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following severe exercise (Secondat and Diaz, 1942; Black, 1957c; Bates 
and Vinsonhaler, 1957); following capture by trolling or gill net (Hunts
man, 1938; Parker and Black, 1959; Parker, Black and Larkin, 1959); and 
following tagging operations (Parker and Kirkness, 1956; Milne and Ball, 
1956 and 1958). Some of these ~uthors have provided evidence for a corre
lation between very high blood lactate and mortality (Secondat and Diaz, 
1952; Black, 1957c; Parker and Black, 1959; Parker, Black and Larkin, 
1959) . 

The present study, the first in a series on muscular fatigue in tunas, 
was designed to investigate the possibility that the high mortality rates 
and quite variable percentage returns of tagged tunas might be due to the 
several effects of an increase in the blood lactate occasioned by the tagging 
operation. 
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MATERIALS AND METHODS 

During March and April 1961, the Tuna Commission chartered the 
commercial tuna clipper, Barbara K, to tag and release tunas in the waters 
off the Pacific coast of Central America; it was aboard this vessel that 
these experiments were conducted. The fish were captured by live-bait 
methods (Godsil, 1938) and tagged with dart tags (Broadhead, 1959). 
The yellowfin tunas used in the experiments ranged in weight from ap
proximately five to eight pounds; the skipjack, from four to seven pounds. 
These represent fish of manageable size, rather than a random sampling 
of the fish captured in the fishery. 

Blood samples were taken from untagged and tagged fish of both 
species immediately after capture (rack samples), and after holding in a 
live-box for various intervals of time up to 24 hours after capture (live
box samples). Blood samples were also taken from untagged fish chased 
to exhaustion in the live-box. 
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The untagged fish used for rack samples were swung to a V-shaped 
tagging cradle, lined with foam rubber, held in a water-filled wooden 
trough mounted on the bulwark railing beside the fisherman. A fish was 
placed in an inverted position, the barbless hook removed and the blood 
sample taken by cardiac puncture as described by Black (1955). The fish 
was then killed and the total length was recorded, as with all fish from 
which blood samples were taken. The average time from hooking to 
withdrawal of the syringe was 40.8 i ::7.8 seconds l (range, 20 to 130 sec
onds) for 14 yellowfin and 41.3±3.2 seconds (range, 30 to 55 seconds) for 
six skipjack. 

The tagged fish used for the rack samples were swung, on capture, to 
a tagging cradle where the hook was ren10ved and the fish routinely tagged. 
Then, instead of retllrning the fish to the sea, it was transferred to the ad
jacent water-filled tagging cradle where the blood sample was taken. The 
average time from hooking through tagging to the removal of the syringe 
was 45.1±6.4 seconds (range, 23 to 135 seco11ds) for 17 yellowfin tuna and 
38.5±5.2 seconds (range, 20 to 90 seconds) for 11 skipjack. 

The live-box in which the fish were held follo\ving capture and tagging 
was a standard one used to hold live bait aboard the vessel. It was modified 
by lining the four sides with one-inch thick polyurethane foam glued onto 
plywood sheets which were wired to the refrigerator coils in the box, and 
by placing baffles across the corners to give the box an octagonal shape. 
The foam lining was used in an attempt to prevent the fish from damag
ing themselves on the sides of the box. This precaution proved to be un
necessary, and indeed hazardous for the fish, since fish died when they 
became trapped behind the foam-covered panels, which at times loosened 
away from the walls of the box. The foam lining will not be used 
in future experiments. The box was 2.7 m. wide, 4.2 m. long and 
1.6 m. deep, and held some 18,000 liters of sea water. The water rose 
18 cm. into a coaming (106 cm. square) at the top center of the box. This 
effectively prevented surging of the water. The flow of sea water, which 
entered diffusely along the forward bottom corner, through the box was 
approximately 3,900 liters per minute. Water temperature in the live-box 
during the experiments ranged from 26.1 °C to 28.9°C (79°-84°F) and was 
always the same as the surrounding sea temperature. 

For the live-box samples, the fish were captured and swung on the 
hook and line from the water to the bait-box deck, a distance of some 15 
feet. The untagged fish were lowered directly into the \vater in the box 
and shaken off the barbless hook. This operation, from the time of hook
ing to the time of release in the box, took an average of 8.0±0.3 seconds 
(range, 6-16 seconds) for 61 yellowfin tuna and 7.1±O.2 seconds (range, 

l-All deviations given in this paper represent the standard error. 
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6-9 seconds) for 35 skipjack. Tagged fish to be held in the box were swung 
into a standard tagging cradle on the bait-box deck, and held there in air 
while the hook was removed and the dart tag inserted, after which the fish 
were released into the live-box. This took, from hooking to release in the 
box, an average of 15.6±0.5 seconds (range, 12-21 seconds) for 60 yellowfin 
tuna and 14.4±0.2 seconds (range, 13-16 seconds) for 58 skipjack. After 
predetermined times of holding, the fish were removed with as little dis
turbance as possible to the other fish being held. Removal was accom
plished by the use of a crowder net, or occasionally, a dip net. Fish were 
transferred to the water-filled cradle where the blood sample was taken. 
Samples were taken only from living fish. 

Four each of yellowfin and skipjack tunas were chased to exhaustion 
prior to blood sampling, by lowering the water in the live-box to 1% to 2 
feet and then chasing and stirring up the fish until they lay exhausted on 
their sides. The blood samples were then taken in the usual manner. 

When the fish were released into the box, they immediately began 
to swim in circles about its circumference, and continued to do so during 
the period of their confinement. During these experiments, there was no 
apparent difference between the behavior of the yellowfin and the skipjack 
in the box. The fish were not deliberately disturbed, except to remove 
them for sampling, or to remove fish which had died. The fish seemed to 
show no reaction to activities or people passing by on the bait deck. The 
tank was constantly lighted with both underwater and overhead lamps. 
The fish were not fed during their confinement. There was no great dif
ficulty in holding the yellowfin tuna in the live-box for 24 hours after cap
ture, which was the time limit set for the experiments. It was not possible, 
however, to keep the skipjack alive in the box for more than ten hours. 

As many as thirty fish were held at one time in the live-box, although 
the usual content at the start of an experiment was about fifteen fish. At 
times, both species were held in the box simultaneously. It was not pos
sible, of course, to record an exact time of entry into the box for individual 
untagged fish, but every effort was made to put an entire group of un
tagged fish into the box within as short a time period as possible. The 
maximum time was fifteen minutes. Times of holding given for the untagged 
fish, therefore, are only approximate. For the tagged fish, the tag number 
and the exact time of entry, in most cases, were noted. The results pre
sented are based on a series of experiments and a number of different 
groups of fish. 

Blood was taken by cardiac puncture with a heparinized 2 ml. Luer 
syringe lubricated with paraffin oil. .The blood was expelled into a shell vial 
from which a 1 ml. sample was withdrawn and ejected into a 50 ml. Erlen
meyer flask containing 9.0 ml. of cold 10 per cent trichloroacetic acid. 
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The mixture was filtered within fifteen minutes and the filtrate was frozen 
in a one-ounce polyethylene bottle. The filtrates from the yellowfin blood 
samples had a typical pale straw color, while those of the skipjack were 
an unusual pale green. This latter color, however, caused no apparent in
terference with the analytical procedures. The samples were kept frozen 
until analyzed for lactate content by the method of Barker and Summer
son (1941) in the Department of Physiology at V.B.C. Values of lactate 
were calculated as milligrams per 100 m!. of blood (mg. %) and are the 
average of duplicate, or more, analyses. The standard solution of 0.05 mg. % 
lactic acid gave an average corrected value (Klett colorimeter reading of 
standard less the reading for the reagent blank) of 144.2±O.7 for 37 de
terminations, an indication of the precision of the method of analysis. 

Determinations of hemoglobin content were made on some of the blood 
samples from fish held in the live-box, using blood remaining in the shell 
vial after the 1 m!. portion had been taken for lactate analyses. The de
terminations were made by the acid-hematin method using the Sahli-Hellige 
hemoglobinometer. Values are expressed as grams per 100 m!. of blood. 
Although this technique has recently been shown to give high and variable 
hemoglobin values for fish blood (Anthony, 1961), the hemoglobin con
tent of the bloods of the two species was sufficiently different (see below) 
to permit the use of these data to show relative levels. 

A number of sources of error and limitations should be kept in mind. 
These include, among others: 

1.	 the initial muscle-glycogen levels of the fish; 
2.	 the variable amount of exercise and use of glycogen stores before 

capture; 
3.	 the continual swimming of the tunas in the live-box (and any con

comitant "confinement stress"); 
4.	 the variable amount of time to take the blood samples; 
5.	 the re-stimulation of the fish remaining in the live-box during the 

removal of others for sampling; and 
6.	 the error involved in the method of lactate determination. 

RESULTS 

Rack samples 

The blood lactate levels at capture, and after capture and tagging are 
given, for yellowfin and skipjack tunas, in Tables 1 and 2 respectively. 
"t" tests were used to compare differences in blood lactate levels between 
untagged and tagged yellowfin, between untagged and tagged skipjack, 
and between yellowfin and skipjack. These tests showed no significant 
differences. The average blood lactate for these four groups ranged from 
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14.4 to 22.5 mg. % and have been c011sidered, for this study, as the base 
levels of lactate in the blood stream. These values are slightly higher than 
lactate values recorded for other species before exercise (Black, Robertson 
and Parker, 1961, 1....able 8), which may be due either to the greater degree 
of activity between initial capture and sampling under field conditions, or 
to a higher level of activity in tunas in the steady state under natural 
conditions. Average lactate levels during recovery were, on occasion, 
lower than those of the rack samples (Tables 3, 4, 6 and 7). The lower 
lactate values noted after holding may be attributed to greatly reduced 
glycogen stores and/or to less activity in the live-box than in the ocean. 

Live-box samples 

Yellowfin tuna 

The blood lactate levels and the times held in the live-box are given in 
Table 3 for 51 untagged and in Table 4 for 39 tagged yellowfin tuna. The 
relationship between the lactate level and the time held after capture a11d 
tagging was obviously non-linear. To facilitate analysis, the data were 
converted to logarithmic values. The regression of the lactic acid level 
(Y) on time held (X) in the form log Y == a + b log X resulted in a trans
formation to approximately a linear relationship (Figure 1), between about 
V2 hour and ten hours. 

