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ON THE BLOOD OF SALMONOID FISHES OF JAPAN DURING MIGRATION
I. FREEZING POINT OF BLOOD

Tatsuro Kugo
(Faculty of Fisheries, Hokkaido University)

Observations wete made on the differences and changes, in relation to form and mi-
. gration, occurring in the freezing points of the blood of some salmonoid fishes of Japan,
mainly in natural life,
Generally, there is no great difference in the freezing points according to species.
Freezing points of the blood of the fish in fresh water form or stage are lower than
those in salt water form or stage (the former, A-0.60~0.69°C: the later, 2A-0.75~0.90°C).
In smolt stage, freezing points of the blood ‘become fairly higher than those of fresh
water form (dark parr) or fresh water stage (parr); in the blood of smolts, freezing
points vary from A-0.70°C to A—0.76°C, and there appears to be an anticipatory change
in th@e osmotic pressure of the internal environment as a consequence of parr-smolt trans-
formation, before the change of external environmenf from fresh water to salt water.
In adults ascending rivers, the freezing point changes gradually, as the fish goes from
salt water to fresh water; at the height of spawning, it tends to decrease remarkabiy.
The results of observations concerned with density, water content, chloride, various
non-protein and protein nitrogens, etc. of the blood, will be discussed in following reports.
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Table 1. Freezing point of blood of Oncorhynchus masou

ENO'.’ Date Locality ) i::::‘:—”;CTotalc:.ngt h N?"ﬁ::e "I Remarks
1 | 8/VII, 1952 TFish pond (Nanae) | 0.66 | 8.5-9.1| 20
2 |22/ IX, 1952 Do. 0.69 | 10.2-11.9| 7
3 |28/ IX, 1951 | Matsukura R, (Hakodate) | 0.68 14.9,17.0 2 Parr
4 |27/ X, 1951 | Yunosawa R. (Moheji) 0.645 | 12.5-15.0 | 10
5 |27/ X, 1951 Do. 0.70 | 15.0-17.0f 5
6 |26/ IV, 1952 Kame R. (Izumizawa) 0.68 15.9-19.5 6
7 |10/ V,.1952 Do. 0.67 | 15.0-17.6 | 7
8 |25/ V, 1952 Fish pond (Nanas) 0.69 | 10.6-16.1| 18
9 | 8/ VI, 1952 | Shibetsu R. (Nakashibetsu)l 0.68 | 16.0-19.0| 3
10 | 14/ VI, 1952 Fish pond (Chitose) 0.67 8.5-18.0 | 9 Dark
11 | 3/VII, 1952 Do. 0.82 | 32.0 11]¢ parr
12 | 23/ V11, 1950 O R. (Onakayams) 0.675 | 16.0-19.0 [ 11
13 7/11X; 1950 Do. 0.675 | 17.0 1 | & nearly mature
14 | 20/IIX, 1950 | Ninnikuzaws R. (Kikyo) | 0.71 | 16.5-18.0| 7 do.
15 | 28/11X, 1951 Aka R. (Kameda) | 0.72 | 28.0 1 |6 do.
16 | 24/ IX, 1950 O R. (Onakayams)| 0.69 | 17.5,18.5| 2
17 | 26/ 1V, 1952 Kame R. (Izumizawa)  0.74 13.5-15.5 | 10
18 | 4/ 'V, 1952 Koronai R. (Shirivchi) | 0.70 | 14.5-15.5| 9
19 |10/ YV, 1952 Kame R. (Izumizawa) 0.70 15.0-17.6 9
20 |16/ V, 1951 Chitose R. (Nishikoshi)| 0.72 | 14.5-18.0 | 30
21 |19/ V, 1950 Chitose R. (Nishikoshi)| 0.65 | 15.0-18.0 | 29 Smolt
22 |25/ V, 1952 Aquarium (Nanae) 0.69 | 12.9-15.7 | 13
23 | 6/ VI, 1951 | Shibetsu R. (Nakashibetsu) 0.73 | 13.0-17.0 | 20
24 | 8/ VI, 1952 Do, 0.75 | 12.5,13.0 | 2
25 |14/ VI, 1952 | Fish pond (Chitose) 0.69 | 12.5-17.8 | 12
26 | 11/ VI, 1952 Akkeshi Bay 0.90 | 15.8-16.2| 8 | e Sea, Smolt
27 1/ II, 1952 | Off Sumiyoshi (Hakodate)| 0.765 | 44.0 1 3 immauture l :
28 |17/ 11, 1952 Do. 075 | 40.5 1|3 do. Boly it
2 |14/ IV, 1952 Do. 0.86 | 45.0 1|8 do. J »
30 6/ V1, 1951 | Nishibetsu R, (Shuwanbuto) 0.85 49.5 1 | ¢ mature somewhatl .
31 | 18/ VI, 1951 Tokoro R, (Tanno) 0.75 | 49.0 1 | ¢ do. RX:le;ft
32 | 8/ X, 1952 Shiribetsu R. (Rankoshi) | 0.66 55.0 1 Q mature I
33 |18/ X, 1952 Lake Toya 0.74 | 39.5 1 | ¢ immature......Lake, Adult

