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Determination of Circulating Blood Volume in Three
Teleosts, Carp, Yellowtail and Porgy

Yasuo Itazawa, Tatsusuke Takeda, Ken-ichi Yamamoto
and Teruo Azuma
(Received September 21, 1982)

Circulating volume of plasma in three teleost fishes was determined by a dye dilution method
using Evans blue. The details of the method are shown. Circulating blood volume was estimated
from the circulating plasma volume and hematocrit value of the blood. Circulating erythrocyte
volume was defined to be the difference between the circulating volumes of blood and plasma.
Circulating volumes (ml/100 g of body weight) of plasma, blood and erythrocytes were found to be
5.08+0.62, 6.52+0.94 and 1.4440.39 in the carp Cyprinus carpio weighing 529-+48 g; 3.534-0.74,
4.894-1.07 and 1.374+0.38 in yellowtail Seriola quinqueradiata weighing 8024159 g; and 4.57+
0.40, 5.844-0.42 and 1.274-0.15 in porgy Pagrus major weighing 519+41 g. Blood volume of
teleost fishes has been often said to be very small (about 1.5~ 3.0 ml/100 g), but the values reported
before establishment of technique in vascular cannulation (Smith and Bell ,1964) are considered
to be not always reliable. Most values of blood volume, including those in the present paper,
reported since Smith and Bell (1964), are roughly in the range of 5~7 ml/100 g of body weight.

(Y1, TT and TA: Department of Fisheries, Kyushu University 46-04, Hakozaki, Fukuoka 812,
Japan; KY: Ono Limnological Station, Shimonoseki University of Fisheries, Shimo-ono,
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Fig. 1. Optical density of porgy plasma determined at 600 nm after injection of Evans blue.
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Fig. 2. Calibration curve of Evans blue.
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Table 1. Circulating volumes of plasma, blood and erythrocytes of carp, Cyprinus carpio, de-
termined by a dye dilution method using Evans blue.
Fish Weight 1:::1$gr§1 Y:;tgr Ht Plasma volume Blood volume Erythrocyte volume
g mm) (c) () (ml)  (ml/100g) (ml)  (ml/100g) (ml)  (ml/100 g)
1 535 306 18.7 24.3 4.55 29.9 5.59 5.6 1.04
2 490 305 18.3 25.7 5.25 31.5 6 43 5.8 1.18
3 480 298 22.2 28.7 5.98 36 9 7.69 8.2 1.71
4 500 302 22.6 21.7 4.34 28.0 5.61 6.3 1.27
5 570 306 21.7 27.6 4.84 35.3 6.18 7.7 1.34
6 600 332 27.4 33.1 5.52 45.7 7.61 12.6 2.09
X 529 308 24~26 21.8 26.9 5.08 34.6 6.52 7.7 1.44
SD +48 +12 +3.3 +3.9 +0.62 +6.4 4+0.94 +2.6 +0.39
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Table 2. Circulating volumes of plasma, blood and erythrocytes of yellowtail, Seriola
quinqueradiata, determined by a dye dilution method using Evans blue.

