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Physiological Response of Triploid Rainbow Trout 

to Exhaustive Exercise 

Toru KOBAYASHI1， 2， * ， the late Shozo FUSHI阻1，3and Koichi UEN02 

Abstract: Physiological changes during exhaustive exercise for 0 -15 min and during the 
recovery process from 6 min exhaustive exercise were compared between triploids and diploids 

of all female rainbow trout progeny. Before the exhaustive exercise， the hemoglobin content 
in the spleen of triploid fish was significantly higher than that of diploids. Once the triploid fish 
was forced to perform exhaustive exercise， the relatively large仕iploidspleen was reduced to the 

same size as the diploid spleen until1 min after the start of exercise. Thus the reduction in ratio 
of the weight of the triploid spleen with respect to the body weight with exercise was higher than 
that of the diploid spleen. The red blood corpusc1e number significantly increased following the 

exhaustive exercise in both ploidies， but the ratio of increase was markedly higher in the triploid 
fish. The physiological recovery of triploid measured in terms of blood components following 

the exhaustive exercise was delayed by about 30 min compared with the diploid. The triploid fish 
required a longer time to recover than the diploid. Both the diploid and triploid fish recovered to 

their normal state 24 hours after由e6-min exhaustive exercise. Thus， it is presumed that triploids 
require a larger supply of red blood corpusc1es to the blood during the exhaustive exercise than 
diploids， and the ability to supply red blood corpusc1es is higher in triploids due to enlargement of 
the spleen. 
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Arti:ficial triploids of salmonid :fish with 

inhibited gonadal development are introduced 

to aquacultural management in order to pre幽

vent the disadvantages associated with sexual 

maturi匂T，such as growth delay， deterioration of 

appearance and f1esh quality， and susceptibi1ity 

to various diseases. Because of these， the aqua-

culture characteristics have been studied in trip-

loids by many researchers (Thorgaard， 1983; 

Lincoln and Scott， 1983; Lincoln and Scott， 1984; 

Benfey and Sutterlin， 1984a; Okada， 1985; Bye 

and Lincoln， 1986; Johnson et al.， 1986; Benfey 

et al.， 1989b; Kobayashi， 1992; Kobayashi et 

al.， 1993; Nakamura et al.， 1993; Kobayashi and 

Fushiki， 1997; Kobayashi et al.， 1998). 

In the research of triploids， there are many 

Received January 23，2009: Accepted Apri110， 2009. 

reports regarding their reproductive physiology 

such as their steri1ity (百lOrgaard，1983; Lincoln 
and Scott， 1983; Lincoln and Scott， 1984; Benfey 

and Sutterlin， 1984a; Okada， 1985; Johnson et 

al.， 1986; Nakamura et al.， 1987; Benfey et al.， 

1989a; Benfey et a1.， 1989b; Kobayashi， 1992; 

Kobayashi et a1.， 1993; Nakamura et a1.， 1993; 

Kobayashi et a1.， 1998)， and changes in growth 

characteristics associated with the increase 

in genome size (Benfey and Sutterlin， 1984a; 

Benfey and Sutterlin， 1984b; Johnson et a1.， 

1986; Benfey et a1.， 1989b; Aliah et a1.， 1991; 

Kobayashi， 1992; Kobayashi and Fushiki; 1997). 

Moreover， there are many reports on structural 

changes and the nature of blood corpusc1es in 

terms of blood physiology. The phenomena in 
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which red blood corpuscles (RBCs) increase 

in size and the number of RBCs decreases in 

triploids in comparison with those in diploids 

were reported (A1iah et al.， 1991; Benfey and 

Sutterlin， 1984b; Nakamura et al.， 1989; Swarup， 

1959a; Ueno， 1984; Yamamoto and Iida， 1994a). 

The decline in the 0勾rgenuti1ization efficiency 
of triploids is theoretically considered to be 

due to the decrease in the total surface area 

of all the RBCs (Benfey and Sutterlin， 1984c). 

