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The hematocrit value of fish blood is known to easily vary with physiological
condi t ions  of  the  f i sh .  The  re la t ionships  be tween gas  contents  and  hematocr i t
value were examined in the yellowtail Seriola quinqueradiata  to know respiratory
abilities of the fish at various hematocrit conditions. The oxygen capacity, oxy-
gen content and oxygen saturation in the arterial blood, and the oxygen content
and oxygen saturation in the mixed venous blood increased with hematocrit ele-
vation. The regression equations of these relationships were obtained. The oxy-
gen utilization at the tissues markedly elevated in fish of low hematocrit values.
This phenomenon is considered to be an adjustment to maintain the oxygen sup-
ply to the tissues at fairly good levels under lowered oxygen transport of the ar-
terial blood caused by low hematocrit values. The  carbon d ioxide  contents  both
in the arterial blood and in the mixed venous blood were fairly constant over a
wide range of hematocrit value.

INTRODUCTION

The hematocrit value of fish blood is known to vary with physiological
conditions of the fish. Increase in hematocrit value has been observed in
the rainbow trout (Black et al., 1959, 1962, 1966) and the yellowtail (Yamamoto
et al.. 1980) d u r i n g  e x e r c i s e , and in the striped mullet at high temperatures
(Cameron, 1970). Decrease in hematocrit value was also observed at high
temperatures in the pinfish  (Cameron, 1970). Decrease in hematocrit value is
usually accompanied with decrease in hemoglobin concentration or anemia
which is observed at bleeding and diseases caused by toxins, infectious bac-
teria, parasites and poor nutrition (Kawatsu, 1978).

Relationship between gas content and hematocrit value is considered to
be worthwhile to study in order to know respiratory abilities of the fish at
various hematocrit conditions. This paper presents data on relationship be-
tween gas content and hematocrit value in the yellowtail which is an imp&-
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tant species in sea fisheries and fish farming in Japan.

MATEdIALS  AND METHODS

The experiments were carried out on 24 yellowtail Seriola quinqueradiata of
715-1246 (9291140) g in weight and 394-482 (441+29)  mm in total length. The
fish were raised at a marine farm of Kuroi Fisheries Co-operative in Yama-
guchi Prefecture, and transported to Shimonoseki University of Fisheries.
They had been kept for one or two days before experimentation in air-satu-
rated water.

A fish was cannulated to either the dorsal aorta or the bulbus arteriosus
with a polyethylene tubing of 1.0 mm outside diameter, under branchial  irriga-
tion with 1 : 50,000 quinaldine, by the method described in the previous paper
(Yamamoto et al., 1981). The cannulated fish was placed in a net cage of 50
cmx50cm ~50cm set in a tank of 2 mx 1 mx0.8 m (depth of water) gently
irrigated with air-saturated water of 17.2-20.6 (19.2_tl.l) “C.

After 18-20 hours from placing fish In the cage, 1.5ml of the blood was
collected from the fish through the cannula by the following procedures.
After removing the physiological saline in the cannula (about 0.1 ml), 0.3 ml
of the blood was collected and stored. Then 1.5 ml of the blood was collected
in another syringe and offered to gas analysis. After collection of the 1.5 ml
of blood, the stored blood (0.3ml) was returned into the circulating blood
through the cannula. And then, the cannula was filled with fresh saline.
Yellowtail of this size is considered to contain the blood of about 50m1,  esti-
mated based on our previous work (Yamamoto et al., 1980).

The oxygen capacity of the blood was determined, using 0.5ml  of the
blood sample, by measuring the oxygen content after shaking the blood with
air for ten minutes. “Oxygen capacity” in the present paper means the oxy-
gen content of the well-oxygenated blood including the dissolved oxygen. The
contents of oxygen and carbon dioxide in the blood were determined with 0.5
ml of sample by the manometric method of Van Slyke and Neil1 (1924). The
hematocrit value of the blood was determined by centrifugation, of sample in
a capillary tube at 11,OOOrpm  for five minutes.

Blood with hematocrit values in the normal range (29.3k2.9  % for the
arterial blood and 29.8t3.4 % for the mixed venous blood) was obtained after
18-20 hours of recovery from the cannulating operation. This duration, 18-20
hours, is considered to be long enough for recovering “resting condition* judg-
ing from the following facts, After,severe  exercise, yellowtail recovered the
pre-exercise levels of hematocrit value, hemoglobin concentration and water
content of the blood within one hour, and those of weight and hemoglobin
content of the spleen within five hours (Yamamoto et al., 1980). And after
operation ,for an abdominal window which gives severer effect on fish than
cannulating operation, yellowtail showed almost same level of oxygen con-
sumption at 4-6 hours after the operation (1.935-t0.420ml/min/kg,  N=20) as
that at 18 hours after cannulating operation (1.93O~O.310ml/min/kg,  N=14)
both at ZO-21°C  (Yamamoto, Itazawa and Kobayashi, unpublished). Blood with
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high hematocrit values was obtained from fish kept under anesthesia by a
direct puncture to the bulbus arteriosus. Blood with low hematocrit values
was obtained from anemic fish kept unfed for lo-14 days after taking 1.5ml
of the blood.