Fork  Water

. Weight Ht Plasma v
Fish T lengh emp. b ORI b mifioog) iy (100 8
1 610 340 29.4 17.3 2.83 24.5 4.01 7.2 1.18
2 871 369 28.0 22.4 2.57 31.1 3.57 8.7 1.00
3 681 355 26.2 18.7 2.75 25.4 3.73 6.7 0.98
4 652 343 29.8 19.8 3.03 28.1 4.32 8.3 1.27
5 628 344 29.2 17.3 2.75 24 .4 3.89 7.1 1.13
6 640 356 29.1 23.6 3.68 33.2 5.19 9.6 1.50
7 627 345 28.8 22.0 3.50 30.9 4,92 8.9 1.42
8 758 376 29.4 24.3 3.21 34.5 4.55 10.1 1.33
X 683 354 9.3 28.7 20.7 3.04 29.0 4.27 8.3 1.23
SD +89 +13 +0.7 +1.2 +2.8 +0.39 +4.0 +0.58 +1.2 +0.19
101 833 375 25.1 27.8 3.33 37.1 4.45 9.3 1.12
102 790 380 25.3 28.7 3.64 38.5 4.87 9.8 1.24
103 900 402 29.8 33.0 3.67 47.0 5.22 14.0 1.56
104 820 384 27.9 30.2 3.68 41.9 S5.11 11.7 1.43
105 635 355 27.3 25.7 3.54 40.5 5.57 14.8 2.33
106 865 385 29.3 29.3 3.39 41.5 4.79 12.2 1.41
107 945 404 28.6 24.7 2.61 34.6 3.66 9.9 1.05
108 995 395 29.0 23.4 2.35 32.8 3.30 9.4 0.94
109 965 396 29.8 24.3 2.52 34.6 3.58 10.3 1.07
110 1065 417 29.7 33.9 3.18 48.2 4.52 14.3 1.34
111 960 391 27.0 24.5 2.55 33.5 3.49 9.0 0.94
112 1295 427 28.9 39.2 3.03 55.2 4.26 16.0 1.24
X 922 393 10.6 28.1 28.7 3.12 40.4 4.40 11.7 1.31
SD +163 +19 +0.2  +1.7 +6.8 +0.75 +4.8 +0.50 +2.5 +0.38
201 720 373 30.0 35.1 4.88 50.2 6.97 15.1 2.10
202 648 358 28.9 34.7 5.35 48.7 7.52 14.0 2.16
203 794 388 29.8 37.1 4.68 52.9 6.66 15.8 1.99
204 742 373 30.2 33.4 4.50 48.3 6.51 14.9 2.01
205 820 367 25.4 32.2 3.92 43.1 5.25 10.9 1.33
206 670 368 27.9 26.8 4.00 37.1 5.54 10.3 1.54
X 732 371 17.2 28.7 33.2 4.55 46.7 6.41 13.5 1.86
SD +67 +10 +0.3 +1.8 +3.6 +0.54 +5.7 +0.86 +2.3 +0.34
301 725 368 28.7 37.1 5.11 52.0 7.17 14.9 2.06
302 540 344 28.7 24.0 4.45 33.8 6.26 9.8 1.81
303 620 354 25.1 21.4 3.45 28.6 4.61 7.2 1.16
304 680 360 25.3 21.4 3.14 28.6 4.21 7.2 1.06
305 675 359 24 .4 25.5 3.78 33.7 5.00 8.2 1.21
306 660 356 29.7 23.4 3.54 33.3 5.04 9.9 1.50
X 650 357 17.7 27.0 25.5 3.91 35.0 5.38 9.5 1.47
SD +64 +8 +1.1 +2.3 +5.9 +0.73 +8.7 +1.12 +2.9 +0.40
401 846 388 26.5 24.8 2.94 33.8 3.99 9.0 1.06
402 862 386 23.6 22.6 2.62 29.6 3.43 7.0 0.81
403 940 397 25.2 26.5 2.82 35.5 3.78 9.0 0.96
404 800 377 26.3 27.8 3.47 37.7 4.71 9.9 1.23
405 715 372 25.6 25.1 3.51 33.7 4.72 8.6 1.20
406 983 403 27.9 41.9 4.26 58.1 5.91 16.2 1.65
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Table 2. (Countinued)
. Fork  Water
. Weight Ht Plasma volume Blood volume Erythrocyte volume
Fish Tig)  length €@ (%) (mh  (ml/I00g) (m) (ml/I00g) (m)  (ml/100¢)
—407 792- 375 25.4 28.4 3.59 38.1 4.81 9.7 1.22
408 875 383 23.1 30.1 3.44 39.1 4.47 9.0 1.03
409 730 368 27.8 36.1 4.94 50.0 6.84 13.9 1.90
410 890 388 28.0 28.0 3.15 38.9 4.37 10.9 1.22
411 835 380 21.6 34.1 4.09 43.5 5.21 9.4 1.13
412 1210 442 27.6 44 .2 3.66 61.1 505 16.9 1.40
X 873 388 21.4 25.7 30.8 3.54 41.6 4.77 10 8 1.23
SD 4131 +20 4+0.9 42.1 +6.9 +0.65 +9.9 +0 93 +3.1 +0.30
Total of 44 fish
X 802 377 27.5 28.0 3.53 38.8 4.89 10.8 1.37
SD  +159 +23 +2.1 +6.5 +0.74 +9.1 +1.07 +2.9 +0.38

Table 3.

