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.Table 1. Aerobic bacterial flora of fresh fish expressed as
percentage of total number of organisms isolated
19}
by Shewan 1961%% )
e & B
i Source of 3 = E S £S5 F =
Source and date Species Medium: sample & < 3 5 =£ 2 S Miscellaneous
Reed and Spence Canadian haddock Fish, peptone, sea-water Slime 220 230 — 8.0 4.0 240 — 180 (Proteus)
(1929) ’ agar at 25° C, Intestines 87 44 — 5.6 1 87 .— 700 (Protcus}
Thijgtta and Spmme Norwegian cod Fish-infusion broth Slime 50 450 — 250 140 = —_ 8.0
(1938; 1843) ‘ + 2% agar. Intestines — 550 — 110 —  — 330
Dyer T . Canadian-Atlantic cod Tap water at 20° C.v Slime 45 36 = .18 785 — - 1IL5  {Yeasts)
(1947) . Intestines 56 37 56 630 — —_ 18  {Proteus)
) ) . 146 (Others)
Anderson Canadian-Atlantic cod _Sea watcr Slime 415 313 -— 334 100 [} — 7.1  (Protens)
{1547) (Gadus morthua) : 0.7 (Sematia)
Pivnick Canadian-Atlantic cod  Sea water - {a) Slime 2.7 565 @ — 8.7 87 0 — 44
{1948) {Gadus morrhua) (b) Slime 69 458 . — 431 14 0 _— 28
Fischer Baltic cod Fish agar at 22° C, Intestines 93 650 —_ 47 170 —_— — 3.0 ° (Serratia)
(1955) o 10 (Kurthia)
Georgala N. Sea cod Sea-water agarat 20° C. Slime 440 324 8.7 6.0 1.1 — 39 19
(1938a) ~ : Sca-water agar at0° C.  Slime 515 413 10 15 07 - 33 07 .
Aschehoug and Nonwegian winter Fish agar and nutrient Slime 400 245 ~— 177 167 — @ — 11
Vesteshus {1943)  herring agar at 22° C, Gills 470. 384 ~— 187 39 — — 30
Intestines 241 1723 - — _3.4 —_ —_— —
Liston N. Sea skate Sea water Slime 63.0 86 34 102 — _— —_— 6.4 ({Alcaligenes)
{1957) ) : 84 (Others)
Tap water Slime 223 383 21 43 = = 43 175 (Alealizenes)
. . 113  (Others)
Sea water Gills 595 137 40 113 — —_ —_ 6.9 (Alaligenes)
46 (Others)
Tap water " Gills 247 306 28 53 — — 76 218 (Alaligenes}
7.1 (Others)
Sc:x water Intestines 287 122 16 49 —_— — 480 2.4. (Aledligenes) .
42 (Othess)
Tap water {combined Intestines - 10.9 30 30 18 —_ — 740 3.0 (Alcaligenes)
isolates at 20° and ’ ’ 4.3 (Others)
0° C.)
Lislﬂ; N. Seca lemon sole Salt water Slime 570 167 . 9.5 —_ — —_— 9.5 (Alkdligenes)
(1957) 73 (Others)
Tap water Slime 202 309 16 9.1 — —_ 53 223 (Aledligenes)
. 106 (Others)
Salt water Cills_ 620 IS5 — 1L1 —_— -— 11 100 (Alcaligenes)
LY (Others) '
Tap water Cills 318 318 12 35 — — 94 165 ({Alaligenes)
) 53" (Others)
Salt water Intestines 346 7 5.8 9.6 —_ — . 346 19  (Alcaligenes)
58 (Others)
Tap ;vater (combined Intestines 8.1 76 . 138 15 — — 591 76 {Alcaligenes)
isolates at 20°* and 4.5 Oth ‘
o) ( ' ers) .
Gianelli Middle Adriatic hake  Iced before sampling.  Slime 67 210 — 160 294 42 — 59 (Proteus)
(1958a) {Merluccius mer- 119 cultures isolated 42 - (Gafkya)
luccius) at 18-20° C, 25  (Escherichia)
169 (Others)
Ceorgala W. Coast S. African Sea water at 20° C. Slime 218 | 525 82 66 ‘33 /] 0 1.6
{1958b) hake .
E. Coast S. African Sea water at 20°C..  Slime 42 42 383 — 3715 0O 0 208
hake
Wood Australian spp. Not stated Slime 180 0 120 0 600 -80 — 40
{1933) teluosts and Slime 1.0 0 61.0 Q0 17.0 20 — 9.0
elasmobranchs
Venkataraman and  Indian Shask Sea water Slime 00 86 285 29 285 257 29 29
Sreenivasan {Carcharius sp.)
{1553a)
Venkatzraman and  Indian Mackerel Sea water Slime 56 333 — e 56 556 — —
Sreenivasan Gills —_— — — — 143 858 — —_—
(1952) . Intestines —_ 33.3 —_ — - 333 — 333
Whole fish — 115 — 80 510 190 — 15