Regarding the oxygen consumption volume， 

a comparison between triploids and diploids 

has been carried out in various fishes， e. g.， 
stickleback Gasterosteus aculeatus (Swarup， 

1959b)， At1antic salmon Salmo sαlar (Benfey 
and Sutterlin， 1984c; Graham et al.， 1985)， ayu 

Plecoglossusαltivelis (A1iah et al.， 1991)， amago 

salmon Oncorhynchus rhodurus (N akamura 

et al.， 1989)， and rainbow trout Oncorhynchus 
mykiss (Yamamoto and Iida， 1994b). However， 
the obvious difference between仕iploidsand 

diploids has not been found. Kobayashi et al. 

(1995) observed the process of recovery from 

fatigue， in which amago salmon lay on their 

side following 6 minutes of exhaustive exercise， 

to a normal state. They reported that triploids 

require a longer time to return to their normal 

state， based on the number of opercular move-

ments in a specified time as compared with that 

for diploids. Results show that the reaction of 

triploids to the hypoxic condition is generally 

different from that of diploids， based on actual 

rearing observations. 

In trout culture， triploids are used for 

aquaculture management， indicating the 

usefulness of triploids in aquaculture (URL， 

http://www.pref.shiga.jp/g/ suisan-s/ samegai! 
yousonjigyou.html， http://www.tansui.net/ 

salmon1.html) .百leseaqua-cultured廿iploids

are now available on the market， and they are 

highly prized as food materials. Recently， trip-

loids have generally been used to breed large 

rainbow trout. Thus， stresses such as catching， 

selecting， sorting， and transporting live fish are 

inevitable. In the case that triploids are used in 

trout culture， if we use the previous handling 

method as it is for diploids (common fish)， it 

might perturb the healthy， stable cultivation 

condition of triploids because of the physiologi-

cal differences between them. If the triploid is 

weaker to the oxygen de宣ciencythan the dip-

loid， it may cause an obstruction to the healthy 

rearing of the triploid that the triploids are 

treated equally with the diploid. 

From these viewpoints， it is necessary to clar-

ify the physiological characteristics of the respi-

ratory system of triploids of salmonid宜sh. In 

this study， we performed a hematological analy-

sis of triploid rainbow trout subjected to exhaus・

tive exercise， and examined the changes in the 

hematological state of triploids as they gradu-

ally recover from stress incurred by exhaustive 

exercise， using the all-female仕iploidrainbow 

trout which is being used for the trout culture. 

Materials and Methods 

Experiment 1: Changes in hematological state 01 
triPloid rainbow trout under exhaustive exercise 
Eggs from a female of rainbow trout in brood-

stock of Samegai Trout Farm were ferti1ized 
by a sperm of a sex-reversed male induced by 

oral adminis仕組onof 17-methyltestosterone 

(Okada， 1985). The eggs were exposed to 

warm water (26.0
0

C) for 20 minutes， and 15 

minutes later were inseminated to produce a 

triploid. Siblings of all the female triploid fish 

were used in these experiments. Diploids (all 

females) that were produced by crossbreed同

ing between the sperm of a sex同reversedmale 

and the egg of the female used in the triploid 

production were used as control. Ploidy was 

confirmed by the size of the major axis of the 

erythrocytes according to a method previ司

ously described (Kobayashi， 1992; Kobayashi 

et al.， 1993; Kobayashi and Fushiki， 1997; 

Kobayashi et al.， 1998). Triploids and diploids 

were reared in separate tanks (600 liters) run-

ning spring water containing 10 to 11 ppm dis-

solved oxygen at 12.0:t 0.3
0

C， and the fish used 

in these experiments weighed 160 to 260 g， 

and were 23 to 24 cm long. Their survival rate 

was very high during the breeding period and 

they were healthy. These fish were stocked 

with no bait 2 days before exhaustive exercise. 

