. It appears that there 'were insufficient 
skipjack ,double-tagged for worthwhile estimates of shedding to be made 
for this species but it is possible to say that the rate of shedding excee,ds 
th,at for the yellowfin. Loop tags were found, for both species, to she,d at 
an even greater rate tlhan the dart tags. The total number of recoveries 
made from this charter cruise during 1963 was 2152 yellowfin and 652 
skipjack (62.5 per cent an!d 43.1 per cent, respectively). 

(2) The second cruise, aboard the M/V Dorsal) was made during 
November, to the waters off San Clemente Island, Southern California. 
There were in the morlth prior to that time quantities of large skipjack 
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being caught by local baitboats; the occurrence of tropical tunas so far to 
the north at that time of year was quite extraordinary. The tagging vessel 
was obtained througl1 the cooperation of the Mission Bay Research Foun­
dation. Inclement weather and poor fishing at the time of arrival on the· 
fishing grounds resulted in the tagging of only nine skipjack. 

Long distance migrations 

There was reported to headquarters laboratory lduring 1963 informa­
tion Ion the eapture of 44 yel10wfin and 21 skipjack th,at had migrated over 
500 miles. These reco'veries have been tabulated, by species, by areas of 
tagging, in Tables 10 an,d 11. 

Particularly notew,orthy amongst these long ldistance migrations are: 
(1) The return from the Galapagos Is1an1ds of a y·ellowfin which had been 
tagged in the Gulf of ·Guayaquil. This is the first such yellowfin migration 
to have been made, alth,oug11 migrations in the opposite ,direction have 
been previously documente1d. (2) T'he return by a Japanese longliner fish­
ing east of Christmas Islan,d in the Central Pacific Oeean of a skipjack 
tagged off Baja California, after nearly tw'o years of freedom. This retLlrn 
(as do two others from the Hawaiian region,mentioned in earlier reports) 
further documents the eOl1tention that the skipjack found in the Eastern 
P'8:cific Ocean are but 'a part of a much larger an1d far-ranging population, 
extending to the westward. It should be mentioned that the capture of 
skipjack o·n longline gear is, 'on the whole, quite 'rare but in certain areas 
of the Central and Western Pacific they are commonly taken with this 
type of gear. 

b. Size composition of the commercial catch and related studies 

Research stu;dies to estimate the vital statistics (age, rate of growth" 
mortality rates and variation in year-elass strength) of the tunas are 
essential for un'derstanding the biology and p,opulation dynamics of the 
tunas. This is especially impo,rtant for yellowfin tun'a, for which catch al1d 
effort rdata indicate that fishing intensity has affected the stocks an1d h,as 
surpassed the level eorresponding to maximum sustainable yield. Analytical 
models, employing estimates of growth and m,ortality are useful for veri­
fication of results of models base'd on catch and effort ldata alone. These 
estimates aid the Commission in 'determining the effect of the fishery 
upon the stock of tunas and provi'de invaluable information necessary for 
formulating effective management regulations. 

Knowledge of vital statistics is obtained ,primarily from 'd'ata on the 
size and age composition of the commercial catch. These data are olbtained 
by Commissio'11 personnel who systematically collect representative length­
frequency samples of the oommercial landings of yell'owfin and skipjack 
tllna at principal p,orts of landing: Paita 'an'd Coisheo in Peru, Mayaguez 
and Ponee in Puerto Rico, 'an,d San Diego an,d San Pedro in the United 
States. 

In April 1963, a fiel'd office was established in Mayaguez, P'uerto Rico~ 
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to monitor better the size composition of catch, especially from areas off 
Central and S,outh America. 

Analyses relative to estimating the vital statistics of yellowfin tuna 
have been kept as current as possible during 1963, because of the impor­
tance of these data to understanding the abundance of the stocks of yel­
lowfin tuna. 

Yellowfin tuna 

Analysis of yellowfin tuna size-eomposition data encompassing data 
for purse-seiners an'd baitboats, an,d including data collecte,d prior to the 
Commission's sampling program (made available through the courtesy of 
the California State Fisheries Laboratory) has permitte,d a more careful 
examination of variations in growth rates of yellowfin year classes. 

Statistical studies of the growth rate of yellowfin tuna during the 
l1-year period 1951-1961 have bee11 eomp'lete,d an,d were p'ublished in our 
Bulletin series during 1963. Results of these studies indicate that growth 
of yellowfin is essentiallY similar throughout all fishi11g areas. Yellowfin 
begin entering the fisl1ery whe11 they are approximately one year old at 
a length of 55 cm. (7.5 'lb.); at tw,o years of age, yellowfin average 84 em. 
(26 lb.); at three years 121 cm. (80 lb.) and at four years 142 em. (129 
lb.). Yellowfin older th,an four years are not caught in appreeiable numbers 
by the fishery. 

Yellowfin size composition ,data have been weighted by catch-per-unit­
of-effort data to estimate the abundance of yel10wfin year classes. The 
total instantaneous mortality rate (the sum of the deaths resulting from 
fishing and natural causes) of in'dividual yellowfin year classes may be 
estimated from their decline in relative abundance with time. Several 
different methods of obtaining annual estimates of the total instantaneous 
mortality rate of yellowfin tllna are currently l.1nder investi.gation anid will 
be eompared with the estimates obtained from tagging studies. 

Estimates of growth rate, mortality rate, age of recrui.tment, and 'age 
beyon'd which the fish mlake no contribution to the catch will be incorpo­
rated into new estimates of the yield-per-recruit of yellowfin tuna. These 
calculations permit comlparison of p,resent utilization with theoretical 
maxima under varying levels of fishing mortality, and at different ages 
at first eapture. Furthermore, they permit eomp'arison with estimates of 
maximum equilibrium catch based solely on catch and effort data. 

Skipjack tuna 
Studies of the growth of skipjack tuna were restricted during 1963, 

due to partieip'ation of tIle investigator in field work, anld in several other 
projects. However, near the en'd of the year some work was begun on 
applying an increment nlethod of determining growth (1962 Annual Re­
port) to skipjack. These preliminary studies point out some problems 
whiell must be taken into aceount 'during the forthcoming year to obtain 
valid estimates of the growth p'arameters of skipJack: 
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valid estimates of the growth p'arameters of skipJack:
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1)	 The size range of the commercially landed skipjack is quite nar­
row, thus restricting the analysis to a rather small portion of the 
theoretical growth curve; 

2)	 There appears to be a possibility that the modal lengths obtained 
from baitboat and purse-seine samples cannot be combined to sup­
plement each other in the growth analysis; and 

3)	 A more 'detailed evaluation may be necessary to determine the 
feasibility of inclu,ding the small, short-range boats operating 
along the coasts of Ecuador and Peru. 

c.	 Population studies 
Since 1959 personnel of the Tuna Commission have been engaged in. 

the investigation of possible blood type differences in yellowfin tuna and 
skipjack, in an effort to determine the population structure of these species 
witl1in the area of the Eastern Pacific fishery and also within waters to 
the westward. This research was restricted, until recently, to the use of 
extracts from leguminous seeds to iidentify blood factors. An intensive 
analysis of these 'data, completed 'during the year, in,dicated that before 
the staff can satisfactorily approach the problem of population identifica­
tion, research in this field would have to be expanded to include the use 
of antisera as well as seed extracts. The Commission has, therefore, on 
the basis of this analysis inclu'de'd the use of ,antisera in its serology 
program. 

Dr. Lucian Sprague of the Bureau of Commercial Fisheries, Honolulu 
Biologieal Laboratory, has sup,plied the Comn1ission with the necessary 
blood cells for the development of its own antisera. The services of a 
private firm have been contracted for the development of the necessary 
antisera an,d there are now o,n ha11d a battery of reagents whieh are being 
used in these stu'dies. Much of the time has beendevote'd to the mastery 
of techniques which can be applied to this particular problem. Preliminary 
analysis of a series of bloods collected in cooperation with Latin American. 
colleagues from Ecuador and Peru has shown promising results. 

