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

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

".., 

F == ~ (20) 
tn-to 

where 7is the overall fishing effort exerted in the area of concern during 
the entire experiment of duration to to tn. 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 dimintltion in the adj:usted rate of recovery per unit of effort with 
increase in time [decrease in 0(t)] has been shown [equations (18) and 
(19)] to be a method for estimation of the rate of total mortality (F + M 
+ Q) of the tagged population. This method is an improvement over that 
used by Schaefer, Chatwin and Broadhead (1961), (Le., 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 tl1e 
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), wl1ile 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 Q have not been pos­
sible. However, it is possible, for yellowfin tuna, to calculate indirectly 
an estimate of an average 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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months. If this is the case, then the technique used above may not be ap­
plicable here. For this reason the regression used (Figure 6) to estimate 
the mortality rates (Table 7) is questionable. However, the y-intercept 
of a line based on the first three points only may, for this group, be valid 
for estimating q if these data fulfill the prerequisites of the model. Using 
these three points q = 0.094 X 10-3 per day, qT for the 2.3 months is 0.178, 
and F = 0.93 per year. 

The estimated number of effective tagged yellowfin released on the 
local banks during 1960 is smaller than the actual number of recoveries. 
The discrepancy is caused, in part, by calculation of K values (Table 7) 
from the average relationship of water temperature on recovery rates only, 
by the use of data from periods prior to 1960 with their lower fishing in­
tensity and, from this, an assignation of K = 0.85 at 65°F. An estimate 
of mortality based on To rather than Tg (and therefore a minimum esti­
mate) lowers F to 3.13 per year, still a very high rate of mortality. The 
true rate is probably somewhat higher. 

For both groups of tagged skipjack analyzed, a considerable differ­
ence between the estimated rates of fishing mortality and total mortality 
was evident. This may be due to a high natural mortality rate and also 
to a high rate of emigration. Insertion into the model of a factor for ran­
dom diffusion (Schaefer, Chatwin and Broadhead, 1961) to account for 
emigration decreases the difference between F and Z' but does not improve 
the correlation coefficients of the regressions. 

SUMMARY AND CONCLUSIONS 

From the data available for tagged yellowfin, for the specific areas at the 
extremes of the fishery, the instantaneous rates of fishing mortality per unit 
of effort, referred to here as the catch ability coefficients q were found to 
range from 0.066 to 2.450 X 10-a per day. These are, as expected" con­
siderably higher than the catch ability coefficient estimated by Schaefer 
(1957) for the eastern tropical Pacific Ocean as a whole ( q = k. = 0.038 X 10-3 

per day). The instantaneous fishing mortality rates qT = F, were found to 
be quite variable among years and areas during the 1955-1959 period (0.56 
to 1.39 per year). For those yellowfin tagged in 1960, however, the cal­
culated rates of fishing mortality were extremely high (> 3.13 per year 
for those released on the local banks and 2.02 per year for those released 
otf northern Peru). 

Total mortality rates of tagged yellowfin, Z', include attrition from 
sources other than fishing and natural mortality. These ranged from 1.83 

R Combining the data from one or more sub·areas of the fishery does not neces­
sarily change the fractional rate of recapture but, since the applicable effort in 
the combined area is the sum of that exerted in the sub-areas, the fractional rate 
of �r�~�~�a�:�'�p�t�u�r�e� per uni'tof effort, q, is lower than the average q for the sub-areas. 
Combinations such as these have no effect on either F or Z. 



ESTIMATIONS OF MORTALITY RATES 25 

to 7.65 per year. Subtraction of the average additional loss rate, Q, from 
Z' 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 catch ability coefficient computed for skipjack tagged on the local 
banks during 1957 (1 = 0.600 X 10-3 per day) is higher than any estimate 
for yellowfin computed from the 1955 to 1959 tagging. Estimates of 1 for 
skipjack from other individual years could not be made from the data avail­
able. An estimate was made, however, of a weighted average catchabiIity 
coefficient of those skipjack tagged off northern Peru during 1955 to 1960 
(1 = 0.067 X 10-3 per day). If this rate is compared with a similarly 
computed average estimate for yel10wfin tagged in the same year and area 
(1 --= 0.190 X 10<1 per day), it appears that yellowfin in this area may be 
more vulnerable (as defined by Ahlstrom, 1960) than skipjack while in the 
region of the fishery. 

Total mortality rates, Z', for both groups of skipjack (Tables 8k-l) 
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 Hawaii 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 q 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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TAGGING AND RECOVERY AREAS 
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FIGURE 1. Tuna Commission tagging and recovery areas. 

FIGURA 1. Areas de marcaci6n y recobro de la Comisi6n del Atun. 
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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. Relaci6n, por areas mayores de marcaci6n, de las tasas de recobro del 
aWn aleta amarilla can la temperatura del agua en el momenta de la 
marcaci6n. 
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FIGURE 3. Relationships, by major areas of tagging, of skipjack tuna recovery 
rates to water temperature at time of tagging. 

FIGURA 3. Relaci6n, par areas mayores de marcaci6n, de las tasas de recobro del 
atun barrilete can la temperatura del agua en el momenta de la 
marcaci6n. 
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FIGURE 4. Relationships between AT and t, yellowfin tuna 
releases, local banks 1957. The lower line in­
cludes recovery and effort data from the Gulf 
of California; the upper line does not. 

FIGURA 4. Relaciones entre AT y t, liberaciones de at un 
aleta amarilla, bancos locales, 1957. La linea 
inferior incluye los datos del recobro y del 
esfuerzo en el Golfo de California; la linea 
superior no los incluye. 
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FIGURE 5. Relationship between AT and t, yellowfin tuna 
releases, local banks, 1958. 

FIGURA 5. Relaci6n entre AT y t, liberaciones de atun aleta 
amarilla, bancos locales, 1958. 