Furthermore， they were raised in the rearing 
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water (16 l/min)， and reared with 5 to 6 indi幽

viduals in 200・1tanks 18 to 24 hours prior to 

the experiment in order for them to adapt to a 

narrow chamber. The fish were transferred one 

at a time to a 50-1 tank and allowed a period of 

adjustment for 30 -60 minutes. Then we forced 

the fishes to perform radical exercise by chas-

ing them with a piece of wood for a specified 

duration. The durations of this exercise were 

1， 3， 6， and 15 minutes. The ratio of the spleen 

weight with respect to the body weight (BW) 

and the hematological state at rest and imme-
diately after these radical exercises were exam-

ined to determine the changes in the amount of 

RBCs supplied from the spleen to仕lecircula-

tory system following a specified duration of 

exhaustive exercise. 

Each fish was removed from the tank after 

the exercise， and was immediately sacrificed 

by decapitation. The BW was measured and 

the spleen was then removed by laparotomy 

a立ercutting the blood vessel connected to the 

spleen. Spleen weight was measured with 1-mg 

unit accuracy and the ratio of spleen weight to 

BW was ca1culated (spleen weight (g) /BW (kg) 

x 100). Blood was collected from the caudal 

vein using a 1-ml heparinized syringe. For 

examining the hematological state， the RBC 

count， the hematocrit (Ht) value， and the hemo-

globin content were measured. RBCs were 

counted using whole blood diluted 200 times 

with the blood corpuscle abacus ofThoma. The 

Ht value was measured by centrifugation at 

12000 rpm for 5 minutes using a glass capillary 

tube for microanalysis， and the Hemoglobin 

content in 25μ1 of whole blood was measured 

by the cyanmethohemoglobin method. 

Ex戸eriment11: Recoveryρrocess jシomd，αmα:ge 
due初 exhaustiveexercise 
The fish were from the same group as those 

used in experiment 1， however they were bred 

for a longer term than those used in experi-

ment 1. Their BW was 200 -350 g and their 

body length was 25 -30 cm. The experimental 

fish were immediately transferred to 50-1 tank 

one at a time. We subjected them to exhaustive 

exercise by prodding them with a piece of wood 

for 6 minutes. Then they were allowed to rest 

quietly for 30 -60 minutes. The fish were then 

placed in a 50-1 tank with running spring water 

and allowed to rest for a specified time. The 

water temperature and宜uxduring the experi-

ment were maintained at 12SC and 3 l/min， 

respectively. Other breeding conditions were 

similar to those in experiment 1. To investi司

gate the recovery process from damage due to 

exhaustive exercise， sampling was carried out 

before exhaustive exercise and then 30 min-

utes， and 1， 2， 4， 8， and 24 hours after exhaus・

tive exercise. Spleen removal and the blood 

collection were carried out in the same manner 

as in experiment 1. The methods of measure-

ment of spleen weight and hematological states 

were also the same as those in experiment 1. 

For the measurement of the lactic acid con-

tent in blood， 0.2 ml of whole blood was col-
lected from the caudal vein.τhe whole blood 

obtained was mixed thoroughly with 0.4 ml of 
8% perchloric acid solution for 30 seconds. The 

deproteinized supernatant was obtained by 

centrifugation of the mixture for 10 minutes at 

1500 x g. The resulting pellets were stored at 

4
0

C until use. The lactic acid content in whole 

blood was determined using a lactic acid mea-

surement kit (Sigma， 826--UV). 

τhe hemoglobin content in the spleen was 

measured by the cyanmethohemoglobin 

method and ca1culated following the method 
of Yamamoto et al. (1980). The frozen spleen 

sample (-85
0

C) was thawed rapidly， homog-

enized with 2 ml of dilution solution and added 
to 3 ml of the same dilution solution to obtain 
a suspension. 官官 homogenate(20μ1) was 

mixed with 5 ml of cyanmethohemoglobin solu-
tion. The mixture was allowed to stand at room 

temperature for 30 minutes. Then the superna-

tant was obtained by centrifugation at 3000叩m

for 10 min and its optical density was measured 

at an absorbance of 540 nm with a spectropho-

tometer. The density and content of hemoglo-

bin in the spleen were ca1culated. 