As ,a second ap:proach to the prob:lem of population identification 
electrop'horetie studies of the blood hemoglobin of yellowfin tuna have 
been initiated. It has been shown for a variety of animal species that mul­
tiple hemoglobins exist within individuals of the same species and that 
these have a genetic basis. When subjected to an e1ectric current the dif­
ferent hemoglobins can be distinguished and identifie1d by their distinctive 
electrophoretic p'atter11s. The staff has eonfi11ed its research in this field to 
the use of an electrophoretic technique employing starch as a medium for 
11emoglobin migration. Preliminary results have shown multiple hemoglo­
bin bands from single tunas with some interspecific differential mobility. 
Continuation of these studies is planne1d. 

In the course of the studies with the see,d extracts bloods of fish repre­
senting 57 species belonging to 34 families were tested, using a battery of 
238 bean extracts. As these findings are of interest to a number of special­
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ists working in the field of serology, a report of the results is being pre­
pared for circulation among these experts. 

4. Research on luna biology and behavior 

a.	 Tuna physiology 

T"unas are frequentl:v stated to have body temperatures higher than 
that of the surrounding sea, thus ,differing in this respect from most other 
fishes. These statements are, for the most part, based on body tempera­
tures measured with mercury thermometers on isolated fish captured at 
one or two sea temperatures. These conditions not only result in less-than­
,accurate temperature measurements but also do not ,describe adequately 
the relation between tuna bo,dy temperature and the sea temperature over 
the thermal range in which tunas live. 

To elucidate the body temperature-sea temperature relation for yel­
lowfin and skipjack tunas, a scientist from our staff (in association with 
F. J. Hester of the Bureall of Commercial Fisheries, and with the Institute 
of Marine Resources, University of California) has measured, with highly 
accurate thermoelectric techniques, the deep muscle temperatures of 62 
live yellowfin and 31 live skipjack captured in the Eastern Tropical Pacific 
at sea surface temperatllres from 19.4° to 30.6°C. Most re'adings were 
made on live fish within one minute after being brought on deck; some 
temperature meaSllrements were also made on hooked yellowfin swimming 
in the sea at the en,dof a line. 

The data show that the temperatures of the deep muscles of yellowfin 
and skipjack are higher than those of the surroun,ding sea, :more so in the 
skipjack than in the yellowfin. The differences between body alld sea tem­
peratures are less, in both species, at high sea temperatures than at low. 
The average body temperatures -at sea temperature 19.4°C are 23.2°C for 
yellowfin 'and 27.6°C for skipjack; at 30.6°C, they are 32.3° and 34.1°C, 
respectively. 

These data for tuna body temperatures support the premise, drawn 
from other physiological studies, that tunas live at a higher physiological 
rate than Ido other fish w'hich have been studied. A manuscript reporting 
these fin,dings has been S"ubmitte'd for p1ublication to Nature. 

Although the conce11tration of hemoglobin (the oxygen-carrying com­
ponent) ill tIle blood of fishes is of considerable ecological significance, 
there are few reliable data in this respect for marille fishes. Because of the 
interest shown in the reSlllts of a study Commission scientists made of the 
hemoglobin concentration of the blood of six species of sco'll1broids (An­
nual Report 1962), and because of the staff's unique opportllnity to obtain 
freshly-caught specimens of oceanic fishes, there are being collected, inci­
dental to other studies on the biology of tunas in the Eastern Tropical Pa­
,cific, samples of blood from bigeye and bluefin tunas, albacore, and several 
species of billfishes. These bloods are being stored, frozen:, at the head­
'quarters laboratory and will be analyzed for hemoglobin concentration 
.after a sufficient number of samples have been obtained. 
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b. Spawning) larvae and juveniles 

Sorting of tuna larvae from zooplankton samples collected in the East­
ern Pacific Ocean by various research groups was continued during 1963. 
From data concerning the localities of captlIre of such early stages of 
tunas, together with their abun,dance in the samples, it is possible to draw 
conclusions as to the area, time and intensity of spawning ,of these fish. 

A report on findings based on material examined in previous years 
has been p'ublished this year in the Bulletin series. 

In the course of the above stu'dies, some juvenile tuna were ,discovered 
in the stomach contents of a yellowbellied sea snake, Pelamis platurus. To 
ascertain the extent of this predation, large collections of sea snakes were 
made during a trip aboard the M/V Independence in early 1963. From 
these materials, it was learned that Pelamis platurus only occasionally in­
gests young tunas. A report on the findings has been submitted to an 'out­
side journal for p'ublication. 

c. Size composition within tuna schools 

Knowledge of the size composition within tuna schools is essential to 
the understanding of the schooling behavior of tunas and is of practical 
value for devising regulations. To study size composition within schools it 
is necessary to have length-frequency samples from in,dividual schools. If 
it is assumed that purse-seine sets are made on individual schools of tuna, 
this provides a readily available so,urce of such samples. 

There are two sources of length-frequency samp,les from individual 
purse-seine sets: (1) MeaS1.1rements taken at sea aboard fishing vessels and 
(2) samples from the market measurement program which, by chance, are 
from a single set. There are available 61 "at sea" samples and 212 single­
set market samples of yellowfin tuna measurements for the years 1959­
1962. 

SOIne of the individual-set samples exhibit both considerable range in 
size, and variation within samples. Therefore the single-set market samples 
were compared with market samples composed of fish from more than one 
set in the same time and area strata. Results of these comparisons provide 
some confirmation that, despite the large variation in size of fish within 
some of the sil1gle-set market samples, yellowfin in these samples are, on 
the average, more uniform in size than are those in the market samples 
from more than one set. This appears to be due to schooling by size as 
there \vas no significant difference in average size of the fish in the two 
types of samples or in the overall size variation. The single-set market 
samples and the " at sea" samples were compared an,d it was found that 
the within-sample variance of the two types of single-set samples did not 
differ significantly. Therefore, they were grouped in further analysis. 

Combining the two types of samples allowed a more thorough com­
parison of pure yellowfin and mixed yellowfin-skipjack samples than had 
been possible previously. Prior results were confirmed; yellowfin from 
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pure schools 'are larger, there is more size variation withi11 schools an1d this 
larger variation is n'ot ,due to the larger size of the fish in the pure schools. 

Since the si~e eompositionof yellowfin from mixed-species schools is 
more hom'ogeneous thanL that of yellowfin from p'ure sch'ools, the mixed 
schools were examined to see if the proportion of the two species in the 
schools was related to either the mean length 'or the variation in length of 
the yellowfin component of these sch'ools. The results of the analysis indi­
cated that the mixture of the two species together in the same school is 
the important factor, not the prop,ortion. 

For approximately :half of the the single-set samples, informatio'n as 
to type of school (porpoise, breezer, etc.) was available. Schools 'associated 
with 'porp,oise were not the most numerous single type, so porpoise sehools 
were compare'd with 'all other schools of known type. The eomp'arison was 
limited to schools composed only of yellowfin because a higher percentage 
of the porpoise schools "Vvere entirely yellowfin than was the ease with the 
other types of schools. Since rthe mixed species schools are 'more homogen­
eous, their inelusio'n would bias the comparison. There was little overall 
difference in average size of fish betwee11 the p1orpolise and non-p'orp,oise 
schools but the non-porpoise schools appeared to be more homogeneous in 
size eompositio11. This p,roved to be statistically significant; the within.. 
sch'ool variance of porpoise-associate'd, entirely yellowfin schools is great­
er, on the average, than other types of schools made up 'only of yellowfin. 

Bigeye 

The bigeye tuna is at present taken in small quantities by the surface 
fisheries, both baitboat an,d purse-seine, in the Eastern Pacific. In the 
course of our usual activities, an'd when time permits, the Commission 
staff has collected information on this species from specimens landed in 
California ports. Data relating to length frequeneies, length-weight rela­
tionships, morp,hometries, ston1ach contents, an,d areas an'd quantities of 
catch were collected during 1963. It is planne1d to continue, in the future, 
the collection of inform'ation concerning this species to augment the few 
data 'already eollected. 

