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books the size categories of fish captured, according to the number of poles
attached to a single hook employed in their capture. Data of this sort over
the period 1947 through 1954 indicate that with increasing fishing effort
the percentage of small (one-pole) fish increased. Records of sales of fish-
ing gear by one of the larger vendors of this equipment, for the years 1939-
1941 and 1949-1955, also indicate that the sales of hooks and lures for cap-
turing the smaller fish constituted a higher percentage of total sales in the
later years of high fishing intensity. These data, while not as precise as
the “market-measurement’” data now being collected (see below), are all
that are available for years prior to initiation of our research. They do tend
to confirm the conclusions from the previous analysis.

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

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

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

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

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

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

In this figure are shown the actual values of fishing intensity and
catch for each year of the series 1934-1955, labelled ‘““Actual Catch.” The
broken line labelled “Estimated Equilibrium Catch” indicates the best esti-
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Increase in the anchoveta population of the Gulf of Nicoya is disap-
pointingly slow. During 1956, specimens continued to appear in our collec-
tions both in the inner and outer Gulf, and the occurrence of ripe adults,
as well as numbers of very young juveniles in certain localities, indicates
that the population is reproducing. The number of fish captured, however,
indicates no large increase in the magnitude of the stock, which remains
far below a useful size.

Publication of research resulis

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

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

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

12. Schaefer, M. B.

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

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