Statisticα1 analysis 

The two sample t-test or the t-test with 
We1ch's correction was used to compare the 



start of exhaustive exercise for bo出 凶ploids

and diploids. There was no signi:ficant differ-

ence in time lapse before rest between these 

two types of fish. 

Changes in hematological st，αte The changes 

in hematological state and spleen weight that 

occurred following the continued exhaustive 

exercise were examined. The Ht value of dip-

loids (Fig. 1A) was 26.9% (n = 10)， and that of 

triploids was 26.4% at rest. There was no sig-

nificant difference between the ploidies. If the 

time of exhaustive exercise was extended from 

1 to 3， 6， and 15 minutes， the Ht values of both 

diploids and triploids increased. However， in 

the case of exhaustive exercise for one minute， 
there was an early onset of increase in the Ht 

value in triploids. Thereafter， when exhaustive 

exercise was continued， the Ht value of dip司

loids became 40.5% and that of triploids became 

42.2%. For both types of fish， the values became 

1.5 times higher than those before exhaustive 

exercise， and there was no signi宣cantdiffer-

ence between the ploidies. 

百leRBC count (Fig. 1B) of triploids was 

always 70% of that of diploids. This differ-

ence did not decrease even during exhaustive 

exercise. The RBC count of both triploids and 

diploids gradually increased during exhaus-

tive exercise. The ratio of increase in出eRBC

count during exhaustive exercise in triploids 

was significant1y greater than that in diploids 

(Fig.2). The hemoglobin content (Fig.1C) 

T. Kobayashi， the late S. Fushiki and K. Ueno 

hematological state of triploid fish with that of 

diploid fish. 

Hemato戸hysiologicα1changes following continued 
exhaustive exercise 
Time lapse bゆrerest The fish were severely 

exhausted due to continued exhaustive exer-

cise. They became hypoxic， and se仕ledat the 

botlom of the tank about one minute after the 
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Fig. 1. Changes in the hematocrit va1ue但t，A)， RBC 
count (B)， hemoglobin concentration (C)， and spleen 
weight (SW in g/kg body weight， D) in diploids (solid 
circles) and triploids (open circles) during continuous 
exhaustive exercise. Means:tSEM (n=10). 
ネ， * * ， and * * * indicate levels of signi:ficance at p < 0.05， 

ρ<0.01， and ρ< 0.001， respectively， when the data were 
compared with those at time 0 in the same group. a and 
aa indicate levels of signi:ficance atρ< 0.05 and p < 0.01， 

respectively， when the triploids' mean values were com-
pared with the diploids' mean values for the same time. 
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Fig. 2. Changes in ratio of increase in RBC count at rest. 
*T indicates signi:ficant difference between the ratios of 

increase in RBC count at rest after 3 and 6 min of e油 aus同

tive exercise in the triploid group (p < 0.05). 
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increased significantly in both diploids and trip-

loids， which was accompanied by an increase in 

the Ht value. However， a difference was noted 

in the time when this increase was observed. 

The onset of increase in the hemoglobin con-

tent was earlier in triploids than in diploids. 

Changes in spleen weight 百leratios of spleen 

weight to BW of diploids and仕iploidsat rest 

(Fig. 1D) were 2.45 g/kg and 3.51 g/kg， 

respectively (戸く0.05).This difference disap-

pe訂 edafter 15 minutes of exhaustive exercise. 

The ratio of spleen weight to BW of triploids 

decreased to one-half that at rest after only 3 

minutes of exhaustive exercise. The percentage 

decreases in the spleen weight of diploids and 

triploids were 48.2% and 58.4%， respectively. This 

c1ear1y shows血atthe reduction in the spleen 

size of triploids fol1owing exhaustive exercise is 

markedly greater than that of diploids. 