The individual values in Table 3 and Figure 1 show that a level of 90 
mg. % lactate was present in the blood stream of the untagged yellowfin 
within 13 minutes. At 29 minutes, the level in one fish had reached a peak 
of some 200 mg. %, a nine-fold increase over the average base level, and 
the mean value was about 115 mg. ~~. From this peak, the lactate content 
of the blood dropped steadily, so that by 11/~ hours, the blood lactate values 
of some fish were \vithin the range of the base values. After about 4V2 
hours recovery, the blood lactate levels in four untagged yellowfiI1 aver
aged 11.5 mg. %. 1\1:ost fish remained at or below this level until the termi
nation of the experiment at 24 hours. The occasional high values recorded 
after three hours are most likely due to some extra stiInulation immediately 
before sampling, in view of extreme rapidity with which lactate appears 
in the blood (Black et al., 1962). 

The pattern for the tagged yellowfin was essentially similar to that for 
the untagged. Examination of individual values in Table 4 and Figure 1 
shows that within 10 minutes of tagging the lactate level had increased to 
116 mg. %. The lactate remained at about this level for 3,4 of an hour, 
and then dropped steadily, so that by 1 1/2 to 2 hours recovery the values 
for some fish were within the range of the base values for tagged yellowfin. 
The lactate content continued to drop steadily, and by 4lh hours the aver
age level (18.4 mg. %) was only slightly higher than the average base level 
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for tagged yellowfin. After seven hours recovery, the average level 
(lOA mg. %) was below the average base levels, and remained so for the 
duration of the experiment. 

An analysis of covariance of the logarithms of the blood lactate levels 
against the logarithms of the times held in the box for values from 20 to 
600 minutes was calculated for the untagged and the tagged yellowfin 
tuna. This period was selected (a) for ready comparison with the results 
of the skipjack experiments which were terminated after ten hours and (b) 
because the regression appears to be linear over this range. There were 
no significant differences between deviations from regression of the two 
groups, between the slopes of the lines (i.e. between the rates of disap
pearance of lactate from the blood) or between the levels of regression 
lines representing the mean value of blood lactate at various times (Table 
5) . 

Skipjack tuna 

The blood lactate levels and the times held in the live-box are given in 
Table 6 for 30 untagged and in Table 7 for 23 tagged skipjack. The data 
were treated as for the yellowfln. The relation between the logarithm of 
the lactate level against the logarithm of the time held is shown in Figure 2. 

Examination of the individual values in Table 6 and Figure 2 shows 
that a level of 130 mg. % lactate was present in the blood of one untagged 
skipjack within ten minutes. After about % of an hour, the level reached 
a peak value in one fish of 263 mg.%, an 18-fold increase over the average 
base level, and the mean value was about 160 mg. %. Thereafter the level 
dropped steadily until, at about ten hours of recovery when the experiment 
ended, the average blood lactate level was 31 mg. % for five fish. The 
blood lactate levels remained above the base levels throughout the experi
ment. The great variation in the blood lactate levels of individual skipjack 
at anyone time was especially noteworthy. 

From an examination of the individual values for the tagged skipjack 
in Table 7 and Figure 2, it appears that the blood level of lactate rose from 
the average base level of some 15 mg. % to 142 mg. % within ten minutes. 
The lactate content increased to a maximum of 498 mg. % in one fish at 39 
minutes, a 33-fold increase, and an average value of about 325 mg. %, after 
which the levels dropped steadily. The great variability in the levels and 
the paucity of specimens at the longer holding periods permit only a sug
gestion that the levels at the end of ten hours recovery approximate those 
at first capture and tagging. The levels of 350 and 498 mg. % at 38 and 
39 minutes, and of 154 and 169 mg. % at 115 and 120 minutes are high 
compared with the levels after the same period of recovery in the other 
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The lactate content increased to a maximum of 498 mg. % in one fish at 39
minutes, a 33-fold increase, and an average value of about 325 mg. %, after
which the levels dropped steadily. The great variability in the levels and
the paucity of specimens at the longer holding periods permit only a sug
gestion that the levels at the end of ten hours recovery approximate those
at first capture and tagging. The levels of 350 and 498 mg. % at 38 and
39 minutes, and of 154 and 169 mg. % at 115 and 120 minutes are high
compared with the levels after the same period of recovery in the other
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specimens, and may represent fish with a somewhat different response to 
the experimental procedure. These data, however, were included in the 
statistical analysis. 

An analysis of covariance of the logarithms of the blood lactate levels 
against the logarithms of the times held in the box, for values from 20 to 
600 minutes, was calculated for the untagged and the tagged skipjack tuna. 
There was no significant difference between the deviations from regression 
of the two groups. There was, however, a significant difference between 
the slopes (Le. rates of disappearance of lactate from the blood stream) of 
the two groups (Table 5). The blood lactate reaches an initially higher 
level, decreases at a faster rate and, at ten hours, is at a lower level in the 
tagged skipjack than in the untagged. As shown below (p,. 241), however, 
when the data of the four possibly aberrant fish mentioned above are re
moved, there is then no observable difference between the regressions for 
tagged and untagged fish. 

Comparisoll betlveen yellotvjin and skipjack tunas 

The various comparisons between the untagged and tagged yellowfin 
and skipjack tunas arising from analyses of covariance, are given in Table 
5. The regression lines showing the relation between the lactate level and 
the time held for all yellowfin combined, for untagged skipjack, and for 
tagged skipjack are given in Figure 3. Correlation of the data from Tables 
1, 2, and 5 and Figures 1, 2, and 3 makes possible some generalizations 
concerning the blood lactate levels in yellowfin and skipjack tunas. Since 
there was no statistical difference between the lactate levels of the un
tagged and tagged yellowfin, these data were combined for the following 
comparisons: 

1.	 the blood lactate levels .of yellowfin and skipjack tunas at capture, 
and immediately after capture and tagging, are not significantly 
different; 

2.	 increases in blood lactate levels become apparent in both species 
of tuna within the first ten minutes of recovery, and reach their 
maxima in 1/2 to 34 or an hour. The increase is greater in skip
jack than in yellowfin, and greater in tagged than in untagged 
skipjack; 

3.	 for untagged skipjack, the rate of disappearance of lactate from 
the blood is slower than for yellowfin tuna; 

4.	 for tagged skipjack, the rate of disappearance of lactate from the 
blood is faster than for yellowfin tuna; and 

5.	 the variation in the blood lactate levels at any given time is greater 
in skipjack than in yellowfin tuna. 

Parker and Black (1959) showed that the death of individual chinook 
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Parker and Black (1959) showed that the death of individual chinook
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salmon in their experiments was significantly associated with high blood 
lactate levels. If it is assumed that the four tagged skipjack with the high 
blood lactate levels (noted above) would have died in the live-box had they 
not been sampled, these can be speculatively omitted from the calculation 
of the analysis of covariance. There is then no significant difference be
tween the deviations from regression, the rates of disappearance of lactate 
(slopes) or the elevations of the two regression lines for skipjack (Table 5). 

Fish chased to exhaustion 

The time of chasing until the fish lay exhausted, and the blood lactate 
of each of four yellowfin and four skipjack tunas at the time of exhaustion 
are given in Table 8. There ,vas an increase, with time, in the blood lac
tate level at exhaustion in both species with the exception of the yellowfin 
at 11 minutes. The blood lactate values were again higher in skipjack 
than in yellowfin. 

Blood hemoglobin 

The number of fish sampled, the average hemoglobin content (grams 
per 100 ml. of blood) and the range of the hemoglobin content for untagged 
and tagged yellowfin and skipjack tunas are given in Table 9. There was 
no significant difference in the hemoglobin content of the blood between 
tagged and untagged fish of either species. The average blood hemoglobin 
content of 14.3 gm. % for the combined data for yellowfin was significantly 
lower (p<O.OOl) than t11at of 16.7 gm. % for the combined skipjack data. 

Mortalities in the live-box, a,nd SOllIe general observations 

Precise data were not obtained for the rates of mortalities of the 
tunas held in the live-box. The total numbers in each of the four groups 
held in the live-box, and the numbers in each group which died from all 
causes before the blood samples were taken are given in Table 10. The 
deaths include fish which became trapped and died behind the foam-lined 
panels, in addition to the deaths caused by handling, tagging and confine
ment. The data, at the very best, show only outstanding differences in 
the numbers of deaths between the groups. The skipjack, as noted pre
viously, could not be kept alive in the live-box for longer than 10 hours 
after capture; the yellowfin, in some experiments, were alive after 24 hours 
in the live-box, at which time they were sacrificed. 

The tagging cradle caused considerable abrasion to the fish, and a 
loss of the protective mucus coating. This was especially evident in those 
yellowfin which had been held for 24-hours. Large patches of raw skin 
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on the ventral and lateral surfaces of the belly, and hemorrhagic areas at 
the bases of the ventral fins were frequently noted. 

DISCUSSION 

Comparison between tunas and other fishes 

The yellowfin and skipjack tunas are sufficiently similar in their gen
eral pattern of blood lactate response to severe activity to be considered 
together for a comparison with the lactate response in other fishes. There 
are four immediately apparent points of difference in the blood lactate re
sponse of tunas compared to those of other fishes. These differences are 
observed in: (1) the rapidity of the increase; (2) the degree of the in
crease; (3) the rapidity of the decline; and (4) the duration of "maximal 
activity" leading to the lactate response. 

Peak concentrations of lactate were found in the blood of tunas with
in V2 to % of an hour after activity. This was in sharp contrast to the 
findings reported by Black, Robertson and Parker (1961) for freshwater 
salmonoids, where peak blood lactate levels were never attained in less 
than two hours and often required as long as 3V2 hours (temperature 
11.5°C). The blood lactate peak in the chinook salmon was found at 3:lh 
to 4 hours after activity by Parker and Black (1959) (temperature 14-15° 
C). The data presented here for the changes in blood lactate levels of tunas 
are quite similar to those shown by Black, Robertson and Parker (1961) 
for alterations in muscle lactate levels, suggesting that the diffusion of 
lactate from muscle to blood in tunas is extremely rapid. This rapid re
moval may be due to a possible increase in the diffusion rate at the higher 
ten1peratures at which these experiments were performed (Johnson et al., 
1945). It may also be due in part to the highly developed circulatory 
system of the tunas and the complex of capillaries in the mass of dark 
muscle along the lateral median line (Kishinouye, 1923). Gemmill (1942) 
has suggested that the capillary networks of muscle tissues and the effi
ciency of circulation through the muscles may explain the unequal dis
tribution of lactate in the muscle and blood of different species. 