Table 2. Aerobic bacterial flora of some marine fish expressed as percentage
of total number of organisms isolated

(0]
B 5, 5 o
e} (0] o [0y}
[42] w0 ER U.)‘ $G:—|-) g 8
g tem 8 8 E 8 o 3
© (o} o of L o ol © 1) o
) = g o @« @ O =1y
® 0 o ® o B @ £ © o 4 o0 ®
[$) o ow s Of & O] O o B B I S
g 13 g A B S B ol A 0o O .
: g 3 08583 4 58Es
@ o @ g8 8 mE =858
Colwell dogfish, cod, skin - 4hp 18 8 9 7 3 1 5°5
(1962)28)  English sole, 2111 45 17 4 7 8 10 0 2 7
Pacific hake, gut : 48 18 1 2 5 14 5 3 4
black rockfish mouth 68 18 5 0 5 0 0 4 o©
Okutani Japanese sea-bass intestine 0 0 0 0 O 36 0 0 64
(1966)2°)
Aiso et Q;O jackmackerel ' stomach 7 2310 7 0 27 3 023
(1968)2° intestine 2 0 0 00 98 0 0 O
Shimidu & Hasuo flat fish intestine 6 0 0 0 0 94 0 0 O
(1968)3°) 7 . o
Okuzumi & Horie frigate mackerel, intestine 0 0 0 0 0100 O O O
(1969)31) dolphin, skipjack :
‘ tuna, A sweetlip,
A jack, yellowtail,
mackerel, horse
mackerel, threadfin
bream
Newman et al. bluefish : .~ intestine 2218 0 2 0 28 0 0 30

(1972)3s

L
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Hokkaido

Oshoro R. Kamenuma

.0 Sapporo

1
v 2 |
Mori 1H = H @A
H/;;\} iligem!
akodate HH 5
H 6
11 -
laboratory
L1 office
Mori Branch of Hokkaido Fish Hatchery
/l’.—f*n\..
- ‘ N
/ﬁ AN fish cage__
i\ Ll "~
PN / T \~\
"' \‘.~~\' e~ T 4-"'\ \
‘-:4' ____________ (-] D ‘\‘ .
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Oshoro Bay L e~
. . C /"" '/\-—/-
‘ ’/, ’/
mouth of bay P
oo ¢ =]
‘," — h--_.~\4--—/
\} Oshoro Bay Culture Station of
‘:}\\ ‘ Hokkaido Fish Hatchery

Fig. 1. Sampling station at the Mori Branch and the Oshoro Bay
Culture Station of Hokkaido Fish Hatchery. '
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Table 3. Composition of the medium used
FWA *1 SWA *2
(g) - (g)
Polypepton (Daigo) 5.0 5.0
Beef extract (Kyokuto) 2.5 2.5
- Yeast extract (Daigo) 2.5 2.5
K, HPO, 0.2 0.2
MgSO, 0.05 -
Glucose - 1.0 1.0
NaCl 5.0 -
Agar (Kyokuto) 15.0 15.0
distilled water 1000 ml 250 ml
artificial sea water¥S - 750 ml
Ad justed to pH o 7.5 7.8

cf. *: fresh water agar, *2: sea water agar,

*3: Herbst’s artificial sea water (composition
g/100 ml : NaCl 3.0, KC1 0.07, MgSO, 0.26,
MgCl, 0.05, CasSO, 0.1 ) ‘ ‘
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Gram-reaction
1 |