RecoveηI process jシomdamage due to exhaustive 
exerclse 
Changes in hematological states during recovery 
The changes in blood components during 

the recovery process from exhaustion due to 

exhaustive exercise， are described. The RBC 

count (Fig.3A) in diploids at rest was 101.8 

X 104 cel1s/mm3 whereas that in triploids was 

76.4 x 104cel1s/mm3， about 2/3 that of dip-

loids. After 6 minutes of exhaustive exercise， 

the RBC count gradual1y increased in diploids， 

reaching a peak value of 128.2 x 104 cells/mm3 

2 hours after the start of exhaustive exer-

cise. Subsequently， the RBC count in diploids 

decreased abruptly to 79.6 x 104 cells/mm3 

8 hours after exhaustive exercise， and increased 

again to 92.4 x 104 cells/mm3 24 hours after 

exhaustive exercise. Moreover， the pattern of 

change in the RBC count in triploids following 

exhaustive exercise resembled that in diploids. 

However， the time at which the RBC count in 

triploids changed was different from that in 

diploids. N amely， the RBC count in triploids 

increased to 87.4 x 104 cells/mm3 30 minutes 

after exhaustive exercise and was 61.6 x 

104 cells/mm3 4 hours later. This change in the 

RBC count occurred earlier in triploids than 

in diploids， reaching the highest RBC count 

365 

earlier. The rate of decrease in this variable was 

also more apparent in triploids than in diploids. 

The RBC count in triploids gradually increased 

to 78.4 X 104 cells/mm3 8 hours after exhaus-

tive exercise. This value generally remained 

constant thereafter. The Hemoglobin contents 

in diploids and triploids (Fig. 3B) were about 

8 g/100 ml at rest， respectivelぁwhichwere not 
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Fig. 3. Comparison of changes in hematological charac-
teristics， namely hematocrit value (A)， RBC count (B)， 
and hemoglobin concentration (C) between diploids (solid 
circles) and triploids (open circles) prior to and following 
exhaustive exercise. 
Means:t SEM (n=5). R， at rest: dot screening bar indi-

cates 6 min of exhaustive exercise; 0 h， immediately after 
exercise. *， * * ， and * * * indicate levels of signi:ficance at 
P<0.05，ρ< 0.01， and P < 0.001 respectively， when the data 
were compared with those at time 0 in the same group.α， 
aa， and aααindicate levels of signi:ficance at p < 0.05，ρ< 
0.01， and ρ< 0.001， respectively， when the triploids' mean 
values were compared with the diploids' mean values for 
the same time. 



significantly different. The Hemoglobin content 

in diploids increased slightly after the exercise， 

with its peak value reaching 10.0 g/100 ml 

2 hours after exhaustive exercise. This value 

gradually decreased to 7.1 g/100 ml 8 hours 

after exhaustive exercise， and血enincreased 

slightly again 24 hours later; the final value was 

7.5 g/100 ml. Although the pattern of change in 

the Hemoglobin content in triploids resembled 

that in diploids， the changes occurred more 

abruptly in triploids than in diploids. That is， 
the highest Hemoglobin content in廿iploidswas 

10.2 g/100 ml 30 minutes after exhaustive exer-

cise， decreased to 7.6 g/100 ml 4 hours after 

exhaustive exercise， and then increased slightly 

to 8.4 g/100 ml 8 hours after exhaustive exer-

cise， which remained constant up to 24 hours 

after exhaustive exercise. 

Regarding the Ht value (Fig. 3C)， that of dip-

loids increased to 40.9% following 6 minutes of 

exhaustive exercise， which is 1.25 times that 

at rest; it gradually increased to 45.0% 2 hours 

after exhaustive exercise and then became 

28.9% up to 24 hours after exhaustive exercise， 

which is similar to the value at rest. The Ht 

value of triploids immediately after exhaustive 

exercise was 36.5%， which was 1.17 times that at 

αcid 
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rest， and it increased abruptly to 50.1% 30 min聞

utes after exhaustive exercise. Then， 4 hours 

after exhaustive exercise the Ht value of trip-

loids decreased to 32.9%， which is almost equal 

to that at rest. 
Compαrison 01 changes in serum 
content between diploids and tr:争loids
lactic acid content in diploids 
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Fig. 5. Comparison of changes in spleen weight (A)， 

spleen hemoglobin concentration (S目HbConc.， B)， and 
hemoglobin contents in spleen per kg body weight (S-Hb 
weight， C) between diploids (solid circ1es) and廿iploids
(open circ1es) prior to and following 6 min of exhaustive 
exercise. Means:t SEM (n=5). 