The maximum blood lactate levels were, in some tuna specimens, nine 
to 33 times> greater than the average base level at captllre. Increases, 
upon exercise, from six to ten times over resting blood levels were found 
in other fishes (Black, Robertson and Parker, 1961). Peak blood lactate 
levels in tuna ranged from 123 to 498 mg. %. Peak concentrations, after 
varying degrees of activity, in some other species are: cod muscle 130 
mg. % (Leivestad, Andersen and Scholander, 1957); Kamloops trout blood 
153 mg.%, and muscle 523 mg.% (Black, 1957a; Black et al., 1962); chinook 
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salmon blood 240 mg. % (Parker and Black, 1959); and steelhead blood 
423 mg.%, and muscle 426 mg.% (Nakatani,1957). The relatively great 
alterations and high concentrations of blood lactate in the tunas could be 
due, among other possibilities, to an extremely vigorous response of the 
tunas to stimulation, to a high initial muscle-glycogen content, or to rapid 
diffusion of lactat~ from muscle to blood. Analyses of muscle lactate and 
glycogen are pl:-tnned for future experiments, and should help to clarify 
the issue. 

The blood lactate levels in the tunas declined steeply from the peak 
and, by 1V2 hours, in yellowfin tuna, some were within the range of the 
base levels. In both species, lactate disappeared from the blood at a rela
tively fast rate, when compared with the rate of disappearance for carp, 
trout, and salmon (Secondat and Diaz, 1942; Black and associates, 1955-60; 
Parker and Black, 1959; and Parker, Black and Larkin, 1959). This dif
ference in the rate of removal of lactate may be due to a much more rapid 
blood circulation in tunas, and possibly to the effects on the circulation of 
the continual muscular activity of swimming during the recovery period, 
as well as to effect of temperature. Black (1957c), noted that yearling 
sockeye salmon which continued to swim during the recovery period with
stood fatigue well in contrast to trout which lay quiescent. 

Of special interest is the remarkably short period of maximal activity 
-(6 to 21 seconds) which led, ultimately, to these high blood lactate levels 
in the tunas. To attain an exercised condition in other fishes, Black and 
his associates have routinely used 15 minutes exercise; Nakatani (1957) 
exercised steelhead for 2V2 to 18 minutes; and Parker and Black (1959) 
used three to 30 minutes on the trolling hook, for chinook salmon. Black 
and Barrett (1957), \vith only the stimulus of routine hatchery handling 
before transportation, did not raise the blood lactate levels of steelhead 
and cutthroat trout to those of fully exercised fish, although they noted 
significant increases in the lactate levels. Whether the peak blood lactate 
levels produced in tunas with this small amount of activity represent the 
maximum levels possible is still an open question. The blood samples of 
the tunas chased to exhaustion were taken immediately after the stimula
tion rather than at intervals during recovery. 

Comparison between yellowfin and skipjack tunas 

The difference in physiological response to capture and tagging be
tween yellowfin and skipjack tunas may be partly accounted for by (1) a 
better circulatory system in the yellowfin; (2) a more vigorous reaction 
by the skipjack to the capture and tagging operation; and/or (3) a higl1er 
initial muscle-glycogen content in the skipjack. 
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The yellowfin and skipjack tunas, in common with the other tunas, 
have bands of dark, myoglobin-rich muscle along the lateral median line 
which are supplied with an extensive capillary network from major cu... 
taneous arteries (Kishinouye, 1923; Godsil and Byers, 1944). In the yel
lowfin, these cutaneous arteries are large, and a great many fine vessels 
arise from them to nourish the dark flesh. In the skipjack, these cutaneous 
arteries are very much smaller, and the fine vessels leading from them 
to the dark muscle are relatively sparse. The yellowfin differs from the 
skipjack (and all other tunas) in the possession of a pair of arterial trunks, 
parallel to the aorta, which course from the efferent branchial vessels to 
the cutaneous arteries and provide a direct, additional source of oxygenated 
blood to the bands of dark muscle. Further, in the yellowfin, a posterior 
commissure (fusion of the dorsal and ventral branches of the cutaneous 
arteries at the caudal peduncle) is present. This is not so for the skipjack, 
or any of the other tunas. The significance of this commissure in terms of 
circulatory efficiency is not known. As pointed out by Black et ale (1962), 
the relatively high lactate levels and the prolonged recovery period fol
lowing exercise in trout, as compared to mammals, are probably due in 
part to impaired circulation and the concomitant inadequate tissue oxy
genation and decreased excretion. The differences in lactate levels and re
covery times between skipjack and yellowfin tunas might well be due in 
part to the differences in circulatory efficiency between the two species. 

Tester (1952), in his work on tral1sporting live yellowfin and skipjack 
tunas, noted the "frantic" behavior of the skipjack in captivity compared 
with the "slow and leisurely" movements of the yellowfin. Convulsive 
shuddering, violent struggling and bleeding at the gills in skipjack are 
commonly noted by Commission personnel during the tagging operation. 
This is rarely the case for yellowfin. Although the reactions of the skipjack 
to confinement, noted by Tester, were not seen here, differences in be
havior were apparent in these experiments during the tagging and blood
taking operations and sometimes during removal of the fish from the live
box. The greater degree of activity shown by the skipjack probably con
tributes to the greater lactate response observed. 

There are no data available 011 the glycogen content ofyellowfin and 
skipjack tuna muscle. C'onsequel1tly the effect of differences, if any, can
not be evaluated, although the high levels of lactate built up, especially in 
the tagged skipjack, suggest that differences may exist. 

Relation of these results to ta,gging operations 

The tunas are active, fast-swimming fish. Hall's work on the closely 
related mackerel (1930) showed that this fish must swim continuously in 
order to pass water over its gills. Nakamura (MS), working on the trans
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portation of live skipjack, noted that the skipjack swam with its mouth 
open. Root's investigations on the oxygen dissociation curves of mackerel 
blood (1931) indicate, by inference, that at the high temperatures of these 
experiments the yellowfin and skipjack tunas may well be living near to the 
environmental limit of their oxygen requirements. The high hemoglobin 
content observed in tuna blood (Table 9)-high in relation to other fish 
hemoglobin values obtained with this same acid-hematin technique-may 
be in part a response to this environmental stress, more pronounced in 
skipjack than in yellowfin. It may also reflect an osmotic shift of water 
from the blood, following severe exercise (Black, 1955; Black et al., 1962). 
The debilitating effects of maximal activity and high lactate levels in the 
muscles and blood of fishes are well documented, and have been reviewed 
by Black (1958) and Black et all (1961 and 1962). There can be little 
doubt that the tagging of yellowfin and skipjack tunas results in a high 
rate of mortality. The data presented here indicate that this high mor
tality rate may be due in part to the severe degree of muscular activity 
undergone by the fish during the tagging operation. Swimming ability 
may be reduced through fatigue and a depletion of muscle-glycogen stores, 
thus rendering the fish more susceptible to predation and diminishing the 
rate of oxygen uptake. Oxygen uptake may be further reduced by the 
effect of high lactate levels on the oxygen-combining power of the red cells, 
and by a possIble impairment of circulation which may accompany severe 
fatigue (Black et al., 1962). Acid-base balance may also be distorted as a 
result of the high lactate levels. Damage to the protective mucus, through 
contact with the tagging cradle, may also throw a severe strain on the fish 
through disturbance of the osmoregulatory mechanism. These adverse 
conditions may persist for many hours after the actual tagging, thereby 
reducing the ability of the fish to feed, protect itself and respond nor
mally to its environment. Under such conditions, full recovery might be 
delayed even longer. These factors must certainly be a major consideration 
in the appraisal of the very variable percentage returns of tagged yellowfin 
and skipjack tunas. The greater susceptibility of the skipjack to the tag
ging operation, as indicated by its physiological response, presumably con
tributes to the lower tag recovery rate for this species. 
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j<""'igure 1. Blood lactate in untagged and tagged yellowfin tuna held in the live-box. 

F'igura 1.	 EI lactato ell la sangre de atunes aleta amarilla marcados y no marcados 
mantenidos en el vivero. 
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j<""'igure 1. Blood lactate in untagged and tagged yellowfin tuna held in the live-box.

F'igura 1. EI lactato ell la sangre de atunes aleta amarilla marcados y no marcados
mantenidos en el vivero.
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Figure 2. Blood lactate in untagged and tagged skipjack held in the live-box. 

Figura 2. EI lactato ,en la sangre de barriletes marcados y no marcados mantenidos en el vivero. 
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Figure 2. Blood lactate in untagged and tagged skipjack held in the live-box.

Figura 2. EI lactato ,en la sangre de barriletes marcados y no marcados mantenidos en el vivero.
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Figure 3. Regression lines of logarithm of blood lactate against logarithm of time held in the live
box, from 20 to 600 nlinutes, for all yellowfin and for untagged and tagged skipjack. 

Figura 3.	 Lineas de regresi6n del logaritmo del lactato en la sangre contra el logaritmo del periodo 
mantenido en el vivero, de 20 a 600 millutos, para todos los atunes aleta. amarilla y para 
los barriletes marcados y no marcados. 
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Figure 3. Regression lines of logarithm of blood lactate against logarithm of time held in the live
box, from 20 to 600 nlinutes, for all yellowfin and for untagged and tagged skipjack.

Figura 3. Lineas de regresi6n del logaritmo del lactato en la sangre contra el logaritmo del periodo
mantenido en el vivero, de 20 a 600 millutos, para todos los atunes aleta. amarilla y para
los barriletes marcados y no marcados.



249 BLOOD LACTATE IN TUNAS 

TABLE 1.	 Blood lactate in yellowfin tuna at capture, and after capture and tagging. 