Circulating volumes of plasma, blood and ertyhrocytes of porgy, Pagrus major, de-

termined by a dye dilution method using Evans blue.

Water

Fish Weight lfr?grtl?l temp Ht Plasma volume Blood volume Erythrocyte volume

®  (mm o R (m)  (ml/100g) (ml) (ml/I00g) (ml)  (ml/100 g)
1 497 321 18.0 25.5 5.13 31.1 6.26 5.6 1.13
2 540 300 23.0 22.4 4.14 29.1 5.38 6.7 1.24
3 530 304 20.0 25.6 4.84 32.1 6.05 6.4 1.21
4 515 295 25.0 23.9 4.64 31.9 6.18 8.0 1.54
5 588 323 20.5 25.8 4.38 32.4 5.51 6.7 1.13
6 462 295 22.0 22.4 4.84 28.7 6.21 6.3 1.37
7 522 298 24.0 21.1 4.03 27.7 5.31 6.7 1.28
X 519 305 18~21 21.8 23.8 4.57 30.4 5.84 6.6 1.27
SD +41 +12 +2.4 +1.9 4-0.40 +1.9 +0.42 +0.7 +0.15

bhich b, Eo ff 0.187 12243 % Evans blue D e .
Hidl @

FE do 1% 4.185 ug/ml L7z b, FE- TREMEF O OBER
B d 11 4.185%3.0/0.2=62.78 & 7c%. X% 3 mg/ml &
% 05ml EALZDT D 1500 ng THbH, Zoff
fhkom4EE P (ml) 1% 1500/62.78=23.89 TL % b 5.
Z L TCHENTRE L HE (%) 23 250 TH 10T,
M# & B (ml) 1% 100x23.89/(100—25.0)=31.85 & ¢
5. FiomBREL 31.85—23.89=796ml +\ 5 = &1
%, UEOFEEHAHE 100g 24 b it 3iug, 4%
EtkDRED SI5g THOD T, MR 4.64ml/100g,
Mg 6.18 ml/100g, MmEKE 1.54 ml/100g & ic5.

¥ #

g, TYVRIV= LA LCDOTHIE L ERIMEE
T b O F U DU CHE L Mg i s X OfR B
Bk % Tables | ~3 iR

BEQIEFRoMmKEIMELEYO LT HRTE
L Alendns o enifek LELE Sbht. £<
DXHERD B F LT Mott (1957) 1 1.4~2.8Y%, Bl
(1962) 13 1.5~3.090 &\ 5 M E ((FEEDILY) %%
LTkH, Zhbix Conte et al. (1963) oRT 4L
8.2~9.5, ME ki 4.2~22.5, |B¥H 4.8~ 13.2, IFLHE 5.5~
9.5 L) Mg R (ml1/100 g%) b5 & Z L < iy,
Lo LITSEDPUEMIE F IS EA 7 {ix e, 22
RO PEE T RO X 5 M 7R850 5 5.

EPEEE (BunE) SmERAO MK Y 24
BT ENREET e dE LN IEREX D Tz E
(LR —WFgE# (Smith, 1966) AFE—FE (¥ v ¥+ 4r) D

* 9 of body weight & ml/100 g xR 7& 325, Hve
X THRETSH T2 L BDbha8ALD 5.
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Table 4. Blood volumes of various fishes reported before the device of cannulation to a blood vessel by Smith and Bell (1964).

* T:T-1824 (Evans'blue), E: Exsanguination, 131; Albumin labeled by 13,

** SD: standard deviation.

* %%k

% of body weight.