No.32 HESREROK X VRO DT 3, |
+ 73 = ABPHEICEG T 2B SR BITA 2 ARk SEBTE LR T No.83),
2. Salvelinus leucomaenis (7 3 <==R), kU Salvelinus malma (3 2 v a~=) ! FORERBIEIH

CRTHT» 3,

T A< ADHAICR T 7 7 A LR Y RKOANE L X BLUMeR Par & Dark parr & ORI
W#TH D, & \ICRIEEPFE TR LY, —RALTH 27 =20ENL D /NS EDKEKETE
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Table 2. Freezing point of blood of Salvelinus leucomaenis

Sample . . Freezing 'TOtal lengthl Number|
No., Date Locahty. point A°C, cm, ‘ foig‘.l Remarks
1 |18/ V, 1952 Ishikawa (Kameda) 0.69 14.5-16.5 | 4
2 |21/ V, 1952 Sukunobe R. (Akaigawa)| 0.63 12.0-13.0 4 .
3 | 14/IIX, 1950 | Matsukura R, (Hakodate) (0'605 12.4-18.2 | 15 Parr or
» 19 . 0.58 ° ° Dark parr
4 |19/I1X, 1951 | . Moheji R. (Moheji) 0.66 12.3-21.5 | 20
5 | 26/11X, 1951 Aka R, (Kameda) | 0.64 | 15.7-21.2| 7
6 (16/ .V, 1951 Hekirechi R, (Kamiiso) 0.76 29.0 1
7 | 8/ VI, 1952 | Shibetsu R. (Nakashibetsu)d | 0.76 | 18.5-28.5| 3 }Smolt
8 |23/ VI, 1951 Fish pond (Shiriuchi) | 0.74 25.3 1. .
9 | 8/ VI, 1951 Aquarium (Akkeshi) | 0.89 | 34.0,36.0 | 2
10 |11/ VI, 1952 | Akkeshi Bay (Shinryu) | 0.80 | 38.5 1
11 |11/ VI, 1952 |. Do. 0.78 29.5 1
12 | 11/ VI, 1952 ~Do. 0.79 | 18.4-35.2| 12 Sea, Smolt
13 |11/ VI, 1952 Do. 0.83 | 22.0-25.0 | 4
14 9/ VII, 1952 | . Do. 0.90 20.0-33.0 2
15 | 8/VII, 1952 | Do.. 0.88 | 26.0 | 1
16 | 21/ VII, 1951 | Off Makinouchi (Nemuro) | 0.83 | 23.5-20.07] 5
17 | 8/ VII, 1952 | Akkeshi Bay (shinryu) 0.82 | 53.0 1 | imm.ture }Se% Adult
18 | 23/ VII, 1951 | Off Hashirikotan (Nemuro) | 0.80 438.0 1 do.
19 |19/ X, 1952 | Bekanbeushi R, (Akkeshi) | 0.67 53.0 1| e River, Adult
20 |18/ X, 1952 Oboro R. (Karikan) | 0.715| 44.0,44.5| 2 | .o Griles Q@
21 2/ VII, 1951 Lake Shikotsu 0.845 | 20.0-29.0 8 |smolt® - l
22 | 13/ VII, 1952 Do. 0.68 27.0-29.0 2 | adult @ Lake
23 | 27/ VII, 1951 Do, 0.63 25.0-31.0 5 do. I )
24% | 13/ XI,1951 | Yambetsu R.(L.Shikaribetsu) 0.68 | 22.0-30.0 | 4 | mature ... River, Adult