TABLA 1.	 EI lactato en la sangre de los atunes aleta amarilla en el momento de la 
captura y despues de la captura y de la marcaci6n. 

At capture	 After capture and tagging 

Total Blood Total Blood 
length Time* lactate length Time* lactate 
mm. seconds mg.% mm. seconds mg.% 

En el momento de la captura Despues de la captura y de la marcaci6n 

Longitud Lactato en la Longitud Lactato en la 
total en Tiempo* en sangre total en Tiempo* en sangre 

mm. segundos mg. % mm. segundos mg. % 

563 60 22.8 585 135 23.8 
509 60 40.6 519 80 12.9 
561 130 49.1 37 60 12.5 
518 38 21.8 508-596** 60 20.6 

27	 6.0 27 29.8" 585 40 11.0	 31 16.3" 508-596** 45 45.8	 24 7.4" 20 21.1	 29 6.4"	 " 23 24.1	 24 15.4"	 " 23 30.8	 39 15.8"	 " 23	 4.8 27 32.7"	 " 32 10.4	 31 9.8"	 " 580 20 5.4	 35 9.1" 570 30 22.5	 520 50 15.6 
565 28 17.3 
561 32 7.4 
556 23 9.1 

Average ± S.E. 22.5±3.9 15.4 ± 1.9 
Promedio ± E.E. 

*from point of capture to withdrawal of syringe
*desde el momento de la captura hasta la remoci6n de la jeringa 

**from a group of fish whose lengths were in this range 
**de un grupo de peces cuyos tamafios cayeron dentro de esta amplitud 
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TABLE 1. Blood lactate in yellowfin tuna at capture, and after capture and tagging.

TABLA 1. EI lactato en la sangre de los atunes aleta amarilla en el momento de la
captura y despues de la captura y de la marcaci6n.

At capture After capture and tagging

Total Blood Total Blood
length Time* lactate length Time* lactate
mm. seconds mg.% mm. seconds mg.%

En el momento de la captura Despues de la captura y de la marcaci6n

Longitud Lactato en la Longitud Lactato en la
total en Tiempo* en sangre total en Tiempo* en sangre

mm. segundos mg. % mm. segundos mg. %

585 135 23.8
519 80 12.9
37 60 12.5

508-596** 60 20.6
" 27 29.8
" 31 16.3
" 24 7.4
" 29 6.4
" 24 15.4
" 39 15.8
" 27 32.7
" 31 9.8
" 35 9.1
520 50 15.6
565 28 17.3
561 32 7.4
556 23 9.1

15.4 ± 1.922.5±3.9

563 60 22.8
509 60 40.6
561 130 49.1
518 38 21.8

27 6.0
585 40 11.0

508-596** 45 45.8
" 20 21.1
" 23 24.1
" 23 30.8
" 23 4.8
" 32 10.4

580 20 5.4
570 30 22.5

Average ± S.E.
Promedio ± E.E.

*from point of capture to withdrawal of syringe
*desde el momento de la captura hasta la remoci6n de la jeringa

**from a group of fish whose lengths were in this range
**de un grupo de peces cuyos tamafios cayeron dentro de esta amplitud
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TABLE 2.	 Blood lactate in skipjack tuna at capture, and after capture and tagging. 

TABLA 2.	 El lactato en la sangre de los barriletes en el momento de la captura, 
y despues de la captura y de la marcacion. 

At capture	 After capture and tagging 

Total Blood Total. Blood 
length Time lactate length Time lactate 
mm. seconds mg.% mm. seconds mg.% 

En el momento de la captura Despues de la captura y de la marcaci6n 

Longitud Lactato en la Longitud Lactato en la 
total en Tiempo en sangre total en Tiempo en sangre 

mm. segundos mg.% mm. segundos mg.% 

556 35 9.2 529-621 90 8.4 
575 40 12.4	 38 10.5" 
580 55 10.5	 35 7.6" 540 40 7.7	 20 4.8" 529-621 55 31.4	 50 20.1" 555 35 66.1*	 545 30 14.0 
570 30 15.3	 550 32 9.4 

555 30 16.8 
545 35 37.1 
570 32 19.5 
560 25 12.6 

Average ± S.E. 14.4±3.6 14.6±2.7 
Promedio ± E.E. 

*This value statistically eliminated from average (>X + 2(1) 
*Este valor ha sido eliminado del promedio por razones estadisticas (>X + 2(1) 
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14.6±2.7

556 35 9.2 529-621 90
575 40 12.4 " 38
580 55 10.5 " 35
540 40 7.7 " 20

529-621 55 31.4 " 50
555 35 66.1* 545 30
570 30 15.3 550 32

555 30
545 35
570 32
560 25

Average ± S.E. 14.4±3.6
Promedio ± E.E.

TABLE 2. Blood lactate in skipjack tuna at capture, and after capture and tagging.

TABLA 2. El lactato en la sangre de los barriletes en el momento de la captura,
y despues de la captura y de la marcaci6n.

At capture After capture and tagging

Total Blood Total. Blood
length Time lactate length Time lactate
mm. seconds mg.% mm. seconds mg.%

En el momento de la captura Despues de la captura y de la marcaci6n

Longitud Lactato en la Longitud Lactato en la
total en Tiempo en sangre total en Tiempo en sangre

mm. segundos mg.% mm. segundos mg.%

8.4
10.5

7.6
4.8

20.1
14.0

9.4
16.8
37.1
19.5
12.6

*This value statistically eliminated from average (>X + 2(1)
*Este valor ha sido eliminado del promedio por razones estadisticas (>X + 2(1)
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TABLE 3.	 Blood lactate in yellowfin tuna held in live-box after capture. 

TABJ-.JA 3.	 El lactato en la sangre de los atunes aleta amarilla mantenidos en el 
vivero despues de la captura. 

Time in Water
 
live-box temper- Total Hemo- Blood
 
hours & ature length globin lactate R,emarks
 
minutes °C mm. gm.% mg.%
 

Tiempo en T'empera- Lactato 
el vivero tura del Longitud TIemo- en la 
horas & agua total en globina sangre Comentarios 
minutos °C mm. gm. (;0 mg.(~ 

0-13 26.1 555 88.7
 
0-19 " 580 81.3
 
0-24 28.3 575 61.3
 
0-25 655 79.4
" 
0-26 26.1 562 111.2 
0-29 28.3 650 197.6 
0-32 860 135.3 Nose torn-Nariz dafiada" 
0-35	 770 64.6" 
0-35	 590 57.6" 
1-33 27.8 529 14.4
 
1-35 600 9.8
" 
I-57 26.7-27.2 593 8.4 Eye injured-Ojo herido 
2-04 28.3 565 8.3 
2-05 565 24.2" 2-07	 585 16.0" 
2-09 26.7-27.2 612	 21.9 Struggled in cradle 

Luch6 en la cuna 
2-11 28.3 575 10.0 
2-13 26.7-27.2 644 19.9 
2-16 612 16.0 22.5 Held 2 minutes in crowder" 

Retenido en la red de agru
pamiento pOI' 2 minutos 

2-18 600 15.0 16.6" 
2-20	 579 16.5 25.3" 
3-15	 580 14.7" 
3-17	 581 14.3" 
3-19	 548 23.6 I-feld 2 minutes in crowder" 

Retenido en la red de agru
pamiento pOI' 2 minutos 

3-21 580 16.0 52.7" 
3-23	 571 16.0 48.8 Struggled in cradle" Luch6 en la cuna 
3-51 27.0 599 9.1 
4-24 28.9 365 14.0 13.8 Used dip net, in live-box 

Se us6 un carcal en el
 
vivero
 

4-28 469 11.5
" 
4-31	 509 10.6" 4-37 27.0 588 10.3
 
4-42 607 13.8
" 6-40 28.9 581 12.0
 
6-51 529 11.2
" 6-52 " 509 8.0
 
6-55 " 365 8.2
 
6-58 28.9 358 7.6
 
7-00 493 7.9
" 
9-27 27.8 552 4.1
 
9-35 570 6.3
" 9-37	 558 10.1" 14-01 28.3 585 14.5 8.4
 

16-35 26.1-28.9 561 14.0 11.0
 
18-20 590 11.5 12.3
" 22-52 27.8 552 9.9
 
22-54 597 13.0 4.9
" 
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TABLE 3. Blood lactate in yellowfin tuna held in live-box after capture.

TABJ-.JA 3. El lactato en la sangre de los atunes aleta amarilla mantenidos en el
vivero despues de la captura.

Time in Water
live-box temper- Total Hemo- Blood
hours & ature length globin lactate R,emarks
minutes °C mm. gm.% mg.%

Tiempo en T'empera- Lactato
el vivero tura del Longitud TIemo- en la
horas & agua total en globina sangre Comentarios
minutos °C mm. gm. (;0 mg.(~

0-13 26.1 555 88.7
0-19 " 580 81.3
0-24 28.3 575 61.3
0-25 " 655 79.4
0-26 26.1 562 111.2
0-29 28.3 650 197.6
0-32 " 860 135.3 Nose torn-Nariz dafiada
0-35 " 770 64.6
0-35 " 590 57.6
1-33 27.8 529 14.4
1-35 " 600 9.8
I-57 26.7-27.2 593 8.4 Eye injured-Ojo herido
2-04 28.3 565 8.3
2-05 " 565 24.2
2-07 " 585 16.0
2-09 26.7-27.2 612 21.9 Struggled in cradle

Luch6 en la cuna
2-11 28.3 575 10.0
2-13 26.7-27.2 644 19.9
2-16 " 612 16.0 22.5 Held 2 minutes in crowder

Retenido en la red de agru-
pamiento pOI' 2 minutos

2-18 " 600 15.0 16.6
2-20 " 579 16.5 25.3
3-15 " 580 14.7
3-17 " 581 14.3
3-19 " 548 23.6 I-feld 2 minutes in crowder

Retenido en la red de agru-
pamiento pOI' 2 minutos

3-21 " 580 16.0 52.7
3-23 " 571 16.0 48.8 Struggled in cradle

Luch6 en la cuna
3-51 27.0 599 9.1
4-24 28.9 365 14.0 13.8 Used dip net, in live-box

Se us6 un carcal en el
vivero

4-28 " 469 11.5
4-31 " 509 10.6
4-37 27.0 588 10.3
4-42 " 607 13.8
6-40 28.9 581 12.0
6-51 " 529 11.2
6-52 " 509 8.0
6-55 " 365 8.2
6-58 28.9 358 7.6
7-00 " 493 7.9
9-27 27.8 552 4.1
9-35 " 570 6.3
9-37 " 558 10.1

14-01 28.3 585 14.5 8.4
16-35 26.1-28.9 561 14.0 11.0
18-20 " 590 11.5 12.3
22-52 27.8 552 9.9
22-54 " 597 13.0 4.9
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Table 3, No. 2 

Time in Water 
live-box 
hours & 
minutes 

temper
ature 

°C 

Total 
length 
mm. 