5. Participation in crui:ses of sister organizations 

a.	 U.S. Bureau of Comr.nerical Fisheries 

In March, a Commission scientist was a guest aboard the M/V Red 
Rooster) a vessel chartere1d by the San Diego Biological Laboratory of the 
Bureau ofCom'mercial :F'isheries to earry out research in the waters adja­
cent to the Pacific 'Coast of Costa Rica. This provided the Commission with 
an opportunity to collect samples of blood from tunas in arL area of signifi­
cant importance in its study of population structure. 

b.	 Fisheries Agency of ,Japan 

Throllgh the courtesy of the Japan Fisheries Agency one of the Co'm­
mission scientists particip'ated in a cruise aboard the research vessel Sho­
yo-Maru in the early part of 1963. Longline gear was fished at 30 stations 
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in a broad area off Central and South America, and a large number of bio­
logical and oceanographic observations was made. The primary objective of 
the Commission on this cruise was the collection of blood samples for pop­
ulation stu'dies on yellowfin tuna. Approximately 150 blood samples were 
obtained from yellowfin and bigeye, and albacore tuna were collected o,n 
behalf of the Honolulu Laboratory of the U.S. Bureau of Commercial 
Fisheries. 

The scientist who particip'ated in the cruise ,disembarked in Tahiti. 
Through the courtesy of the Office de la Recherche Scientifique et Tech­
nique Outre-Mer, a small field laboratory was set up at the Eeole d'Agri­
culture in Pirae an,d serological tests were carried out on blood samples of 
locally-caught yellowfin tuna. 

In the latter part of 1963, another Commission scientist particip'ated 
in a second cruise of the Shoyo-Maru; 'details of this are given in Section 
7 (a) of this rep,ort. 

6. Investigatio.ns on baitfishes 

With the decline of the baitboat fleet, ,due to the rapid 'Change-over to 
purse-seining, these investigations have become, temporarily at least, of 
less immediate importance. Studies were, however, carried on in Ecuador 
during 1963, because the baitfishing there is yet of impo,rtanee and is actu­
ally ,on the increase. Field work was terminated in Costa Rica at the end of 
1962, an,d in Panama in early 1963; much of these data was published in 
1963. 

a.	 Gulf of Panam,a 

Investigations at the Panama laboratory 'during 1963 continued to be 
directed entirely to stu'dies of the anchovet'a (Cetengraulis mysticetus). 

No 'anchovetas were tagged in 1963. Five tags, two from experiments 
initiated in 1960 an:d three from experiments initiated in 1961, were recov­
ered ,during the year, all in January. The fish which bore the 1960 tags 
were in their fourth year of life, which furnishes the first proof that the 
anchoveta lives for more than 3 years. Efforts to recover tags were term­
inated in March, the recruitment of a new year class into the fishery mak­
ing it unlikely that any more tags would be recovered. A total of 999 tags 
from the 1960 experiments anld 424 tags from the 1961 experiments was 
recovered in all years. 

Six estimates of the poplLlation of fish of the 1959 year class in the 
Isla Verde area were obtained from the sample tag ratios of six experi­
ments eon'ducte,d in that area in 1960. The estimates ,differed, of course, 
due to the temporal decrease in the population, but the downward trend 
corresponded rather closely to what was expected from the total annual 
mortality rate. It is estimated that the population was about 678,000,000 
fish on March 8, 1960, an1d about 53,000,000 fish on March 8, 1961. 

The total annual mortality rate was estimated by several methods, 
with similar results. The "best" estimate for the fish of the 1959 year class 
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The total annual mortality rate was estimated by several methods,
with similar results. The "best" estimate for the fish of the 1959 year class
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in the Isla Verde area is 0.922. The population estimates given above an,d 
catch statistics were used to separate the total annual mortality rate into 
its fishing and natural eomp,onents. The following estimates were olbtained: 
fishing mortality (annual expectation of death by fishing), 0.108; natural 
mortality (annual expectation of death by natural causes), 0.814; instan­
taneous total mortality (total mortality coeffieient), 2.55; instantaneous 
fishing mortality rate (fishing mortality coefficient), 0.30; instantaneous 
natural mortality rate (rl'atural mortality coeffieient), 2.25; fishing mor­
tality rate, 0.259, natural mortality rate, 0.895. 

Similar estimates were made for the population of the Panama Viejo 
area, but the tag recovery data are so few that the measures are crude. 
The population of fish of the 1959 year class in that area was apparently 
about twice that of the Isla Verde area. The natural mortality rate is 
assumed to have been about the same as that of the Isla Verde area, while 
the fishing mortality was negligible. 

The investigation of the life history and identity of the intraspecific 
groups of the anchoveta in Montijo Bay and Chiriqui Province was com­
pleted in 1963, an,d a rep,ort was prepared for publication in the BUlletin 
series. The findings of these stu,dies are summarized in the Annual Report 
for 1962. 

Thirteen length-frequency samples of anchoveta, totalling 2,603 fish, 
were taken ,during January, February, 'an,d March of 1963 for studies of 
the general p'attern of age an,d growth. The fieJ>d aspects of the program in 
Panama were then terrrdnated. The data collected from January 1956 
thro'ugh March 1963 were analyzed an,d a rep'ort for the Bulletin series 
prepared. The findings for the most part 'Corroborate those of previous 
stu'dies, although in 1961 an,d 1962 the fish were larger than in any pre­
vious year for which ,data are available. The annual variation in the size 
of the young of the year is apparently related to the amount of upwelling 
and the density of the population during the early months of the year. The 
adults achieve most of their growth during a period of al)out 2 n1onths, 
which usually coincides vvith the upwelling season. The period of accelerat­
ed growth has begun earlier or later than usual in some years; this is ap­
parently not related to tIle time of the period of upwelling, however. 

Dtlring January through March, 257 anchovetas were individually 
measured and weighed, an,d combined with similar 'data collected in pre­
ViOllS years to determine the lengt11-weight relationships of the anchoveta. 
This information, together with catch statisties and 'data on the length and 
age composition of the catch, is used to estimate the number of fish of 
each year class in the catch. These estimates are essential to the analysis 
of the tag returns. 

On March 15 the Panama laboratory was closed. It had been decided 
some time previously that such action was in order, the bait fishery now 
being of lesser importance th'an before an,d the salient features of the biol­
ogy of the anchoveta and the hydrography of the Gulf of Pan'ama having 
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been elucidated. Since 1961, therefore, the various investigations have been 
gradually terminated in an or,derly fashion, anid the personnel have been 
transferred or released as circumstances warrante,d. The analysis an'd prep­
aration for p,ublication of the data collected in Panama has been continued 
at the headquarters laboratory. Personnel of the Lab'oratorio Nacional ,de 
Pesca of P'anama have kindly eooperate,d by collecting catch and length­
frequel1:cy data of anchoveta since the cessation of these operations by the 
Commission. 

b. Ecuador 

Baitfish investigations in the Gulf of Guayaquil during 1963 continued 
to be directed almost entirely to investigations on the taxonomy of the 
thread herrings, genus Opisthonema. 

By the en,d of 1962 it had become apparent that the several species of 
this genus inhabiting the GtLlf of Guayaquil anid coastal waters of Ecua,dor 
differed somewhat from those in other areas. Specifically, there was found 
to be lacking ,a sharp separation between Opisthonema medirastre and O. 
libertate on the basis of the number of ceratobranchial gill rakers. 

During 1963, efforts were made to study variation in the number of 
ceratobranchial gill rakers on a regional basis withill Ecuador expecting 
th'at the analysis might shed further light on the ,observed :differences. Re­
sults of this study, however, were of little help and the investigation was 
terminate'd in September 1963. 

In the Annual Report for the year 1962, it was stated that "Prelimin­
ary analysis in,dicates that the two pop,ulations (0. medirastre and O. lib­
ertate) cannot be allocated to specific status because the magnitude of 
divergence is slight and the percentage of intermediate counts is high." A 
re-evaluationof the 1962 'data, together with those of 1963, indicates that 
this initial opinion was incorrect (Le. these data ,do not negate the taxo­
nomic arrangements prop,ose'd by Berry an,d Barrett, Bulletin) Vol. 7, No. 
2). The Ecuador data do point, however, to the nee,d for m'ore eompre'hen­
sive research involving the ecology and life history of the thread herrings 
to understan,d properly the species relationships. 