T — — ¢ 1

posi}ive _' | ' o negafive
ioié- - A v'cnici mot'ile - o ‘non m:ot.ile
[Corynetorms Wicroc_océcugsl " no pjrjment ~ yellow or or;fznge pigment
( £ 4 . . ’ _
C) | M) | o ) [Achromobacter] [FTavebacterium/Cytophagal
ngacs oxldase test (A —(F)F
C* | Coryneforms ~ posjtive | o peritriehous Tlagells
M* | Micrococeus ' reactmrli_ f | | no pigment
m ' o gifson’s , P
| A™ | Achromobacter ‘"“},‘_,%E}ifm | ' - fermentative :
m ) . in Hugh & Leifson’s medium
F* | Flavobacterium ; , 4 ~
%//Z Enterobacteriaceae anteroleargteriaceaej
P* | Pseudomonas | | |
=—VES Vibrio ‘oxidative norlmﬁ',ln_r - - fermen%ative
7/ v/ - aiKaii - ) )
A7/ Aeromonas . | formed acid but no gas acid much gas
Y+ | Yeast ” from glucose ~from glucose
no aci ) ,
from glucose sensitive to :
J | compound 0/128 :
| [Pseud(ogn}qlnasl B [Vibrid
- «r. . . : .[V]%' . [Ae)-)(-

Fig. 2. An outline of the sequence of tests used in the screening of isolates.
(by Shewan,J.M.,G.Hobbs,and W.Hodgkiss, 1960)
ef. * 1 these abbreviatlons were used in following figure
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Table 4. Composition of the OF medium (Difco)

Bacto tryptose | 2.0

NaCl 5.0
K.HPO, 0.3
Bacto brom thymol blue 0.08
Bacto agar 2.0

- Glucose 10.0 ml
distilled water 1000 ml

Adjusted to pH 7.2

Table 5. Composition.of the MOF medium
- by Leifson

Casiton (Difco) 1
Yeast extract (Daigo) 0.
(NH, ),»S0, 0.
Tris{(hydroxymethyl )aminomethan O.
Phenol red (0.1 %) 1
Glucose ‘ 5.
Agar (Kyokuto) 3.
HC1 (pH 7.5)

ml

cooununrk o

>Adjusted to pH 7.5
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Table 6. Viable microbial counts in the fresh water of the
Mori Branch of Hokkaido Fish Hatchery

sampling atmos.temp.*i position water viable counts/ml
~date (min)~(max) temp. (FuA)®2 (SWA)*3
, : (oC)  (oC) ‘ (°¢) -
9.July’71 18.1 ~ 2.1 A 12,7 5.2 x 10® 1.4 x 103
. - B 13.0 h.h x 107 8.0 x 107
p-8%4  13.5 3.8 x 100 7.5 x 107
p-9 13.6 L.6 x 10 4L.0 x 10
| p-10  13.6 5.7 x 10° 8.5 x 102
3.8ep.’71 12.9 ~ 23.8 A 13.5 3.6 x 102 8.7 x 102
o ' ' B 13.8 4.1 x 10° 3.1 x 102
p-8 15.6 2.0 x 103 ° 3.0 x 102
p-9 14.5 3.9 x 10° . 1.3 x 10%
p-10 15.0 - -
- 10.Nov.’71 1.4 ~ 10.3 A 9.2 4.8 x 10° 4.2 x 102
‘ T B 10.7 3.2 x 10° 2.7 x 10°
p-8 9.8 .8 x 10° 4.2 x 10%
p-9 10.8 by x 107 2.2 x 102
p-10 10.6 9.7 x 10° 2.5 x 102
"~ 9.Dec.’71 -3°n.~ 1.4 A 7.8 3.9 x 10° 1.9 x 102
_ : B 9.5 2.4 x 103 1.4 x 102
p-8 8.0 h.2 x 10° 7.0 x 102
p-9 9.7 .3 x 103 3.8 x 101
_ p-10 9.2 3.2 x 10 3.5 x 10
' 26.Jan.’72 8.7 ~ 0.8 A 6.2  6.6x 10° 6.4 x 102
' B 8.6 4.0 x 10° 3.4 x 102
p-8 6ol 8.5 x 10° 1.7 x 102
p-9 8.6 2.2 x 10° 2.2 x 10°?
| p-10 7.5 2.7 x 107 1.9 x 102
17.Apr." 72 -3.1 ~ 17.8 A 11.7 3.4 x 103 -
_ B 11.4 L.0 x 10 -
18.May ’72 10.0 ~ 17.1 A 11.9 5.1 x 102 -
_ B 13.0 4.9 x 10% -
22.June’72 15.0 ~ 19.1 A 12.9 4.6 x 107 -
| B 13.3 5.5 x 10° -