Hemo
globin 
gm.% 

Blood 
lactate 
mg.% 

Remarks 

Tiempo en 
el vivero 
horas & 
minutos 

Tempera
tura del 

agua 
°C 

Longitud 
total en 

mm. 

Hemo
globina 
gm.% 

Lactato 
enla 

sangre 
mg.% 

Comentarios 

22-58 27.8 560 12.5 16.1 
23-58 26.7-27.8 557 5.9 
23-59  " 590 15.0 6.2 
24-01 " 585 13.0 24.7 Held 2 minutes in crowder 

24-05 " 564 20.9 

Retenido en la red de agru
pamiento por 2 minutos 
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Table 3, No. 2

Time in Water
live-box temper- Total Hemo- Blood
hours & ature length globin lactate Remarks
minutes °C mm. gm.% mg.%

Tiempo en Tempera- Lactato
el vivero tura del Longitud Hemo- enla
horas & agua total en globina sangre Comentarios
minutos °C mm. gm.% mg.%

22-58 27.8 560 12.5 16.1
23-58 26.7-27.8 557 5.9
23-59 - " 590 15.0 6.2
24-01 " 585 13.0 24.7 Held 2 minutes in crowder

Retenido en la red de agru-
pamiento por 2 minutos

24-05 " 564 20.9
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TABLE 4.	 Blood lactate in yellowfin tuna held in live-box after capture and tagging. 

TABLA 4.	 El lactato en la sangre de los a tunes aleta amarilla retenidos en el vivero 
despues de la captura y de la marcaci6n. 

Time in Water
 
live-box temper- Total Hemo- Blood
 
hours & ature length globin lactate Remarks
 
minutes DC mm. gm.% mg.%
 

Tiempo en Tempera- Lactato 
el vivero tura del Longitud Hemo- en la 
horas& agua total en globina sangre Comentarios 
minutos DC mm. gm.% mg.% 

0-10 26.1 565 116.0
 
0-21 " 558 78.5
 
0-23 " 523 81.8
 
0-28 583 98.8" 0-39 28.3 595 79.9
 
0-44 " 580 122.8
 
0-45 26.1 576 116.0
 
0-47 28.3 600 68.5
 
1-27 27.8 610 42.2
 
1-29 513 50.4
" 1-31 " 595	 21.2 
1-51 27.0 611 11.8	 Used dip net, in live-box 

Se us6 un carcal en el 
vivero 

1-57 " 520	 11.4 
2-34 " 576	 12.2 
2-37	 580 7.2" 2-43	 555 12.3" 2-50 28.3 582 14.0 12.4 
2-54 27.0 599 10.4 
2-54 28.3 568 15.0 18.0 Held 2 minutes in crowder 

Retenido en la red de agru
pamiento por 2 minutos 

3-00 " 536 14.0 24.8 Struggled in cradle 
Luch6 en la cuna
 

3-13 27.0 558 12.0
 
3-17 578 36.7
" 3-29 28.3 579 15.5 9.7 
3-50 27.0 592 13.9 
4-20 28.9 506 13.0 23.3 Used dip net, in live-box 

Se usb un carcal en el 
vivero 

4-23 417 13.5 26.0 Used dip net, in live-box" Se usb un carcal en el 
vivero 

4-45 27.0 630 10.6 
6-20 28.9 584 7.2 Used dip net, in live-box 

Se usb un carcal en el 
vivero 

7-00 471 13.3" 7-13 28.3 529 9.0
 
7-18 517 9.6
" 7-21	 607 10.0" 9-34 27.8 545 7.7 Struggled in cradle
 

Luch6 en la cuna
 
10-06 512 7.2
" 11-15	 582 10.3 Fish weak when sampled" 

Pez debil en el momento 
del muestreo 

12-28 28.3 594 12.3 6.0 
12-37 " 585 15.5 12.2
 
24-24 27.8 607 15.0 6.4
 
24-30 520 6.7
" 
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TABLE 4. Blood lactate in yellowfin tuna held in live-box after capture and tagging.

TABLA 4. El lactato en la sangre de los a tunes aleta amarilla retenidos en el vivero
despues de la captura y de la marcaci6n.

Time in Water
live-box temper- Total Hemo- Blood
hours & ature length globin lactate Remarks
minutes DC mm. gm.% mg.%

Tiempo en Tempera- Lactato
el vivero tura del Longitud Hemo- en la
horas& agua total en globina sangre Comentarios
minutos DC mm. gm.% mg.%

0-10 26.1 565 116.0
0-21 " 558 78.5
0-23 " 523 81.8
0-28 " 583 98.8
0-39 28.3 595 79.9
0-44 " 580 122.8
0-45 26.1 576 116.0
0-47 28.3 600 68.5
1-27 27.8 610 42.2
1-29 " 513 50.4
1-31 " 595 21.2
1-51 27.0 611 11.8 Used dip net, in live-box

Se us6 un carcal en el
vivero

1-57 " 520 11.4
2-34 " 576 12.2
2-37 " 580 7.2
2-43 " 555 12.3
2-50 28.3 582 14.0 12.4
2-54 27.0 599 10.4
2-54 28.3 568 15.0 18.0 Held 2 minutes in crowder

Retenido en la red de agru-
pamiento por 2 minutos

3-00 " 536 14.0 24.8 Struggled in cradle
Luch6 en la cuna

3-13 27.0 558 12.0
3-17 " 578 36.7
3-29 28.3 579 15.5 9.7
3-50 27.0 592 13.9
4-20 28.9 506 13.0 23.3 Used dip net, in live-box

Se usb un carcal en el
vivero

4-23 " 417 13.5 26.0 Used dip net, in live-box
Se usb un carcal en el
vivero

4-45 27.0 630 10.6
6-20 28.9 584 7.2 Used dip net, in live-box

Se usb un carcal en el
vivero

7-00 " 471 13.3
7-13 28.3 529 9.0
7-18 " 517 9.6
7-21 " 607 10.0
9-34 27.8 545 7.7 Struggled in cradle

Luch6 en la cuna
10-06 " 512 7.2
11-15 " 582 10.3 Fish weak when sampled

Pez debil en el momento
del muestreo

12-28 28.3 594 12.3 6.0
12-37 " 585 15.5 12.2
24-24 27.8 607 15.0 6.4
24-30 " 520 6.7



TABLE 5.	 Comparison of blood lactate with times held (from 20 to 600 minutes) among untagged and tagged yellowfin and 
skipjack tunas. 

I\:)

TABLA 5.	 Comparaciones del lactato en la sangre con los periodos de retenci6n (desde 20 a 600 minutos) entre atunes aleta CJ\ 

amarilla y barriletes marcados y no marcados. ~  

Degrees of Sum of Mean Variance 
Source of variation freedom squares square ratio 

Grados de Suma de los Cuadrado Raz6n
--

de la 
Causa de variaci6n libertad cuadrados medio varlancia 

Untagged vs. tagged yellowfin
 
Atunes aleta amarilla no marcados vs. ma,rcados
 

Deviations from regression for untagged yellowfin _ 37 1.9030 0.051 0.051~  == 1.11 
Desviaciones de la regresi6n de los atunes aleta amarilla no 0.046 
marcados 
Deviations from regression for tagged yellowfin _ 30 1.3767 0.046 toDesviaciones de la regresi6n de los atunes aleta amarilla marcados :> 
Devi~ti~ns  from individu~!  r~gr~s~ion-------------------------------------------- _ 67 3.2797 0.049 0.0026 == 0.05 ~ 

DesvIacIones de la regreslon IndIvIduaL _	 0.049 ~  

MDifference between regression coefficients_.	 _ 1 0.0026 0.0026 ~ Diferencia entre los coeficientes de regresi6n . _ ~ 

0.014Deviations from average regression within groups _ 68 3.2823 0.048	 0.29 >Desviaciones de la regresi6n promedio dentro de los grupos _ 0.048 Z 
Difference between adjusted means _ 1 0.0137 0.014 t:l 
Diferencia entre los promedios ajustados _ n 
Deviations from total regression _ 69 3.2960 0 
Desviaciones de la regresion totaL _ Z 

Z 
Untagged vs. tagged skipjack	 0 

~  Barriletes no nlarcados vs. marcados 
Deviations from regression for untagged skipjack _ 27 2.0038 0.074 
Desviaciones de la regresi6n de los barriletes no marcados _ 
Deviations from regression for tagged skipjack _ 19 2.3917 0.126 0.126 == 1.70 
Desviaciones de la regresi6n de los barriletes marcados _ 0])74 
Devi~ti~ns  from individu~!  r~gr~s~ion---------------.---------------------------- _ 46 4.3955 0.096 
DesvIacIones de la regreslon IndIvIduaL . . _
 
Difference between regression coefficients. . _ 1 0.4559 0.456 0.456 _ 4.75~
 

Diferencia entre los coeficientes de regresi6n . _ 0.096
 
Deviations from average regression within groups . ._ 47 4.8514 0.103
 
Desviaciones de la regresi6n promedio dentro de los grupos. _
 
Difference between adjusted means . . _ 1 0.042 0.042
 
Diferencia entre los promedios ajustados_. . _
 
Deviations from total regression . . _ 48 4.893
 
Desviaciones de la regresi6n totaL __ . _
 

TABLE 5. Comparison of blood lactate with times held (from 20 to 600 minutes) among untagged and tagged yellowfin and
skipjack tunas.

TABLA 5. Comparaciones del lactato en la sangre con los periodos de retenci6n (desde 20 a 600 minutos) entre atunes aleta
amarilla y barriletes marcados y no marcados.