With the completion of the investigatio,ns on the thread herring, em­
phasis has been shifted to a stu'dy of the age, growth, sexual maturity and 
spawning of the populations of anchoveta (Cetengraulis mysticetus) in the 
Gulf of Guayaquil an,d adjacent coastal waters. The preliminary phase of 
this stu:dy is ,directed toward determining the time an:d 'duration of sp:awn­
ing, an,d is bas-edon the e'xamination of gonads from a series of sub-sam­
ples from collections made at monthly intervals at various coastal sites in 
Ecuador. 

c.	 Compilation of logbook records 

The estimated total quantities of e'ach kin'd of bait used in 1963, by 
vessels based in U.S. west coast p,orts, are given in Table 12, with co,mpara­
tive data for the years 1958-1962. Neither bait taken by vessels fishing out 
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of Latin American ports nor the catches of a few small craft based in Cali­
fornia which fish sporadically for the tropical tllnas are inelu'ded in this 
table. It is estimated that vessels fishing out of ports in Mexico, Costa 
Rica, Colombia, Ecuador, Peru and Chile captured approxim.ately 450,000 
scoops of bait in 1963. 

The total quantity of l)ait used by U.S. vessels in 1963, 241,000 scoops, 
is the smallest catch of bait in the post-war period. As late as 1958 the 
catch of bait amounted to <1,447,000 seoop1s. The sharp, reduction since 1958 
in the quantity of bait use,d is 'directly related to the conversion of a large 
portion of the clipper fleet to purse-seine gear. 

The northery anchov:y, Engraulis mordax) was the most important 
bait species taken ,during 1963, comprising 42 per cent of th.e total eatch. 
The ancho'veta, Cetengraulis mysticetus) comprising 23 per cent of the 
total catch, was the only other speeies of any importance. 

7.	 Oceanography and luna ecology 

The continuing p'rogram of stu1dy of the environment of the tunas and 
tuna bait-fishes, and of their relationship to it, inclu'des three kinds of in­
vestigations. In the first of these, which can be called mapping, factual in­
formation about the environment is collected, analyzed, an,d charted so 
that the ge,ography of the tuna environment is developed, both in time and 
space. The seeonld kin,d 'of research concerns studies of particular features 
or aspects of the environ~ment; here is sought an explanation of an ob­
served feature, distributioIl, or process. Tuna ecology or bait/ish ecology is 
the name for the third type of research in which the relationships between 
tuna or tuna baitfish 'an'd the environment are studied. During 1963 the in­
vestigations by 'members of the Commission staff were primarily of the 
first two kinds of research. A brief description of the investigations 
follows: 

a.	 lWapping research 
For many years most of the effort in the environmental studies by 

members of our staff has been devote'd to mapping the Eastern Tropical 
Pacific Ocean, which is today generally defined as that ocean area lying 
between 1400 W and the Arnericas, and between 400 S an'd 300 N. In 1963 the 
Commission 

i.	 published an atlas of the northern part of the Eastern Tropical 
Pacific, based on the physical and chemical oceanographic data of 
EASTROPIC Expedition of 1955. 

ii.	 initiated a summary of all existing data for the whole Eastern 
Tropical Pacific, in cooperation with the Institute of Marine Re­
sources of the University of California. This is the first phase of 
an extensive stud:y of the area, recommended by the Eastern Pa­
cific Oceanic COllferenee in 1961, in which the (~ommission is 
cooperating fully. The summary will be completed in June 1964 
and will yield the best available information on the seasonal pat­
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terns of heat budget, temperatures at all depths, surface salinity, 
surface 'Currents, and surface productivity. MoreoiVer, the sum­
mary will form the basis for planning future general surveys, and 
will in,dicate partieular features or processes needing special stu,dy. 

iii.	 analyzed, charted, and published as a min1eographed data report, 
temperature ,data collected on ten surveys in the Gulf of Panama 
by the Commission staff from 1955 to 1959 for the purpose of 
monitoring upwelling. 

Another facet of mapping research is the study of the productivity of 
the ocean environment. In order to increase the understan:ding of the 
mechanism of fish production in the ocean, it is neeessary to measure the 
prodLlctilon of the various links in the food chain between sunlight, the 
original source of energy, and the fish in question. The first link in the 
food chain is the phytoplankton, the drifting microscopic plant life, which, 
in tl1e presence of chemical nutrients, uses the sun's energy for growth, 
prodllcing substances assimilable by animals. Unless nutrients 'are con­
tillllously supplied to the ocean's upp,er illuminated layer, plant growth 'be­
comes limited as the nutrients are depleted by the plants themselves. In 
tropic seas, the availability of nutrients is the principal factor upon which 
plant growth is ,dependent. The only way for high pilant p,roduction and 
therefore high animal production to be maintained in the open ocean is by 
replenishment of the illuminate'd zone by nutrients from be10w either by 
vertical mixing or upwelling. The energy for this transfer of water is sup­
plied by the ocean currents resulting from surface winds and spatial and 
temporal differences in heating and cooling of the ocean surface. Thus, 
the production of marine animals preyed upon by man originally depends 
to a large extent upon meteorological factors, by the long energy chain 
consisting of ocean currents, upward transport of nutrients, plant produc­
tion, production of herbivorous animals and production of carnivorous 
animals at several levels. 

An adequate llnlderstanding of the relationships in the energy chain is 
not yet possible because only a few of the variables are measured freque11t­
ly enough. These inclu'de wind and surface te,mperature from steamers and 
fishing vessels, and fish production by fishing vessels. Most other meas­
urements, particularly subsurface ones, require research vessels or moored 
stations. Monitoring of the princip,al li11ks in the energy chain ean be ex­
pected for the future by the deve10pment of new methods but at present 
this is limited by too few data collected during infrequent cruises on the 
high seas, although coastal waters in several regions h'ave been samp,led 
periodically. 

The Commission has in recent years participated in cruises of the 
Scripps Institutio11 of Oceanography, the Chilean Navy, and the Govern­
ment of Japan with the objective of clarifying some of the problems in 
tuna oceanography, one of which is the relationships in the energy chain. 
Using chemical and biological data collected during some of these cruises 
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between 1959 an,d 1962, in addition to Japanese fishery statistics and pub­
lished distributions of whale catches, Commission scientists :have partially 
delineate,d the productive areas of the tropical southeastern Pacific, and 
shown a general agreement between the distributions of relatively high 
sllrface-nutrient concentration an:d relatively high p,roduction of phyto­
plankton, of zooplankton, and of tunas, spearfishes and sperm whales. The 
productive areas 'are: 1) a. wide strip along the equator, west of the Gala­
pagos Archipelago, between looN and 100 S; 2) the region between the 
Galapagos Archipelago arld the west coast of northern South America; 
3) from the Peruvian coast to 300 miles offshore; and 4) from the coast 
of central Chile to 500 m,iles offshore. This type of survey is o,nly a be­
ginning since it is merely' representative of available data, and does not 
reflect any seasonal changes in any of the variables. 

The Commission did 110t sponsor any oceanographic cruises this year, 
but considerable productivity data were nevertheless collected during three 
cruises to the Eastern Pacific. The Hydrographic Office of t11e Chilean 
Navy very kindly collected phytoplankton measurements an1d hydrographic 
data during the leg of the annual cruise of the 4-masted barquentine 
schooner Esmeralda) training ship of the Chilean Navy, between San Diego 
an,d Valparaiso during June and July. Phytoplankton measurements and 
hydrographic data were als,o collected during June from the chartered tuna 
baitboat M/V Julia B off the coast of Baja California. From October to 
December particularly valuable ,data consisting of physical, chemical and 
phytoplankton measurements and information on the abundance of tunas 
an:d spearfishes were collected from the Shoyo-Maru) fisheries research 
vessel of the Govern'ment of Japan. 