R， at rest: dot screening bar indicates 6 min of eオlaustive
exercise; 0 h， immediately after exhaustive exercise. * 
*キ， andネ** indicate levels of significance atρ<0.05， p< 

0.01， and p<O.OOl， respectively， when the data were com-
pared wi出 thoseat time 0 in the same group.α，aa and aaα 
indicate levels of significance atρ<0.05，ρ<0.01， andρ< 
0.001， respectively， when the triploids' mean values were 
compared with diploids' mean values for the same time. 
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decreased after reaching the peak value of 17.7 

土 1.02mmol/l 2 hours after exhaustive exer-

cise completion (Fig. 4). However， in triploids， 

the serum lactic acid content increased further 

2 hours later， and reached the highest value of 

22.3:!: 0.7 mmol/l4 hours later， showing a more 

signi宣cantchange than that in diploids for the 

same time period. However， the lactic acid con-

tent subsequent1y decreased abrupt1y， return-

ing to the same level as that in diploids 24 hours 

after exhaustive exercise. 

Changes in sPleen weight Regarding the spleen 

weight at rest (Fig. 5A)， it was 2.40 g/kg BW 

for diploids and was 2.64 g/kg BW for triploids. 

The spleen of仕iploidstended to be larger than 

that of diploids， but there was no significant 

difference in their weights. After exhaustive 

exercise for 6 minutes， the spleen weight pro-

portion for diploids became 61. 7% of出atat rest. 

However， it decreased to about one-half (50.4%) 
that for triploids at rest. For both ploidies， the 

spleen returned to its initial weight 4 hours 

after exhaustive exercise. 

Changes in spleen hemoglobin concentrations 

Regarding the spleen hemoglobin concentra-

tion before exhaustive exercise σig. 5B)， it 
was 145 mg/ g in diploids， and was 182 mg/ g in 

triploids. The hemoglobin concentration in the 

spleen of triploids was significant1y higher than 

that of diploids. The hemoglobin concentration 

in the spleen of diploids decreased to 106 mg/ g， 

which is 73% of that under normal conditions. 

Furthermore， this decrease continued up to 

1 hour later， reaching 66 mg/g.百len，it gradu-

ally increased to 138 mg/ g， and returned to ini-

tial levels almost 24 hours later. In triploids on 

the other hand， the spleen hemoglobin concen-

tration after exhaustive exercise was less than 

64% of that under normal conditions; however， 

it increased 30 minutes after exercise comple-

tion and then became 162 mg/ g 24 hours later， 
a1most returning to the initiallevel. 
Chαnges in hemoglobin quantity in the sPleen 

The hemoglobin quantity in the spleen was 

calculated from both the above spleen weight 

and spleen hemoglobin concentration and the 

resu1ts are shown in Fig. 5C. The hemoglobin 

content in the spleen of diploids was 0.35 g/kg 

BW at rest， which decreased to 0.26 g/kg BW 

after exhaustive exercise， and continued to 

decrease abruptly， reaching the lowest value 

of 0.10 g/kg. The lowest value is 29.8% of that 

at rest which was reached one minute after 

exhaustive exercise. After that， it started to 

recoveれ andthe hemoglobin content 8 hours 

later was similar to that at rest. The spleen 

hemoglobin content in triploids at rest was 

0.48 g/kg， which is 1.38 times that in diploids 

at rest. It decreased to 0.20 g/kg immediately 

after exhaustive exercise (41.4% of that at rest)， 

and was 0.14 g/kg (28.8% of出atat rest) ， the 

lowest value， 30 minutes after exhaustive exer-

cise. Thereafter it increased reaching 0.37 g/kg 

4 hours a立erexhaustive exercise， which is close 

to the value at rest. While the spleen hemoglo-

bin content reached the lowest value of 29.8% 

of that at rest in diploids， it was 28.8% of that at 
rest in廿iploids.Moreover， the decrease in the 

hemoglobin content in the spleen of仕iploidswas 

greater出anthat in the spleen of diploids. 