Source of variation

Causa de variaci6n

Untagged vs. tagged yellowfin
Atunes aleta amarilla no marcados vs. ma,rcados

Deviations from regression for untagged yellowfin _
Desviaciones de la regresi6n de los atunes aleta amarilla no
marcados .. -- . . . _
Deviations from regression for tagged yellowfin .. _
Desviaciones de la regresi6n de los atunes aleta amarilla marcados
Devi~ti~ns from individu~! r~gr~s~ion----.--------------------------------------- _
DesvIacIones de la regreslon IndIvIduaL . _
Difference between regression coefficients _
Diferencia entre los coeficientes de regresi6n _
Deviations from average regression within groups _
Desviaciones de la regresi6n promedio dentro de los grupos _
Difference between adjusted means -- .. _
Diferencia entre los promedios ajustados ._._. ..
Deviations from total regression . _
Desviaciones de la regresi6n totaL ._- . _

Untagged vs. tagged skipjack
Barriletes no lllarcados vs. marcados

Deviations from regression for untagged skipjack _
Desviaciones de la regresi6n de los barriletes no marcados. _
Deviations from regression for tagged skipjack . .__ . _
Desviaciones de la regresi6n de los barriletes marcados _
Devi~ti~ns from individu~! r~gr~s~ion---------------.---------.-----.------------ _
DesvIacIones de la regreslon IndIvIduaL . . _
Difference between regression coefficients ._
Diferencia entre los coeficientes de regresi6n . . _
Deviations from average regression within groups _
Desviaciones de la regresi6n promedio dentro de los grupos _
Difference between adjusted means . . . _
Diferencia entre los promedios ajustados . . _
Deviations from total regression . . . _
Desviaciones de la regresi6n totaL . .. . _

Degrees of Sum of Mean
freedom squares square

Grados de Suma de los Cuadrado
libertad cuadrados medio

37 1.9030 0.051

30 1.3767 0.046

67 3.2797 0.049

1 0.0026 0.0026

68 3.2823 0.048

1 0.0137 0.014

69 3.2960

27 2.0038 0.074

19 2.3917 0.126

46 4.3955 0.096

1 0.4559 0.456

47 4.8514 0.103

1 0.042 0.042

48 4.893

Variance
ratio

Raz6n de la
varlancia

0.051 1.11
O.046~

b:1
0.0026 >

0.05 ~
0.049 - ~

~
~
~

0.014 0.29 >0.048 - Z
t1
(1
0
Z
Z
0
~

0.126 1.700])74

0.456
4.75~

0.096 -



Table 5, No. 2 

Source of variation 

Causa de variaci6n 

All yeHowfin vs. untagged skipjack
 
Todos los atunes aleta amarilla vs. los barriletes no marcados
 

Deviations from regression for all yellowfin _
 
Desviaciones de la regresi6n de todos los atunes aleta amarilla _
 
Deviations from regression for untagged skipjack _
 
Desviaciones de la regresi6n de los barriletes no marcados _
 
Devic~.ti~ns from individu~~  r~grE;s~ion-------------------------------------------- _

DeSVIaCIones de la regresion IndividuaL _ 
Difference between regression coefficients . _ 
Diferencia entre los coeficientes de regresi6n _ 
Deviations from average regression within groups _ 
Desviaciones de la regresi6n promedio dentro de los grupos _ 
Diff~rence  between adjusted means _ 
Diferencia entre los promedios ajustados _ 
Deviations from total regression _ 
Desviaciones de la regresi6n totaL _ 

All yellowfin vs. tagged skipjack
 
Todos los atunes aleta amarilla vs. los barriletes marcados
 

Deviations from regression for all yellowfin _
 
Desviaciones de la regresi6n de todos los atunes aleta amarilla _
 
Deviations from regression for tagged skipjack _
 
Desviaciones de la regresi6n de los barriletes marcados _
 
Devi~ti~ns  from individu~!  r~gr~s~ion-------------------------------------------- _

DeSVIaClones de la regresion IndividuaL _ 
Difference between regression coefficients _ 
Diferencia entre los coeficientes de regresi6n _ 
Deviations from average regression within groups _ 
Desviaciones de la regresi6n promedio dentro de los grupos _ 
Difference between adjusted means .. _ 
Diferencia entre los promedios ajustados _ 
Deviations from total regression _ 
Desviaciones de la regresi6n totaL _ 

Degrees of 
freedom 

Grados de 
libertad 

69 

27 

96 

1 

97 

1 

98 

69 

19 

88 

1 

89 

1 

90 

Sum of 
squares 

Suma de los 
cuadrados 

3.296 

2.0038 

5.2998 

0.3880 

5.6877 

3.4366 

9.1243 

3.296 

2.3917 

5.6877 

0.0574 

5.7451 

1.8518 

7.5969 

Mean 
square 

Cuadrado 
media 

0.048 

0.074 

0.055 

0.3880 

0.059 

3.437 

0.048 

0.126 

0.065 

0.057 

0.0035 

1.852 

Variance
 
ratio
 

Raz6n de la 
variancia 

0.074 == 1.54 
0.048 

to 

o ~ 

o 
tj 

0.3880 == 7.09** ~ 

0.055 >
() 
~  

> 
~ 

M 
H 

Z 

e ~ 

z 
>
U1

0.126 _ 2.62** 
0.048 

O.O~~  __ 0.87 
0.065 

!~~~  == 28.49** 
0.065 

l\:l 
CJ1 
CJ1 

Table 5, No.2

Source of variation

Causa de variaci6n

Degrees of Sum of
freedom squares

Grados de Suma de los
libertad cuadrados

Mean
square

Cuadrado
media

Variance
ratio

Raz6n de la
variancia

69 3.296 0.048

19 2.3917 0.126 0.126 2.62**
0.048 -

88 5.6877 0.065

1 0.0574 0.057 0.057 0.87
0.065 -

89 5.7451 0,0-35

1 1.8518 1.852 !-'~~ == 28.49**
0.065

90 7.5969

All yeJlowfin vs. untagged skipjack
Todos los atunes aleta amarilla vs. los barriletes no marcados

Deviations from regression for all yellowfin _
Desviaciones de la regresi6n de todos los atunes aleta amarilla _
Deviations from regression for untagged skipjack _
Desviaciones de la regresi6n de los barriletes no marcados _
Devic~.ti~ns from individu~~ r~gr~s~ion-------------------------------------------- _
DeSVIaCIones de la regresion IndividuaL-- _
Difference between regression coefficients _
Diferencia entre los coeficientes de regresi6n _
Deviations from average regression within groups _
Desviaciones de la regresi6n promedio dentro de los grupos------------
Diff~rence between adjusted means . _
Diferencia entre los promedios ajustados _
Deviations from total regression _
Desviaciones de la regresi6n totaL _

All yellowfin vs. tagged skipjack
Todos los atunes aleta amarilla vs. los barriletes marcados

Deviations from regression for all yeUowfin _
Desviaciones de la regresi6n de todos los atunes aleta amarilla _
Deviations from regression for tagged skipjack _
Desviaciones de la regresi6n de los barriletes marcados _
Devi~ti~ns from individu~! r~gr~s~ion-------------------------------------------- _
DeSVIaClones de la regresion IndividuaL _
Difference between regression coefficients _
Diferencia entre los coeficientes de regresi6n _
Deviations from average regression within groups _
Desviaciones de la regresi6n promedio dentro de los grupos _
Difference between adjusted means _
Diferencia entre los promedios ajustados _
Deviations from total regression _
Desviaciones de la regresi6n totaL _

69 3.296 0.048

27 2.0038 0.074

96 5.2998 0.055

1 0.3880 0.3880

97 5.6877 0.059

1 3.4366 3.437

98 9.1243

0.074 _
0.048 - 1.54

0.3880 7.09**
0.055 -



Table 5. No.3 

Source of variation 

Causa de variaci6n 

Untagged yellowfin vs. untagged skipjack 
Atunes aleta Rluarilla no marcados vs. los barriletes no marcados 

Deviations from regression for untagged yellowfin ._ _ ._ . 
Desviaciones de la regresi6n de los atunes aleta amarilla no 
marcados 
Deviations from regression for untagged skipjack .._. __ ._ __ _ 
Desviaciones de la regresi6n de los barriletes no marcados_ _ __ . 
Devi~ti~ns from individu~~  r~gr~s~ion_... __ . ... .__ ... __ ._._._ .... . . ._ 
DesvIacIones de la regresion IndividuaL. .__ .__ .. ._. ._ ..._ __ .__ ._ 
Difference between regression coefficients_._. __ ... _._ ._ .. __ ._. __ ._ _. _ 
Diferencia entre los coeficientes de regresi6n _ __ . .. _ 
Deviations from average regression within groups. . . .__ .. _._ . 
Desviaciones de la regresi6n promedio dentro de los grupos_.. _. _ 
Difference between adjusted means. __ . . ._. ._ _._ _ _. __ . _ 
Diferencia entre los promedios ajustados. __ . .__ .__ . ... __ ._ 
Deviations from total regression_ ---_ -._ -. - .._-.. --_ .._-- __ ._ -.. _. __ ., __ ._.. __ .__ .. -._ 
Desviaciones de la regresi6n totaL.. __ .. _. __ .... ..._.. ._ ..... _. -_. ._. _ 

Untagged yellowfin vs. tagged skipjack
 
Atunes aleta amarilla no marcados vs. los barriletes marcados
 

Deviations from regression for untagged yellowfin-- .. _._ ... . .__
 
Desviaciones de la regresi6n de los a tunes aleta amarilla no 
marcados 
Deviations from regression for tagged skipjack_... __ ... _._ .. .. ._._... _ 
Desviaciones de la regresi6n de los barriletes marcados. __ ._ .. __ .. __ .__ . _ 
Devi~ti~ns from individu~!  r~gr~s~ion.-.--- -.. -..-.. -.. -.. -- --.-- .. -.-- "' ' 
DeSVIaCIones de la regreslon IndividuaL_.. .._.. _. ._. . . .. _._ .. _. _ 
Difference between regression coefficients__ .__ .. _.... _. .. _._._. ._ .. _. .__ 
Diferencia entre los coeficientes de regresi6n.. .. __ .. .__ .__ .. __ _ _._. 
Deviations from average regression within groups_... . __ _ 
Desviaciones de la regresi6n promedio dentro de los grupos _._ _ 
Difference between adjusted means_. .-- ... ---.----.- .. --. .. . .._.._.. .. .. 
Diferencia entre los promedios ajustados._. __ .. _. __ ._ ._ _ _.. _. __ 
Deviations from total regression_. --_. -._. _. -. _-__ -. .. _. _. _.. __ . .__ ._. 
Desviaciones de la regresi6n totaL __ . --- ._. __ ... .... __ ._. ._. _ 

Degrees of 
freedom 

Grados de 
libertad 

37 

27 

64 

1 

65 

1 

66 

37 

19 

55 

1 

57 

1 

58 

Sum of 
squares. 