TheCommissio11 is most grateful to the Government of J'apan and the 
Nankai Regional Fisheries Research Laboratory at Koehi, Japan for in­
viting members of our staff to participate in their cruises from whieh 
additional knowle'dge of tllna oceanography may be obtained, particularly 
in the poorly known area between Tahiti an,d the coast of Chile. The Shoyo­
Maru is equipped for exploratory longline fishing and 'oceanography. Some 
of the objectives of the scientists of the Nankai Regional Fisheries Labora­
tory were as follows: 1) to ,discover new fishing grounds for the Japanese 
fleets; 2) to determine the distribution of the tunas and spearfishes and 
their relation to hydrographic variables; 3) to discover any separate POPiU­
lations within species; and 4) to ,determine the effects of the fishery upon 
the kind, quantity and size of fish. Although the data collected by Com­
mission personnel during the cruise of the Shoyo-Maru and the two earlier 
cruises have not yet been analyzed, they are expected to add considerably 
to the llnderstanding of tuna oceanography and the mechanisms of fish 
production in the Eastern Pacific. 

b. Studies of particular features in the environment 

Effects of friction in the Cromwell Current 
The retarding effect of friction in the subsurface Cron1well Current 
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which flows eastward at the equator into the Eastern Tropical Pacific was 
examined and reported on in Deep Sea Research. 

Vertical mixing in the upper layers of the ocean 
A study pending completion is that of the influence of vertical mixing 

in the uppeT layers of the ocean on the vertical distribution of density and 
nutrients, and, subsequently, on the productivity of the water column. 
Emphasis has been placed on two regions of relatively high productivity 
(Costa Rica Dome and the equator) an,d one of low productivity (Equato­
rial Countercurrent). 

Currents in Panama Bay 

The last of a series of investigations by members of our staff into 
essentially all aspects of the environment in the Gulf of Panama is a con­
sideration of some current measurements made in Panama Bay in 1958 by 
U.S.N. Oceanographic Office. These data have been reduced to the net 
current and tidal eurrent components and will be reported on in 1964. 

Plankton indicator studies 

During 1963 a study of the distribution of the 28 species of Chaeto­
gnatha in the waters off Peru anid sOllthern Ecuador was comp,leted, based 
primarily on data from oceanographic surveys earrie'd out between 1958 
and 1961 by the Inter-American Tropical Tuna Commission, Scripps Insti ­
tution of Oceanography, and the Institute of Marine Resources Research 
and Consejo de Investigaciones Hidrobio16gieas of Peru. Data from expedi­
tions previous to 1958 also were used to aid in the interpretation of these 
materials. 

Six sp:ecies were shown to be useful las indieators ·of horizontal 'move­
ments of near-surface water masses. These species show the effect of 
either a southwar,dly advection along the eoast primarily of Equatorial 
Surface Water, or of o'nshore advection of waters norm'ally offshore, but 
perhaps somewhat to the north of Peru. The 1957-58 EI Nino is considered 
to be the result of conditions leading to an intensifieation of the Peru 
Countercurrent. Lesser extensions of this current, and also variations of 
onshore advection from the west and perhaps the north, are also refleeted 
in the chaetognath distributions. 

It was found that another group of species normally inhabit subsur­
face waters of intermediate 'depths an'd are useful in identifying locations 
of upwelling. Two general areas that consistently show the presence of 
upwelled w'ater are the PU11ta Paracas and Cape Blanco-Punta Aguja 
regions of Peru. 

c.	 Studies in the Gulf of Guayaquil 
The study of the biological oceanography of the Gulf of Guayaquil, 

initiated in 1960, is nearing completion; termination of the program is 
planned for March 1964. During 1963, the time series of observations was 
continued with 11 oceanographic cruises into the outer estuary at app'roxi­
mately monthly intervals, and 21 cruises into the inner estuary. These 

ANNUAL REPORT FOR 1963 25

which flows eastward at the equator into the Eastern Tropical Pacific was
examined and reported on in Deep Sea Research.

Vertical mixing in the upper layers of the ocean
A study pending completion is that of the influence of vertical mixing

in the uppeT layers of the ocean on the vertical distribution of density and
nutrients, and, subsequently, on the productivity of the water column.
Emphasis has been placed on two regions of relatively high productivity
(Costa Rica Dome and the equator) an,d one of low productivity (Equato­
rial Countercurrent).
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essentially all aspects of the environment in the Gulf of Panama is a con­
sideration of some current measurements made in Panama Bay in 1958 by
U.S.N. Oceanographic Office. These data have been reduced to the net
current and tidal eurrent components and will be reported on in 1964.
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to be the result of conditions leading to an intensifieation of the Peru
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of upwelling. Two general areas that consistently show the presence of
upwelled w'ater are the PU11ta Paracas and Cape Blanco-Punta Aguja
regions of Peru.

c. Studies in the Gulf of Guayaquil
The study of the biological oceanography of the Gulf of Guayaquil,

initiated in 1960, is nearing completion; termination of the program is
planned for March 1964. During 1963, the time series of observations was
continued with 11 oceanographic cruises into the outer estuary at app'roxi­
mately monthly intervals, and 21 cruises into the inner estuary. These
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cruises continued the observ1ational series for ,dissolved oxygen, p,hosphates, 
nitrites, silieates, hydrogen ion concentrations, salinity and temperature, 
plankton, an,d primary p,roduction. To supplement these data series, ad'di­
tional studies of the 'deep water off the Gulf, an:d the surface currel1ts of 
the Gulf were initiated during 1963. 

In the oceanic region fronting the 'Gulf of Guayaquil, a tropical dis­
continuity layer extends from the surface to about 100 meters. This layer 
is subject to local an1d seasonal variations. On m'ost occasions, the mass of 
water within the Gulf is an extension of this water layer locally mO'dified 
by the Guayas River. Ho·wever, on occasion it appears th'at water from 
below the ,discontinuity layer (Le. the Equatorial Water Mass) influences 
the oeeanograp'hy 'of the Gulf. In order to secure information on the 
character of this water mass an,d the depth of the discontinuity layer, an 
addition'al station to the west of the Gulf is being occupied monthly, in a 
depth of more than 1500 meters. 

A study of the Gulf of Guayaquil surface currents was initiated in 
January, based on the release of ,drift cards. During 1963 a total of 1800 
cards was released, at monthly intervals, within and to the west of the 
Gulf. Eleven returns have been received, which allowing for the normal 
time lag in recovery indicates a net return of about 1 per cent. Through 
the enid of June, these recoveries indicated a consistent north to northeast 
current with minimum velocities of 15-50 centimeters/second (0.3-1 
knot). However, from July through September all returns have come 
from the Peruvian shores of the Gulf, indicating a change in current direc­
tion through the southeast to the south. This is of particular interest 
since it correlates with the observed change from a cooling to a warming 
tren'd in surface temperatures that takes place at tl1is time. Since Septem­
ber no car1d recoveries have been made, suggesting that the releases made 
during October, November and December are being carried to the south­
west. 

A l-\:llowledge of the variation in the inorganic phospl1ate content of 
sea water is of considerable value to any primary productivity study. Al­
though it is preferable to analyze sea-water samples immediately, this is 
not always possible. Ho\vever, if such samples are stored without treat­
ment, the inorganic phosphate content of the water may change radically. 
Theref.ore the problem of the storage of inorganic phosphate samples is of 
critical importance in those research situations that exist at the Guayaquil 
laboratory. An effective technique that has been develope'd for use under 
these circumstances, after considerable idetailed research at the Guayaqllil 
laboratory, is the quick··freezing of the samples with dry ice with their 
subsequent analysis ashore. 

d.	 The ((EI Nino" Project 

The "El Nino" phenomena are unusual oceanographic conlditions that 
periodically develop off the west coast of South America. They are charac­
terized by the movement of warm Sllrface waters into norrnally temperate 
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character of this water mass an,d the depth of the discontinuity layer, an
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January, based on the release of ,drift cards. During 1963 a total of 1800
cards was released, at monthly intervals, within and to the west of the
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A l-\:nowledge of the variation in the inorganic phospl1ate content of
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though it is preferable to analyze sea-water samples immediately, this is
not always possible. Ho\vever, if such samples are stored without treat­
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terized by the movement of warm Sllrface waters into norrnally temperate
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coastal regions. The prhenomena aprpear between January and April at 
intervals ranging from 5-15 years, with the last "El Nino" developing dur­
ing 1957-58. The extreme development of an "EI Nino" lea'ds to catas­
trophes of both anoceanograprhic a11d meteorologieal character; the ap­
pearance of abnorm'ally warm water in ordinarily cool eoastal regions 
causes wholeS'ale 'destruction of the marine plant and a11imal life. The 
phenomena are closely related to the abundance and availability of tuna 
in the region, and are therefore deserving of the Commission's research 
interest. 