. Water
Common name Scientific name N Body(g;elght tc(:?&;;. (l%/l)og;jb\godl;uw?) *Method reference
Agnatha
Sea lamprey Petromyzon marinus 12 154~261 6.5 ~10.9 T Throson (1959)
Elasmobranchii
Nurse shark Ginglymostoma cirratum 5 11360~ 22700 6.8 4+ 0.73(SD)** T Thorson (1962)
Nicaragua shark Carcharhinus nicaraguensis 10 27700~ 57200 6.8 + 1.12(SD) T Thorson (1962)
Lemon shark Negaprion brevirostris 9 3180~ 12270 7.0 4+ 0.42 (SD) T Thorson (1962)
Spiny dogfish Squalus acanthias 7 3.71 E Derrickson and Amberson
(1934)
=6 930~ 3600 **x5.88~ 7.69 T Burger and Bradley (1951)
24 1122~ 6350 3.1 ~10.9 T Thorson (1958)
24 1120~ 6350 6.8 + 1.79(SD) T Thorson (1962)
Big skate Raja binoculata 4 2646~ 18100 6.5 ~9.9 T Thorson (1958)
Long-nosed skate R. rhina 8 1400~ 16550 4.0 ~ 9.5 T Thorson (1958)
Holocephali
Rat-fish Hydrolagus colliei 8 520~ 1573 4.1 ~ 7.4 T Thorson (1958)
Osteichthyes
Lake sturgeon Acipenser fulvescens 8 2275~4530 2.8 ~ 4.9 T Thorson (1961)
Paddlefish Polyodon spathula 5 3740~ 5910 2.4 ~ 3.6 T Thorson (1961)
Shortnose gar Lepisosteus platostomum 7 855~1730 3.0 ~ 5.2 T Thorson (1961)
Bowfin Amia calva 6 1020~ 3265 2.9 ~ 5.0 T Thorson (1961)
Green moray Gymnothorax funebris 6 3050~ 4815 1.0 ~ 3.0 T Thorson (1961)
Rainbow trout Salmo gairdneri 9~29 14~15 2.25 T Schiffman and Fromm
(1959)
Steelhead trout Salmo gairdneri gairdneri 10 135~ 800 10 *¥**3 5 + 0.9(SD) T Conte et al. (1963)
5 *¥**3.3 + 0.9(SD) %1 Conte et al. (1963)
Carp Cyprinus carpio 7 1585~ 3190 2.4 ~ 3.5 T Thorson (1961)
Bigmouth buffalofish  Ictiobus cyprinellus 8 1980~ 5440 1.8 ~ 4.1 T Thorson (1961)
Common white sucker Catostomus commersoni 2 580~ 655 1.8 ~ 2.7 T Thorson (1961)
Bullhead Ameiurus natalis 51.5~328.0 1.764+0.70 (SD) T Prosser and Weinstein
(1950)
Atlantic cod Gadus morhua 22 800~ 17000 740.5 2.4 E Ronald et al. (1964)
Nassau grouper Epinephelus striatus 2 930~ 1610 23~ 3.0 T Thorson (1961)
Tiger rockfish Mycteroperca tigris 1 5885 3.3 T Thorson (1961)
Red snapper Lutjanus campechanus 2 3130~4400 2.2 T Thorson (1961)
Gray snapper L. griseus 6 1900~ 4680 1.9 ~ 2.5 T Thorson (1961)
Great barracuda Sphyraena barracuda 10 1430~4575 2.3 ~ 3.7 T Thorson (1961)
Tautog Tautoga onitis 3 1.5 E Derrickson and
Amberson (1934)
Rainbow parrotfish Pseudoscarus guacamaia 16 1650~ 6830 2.5 ~ 4.7 T

Thorson (1961)

5
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Table 5. Blood volumes of various teleosts reported after the device of cannulation to a blood vessel by Smith and Bell (1964).

Common name Scientific name N
Brook trout Salvelinus fontinalis 15
10
12
12
Rainbow trout Salmo gairdneri 4
8
8
7
Steelhead trout Salmo gairdneri gairdneri 13

Pink salmon Oncorhynchus gorbuscha
Coho salmon 0. kisutch 7
10
3
7
6

Sockeye salmon O. nerka

Carp Cyprinus carpio 6
Yellowtail Seriola quinqueradiata 8
12
6
6
12
Total 44
Porgy Pagrus major 7

* T:T-1824 (Evansr t;iué), E: Exsanguinatior}.
** SE: standard error, SD: standard deviation.
¥*x 97 of body weight

Body weight
(2

293.746.4 (SE)

5484 49 (SE)
8154+ 70 (SE)

5534127 (SE)

5374108 (SE)
10494-173 (SE)
9494 23 (SE)
9264112 (SE)
10124120 (SE)

5294 48 (SD)
683+ 89 (SD)
9224163 (SD)
7324 67 (SD)
6504 64 (SD)
8734131 (SD)
802+159 (SD)
5194 41 (SD)

2

10
20

11~16
7

11

16
8~12

8~12
8~12
8~12
8§~12
8~12

24~26
9.34+0.7 (SD)
10.640.2 (SD)
17.24+0.3 (SD)
17.74+1.1 (SD)
21.44-0.9 (SD)

18~21

Blood volume
(ml/100 g)

4.6+ 0.3 (SE)**

5.