Discussion 

明司lenthere is a demand via the nervous 

system for a supply of blood corpuscles from 

the spleen at the same time as there is an 

increase in the oxygen demand in extremi-

ties during intense exercise， the supply and 

discharge of RBCs， which are produced or 

stored in the spleen， to the circulatory system 

results in the reduction of the capacity of the 

spleen (Yamamoto et al.， 1980; McCuskey， 

1985; Fange and Nillson， 1985; Yamamoto， 

1988; Kita and Itazawa， 1989). The oxygen 

consumption volume in triploids tends to be 

slightly lower than that in diploids during 

exhaustive exercise and at rest (Kobayashi et 

al.， 1995). Moreover， when the time required 

for recovery from exhaustion is compared 

between diploids and triploids based on the 

decrease in the frequency of opercular move-

ments， triploids obviously require a longer 

time for recovery than diploids (Kobayashi et 

al.， 1995). Comparing the two types of fish， in 

triploids， the hemoglobin content in the spleen 

at rest is significantly higher， the decrease in 
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the spleen weight fol1owing exhaustive exer-

cise occurs earlier， and the increase rate of 

the RBC count during exhaustive exercise is 

higher than in diploids. Furthermore， when 

the oxygen transport abi1ity of RBCs in triploids 
is also taken into consideration， the oxygen 

transport function in triploids is inferior to that 

in diploids (Benfey and Sutterlin， 1984a; Benfey 

and Sutterlin， 1984b; Ueno， 1984; Graham et al.， 

1985; Nakamura et al.， 1989; Aliah et al.， 1991; 

Yamamoto and Iida， 1994a; Yamamoto and Iida， 

1994b)， because the total RBC surface area 

in triploids is less than that in diploids due to 

the increase in the RBC size. Based on these 

facts， the abi1ity of RBCs to supply oxygen is 
higher in triploids than in diploids. It is con-

sidered that triploids reinforce their abi1ity to 
supply oxygen by increasing the size of their 

spleen. In support of this， Graham et al. (1985) 

reported that the blood oxygen content in trip-

loid Atlantic salmon was only 67% of that in 

diploid of the same species. That is， the oxygen 
supply efficiency of triploids is lower than that 

of diploids. In another study， the critical-state 

swimming speed of triploid coho salmon was 

measured and compared with that of diploids 

(Small and Randal1， 1989)， and no significant 

difference was found between them. However， 
the question arises as to whether triploids use 

the same physiological mechanisms to recover 

from exhaustion due to exhaustive exercise 

as those used by diploids. Triploids can adapt 

since they show the same abi1ity to recover as 
that of diploids， even though triploids are more 

severely damaged than diploids. Based on the 

finding in this study that the spleen hemoglo-

bin content in triploids is higher than出atin 

diploids， it is possible that the physiology of 

triploids is different from that of diploids even 

under normal conditions， and that the organs 

of triploids can adapt to comparatively severe 

living conditions， i. e.， their abi1ity can be rein-
forced. This hypothesis was made based on 

the fact that there were no significant differ-

ences observed in the exercise abi1ity of the two 
ploidies in terms of the maximum swimming 

speed and instantaneous power. Supporting 

this hypothesis are the fol1owing findings: in 

triploids， the quantity of RBCs in the spleen is 
higher， the quantity of RBCs supplied to the 

circulatory system during exhaustive exercise 

is greater， and the response onset is earlier than 

in diploids. 