Despite the scientific an'd economic importance of these phenomena, 
little is known concerning their causes or courses of 'development. The full 
development of an "EI Nino" has never been observed in an oceanographic 
sense. However, within the past few years several theories to exprlain its 
development have been presented. To gather the basic oceanographic data 
necessary to test these theories the Commission proposed to the Inter­
American Conference 011 Marine Scienees, in November 1962, that 'an "EI 
Nino" Project be established with the goal of prrovi,ding an improved un,der­
stan'ding of the "EI Nino" phenome11a. The study is base1d o'n a number of 
series of oceanographic stations simultaneously occupied by local institu­
tions, in each season (August, November, February an'd May) off the 
coasts of northern Chile, central and northeT'l1 Peru, the equatorial and 
northern part of Ecuador, central Colombia anrd P'a11a:ma. The C'ommission 
is providing equipment and personnel to supplement that 'available in 
Colombia and Ecuador, an1d is also providing scientific eoordination. 

The first limite:d series of "EI Nino" cruises was completed during 
November, with Peruvia11 oceanograp,hers oecup'ying several series of sta­
tions off central and northern coasts of Peru, an'd the Commission occupy­
ing another series of oceanograp,hic stations between Salinas and 84°W 
longitude, and between Punta Santa Elena and the Galapagos Islands. 

Preliminary analysis of the data from the November "EI Nino" cruises 
suggest that one of the major causal mechanisms may be developing. Dur­
ing the September-November period surface temperatures in the region be­
tween Punta Santa Elena anrd the Galapagos Islan,ds are in the 22.0°­
23.5°C ra11ge. However, during the N'ovember cruises a tongue of warm 
water, with temperatures in the 23.5°-25.1°C range w1as encountered be­
tween the Galapagos 'and the Ecuadorian mainland. Of partictLlar signifi­
canee, the high surface temperatures were accompanied by salinities as 
low as 33%0' which inrdieates that the warm surface waters resulted from 
an active southward movement into the area. 

During the December-February period a minor warm water invasion 
can normally be observed east of the Galapagos; the reS'ults of the N'ovem­
ber cruises suggest that an earlier, an,d possibly unusually extensive inva­
sion is taking place. Daily surface temlperatl.lreS at Isla Santa Cruz in the 
Galapagos averaged 23.7°C during November 1963, over 2°C higher than 
correspo11,ding temperatures observed in November 1962. Of particular 
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correspo11,ding temperatures observed in November 1962. Of particular
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interest, these higher-than-normal tem'peratures were accompanied by un­
seasonal rains suggesting that the meteorologieal equator may have shifted 
from northern to souther11 latitu1des, a shift ch'aracteristieally associated 
with "El Nino" conditions. 

The surface temperatl1~e pattern observed between the Galap,agos and 
Ecuador resembles that noted for the 1956-57 pre-"EI Nino" year. This, 
combined with the sup,porting o'bservations anld a distinct September­
N'ovember warming trend observable in the surf'ace waters of the equato,­
rial1doldrums, suggests that present conditions predispose the ,development 
of the "El Nino" during 1964-65. If the warmIng trend an'd transequato­
rial circulation strengthen, an "EI Nin'o" could develop during early 1964. 

8. Status of tuna populations in 1963 

a.	 Yellowfin tuna 

In Figure 9 are shown as in previous years, the statistics of total 
catch, apparent abundance, and calculated total effort for the aggregate 
of yellowfin tuna p'opulations of the Eastern Tropical Pacific. On this 
graph are shown las 'ordinates) the stanidardized eatch-per-day's-fishing 
by baitboats and (as abseissae) the total fishing effort in baitboat units, 
for each year 1934-1960. Also shown are the catch-per-day's-fishing, in 
baitboat units, for 1959-1963 calculated from the combined data of bait ­
boats and seiners, and the corresponding total effort in t>aitboat units. 
Total effort and total catc:h eorrespo:nd, of course, to totallar~dingsfrom all 
sources i11 both cases. Iso-lines of equal total catch (the product of effort 
and catch-per-effort) are shown as hyperbolae on the grap,h. 

The broken straight line ·on the graph shows the average relationship 
among effort, catch-per-effort, and total catch calculated by Sehaefer 
(Bulletin) Vol. 2, No.6) from the data through 1955. The solid straight 
line is a similar "estimated line of equilibrium" calculated frolm the data 
through 1961. The latter line is well within the error of estimate of the 
original line computed 011 data through 1955, and thus offers some con­
firmation of its predictive value, at least over the range of stock ab;un­
dance and effort so far e:~amined. The new line is, h,owever, a little lower 
than the former, an'd corresponds to equil:ibritlm catches sOIIlewhat smaller 
than those formerly estimated. From this new line, which is probably the 
most reliable because it is base'd on more 'data, it appears that the maxi­
mum average sustainable catch is about 183 million pounds) at 32)400 
units of effort. 

As previously noted, effort was curtailed during the SLimmer of 1963 
because of economic circllmstanees an,d, for the fllli year, was considerably 
lower than that realized in 1962. The point for 1963 reveals that there "vas 
a 'Substantial reduction in both catch, approximately 14,000 tons, and 
effort, about 7,150 ,days, from those obtaining in 1962. The reduced catch 
was about 8,800 tons below the calcul'ated equilibrium yield of 81,000 tons 
anticipated for 1963, indicating that tllere has been some return of capital 
to the stocks. It has previously been pointe,d out that the catch-per-,day's­
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interest, these higher-than-normal tem'peratures were accompanied by un­
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fishing for the years 1959 through 1963 have been calculated from the 
combined ,data of baitboats and purse-seiners, and the corresponding total 
effort in baitboat units. The problem of obtaining a comm,on denominato'r, 
with such a precipitous change in gear (see Bulletin Vol. 6, No.7, and 
Annual Report for 1962) to ex'press accurately purse-seine units in terms 
of baitboat llnits should be apparent. 

The current level of the yellowfin populations in the Eastern Facific 
is below that 'at which the maximum yield can be sustained and, therefore 
there is a continuing nee1d to restore the abund'ance to the level of maxi­
mum sustainable harvest. 

b. Skipjack 

The purse-seine fleet experience'd good fishing fo,r skipjack during 
1963. As shown in Figure 5, the success of purse-seine effort concentrated 
north of 15°N latitude resulted in approximately the same catch-per-unit­
of-effort as for the previous years. The se1ners fishing south of 15°N ex­
perienced greatly im'proveld skipjack catches in the mi'ddle p:art of the year; 
fishing success was 'about equal during the first an,d last p,ortions of the 
year. 

As p'ointed out in previous Annual Reports, and in other publications, 
at the level of fishing effort so far experieneed there is no measurable 
relationship between fishing effort and abun'dance of skipjack, and the 
population of this speeies appears capable of sustaining an increased 
fishery. 

REVIEW OF THE EASTERN PACIFIC COMMERCIAL
 
FISHERIES OF LATIN AMERICA
 

A study conducted by the Institute of Marine Resources of the Uni­
versity of California, financed primarily by the Atomic Energy Co'mmis­
sian, on the Eastern Pacific commercial fisheries (excluding tunas) of 
Latin America, from Mexico south to Chile, oecupie'd some members of 
the COimmission's scientific staff for several months in 1963. A compre­
hensive annotate,d bibliography of about 500 citations was prepared. Based 
on these citations, concise an,d detailed reviews of the commercial fisheries 
of these Latin American eou11tries were prepared. These reviews will ap­
pear in the final report of the Atomic Energy COrmmission. 