* Salvelinus malma (Dolly vardon trout; Miyabe-iwana)

CEFRT, LBLAKDOARCE, RAOBECLOTY SOKEM FECEEEANS 3L 5Th 30
Parr & ¢ Dark parr i LT Smolt ic A iF 3 K MEE FE & RULIESOOH B CE WE 2R/ L.
RO DER & 2R LR T, )
Smdtﬁ&mﬁckL&O%o&%xanzNom~Nomu$éﬁT§A —0.80 CHPi % RLT

W 3q No9Ik BV ERT N, MEOHH LEXERCL, HERKMTCFET L2LDOTH 3

ﬁ%ﬁft'c%ﬁ RT 3OIRIBMEERD LI, TOHI1 b‘ﬂ ERETBZALZL O’ No.14, No.15 T
s KRB TEEPE D ERLTWBESED o 3, LELEMERIcT 2 No. 16 HiEhA D

&ﬂfw%hﬁm%Tﬁmﬁf?@%mﬁ%otn%uéfiﬁﬁu*%ﬂféb %o$o¢mﬁ

BT 3LiEEL LAV,

RSP YARE T, SHEL PREMD EICHEL, MCEORORICAEEST ) KA LHED b

3 LORDWTHBAE LKL O’ No.17, No.18 T b, IR OAHFL D ISR TR &

T,
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Table 8. Freezing point of blood of Oncorhynchus nerka, Oncorhynchus keta
" and Oncorhynchus gorbuscha. '

_ | sampie| V : . ‘ 7
Eix:;; g-rgi)e Date . Locality Fl;fﬁgnctn% Tota(}mlength N:«}?:er Remarks
f| 1 |25/ VI, 1950 | Lake Toya 0.76 | 13.0-19.5| 30 Lake
0.n. 19.0 Smolt
|| 2 |18/VIl, 1952 | Lake Shikotsu 0.68 - 1 _
3 | 2/VII, 1951 | Lake Shikotsu 0.94 | 30.0 1 .
[ 4 |13/ VIL 1952 | Do. 0.76 | 81.0,31.0 | 2 |immature
O.n. 5 |27/ VI, 1951 (  Do. " | 0.66 | 29.0-30.5| 5 ‘Lag(;ult.
: [ 6 |17/ X,1950| Do. 0.62 | 31.0,36.5| 2 | mature J
7 |18/ X, 1951 | Lake Toya 0.627 | 29.5-31.0 | 3 | mature K 4
' | 8 | 8VIL 1952 Fuh pond (Nana) | 071 | 7.8-9.1f L
0.k 9 | 5/IIX, 1952| Do. 0.75 | 10.3-12.2 | 12 Confined
l 10 |12/ XI, 1950 | Do. .0.60 | 17.0-18.5| 9 J fy
- f{ 11 |18/ XI, 1952 | Shiriuchi B. (Shiriuchi) - 0.73 78.5 1 |8 mature nearly [ River
O.k. ; ' ’
|| 12 | vX1, 1951 Do. 0.665 | 85.0,85.0| 2 |-mature f Adult
O.g. | 13 | 23/ VII, 1951 | Off Hashirikotan 077 | 49.0 1 | ¢ immature ---Sea, Adult
: ' (Nemuro) '

| RADPEIFICATRELAEAOXEBETER No. 19DRTED T, ¥ 75~ xOHALALT
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8. Oncorhynchus nerka (. 2 <= 2R), Oncorhynchus keta (¥-7) KX Oncorhynchus gorbuscha (2
R e b RETARRRE S BRICRTRI T B,