RESULTS

The oxygen capacity of the blood (02 cap., ml/dl),  the oxygen content in
the arterial blood (C,,,,, ml/dl),  and the oxygen content of the mixed venous
blood (Cv.oz, ml/dl) increased with elevation of the hematocrit value (Ht, %>,
as shown in Fig. 1. The relationships are expressed as the following equa-
lions calculated based on the least square method:

O2 cap.=0.436 Ht+O.683  (r=O.955) . . . . . . . . . (1)

Ca.02 =O. 363 Ht+O. 797 (r=O. 907) ,........ (2)

G.O* =O. 373 Ht-2.950 (r=O. 962) . . . . . . . . . (3)

O’....I....I....I....I....I,.*.I,...(
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Fig. 1. Relationships of the oxygen capacity of the yellowtail blood
(0,  cap., shown by crosses with dots and lines), the oxygen content
of the arterial blood (C,,oz, open  c i rc les  wi th  a  so l id  l ine)  and  tha t
of the mixed venqus blood (Ca.oz, solid circles with a dotted line) to
the hematocrit  value (Ht).

The percent oxygen saturation of the arterial blood (S,,,,, %) which is
Ca,,,2 divided by O2 cap., decreased very slightly with hematocrit elevation,
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Fig. 2. Relationships of the oxygen saturation of the arterial blood
(S,.,,, shown by open c i rc les)  and  tha t  of  the  mixed venous  b lood
(Sv.02. so l id  c i rc les )  to  the  hematocr i t  va lue  (Ht ) .  wi th  the  curves
showing calculated values based on the equations (4) and (5).

while the percent oxygen saturation of the mixed venous blood (S;.Oz,  %),
which is C;.0z  divided by Oz cap., markedly increased with hematocrit eleva-
tion, as shown in Fig. ,2. The relationships calculated based on the following
equations are also shown as curves in Fig. 2.

Sa.OZ = 100 x equation (2)/equation  (1)
=lOO (0.363 Ht+0.797)/(0.436 Ht+O.683) . . . . . . . . . (4)

SV,~~  = 100 x equation (3)/equation  (1)
=lOO (0.373 Ht-2.950)/(0.436  Ht+O. 683) . . . . . . . . . (5)

The oxygen utilization at the tissues or the coefficient of oxygen extrac-
tion from blood (U,, %) markedly decreased with hematocrit elevation, as
shown in Fig. 3, and the relationship is expressed by the following equation:

IO 2 0 3 0 4 0
Ht (X)

Fig. 3. Relationship between the oxygen utilization at the tissues (Ur)
and the hematocrit  value (Ht).
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=lOO (-0.010 Ht+3.747)/(0.363 Ht+0.797) . . . . . . . . . (6)

The carbon dioxide contents both in the arterial blood (Ca,COZ,  ml/dl)
and that in the mixed venous blood (C;.c02, ml/dl) were fairly constant over
the wide range of hematocrit value from 16 to 37 %, as shown in Fig. 4. The
mean value and the standard deviations of C,,,,, and C,Y,~~~  were 9.87kO.79
ml/d1 and 12.74_t  1.73 ml/d& respectively.

0 . . ..‘....‘....‘....‘....‘....l
IO 20 30 40

lit (Xl

Fig .  4 .  Rela t ionships  of  the  carbon  d ioxide  conten t  o f  the  a r te r ia l
blood (C,<co,. shown by open c i rc les)  and  tha t  of  the  mixed venous
blood (C;.coz. solid circles) to the hematocrit value (Ht).

DISCUSSION

The relationship between the oxygen capacity and the hematocrit value
was reported to be OZ cap.=0.311 Ht+0.7  in the rainbow trout (Holeton  and
Randall, 1967),  and O2 cap. =O. 24 Ht+l. 69 in the tenth  (Eddy, 1973). The
relationship in the yellowtail, O2 cap. =O. 436 Ht+O. 683, shows a large oxygen
capacity of the blood of this fish for a unit volume of erythrocytes, and means
that the hemoglobin is condensely contained in the erythrocytes.

The difference between the oxygen content in the arterial blood and that
in the mixed venous blood is almost constant (about 3.7ml/dl) over the wide
range of hematocrit value, as shown by an equation Ca.oz-C;.oz=  -0.010 Ht+
3.747. The rate of oxygen consumption (q,,, ml/min/kg)  was reported to
be almost constant at various hematocrit values in the rainbow trout (Cameron
and Davis, 1970) and the pinfish (Cameron and Wohlschlag, 1969). If it is also
true in the yellowtail, the cardiac output (J,, ml/min/kg)  of this fish is consid-
ered to be almost constant at various hematocrit values, estimated from Fick’s
principle, ir, = 100 V,,/(C,.,,--C,,,).

The oxygen utilization at the tissues markedly elevated at low hematocrit
values as shown in Fig. 3. This phenomenon is considered to be an adjust-
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ment to maintain the oxygen supply to the tissues at fairly good levels under
lowered levels of oxygen transport of the arterial blood caused by low hemato-
crit values. The marked drop of oxygen saturation in the mixed venous blood
at low hematocrit values shown in Fig. 2 reflects the increased oxygen utiliza-
tion at the tissues. The decrease of oxygen saturation in the mixed venous
blood is comparable with decrease of oxygen saturation in the venous blood
by elevated metabolism owing to elevated temperature (Heath and Hughes,
1973; Watters and Smith, 1973; Kobayashi and Yamamoto, 1977) and exercise
(Stevens and Randall, 1967).
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