PUBLICATON OF RESEARCH RESULTS 

A very imp,ortant aspect of the staff's activities is the publication of 
scientific reports and monograp'hs. By this means the data, techniques 
an:d results of research are brought to the attention of other members of 
the scientific community whose review tends to insure the soundness of 
the 'program and whose interest in problems related to the tuna fisheries 
may be attracted. Prompt publication is 'also the most useful means of 
presenting the detailed research results to the Commissiorn, the Member 
Governments, an,d the interested public. 
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Tl1e Commission publishes scientific papers by its staff and by co­
operating scientists in its Bulletin series. During 1963 fourteen additional 
contributions were issued in this series, in both English 'and Spanisl1. 

Bulletin, Volume 6, Number 9-"Observations on the spawning of 
four species of tuna (Neothunnus macropterus) Katsuwonus pelamis) Auxis 
thazard and Euthynnus lineatus) in the Easter11 Pacific Ocean, based on 
the distribution of their larvae and juveniles", by Witold L. Klawe. 

Bulletin, Volun1e 7, No. l-"Some relationships of meteorological, 
hydrographic, and biological variables in the Gulf of Panama", by Eric 
D. Forsbergh. 

Bulletin, Volume 7, :Number 2-"'Gillraker analysis arId speciatio11 in 
the thread herring genus Opisthonema", by Frederick H. Berry and 
Izadore Barrett. 

B1Llletin, Volume 7, l>Jumber 3-"A quantitative analysis of the phyto­
plankton of the Gulf of I>anama. I. Results of the regional p,hytoplankton 
survey ,during July and November, 1957 and March 1958", by Theodore 
J. Smayda. 

Bulletin, Volume 7, :Number 4-"Feeundity of yellowfin tuna (Thun­
nus albac2res) 'and skipjack (Katsuwonus pelamis) from the Eastern Pa­
cific Ocean", by James Joseph. 

Bulletin, Volume 7, Number 5-"The food of yellowfin and skipJack 
tunas in the Eastern Tropical Pacific Ocean", Franklin G. Alverson. 

Bulletin, Volume 7, Number 6-"The food and feeding habits of the 
anchoveta, Cetengraulis mysticetus, in the Gulf of Panan1a", by William 
H. Bayliff. 

Bulletin, Volume 8, Number l-":Contributions to the biology of the 
engraulid Anchoa nasa (Gilbert an:d Pie'rson, 1898) from Ecuadorian 
waters", by James Joseph. 

Bulletin, Volume 8,Number 2-"An oceanographic atlas of the East­
ern Tropical P'acific Ocean, based ,on data from Eastropie Expedition, Octo­
ber-December 1955", by Edward B. Bennett. 

Bulletin, Volume 8, Number 3-"Observations on the life history and 
identity of intraspecific groups of the anchoveta, Cetengra'ulis mysticetus, 
in Montijo Bay and Chiriqui Province, Panama", by William H. Bayliff. 

Bulletin, Volume 8, Number 4-"Size an'd year class composition of 
catch, age and growth of yellowfin tuna in the Eastern Tropical Pacific 
Ocean, 1951-1961", by Edwin B. Davidoff. 

Bulletin, Volume 8, Number 5-"An examination of fluctuations in 
the 'concentration index' of purse-seiners an,d baitboats in the fishery for 
tropical tU11as in the Eastern Pacific, 1951-1961", by Thomas P. Calkins. 

Bulletin, Volume 8, Number 6-"Distribution of fishing effort and 
resulting tuna catches from the Eastern Tropical Pacific ()cean, by quar­
ters of the year, 1959-1B62", by Franklin G. Alverson. 
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Bulletin, Volume 8, Number 7-"An inerement technique for estimat­
ing growth parameters of tropical tunas, as app,lied to yellowfin tuna 
(Thunnus albacares)", by E11rique L. Diaz. 

In addition to these Bulletins, papers by staff members have appeared 
in other publications during 1963: 

69" Klawe, W. L., Izadore Barrett and B. M. Hillsdon Klawe 
Haemoglobin content of the blood of six species of scombroid 
fishes. 
Nature, Vol. 198, No. 4875, p. 96. 

70.	 Bousfield, E. L. and W. L. Klawe 
Orchestoidea gracilis, a new beach hopper (Amphipoda; Talitri ­
dae) from Lower California, Mexico, with remarks on its lumi­
nescenee.
 
So. Calif. Acad. Sciences, Bull., Vol. 62, Part 1, pp. 1-8.
 

71. Sund, P. N. 
A temperature atlas of the Gulf of P'anama, 1955-1959. 
Inter-Amer. Trop. Tuna Comm., 58 p. (mimeo.). 

72. Forsbergh, E. D. and J. Josep'h 
Phytoplankton production in the south-eastern Paeifie. 
Nature, Vol. 200, No. 4901, pop. 87-88. 

73. Orange, C. J. and B. D. Fink 
Migration of a tagged bluefin tuna across the Pacific Ocean. 
Calif. Fish and Game, Vol. 49, No.4, pp. 307-308. 

74.	 Forsbergh, E. D. (editor) 
Data report, Cruise of the Esmeralda, 6 July-20 August 1962. 
Preliminary report: Temperatllre, salinity an,d primary p,roduc­
tiona
 
Univ. of Calif., Scripps Inst. of Oceanogr., Reference No. 63-16.
 

75. Wyrtki, Klaus and E. B. Bennett 
Vertical eddy viscosity in the Pacific Equatorial Undercurrent. 
Deep-Sea Research, Vol. 10, p'p. 449-455. 

ADHERENCE OF MEXICO 

Word was received in late December that the Mexican Senate had 
ratified Mexican adherence to the Commission. Formalities of depositing 
the instrument of adherence with the Depository Government have not 
yet been completed. 

CHANGES IN COMMISSIONERS 

On May 28, 1963 Mr. Camilio Quintero and Mrs. Dora de Lanzner 
were nominated Commissioners for the Panamanian Section to replace 
Mr. Harmodio Arias, Jr. and Mr. Roberto NOlvey. 
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Captain Hector A. CtLiriboga an,d Mr. Francisco Baquerizo Maldonado 
were nominated Commissioners for the Ecuadorian Section to replace Mr. 
Cesar Raza and Mr. Pedro Jose Artet'a. 

COMMISSION MEETING 

The Commission held its regular Annual Meeting in Panama City on 
16-17 April 1963. The following actions were taken by the Comn1ission: 

(1) Ap'proval for publication of the Annual Report for 1962. 
(2) Reviewed research program and app,roved the research program 

for 1963-64. (This program las noted before had to be rigorously curtailed 
when actual appropriatiolls for the work became known). 

(3) Considered requi.rements for the research program for 1964-65; 
recommende'd a research program which inclu'ded substantial work at sea; 
recommended a budget of $617,183 to carry out the program. 

(4) Determined on the basis of the most recent statistics of utiliza­
tion of tropical tunas in each member country, that the joint expenses of 
the Commission during fiscal 1964-65 should be in the followi11g propor­
tions: U. S. A.-100.00; Republic of Ecuador-5.788; Republic of Costa 
Rica-O.517; Republic of Panama-minimum contrib'ution of $500; and the 
Republic of Mexico~0.966. 

(5) Noted that it has not proveld practical for the Governments in­
volved to implement the regulations recommended at the last Annual Meet­
ing f'or a catch limit of yel1owfin. Reviewe'd tl1emost recent ,data respect­
ing the neeid for conservation regulation of yellowfin tuna in the Eastern 
Pacific an,d adopted the following Resolution: 

The Inter-American Tropical Tuna Commission 

Having reviewed its previous findings and recom'mendations respect­
ing the need to curtail the catch and effort for yellowfin tuna in the 
Eastern Pacific Ocean, ill order to restore the po'p'ulation of this species 
to a level where maxin1u:m sustainable eatches may be again obtained, 

Having considered the additional statistics of catch and effort, an'd 
other information, for th.e year 1962, 

Observing that the stu,dies of its scientific staff indicate that the 
yellowfin population rem.1ains substantially 'below the level of abun'danee 
corresp,on,ding to maximtlffi sustainable yield, that a p,rudent estimate of 
the sustainable yield to be expected during 1963 is that it will not exceed 
81,000 tons, 

Recommends to the High Contracting Parties that they take joint 
action as follows: 

1) Establishment of a catch-limit (quota) on the total catch of yel­
lowfin tuna by fishermen of all nations of 81,000 tons d'uring calendar 
year 1963, from the area previously defined in the Resolution 'adopted by 
the C'ommission on 17 May 1962. 
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2) Reservatio11 of 2,000 tons of this yellowfin tuna quota for allow­
ance for incidental eatches when fishing for other tuna species, such as 
skipjack and bigeye tU11a, after the closure of unrestricted fishing for 
yellowfin tuna. 