ef.  *': atmospheric temperature, = *2: fresh water agar,
*¥2: sea water agar, *%: pond No. see Fig.l.
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Table 7. Viable:miCrobial counts in the sea water of the
Oshoro Bay Culture Station

maci ————

H

sampling sampling_ depth water -~ viable counts/ml

date station** (m) temp. (FWA)*? (SwA)*3
| (*C) -

30.0ct.’71 c 0 1p. 2.4 x 10° 9.6 x 107

15 14.6 1.0 x 102 L.1 x 10

D. 0 14.2 8.9 x 10° 1.5 x 10°

9 15,2 1.0 x 10° 3.0 x 10°

E 0 1h.2 9.0 x 102 2.0 x 10°

| 5 - 14.8 7.3 x 102 1.6 x 10°

28.May 75 D 0 15.3 - 1.9 x 10°
cf. *!: gsee Fig.l. #2: fresh water agér

*3: sea water agar
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Table 8. Viable microbial counts in the intestinal contents
' of salmon reared in the Mori Branch of Hokkaldo
Fish Hatchery :

fish sampling  fish . body body viable counts/g-

No. date species l?ng%h we%g%t ‘ (FWA)*1 (SWA)Y*2
. . cum g . .

1 16.July’71  O.m.*3 15.0 29.5 1.4 x 105 5.4 x 103
2 : o 18.8 61.0 - 2.2 x 10°
3  3.Sep.’71 O.m.  21.0 103.7 3.6 x 10° 1.1 x 10%
L 21.0 96.6 8.4 x 10* 4.0 x 103
5 13.0ct.’71 O.t.** 13.5 38.3 1.9 x 104 5.9 x 103
6 16.5 L6.1 6.8 x 107 L.4 x 107
7 15.0  30.0 3.4 x 108 6.2 x 10°
8 19.0 62.4 1.2 x 104 -
9 | 17.5° 53.4 1.8 x 107 5.8 x 108
10 17.Apr.’72 O.m.  18.0 68.1 9.3 x 104 -

12 18.9 71.3 2.3 x 104 -

13 18.0 71.3 1.2 x 104 = -

14 | 19.0  99.0 6.3 x 104 -

15 18.May ’72  O.m. . 21.5 140.0 1.5 x 107 = -

16 - 21.0 132.0 6.8 x 10° -

17 2L.0 187.0 4.8 x 10% -

18 20,0 101.0 1.9 x 10° . -

19 - - 21.5 142.0 1.6 x 10° -

20 21.0 100.0 8.0 x 10° -

21 22.Jupe’72 O.m. 2.0 200.0 1.5 x 10° -

22 . 25.5 215.0 1.1 x 10° -

23  7.July’72 O.m. 15.0  39.0 5.5 x 10° -

2L 16.5 50.0 3.4 x 108 -

25 | _ 18.0 58.0 . 1.0 x 10° -

26 18.5 58.0 3.3 x 107 -

27 ‘ 15.5  38.0 7.4 x 10% -

ef. *': fresh water agar, *2: sea water agar,
#3; Oncorhynchus masou, ¥*4: Oncorhynchus tschawytscha
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Teble 9. Visble microbisl counts in the intestinal éontents
of king salmon reared in the Oshoro Bay Culture