No.l RIFFMICH 3 BKET H 3 FEFFIARA DA LA LTRE Lkt 2~ =0 Smolt
BT 3 LD0T, ZhbDREATS 3 HATD D, MEZEHKT, XOuKO KRB TER Y7
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Oncorhynchus masou (¥ 7 2 <R, 'YV«) %?7??&&17:&}(1933), B (1950) DI ~RTWnW 3
BY, MEEL DFEALCHERL, £1 ) EFCHFTIEL AR O%, WIEET
L, MAOMCEZHEES 3HBRLTECAZTEA L, BERLELT 1 E£MAIRCRT, Wb 3
Parr & LT (UMBIDF =~ DEEER D, XOROH, —EOK\ 2 (CELLROASKIEREL
THHT 3. COBRBL VR ELAMEREBLT3LEONTEZINBETEV, SEHOELSE
i~ 6 A ERICREOARS R ERRBOEO—RMAE, ¥ A L3R LTI #ETFLTEICA
3o Ok I HBERADKBARE, Wb 3 ¥y r Y~ LESbL3ED, KEERS 7= D
B ictkoTiibiv, Parr mark REDOTFIRML SN THEDBAZ A, ¥ v 2ikiF o+ L IEHEm
SLUTHRBRELENHER R D, B Cr ORBSMREL {BakT 3, Zo/ENARESE: Atlantic
salmon @ Silver phase Bt Smolt D% i LA EH—Td Y, ZOBSBE Oncorhynchus BUY
Salvelinus OABBICIET ZETHONEN L L COREAETD 2 (BIKI.B), oOBA
Smolt OMWIKL THJIRICERE T 3HOH LEEIAL {, AS2RL, APc Parr mark ©
BEEEEAT, ARBRCRY L OTHERHELRT R, A). LEECEE L Thak
BOLBFATOIEBSD, Hic T2 Bhhs L EbN3EETH3, o0 5 cmlicRs
%<~z Atlantic salmon © Dark phase BI% Dark parr CEET 3L DEF2 3, LA
Smolt i% 1 EMOWEEERDHK, 8 EHOB~TRALL TRAL, Zildo Dark parr 12%%
watﬁﬁ?oxstu2Axmm&m¢m@baﬁu—%ﬁﬁtfagosazw AESE 1
Ik D/BIL Dark parr OBEBICED, WHT3X 3k 3,

Salvelinus leucomaenis (7 A< R) : 7A<SARIAVF LS b3 LOT, RE(1988) iz
ETASRE2Y 4V FOIRCHY, XERAMDI LY Searun form & Dwarf form 2o
SRS, M b EREERICT 3IMIRRIIL T 395, EENY r 20 REBRE CEHY B
ORI LhiX, 2LHBORAOLEEHEDENY 5°C, KoM OR R BTSN ER
EBCLZb0LE2 N3, WL VIFRELARAEXSBIKEIRL, FERMHL 2881 Ewke R
TREL, 24EH0 Par 0AFEER2, Uz ORFORKEEECRT 3/ MDAV +Td 3,
S EHOEICIXEN ETICRBL ADDORMIKIE Smolt & L TH v 4 <~ & 2 IEH— RSB
T 5. Smolt BEXDALBHT D 30 MHEL RBEOK, RALLTHET S, LBLT7 2wk



75 < ADEELREOT, Par OERFUEELTEOERILFL b—ELAESDOTRANE 5T,
I A BEETE KA\, 2 Parr OAEOMICEBT 52 28BS, £0T Smolt KK 3R
£OT, BRYBELCHEKFOERERIPENEL, 20X I ABALBEHRH LT 34, ahs
BET7 A=A L 4V FOIRBIMEOREREELL TE2 bNAREN S W, BieX—H Smoltic
BROTAKT b HD 2 L PR ICH D TR X b % ¢ Dark parr OMBEHCET B, T4~
A® Smolt k¥ 77 <AD Smolt LAL KK L OEMERILL T, KREKXEFAAELIKD, RO
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Explanation of Plate
A.—~ Dark parr of O. masou, XKoronai River, Shiriuchi. May 4, 1952. 16.0cm. in total length.
B.- Smolt of O. masou, Hekirechi River, Kamiiso. April 11, 1952. 14.8cm. in total length.
C.- Dark parr of S. leucomaenis, Shibetsu River, Nakashibetsu. June 5, 1947. 16.5cm. in total length.
D.- Smolt of S. leucomaenis, in sea, off Shinryu, Akkeshi Bay. July 9, 1953. 24.8cm. in total length.
E.~ Smolt of S. leucomaenis, Shibetsu River, Nakashibesu. June 8, 1952. 18.5cm. in total length.
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