In accordance with the method of Kita and 

Itazawa (1989)， we calculated RBC capacity per 
kg BW that is supplied during exhaustive exer-

cise， i.e.， RBCsupplied， as fol1ows: 
RBCsupplied = 100 (SHbr -SHbe) /MCHC 

SHbr indicates the spleen hemoglobin content 

at rest and SHbe indicates that after exhaus-

tive exercise. MCHC indicates mean co叩us-

cular hemoglobin concentration. When the 

lowest SHbe after exhaustive exercise and the 

MCHC at rest for each ploidy were adopted， 

the RBCsupplied in diploids was 0.933 ml/kg BW， 
and that in triploids was 1.329 ml/kg BW， which 

is 1.42 times that of diploids. Kita and ltazawa 

(1989) estimated that the total RBC capacity 

of a normal rainbow仕outis 12.6 ml/kg BW. 

On the other hand， from the data of our pres-

ent study， the Ht value of triploids at rest was 

about 97% of that of diploids， and the total RBC 

capacity of triploids at rest calculated using 

the above equation was 12.2 ml/kg BW. From 

these result， RBCsupplied of the diploids and 

triploids in this experiment are about 7.4% and 

10.9%， respectively， of the total RBCs that are 

circulating at rest. The RBCsupplied in triploids 

is 1.47 times higher than that in diploids. It is 

c1ear that江triploidsare subjected to exhaustive 

exercise， they mobi1ize more RBCs from the 
spleen to the circulatory system than those in 

the case of diploids， and the circulatory system 

function becomes enhanced at an earlier time 

than that of diploids due to the rapid increase in 

the supply of RBCs from the spleen. Triploids 

supply only a smal1 amount of 0羽Tgento their 

extremities， because the oxygen transport abi1-
ity of blood corpusc1es in triploids is lower than 
that in diploids. Thus， the metabolic reaction 

of lactic acid produced by anaerobic respira-

tion during exhaustive exercise in triploids is 

delayed. It is considered that the lactic acid 

content in blood of triploids does not decrease 

at the same rate as that in diploids; in fact， 

the lactic acid content of廿iploidcontinues 
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to increase even after the diploid started to 

recover. However， the recovery rate was faster 

in triploids than in diploids based on hemato-

logical characteristics such as Ht value and 

Hemoglobin concentration. Triploids have the 

need to return to a more stable condition ear-

lier than diploids， and thus have the capacity to 

adapt to exhaustive exercise. These rapid physi-

ological changes and responses of triploids indi-

cate that their physiological changes are results 

due to their strong adaptabi1ity against the 

severe environment. On the other hand， there 

is a report that diploids (common fish) require 

24 hours to recover from 6 minutes of exhaus-

tive exercise (Turner et al.， 1983; But1er et al.， 
1986; Milligan and Wood， 1987). We consider 

that even triploids recover to a fairly normal 

state 24 h after exhaustive exercise. 
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強制運動に対する三倍体ニジマスの生理学的反応

小林徹・故伏木省三・上野紘一

Oから15分間の強制運動中と 6分間強制運動後の回復過程における全雌三倍体ニジマスの血液生理

学的変化を二倍体との比較のもとに調べた。強制運動の前，三倍体の牌臓のヘモグロピン含量体重比

は二倍体に比べて有意に高かったが，運動を強制されると三倍体の牌臓は運動開始一分後には二倍体

と同程度に縮小したことから 三倍体の牌臓重量比の減少率は二倍体の場合よりも高いことがわかっ

た。赤血球数は運動強制によって両倍数性とも有意に増加したが増加割合は明らかに三倍体の方が高

かった。三倍体の強制運動後の初期の血液性状の回復過程は二倍体に比べて約30分遅れ，三倍体は生

理機能が回復するのに二倍体よりも長い時間を必要としたが，両倍数性とも24日寺間後にはもとの状態

に戻っていた。これらのことから，三倍体は過激運動を行う際，二倍体よりも比較的大きな循環系へ

の赤血球供給能を必要とし，それに牌臓を肥大させることで対応していると考えられた。
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