Station
fish sampling body -  body - viable counts/g.
No. date length  weight (FWA)*? (SWA)*2
- (cm) (g)
28 30.0ct.’71 . 35.0 885 2.8 x 10° 3.5 x 10°
29 39.5 865 3.3 x 103 2.6 x 10%
30 Ll .0 1300 6.4 x 102 8.7 x 10°
31 38.5 1150 3.0 x 10° 4.0 x 10°
32 35.0 785 2.3 x 10% 9.4 x 10°
33 28.May ’75 2.0 5.5 - 1.2 x 10°¢
34 1.8 5.5 - 1.6 x 10°
35 1.9 5.5 9.3 x 109
36 1.6 505 - 1.2 x 108
37 | 1.7 5.5 3.3 x 10
.38 . 23.June’76 9.0 8.9 3.6 x 103
39 8.8 6.4 - 1.6 x 104
Lo 11.3 14.3 - 1.6 x 10°
41 14.6 30.1 - 9.3 x 104
42 13.8 30.0 2.5 x 10°

~ef. *': fresh water agar, ¥2: gea water agar
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Table 10. Generic distribution of microorganisms isolated
from the channel water of the Mori Branch of
Hokkaido Fish Hatchery*

5
©
©
~ ©
o s Bl 3 o
FE) O] ol & Kw
® [0 TR 7 RO O w P
o] = g o ogl+ &
60 o & AN § 3 58
& - o - O glc|l.o = < ﬁ
parly * O o gl .o o O o o S
— ] o 8 O ool &4 o | g 4 Q
o 3] < > M bl o 3 4 O w Q0
: S5 583588588 38
n o = O <tEd B A I><ﬂ§>q-1) Z:SH
9.Jduly’ 71 A% o 14 3351017 021 O 29
S B| 5 13 2L 20 714 0 16 2 68
3.Sep. 71 Al%i17 7 7311717 0 4 O 29
B L 014283211 0 7 O 28
9.Dec. 71 A|% 6 6 64 1325 0 O O 16
. Bl 7 7 736 043 0 0 0 . 14
26.Jan.’ 72 A |% 0 11 3518 026 0 0O O 28
17.Apr. 72 Al% 5 02637 011 016 O 19
average (in the total isclates) _
channel water % 5 918 28 11 19 ¢ 10 © 231

ef. * : isolated from FWA (fresh water agar) medium
*1: gee Fig. 1.
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Tablell. Generic dlstrlbutlon of microorganisms isolated
from the pond water of the Mori Branch of Hokkaido
Fish Hatehery -

(O]
®
©
N ©
- g «©
0] g S0 o o8
i ©] o S L
] 0w Y O ®w e
S S8 o oslL ©
o S @] + Q S [42] ]
a0 = o O QO oadlg O ® oo
S o o - O glglQ E g »
o o o O g Ol O O O O S ©
o ~ P Of & O ool & o o g5 » ]
Q o i S > M o PRlOo S & o] (1] L O
® £ ) of & g gL o Lo 49 o E
i @ o) o 0 O OIS w A 9 O S o
o ! Q. S N L L L~ =
Mori¥*2 9.July’71 p-8 |4 8 838 81915 0 4 O 26
‘ p-9 L 0 16 12 L4 28 0 36 © 25
p-10 6 13 13 39 310 016 0 31
3.5ep.’71 p-8 |4 4 012 54 11 O 0 19 O 26
p-9 0 816 36 20 ¢ 020 O 25
9.Dec.’71 p-10|% 0 0 24 28 14, 29 0 5 O 21
average (in the total 1solates)
Mori (pond water) |7 4 18 30 12 13 017 0 154

cf. *': gsee Fig. 1. :
*2: jgolated from FWA (fresh water agar) medlum



(39 )

Table 12. Generic distribution of micfoorganisms‘isolated
from the sea water of the Oshoro Bay Culture