W

W

0 W RN =N

il B = e}

9 +0.6 (SE)

.5 +0.6 (SE)
.7 +£0.4(SE)

.4 +0.4 (SE)
.49+0.33 (SE)
.5240.16 (SE)
.8240.14 (SE)
.4 +0.8(SE)
.8

+1.6 (SE)
4+0.9 (SE)
+0.1 (SE)
+2.0 (SE)
4+0.4 (SE)

5240.94 (SD)
2740.58 (SD)
40+0.50 (SD)
414-0.86 (SD)
38+1.12 (SD)

.77+0.93 (SD)
.89+1.07 (SD)
5.

844-0.42 (SD)

T

T

-

I I R R I B e I N o B R I R R R R R

*Method reference

Houston and 7DeWilde

(1969)

Houston and DeWilde
(1969)

Houston and DeWilde
(1969)

Houston and DeWilde
(1969)

Smith (1966)
Nikinmaa et al. (1981)
Nikinmaa et al. (1981)
Nikinmaa et al. (1981)
Smith (1966)

Smith and Bell (1964)
Smith (1966)

Smith (1966)

Smith (1966)

Smith (1966)

Smith (1966)

Smith and Bell (1964)
Present study

Present study

Present study

Present study

Present study

Present study

Present study

Present study
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T 7cfiidy Evans blue FRETIL 6.1~72 Th-
TeDIR L, BTk 2.3 il Ech -7 (Table 5)
CERILKRERT VA, —HHEE (FREE) M
IR s R T IRTB 7o\ & MifErh oD K AN RS i B )
LTHERINEL 8D, 2oz LiXA—WF%E#E (Smith,
1966) MJal—Ffl (¥ v +4) oF—f#f{kiz>v~T Evans
blue FHHREEIC & » T IEk & (ml/100 g) A3 M.S. 222
THREEHICIE 4.6 TH oD L, D B8 50
BECE T2 S LR ISRERT VWA, E1F
RECTIRIREYEOEARLRERH CTH -1 b, iy
R X » Tl b Avie b $hud, F5RO IR 40 Lk
L RS T BRICRBI D, IREM B o A
HMHEARXEMCE D, BRChicsFIMmcy-Th M
WD bhHBZ EMN VIS5, MATRICIE
A RIADOMFEAFFAMEL, LovdBICE LM
wEX WIS LicT e bisw., S0 X 5 s
313 Smith and Bell (1964) O KFPRH = = L — >
a VEEDERIC L » THDTHERIL -z #>TE
ALLRT o M B P W ST S v Te D B b b, AR
EfExRhich - D TRV EEL bR S.
2z Smith and Bell (1964) # 551t 3k o i 45 {5 %
Zh X v (Table 4) &% (Table 5) whilir RS, =
ha Ba EHF e oL ToRlE /i Smith and Bell
(1964) X v BiTx ey XL, REESHIC LT
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Japanese Journal of Ichthyology, 30(1). Itazawa
et al.: Determination of circulating blood volume
in three teleosts, carp, yellowtail and porgy. Page
94, last line of Abstract, **5~7 ml/100 g” should read
4~7ml/100 g. Page 99, footnote in Table 4, 9, of
body weight” should read ml/100 g. Page 100, lower
one-third of Table 5, insert the following line *“8 181
4266 (SE) 11~16 5.440.8 (SE) T Smith (1966)”
between the lines “Sockeye salmon. . .Smith and Bell

(1964)” and *“Carp. . .Present study”. (K. M)
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We regret to announce that Dr. Kiichiro Yamamoto, councillor of

the Society, passed away on July 27, 1983.

The Ichthyological Society of Japan
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