3) Opening of the fishery for yellowfin tuna on 1 January 1963; dur­
ing the open season vessels should be permitted to depart from port with 
permission to fish for any tLIna species, inc'lu,ding yellowfin, without re­
striction on the quantity of any species, until the return of the vessel 
to port. 

4) Closure of the fishery for yellowfi11 tuna during 1963 at such date 
as the quantity of tuna already lan'ded plus the ex'pected catch of yellow­
fin tuna by vessels which are at sea with permits to fish without restric­
tion reaches 79,000 tons. 

5) After the date of closure of the fishery for yellowfin tuna, vessels 
should be permitted to leave port with permission to fish only for other 
species ,of tuna than yellowfin tuna; but any vessel operating LInder such 
permission should be allowed to land not more than 15 per cent by weight 
of yellowfin tuna among its catch on any voyage. This limitation should 
apply to each and every trip on which the vessels dep'art with permission 
to fish only for other species of tuna than yellowfin tuna, even though the 
vessel ,does not retLIrn to 'port from such a trip until after the en,d of the 
calendar year 1963. 

6) Such action as may be necessary to obtain the cooperation of those 
Governments whose vessels operate in this fishery, but which are not 
parties to the Convention for the Establishment of an Inter-American 
Tropical Tuna Commission, in effecting these conservation measures. 

(6) Decided that the next Annual Meeting would be held in San 
Diego, California, unless Mexico or Co1ombia complete adherence to the 
Convention, and should invite the Commission to meet in one of those 
countries. It is in'dieated that mid-March is the most convenient time for 
the meeting. 

(7) Elected Dr. Enrique Ponce y Carbo Chairman, and Mr. Jose L. 
Cardona-Cooper Secretary of the Commission for the ensuing year. 

(8) Accepted the resignation of Dr. Milner B. Schaefer as Director 
of Investigations an,d appointed Dr. J. L. Kask, Chairman of the Fisheries 
Research Board of Canada, to succeed him, the time of take-over to be by 
at least the enid of the year. 

The Commission wishes to take this opportunity to express its deep 
appreciation to Dr. Schaefer for his o'utstan'ding work as Director of In­
vestigations from the inception of the Commission's research in 1951 until 
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his resignation on September 1, 1963. The excellent quality and volume 
of the staff's scientific pllblieations, which have been distributed on a 
world-wide basis, during that period stand as a monument to his brilliant 
leadership. 

INTER-AMERICAN TROPICAL TUNA COMMISSION 

Enrique Ponce y Carbo, Chairman Jose L. Card'ona-Cooper, Secretary 
Francisco Baquerizo Virgilio Aguiluz 
Eduardo Burneo Fernando Flores 
Hector A. Chiriboga Victor Nigro 
Eugene D. Bennett Juan L. Obarrio 
John G. Driscoll, Jr. Carlos A. Lopez-Guevara 
Robert J. Jones Dora de Lanzner 
J. Laurence McHugh Camilo Quintero 

34 TUNA COMMISSION

his resignation on September 1, 1963. The excellent quality and volume
of the staff's scientific pllblieations, which have been distributed on a
world-wide basis, during that period stand as a monument to his brilliant
leadership.

INTER-AMERICAN TROPICAL TUNA COMMISSION

Enrique Ponce y Carbo, Chairman
Francisco Baquerizo
Eduardo Burneo
Hector A. Chiriboga
Eugene D. Bennett
John G. Driscoll, Jr.
Robert J. Jones
J. Laurence McHugh

Jose L. Card'ona-Cooper, Secretary
Virgilio Aguiluz
Fernando Flores
Victor Nigro
Juan L. Obarrio
Carlos A. Lopez-Guevara
Dora de Lanzner
Camilo Quintero



12 - MONTH MOVING AVERAGE OF INDEX OF TOTAL CATCH OF YELLOWFIN AND SKIPJACK TUNA 
130
 

120
 

YELLOWFIN110 

100 

90 >­(/) 

z I'd 
0 
t- 80 "".-- .. I'd 

/"" t'Ij 
I.L. ... /
0 //----- ---.".- ....... -- .... '--, ........----/--' Z
 

- tj
(/) 70 
0 

-- ....... -, /' , ' .....
 , / ..... _-,/z , / 1><1 
c:t , /, /(J) 60 
:> \ I I 

\ I0 >­\ /:I: 
t- ", /""" SKIPJACK

50 I'd 
\

\ / 
/ trJ 

\ 1 ... / Z... /

40 \ / tj .....\ 
\----, /,/ 

/ 

o, / 
....... / trJ
30 " , / ,,"" 

.......1
 

20 

10 

1959 1960 1961 1962 1983 

FIGURE 1. Twelve-month moving average of index of total catch of yellowfin and skipjack tuna. 
wFIGURA 1. Promedio movible de doce metes del indice de captura total del atun aleta amarilla y del barrilete. CJl 
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FIGURE 2.	 The estimated total catch of yellowfin tuna in !the Eastern Pacific expressed as a cumulative total on a weekly basis. 1960-1963. 

FIGURA 2.	 Captura total estimada del atun aleta amarilla en el Pacifico Oriental. expresada como un total acumulativo sobre una base semanal. 
1960-1963. 
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FIGURE 3. The estimated total catch of skipjack tuna in the Eastern Pacific expressed as a cumulative total on a weekly basis, 1960-1963.
 

FIGURA 3. Captura total estimada del barrilete en el Pacifico del Este, expresada como un total acumulativo sobre una base semana!, 1960-1963. 
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wFIGURA 5. Captura del barrilete por dia de pesca, realizada por barcos rederos estandarizados a la clase 3, por zonas de pesca, 1960 a 1963. (,0 
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FIGURA 6. Porcentaje mensual de la capacidad de la £lota de los E.U. de A. en el mar en 1963.
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FIGURE 7.	 Areas in which yellowfin tuna have been tagged by Commission personnel, 1955 
through 1'963. The broad lines indicate major areas of tagging referred to in the text, 
while the striped portions represent the specific one-degree areas in which tagging 
was conducted. 

FIGURA 7.	 Areas en las que el atun aleta amarilla ha sido marcado por el personal de la 
Comision, 1955 a 1963" Las !ineas mas pronunciadas indican las areas principales de 
marcacion a que se refiere el Informe; las partes estriadas representan las areas 
especificas de un grado en las que se efectuo la marcacion. 
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Figure 8 

FIGURE 8.	 Areas in which skipjack have been tagged by Commission personnel, 1955 through
1963. The broad lines indicate major areas of tagging referred to in the text, while 
the striped portions represent the specific one-degree areas in which tagging was 
conducted. 

FIGURA 8.	 Areas en las que el barrilete ha sido marcado por el personal de la Comision, 1955 
a 1963. Las !ineas mas pronunciadas indican las areas principales de marcacion a que 
se refiere el Informe; las partes estriadas representan las areas especificas de un grado 
en las que se efectuo la marcacion. 
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La Comision desea aprovechar esta oportunidad para expresar su 
profunda ap,recio al Dr. Schaefer por su 'destacada labor como Director de 
Investigaciones desde el comienzo de las investigaciones de la Comisi6n 
en 1951 hasta su renuncia efectiva a partir del 10 :de septiembre de 1963. 
La excelente calidad y la cantidad ,de publicaciones ,del personal cientifico, 
que han sido distribuidas mundialmente durante ese periodo, son un 
monumento a su brillante administraci6n. 
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