Suma de los 
cuadrados 

1.9030 

2.0038 

3.9068 

0.2792 

4.1860 

2.8977 

7.0837 

1.9030 

2.3917 

4.2947 

0.0596 

4.3543 

1.7586 

6.0129 

Mean 
square 

Cuadrado 
medio 

0.051 

0.074 

0.061 

0.279 

0.064 

2.898 

0.051 

0.126 

0.077 

0.060 

0.076 

1.759 

tvVariance CJl 

ratio 0) 

Raz6n de la 
variancia 

o~~==  1.45 
0.051 

ttl 
> 
~  

0.279 == 4.58* 
0.061	 ~ 

~  

~  

() 
0 
Z 
Z 
0 
~ 

0.126 == 2.47* 
0.051 

0.060 0.77
0.077 

1.759 == 23.14** 
0.076 

Table 5, No.3

Degrees of Sum of Mean Variance tv
CJl

Source of variation freedom squares square ratio ~

Grados de Suma de los Cuadrado Raz6n de la
Causa de variaci6n libertad cuadrados medio variancia

Untagged yellowfin vs. untagged skipjack
Atunes aleta alnarilla no marcados vs. los barriletes no marcados

Deviations from regression for untagged yellowfin . _
Desviaciones de la regresi6n de los atunes aleta amarilla no
marcados .__ .. __ . .__ .. _
Deviations from regression for untagged skipjack _
Desviaciones de la regresi6n de los barriletes no marcados _
Devi~ti~ns from individu~~ r~gr~s~ion---------------_--------.. --------.--------- _
DesvIacIones de la regresIon IndIvIduaL. . . - ._
Difference between regression coefficients . . _
Diferencia entre los coeficientes de regresibn _
Deviations from average regression within groups _
Desviaciones de la regresi6n promedio dentro de los grupos- _
Difference between adjusted means ... . _
Diferencia entre los promedios ajustados _
Deviations from total regression_ -- -_- - - - . _
Desviaciones de la regresi6n totaL . _

Untagged yellowfin vs. tagged skipjack
Atunes aleta amarilla no marcados vs. los barriletes marcados

Deviations from regression for untagged yellowfin .__ . .__ .... _
Desviaciones de la regresi6n de los a tunes aleta amarilla no
marcado·s ... _._. ... .__ .. .. .. . ._._. .. . _
Deviations from regression for tagged skipjack. . . . _
Desviaciones de la regresi6n de los barriletes marcados . . _
Devi~ti~ns from individu~! r~gr~s~ion-----.-------------------------------------- ..
DesvIacIones de la regresIon IndIvIduaL .. . . _
Difference between regression coefficients. .. .. . _
Diferencia entre los coeficientes de regresi6n_. . .. __ .. .. .
Deviations from average regression within groups__ . . _
Desviaciones de la regresi6n promedio dentro de los grupos _
Difference between adjusted means. --------- _
Diferencia entre los promedios ajustados . _
Deviations from total regression.._-- -- -- ---_.-- ------ --_-- -- . . _
Desviaciones de la regresi6n totaL . .. . _

37 1.9030 0.051

27 2.0038 0.074

64 3.9058 0.061

1 0.2792 0.279

65 4.1860 0.064

1 2.8977 2.898

66 7.0837

37 1.9030 0.051

19 2.3917 0.126

56 4.2947 0.077

1 0.0596 0.060

57 4.3543 0.076

1 1.7586 1.759

58 6.0129

0.074 1.450])51-

to
>

0.279 ~

4.58* ~
0.061 - M

~
~

()
0
Z
Z
0
~

0.126 2.47*
0.051 -

0.060 _ 0.770.077 -

1.759 == 2314**
0.076 .
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Table 5, No.4 

Source of variation 

Causa de variaci6n 

Tagged yellowfin vs. untagged skipjack
 
Atunes aleta amarilla marcados vs. los barriletes no marcados
 

Deviations from regression for tagged yellowfin .
 
Desviaciones de la regresi6n de los atunes aleta amarilla marcados
 
Deviations from regression for untagged skipjack .
 
Desviaciones de la regresi6n de los barriletes no marcados .
 
Deviations from individual regression .
 
Desviaciones de la regresi6n individuaL .
 
Difference between regression coefficients .
 
Diferencia entre los coeficientes de regresi6n .
 
Deviations from average regression within groups .
 
Desviaciones de la regresi6n promedio dentro de los grupos .
 
Difference between adjusted means .
 
Diferencia entre los promedios ajustados . 
Deviations from total regression . 
Desviaciones de la regresi6n 

Tagged yellowfin vs. tagged skipjack
 
Atunes aleta amarilla marcados vs. los barriletes marcados
 

Deviations from regression for tagged yellowfin .
 
Desviaciones de la regresi6n de los atunes aleta amarilla marcados
 
Deviations from regression for tagged skipjack .
 
Desviaciones de la regresi6n de los barriletes marcados .
 
Deviations from individual regression .
 
Desviaciones de la regresi6n individuaL .
 
Difference between regression coefficients .
 
Diferencia entre los coeficientes de regresi6n .
 
Deviations from average regression within groups .
 
Desviaciones de la regresi6n promedio dentro de los grupos .
 
Difference between adjusted means .
 
Diferencia entre los promedios ajustados .
 
Deviations from total regression .
 
Desviaciones de la regresi6n totaL .
 

Degrees of 
freedom 

Sum of 
squares 

Mean 
square 

Variance 
ratio 

Grados de Suma de los Cuadrado Raz6n de la 
libertad cuadrados media variancia 

30 1.3767 0.046 

27 2.0038 0.074 0.074 _ 1.61 
0.046 

57 3.3805 0.059 ttl 
t"' o 

1 0.2959 0.296 0.296 
0.059 

= 5.02* o 
ti 

58 3.6764 0.063 t"' 
;I> 

1 2.1799 2.180 
o 
~ 

59 5.8563 >-3 
M 
...... z 

30 1.3767 0.046 
a z 
;I> 

19 2.3917 0.126 0.126 = 2.74** r.tJ 

0.046 
49 3.7684 0.077 

1 0.0363 0.036 Q.:.036 
0.077 

= 0.46 

50 3.8047 0.076 

1 1.3205 1.320 1.320 = 17.37** 
0.076 

51 5.1252 

~ 

....:r 

Table 5, No.4

Source of variation

Causa de variacion

Tagged yellowfin vs. untagged skipjack
Atunes aleta amarilla marcados vs. los barriletes no marcados

Deviations from regression for tagged yellowfin .
Desviaciones de la regresion de los atunes aleta amarilla marcados
Deviations from regression for untagged skipjack .
Desviaciones de la regresion de los barriletes no marcados .
Deviations from individual regression .
Desviaciones de la regresion individuaL .
Difference between regression coefficients .
Diferencia entre los coeficientes de regresiOn .
Deviations from average regression within groups .
Desviaciones de la regresion promedio dentro de los grupos .
Difference between adjusted means .
Diferencia entre los promedios ajustados .
Deviations from total regression .
Desviaciones de la regresion totaL .

Tagged yellowfin vs. tagged skipjack
Atones aleta amarilla marcados vs. los barriletes marcados

Deviations from regression for tagged yellowfin .
Desviaciones de la regresion de los atunes aleta amarilla marcados
Deviations from regression for tagged skipjack .
Desviaciones de la regresion de los barriletes marcados .
Deviations from individual regression .
Desviaciones de la regresion individuaL .
Difference between regression coefficients .
Diferencia entre los coeficientes de regresiOn .
Deviations from average regression within groups .
Desviaciones de la regresion promedio dentro de los grupos .
Difference between adjusted means .
Diferencia entre los promedios ajustados .
Deviations from total regression .
Desviaciones de la regresion totaL .

......,... -, ...---

Degrees of Sum of Mean Variance
freedom squares square ratio

Grados de Suma de los Cuadrado Razon de la
libertad cuadrados medio variancia

30 1.3767 0.046

27 2.0038 0.074 0.074 1.61
0.046 -

57 3.3805 0.059

1 0.2959 0.296 0.296 5.02*
0.059

58 3.6764 0.063

1 2.1799 2.180

59 5.8563

30 1.3767 0.046

19 2.3917 0.126 0.126 2.74**
0.046

49 3.7684 0.077

1 0.0363 0.036 0.036 _ 0.460.077 -
50 3.8047 0.076

1 1.3205 1.320 1.320 = 17 37**
0.076 .

