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estimate of the total mortality (F + M + Q), and the antilog of the inter-
cept is an estimate of ¢.

Having estimated ¢, the instantaneous rate of fishing mortality is at
once available from the relationship.

_ _4qf
R R — (20)
where 7 is the overall fishing effort exerted in the area of concern during
the entire experiment of duration ¢, to #,. The estimated fishing and total
mortality rates are, for comparisons between experiments, usually ex-
pressed on a yearly basis.

Estimating the total mortality rate of untagged fish (Z)
and tagged fish (Z’)

The diminution in the adjusted rate of recovery per unit of effort with
increase in time [decrease in 2(¢#)] has been shown [equations (18) and
(19) ] to be a method for estimation of the rate of total mortality (F + M
+ @) of the tagged population. This method is an improvement over that
used by Schaefer, Chatwin and Broadhead (1961), (i.e., the diminution
of returns with time) to describe the total mortality of tagged tunas, since
the scatter of the points about the line of best fit is considerably reduced
by taking account of the changes in fishing effort. In an area such as the
local banks off Baja California, where there is a cycle of high and low
effort during a year (Alverson, 1960; Martin, 1962), the estimates of total
mortality will be most reasonable when these changes in effort are taken
into consideration.

It is emphasized that the total mortality rates directly derived through
these analyses are for tagged fishes and, since they include additional
sources of loss, are not comparable to the total mortality rates of the un-
tagged fishes in the same area. That is, Z, the instantaneous total mor-
tality rate of untagged fishes, is equal to the sum of the fishing and natural
mortality rates (Z = F + M), while Z’, the instantaneous total mortality
rate of tagged fishes, includes an additional attrition Q due to tag shedding
and deaths caused by the carrying of the tag (Z’ = F + M + Q).

Estimating Q, a mortality coefficient due to tag shedding and other causes

Because the data from tagging experiments through 1960 do not in-
clude any from double tagging, direct estimates of QO have not been pos-
sible. However, it is possible, for yellowfin tuna, to calculate indirectly
an estimate of an awverage value of Q by the utilization of certain ancillary
data.

The calculated instantaneous total mortality rate of untagged yel-
lowfin, Z = (F+ M), in the eastern tropical Pacific Ocean for 1954 to 1959
is 1.72 per year (Hennemuth, 1961b). The portion of the total mortality
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to 7.65 per year. Subtraction of the average additional loss rate, O, from
7' gives estimates of total mortality rates, Z, which may be compared to
those made from analyses of the regressions of year classes on age (Da-
vidoff, unpublished). Although Davidoff’s estimates are not yet firm, it
appears that, for those areas and years where comparisons are possible,
the total mortality rates computed by the two methods are quite similar.

The catchability coefficient computed for skipjack tagged on the local
banks during 1957 (¢ = 0.600 X 10-* per day) is higher than any estimate
for yellowfin computed from the 1955 to 1959 tagging. Estimates of ¢ for
skipjack from other individual years could not be made from the data avail-
able. An estimate was made, however, of a weighted average catchability
coefficient of those skipjack tagged off northern Peru during 1955 to 1960
(9 = 0.067 X 10¢ per day). If this rate is compared with a similarly
computed average estimate for yellowfin tagged in the same year and area
(¢ = 0.190 < 10 per day), it appears that yellowfin in this area may be
more vulnerable (as defined by Ahlstrom, 196C) than skipjack while in the
region of the fishery.

Total mortality rates, Z’, for both groups of skipjack (Tables 8k-1)
were extremely high (6.98 per year for those tagged in 1957 off Baja Cali-
fornia and 5.02 per year for those tagged during 1955 to 1960 off northern
Peru). However, these rates include some loss resulting from emigration
of the skipjack from the eastern tropical Pacific Ocean fishery. For ex-
ample, skipjack tagged on the local banks have been recaptured as distant
as Hawalii and Christmas Island (Inter-American Tropical Tuna Commis-
sion, 1964).

Confidence limits on the mortality rate estimates computed in this
paper cannot be easily established. Gulland (1963) placed confidence
limits of -+ 20 per cent on his catchability coefficients but his data did not
require the use of as many assumptions and corrections as do those for the
tunas. The estimates of Z’ are, because of the highly significant correla-
tion coefficients, believed to be much more valid than those of fishing
mortality, especially since the former are not subject to error from the
inaccurate estimation of the number of effective releases.

Future tagging operations can be designed readily to provide estimates
of all the various factors which affect the calculation of the mortality
rates except K, the portion of the tagged fish which survive the initial ef-
fects of capture and tagging. Until this factor can be definitely determined
or, until that time when tagging can be done with no initial mortality, it
will be impossible to make accurate estimations of 4 and F. However, the
Gulland-type analysis of tagging data, as applied here to tunas, does pro-
vide direct estimates of total mortality rates, estimates which are in
general agreement with those resulting from other, less direct methods of
analysis.
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FIGURE 1. Tuna Commission tagging and recovery areas.

FIGURA 1.

Areas de marcacién y recobro de la Comisién del Atan.
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FIGURE 2. Relationships, by major areas of tagging, of yellowfin tuna recovery
rates to water temperature at time of tagging.
FIGURA 2. Relacién, por areas mayores de marcacioén, de las tasas de recobro del
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