51 5.1252

H

Z

dz
>
Ul



Table 5, No.5 

Source of variation 

Causa de variaci6n 

Tagged skipjack (abridged)l vs. untagged skipjack
 
Barriletes marcados (abreviado)l vs. los barriletes no marcados
 

Deviations from regression for tagged skipjack (abridged) _
 
Desviaciones de la regresi6n de los barriletes marcados
 
(abreviado)
 
Deviations from regression for untagged skipjack _
 
Desviaciones de la regresi6n de los barriletes no marcados _
 
Deviations from individual regression _
 
Desviaciones de la regresi6n individuaL _
 
Difference between regression coefficients _
 
Diferencia entre les coeficientes de regresi6n _
 
Deviations from average regression within groups _
 
Desviaciones de la regresi6n promedio dentro de-los grupos _
 
Difference between adjusted means _
 
Diferencia entre los promedios ajustados _
 
Deviations from total regression _
 
Desviaciones de la regresi6n totaL _
 

*Significant difference at 0_05 level 
*Diferencia significativa al nivel de 0.05 

**Significant difference at 0_01 level 
**Diferencia significativa al nivel de 0_01 

lSee text, page 241 
IVea el texto, pagina 271 

" 

Table 5, No.5

Source of variation

Causa de variacion

Tagged skipjack (abridged) 1 vs. untagged skipjack
Barriletes marcados (abreviado)l vs. los barriletes no marcados

Deviations from regression for tagged skipjack (abridged) .
Desviaciones de la regresion de los barriletes marcados
(abreviado) .
Deviations from regression for untagged skipjack. .
Desviaciones de la regresion de los barriletes no marcados .
DeviC!-ti<!ns from individua~.re~re~s~on .
DesvlaclOnes de la regreslOn mdlvlduaL .
Difference between regression coefficients .
Diferencia entre los coeficientes de regresion .
Deviations from average regression within groups .
Desviaciones de la regresion promedio dentro de. los grupos .
Difference between adjusted means .
Diferencia entre los promedios ajustados .
Deviations from total regression .
Desviaciones de la regresion totaL .

*Significant difference at 0.05 level
*Diferencia significativa al nivel de 0.05

**Significant difference at 0.01 level
**Diferencia significativa al nivel de 0.01

lSee text, page 241
IVea el texto, pagina 271
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TABLE 6. 

TABLA 6. 

Time in 
live-box 
hours & 
minutes 

Tiempoen 
el vivero 
horas & 
minutos 

0-10 
0-23 
0·29 

0·38 
0-43 

0-45 

0-47 
1-52 
1-54 
1-59 
3-37 
3·47 
4-27 
4-31 

4·32 

4-35 

, 4-37 
., f 

4-44 
4-58 
6-25 

6-50 
7-20 
7-25 
7-35 
9-17 
9-48 

9-51 

9-53 
9-56 

9-58 

BLOOD LACTATE IN TUNAS 

Blood lactate in skipjack held in live-box after capture. 

El lactato en la sangre de los barriletes retenidos en el vivero despues de 
la captura. 

Water
 
temper- Total Hemo- Blood
 
ature length globin lactate Remarks
 

°C mm. gm.% mg.%
 

Tempera- Lactato 
tura del Longitud Hemo- en la 

agua total en globina sangre Comentarios 
°C mm. gm.% mg.% 

27.8	 605 129.6
 
570 82.8
" 
580 236.0 Held 2 minutes in crowder;" dying 

Retenido en la red de agru
pamiento por 2 minutos; 
moribundo 

570 106.4 Dying-Moribundo" 28.9	 590 18.5 262.9 Some extra handling during 
sampling 
Algun manejo extra durante 
el muestreo 

498 18.0 43.2 Some extra handling during" sampling 
Algun manejo extra durante 
el muestreo 

26.1	 523 231.7 
28.9	 500 16.0 43.3
 

506 16.0 35.0
" 509	 23.0" 
27.8-28.3	 550 15.5 26.2
 

585 30.4
" 28.9	 557 18.5 32.6 
27.8	 553 17.0 30.1 Struggled in cradle 

Luch6 en la cuna 
567 15.0 13.1 Struggled in cradle" 

Luch6 en la cuna 
545 15.5 15.4 Struggled in cradle" 

Luch6 en la cuna 
577 17.3 Struggled in cradle" 

Luch6 en la cuna 
27.8-28.1	 557 14.9
 

534 41.0
" 28.9	 503 40.8 Used dip net, in live-box 
Se us6 un carcal en el 
vivero 

520	 49.2" 
525	 49.7" 
515	 46.0" 
505	 74.2" 28.3	 533 16.1 

27.8	 565 25.5 Struggled in cradle
 
Luch6 en la cuna
 

27.8-29.3 565 34.3 Struggled in cradle
 
Luch6 en la cuna 

615 16.0 15.9" 
" 540 15.5 35.3	 Panic in crowder 

Panico en la red de agru
pamiento

" 570 17.0 45.9	 Evaded capture in live-box 
for 5 minutes 
Eludi6 ser capturado en el 
vivero por 5 minutos 
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TABLE 6. Blood lactate in skipjack held in live-box after capture.

TABLA 6. El lactato en la sangre de los barriletes retenidos en el vivero despues de
la captura.

Time in Water
live-box temper- Total Hemo- Blood
hours & ature length globin lactate Remarks
minutes °C mm. gm.% mg.%

Tiempoen Tempera- Lactato
el vivero tura del Longitud Hemo- en la
horas & agua total en globina sangre Comentarios
minutos °C mm. gm.% mg.%

0-10 27.8 605 129.6
0-23 " 570 82.8
0·29 " 580 236.0 Held 2 minutes in crowder;

dying
Retenido en la red de agru-
pamiento por 2 minutos;
moribundo

0·38 " 570 106.4 Dying-Moribundo
0-43 28.9 590 18.5 262.9 Some extra handling during

sampling
Algun manejo extra durante
el muestreo

0-45 " 498 18.0 43.2 Some extra handling during
sampling
Algun manejo extra durante
el muestreo

0-47 26.1 523 231.7
1-52 28.9 500 16.0 43.3
1-54 " 506 16.0 35.0
1-59 " 509 23.0
3-37 27.8-28.3 550 15.5 26.2
3·47 " 585 30.4
4-27 28.9 557 18.5 32.6
4-31 27.8 553 17.0 30.1 Struggled in cradle

Luch6 en la cuna
4·32 " 567 15.0 13.1 Struggled in cradle

Luch6 en la cuna
4-35 " 545 15.5 15.4 Struggled in cradle

Luch6 en la cuna
, 4-37 " 577 17.3 Struggled in cradle., f Luch6 en la cuna

4-44 27.8-28.1 557 14.9
4-58 " 534 41.0
6-25 28.9 503 40.8 Used dip net, in live-box

Se us6 un carcal en el
vivero

6-50 " 520 49.2
7-20 " 525 49.7
7-25 " 515 46.0
7-35 " 505 74.2
9-17 28.3 533 16.1
9-48 27.8 565 25.5 Struggled in cradle

Luch6 en la cuna
9-51 27.8-29.3 565 34.3 Struggled in cradle

Luch6 en la cuna
9-53 " 615 16.0 15.9
9-56 " 540 15.5 35.3 Panic in crowder

Panico en la red de agru-

9-58 " 570
pamiento

17.0 45.9 Evaded capture in live-box
for 5 minutes
Eludi6 ser capturado en el
vivero por 5 minutos
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TABLE 7.	 Blood lactate in skipjack held in live-box after capture and tagging. 

TABLA 7.	 El lactato en la sangre de los barriletes retenidos en el vivero despues de 
la captura y de la marcaci6n. 

Time in Water
 
live-box temper- Total Hemo- Blood
 
hours & ature length globin lactate Remarks
 
minutes °C mm. gm.% mg.%
 

Tiempo en Tempera- Lactato 
el vivero tura del Longitud Hemo- en la 
horas & agua total en globina sangre Comentarios 
minutos °C mm. gm.% mg.% 

0-10 27.8 525 142.3
 
0-20 530 121.6
" 
0-26	 540 154.6" 
0-38	 585 350.5" 
0-39 28.9 500 17.0 497.8	 Some extra handling during


sampling

Algun manejo extra durante
 
el muestreo
 

0-47 487 17.5 128.7	 Some extra handling during" sampling 
Algun manejo extra durante 
el muestreo 

1-48	 523 17.5 23.6" 
1-55	 511 154.1" 
2-00	 530 18.5 169.0" 
2·04 28.3 530 17.0 56.9	 Struggled violently in cradle
 

Luch6 violentamente en la
 
cuna
 

2-08 575 16.0 70.1	 Struggled violently in cradle" Luch6 violentamente en la
 
cuna
 

2-10 565 47.6
" 
3-03	 541 16.0 11.8" 3-11 27.8-28.1 545 8.4
 
3-15 568 17.3
" 3-33 28.3 557 15.0 28.8 
4-42 27.8 546 16.2	 Weak when sampled


Debil en el momento del
 
muestreo
 

4-50 561 8.8	 Weak when sampled"	 ....•
Debil en el momenta del
 
muestreo
 

5-05 542 17.0 29.5 Weak when sampled
" Debil en el momento del 
muestreo
 

6-10 28.9 543 65.5
 
7-15 28.3 548 17.4
 
7-26 555 17.4
" 

10-07 27.8-28.3 575	 38.8 
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TABLE 7. Blood lactate in skipjack held in live-box after capture and tagging.

TABLA 7. El lactato en la sangre de los barriletes retenidos en el vivero despues de
la captura y de la marcaci6n.

Time in Water
live-box temper- Total Hemo- Blood
hours & ature length globin lactate Remarks
minutes °C mm. gm.% mg.%

Tiempo en Tempera- Lactato
el vivero tura del Longitud Hemo- en la
horas & agua total en globina sangre Comentarios
minutos °C mm. gm.% mg.%

0-10 27.8 525 142.3
0-20 " 530 121.6
0-26 " 540 154.6
0-38 " 585 350.5
0-39 28.9 500 17.0 497.8 Some extra handling during

sampling
Algun manejo extra durante
el muestreo

0-47 " 487 17.5 128.7 Some extra handling during
sampling
Algun manejo extra durante
el muestreo

1-48 " 523 17.5 23.6
1-55 " 511 154.1
2-00 " 530 18.5 169.0
2·04 28.3 530 17.0 56.9 Struggled violently in cradle

Luch6 violentamente en la
cuna

2-08 " 575 16.0 70.1 Struggled violently in cradle
Luch6 violentamente en la
cuna

2-10 " 565 47.6
3-03 " 541 16.0 11.8
3-11 27.8-28.1 545 8.4
3-15 " 568 17.3
3-33 28.3 557 15.0 28.8
4-42 27.8 546 16.2 Weak when sampled

Debil en el momento del
muestreo

4-50 " 561 8.8 Weak when sampled •
Debil en el momenta del ....
muestreo

5-05 " 542 17.0 29.5 Weak when sampled
Debil en el momento del
muestreo

6-10 28.9 543 65.5
7-15 28.3 548 17.4
7-26 " 555 17.4

10-07 27.8-28.3 575 38.8