Station®
(]
©
0]
~ (@]
g ©
o - S5 = o)
+ 3 - Of -t S <
(W) wn n PN O w »
T 308 O oadl+ «©
Ql & g o0 0o g w| G 0
a0 O 0 O osglsg O © oo
S < o & O qI|.Lo & Sl £
o o o o g Qoo & "o O S
i - - 0 &8 O] oo & ™ A o8 o O
o e SN B & Bl o 3 4 O w Re¥e)
= @ o & g gL o o S o =R
® S A O Of HOI S w —H O © =
w0 0 s o <iml oE et o<l s =
30.0ct.’71 C |% 0262621 026 0O 0 O 19
‘ E } 17 4301322 9 4 0 O 23
28.May ’75 D |% 0 04010 O 45 5 C.O 20

average (in the total isolates)
I% 6 10 32 15 8 26 3 0 O 62

of . *': gee Fig.l.
* : isolated from the SWA (sea water agar) medium
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salmon reared in

Generic distribution of microorganisms isolated
nch of Hokkaido Fish Hatchery*

from the intestinal contents of

the Mori Bra

Table 13.
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Table 14. Gemneric distribution of microorganisms isolated
from the intestinal contents of king salmon
reared in the Oshoro Bay Culture Station*

3]
]
(0]
N L O
g ©
(0} S o ol ©
- » ®] &S <
* - [} 2} n Py (O] 3] B
Lo} S8 o odgl L«
Q S @ el o ] n G 2
° a0 (@] O QO O] © (o] © [oN O
o} S O -+ 0O glSla g S +
=4 ol O © gl Qo © O e} O S®
_ —~ O & O] olol & o -H, g P o
= o, S o> S Bl 3 4 o w QQ
1)) =] o & & @© L2 0 Q S5 & g w
o © ] O O !l g w Al O © S
Gy @ = o <R oE o sl N =
28  30.0ct.’71 % 0 0 0 0 0O 0100 0O O© 11
29 61710 0 0 0 %73 0 O 29
30 0O 0 0 0 0 0 100 0 25
35 28.May ’75 0 5 5 0 015 75 0 O 20
36 0O 00 0 0 0100 0 0 20
37 0O 0 0 0 0 0100 0 O 20
39  23.June’7s % 0 0 5 0 014 81 0 O 21
41 ‘ : 0O 015 0 0 0 85 0 © 20
L2 0 019 0 -0 0 8 0 O 21
average (in the total isolates)
Co - 4 0 3 6 0 0O 3 88 0 0 187

cf. *': see table 9. | .
* 1 isolated from SWA (sea water agar) med ium



Table 15. Generic distribution of microorgenisms isolated from
the waters and the intestinal contents of salmon

place , Mori ] Oshoro
sample channel pond intestinal sea intestinal
water weter contents water contents

medium FWA¥1SWAM2FWA SWA| FWA SWA | FWA SWA| FWA SWA
Mierococcus 5 7 L - 2 2 1 21 6 7 0
Coryneforms 9 21 5 22 9 47 10 10| 26 3
Achromobacter 18 16 19 17 6 3 32 32 23 6
Flavobacterium/Cytophaga 28 91 30 15 1 1 15 15 3 0
Enterobacteriaceae 11 301 12 341 19 47 -0 8 16 0
Pgeud omonas 19 . 11] 13 6 0 1 22 26| 21 3
Vibrio 0 0 0 0 0 0 0 3 o 88
Aeromonas 10 61 17 3 62 0 0 0 1 0
Yeast 0o 0 0 1 1 0 -0 o 3 0
Number of the isolates 231 127 154 65} 459 102 | 28 62| 88 187

cf. *¥': fresh water agar,

*2: gea weter agar
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® lori Branch
Hokkaido Marine
Cultivation Center

Shikabe

140°30 E

Fig. 3.

Fish Farm
Faculty of Fish.

Hakodate

141 °E

L2°N

Geographic location of the Mori Brench of Hokkaido Fish
Hatchery, the Hokkaido Marine Cultivation Center and

the private fish farm.
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Table 16. Fish used for the experiment

Number B.L.¥' B.W.*¥?

 rearing : _
S s ' \ specles of fish of cm %
~ group place date _ fish (average
1 "H.M.C.C.*3 Juné-July’?Z. masu sslmon 64  17.5  59.0-
, ' - (O.masou) :
2 ” Oth"‘NOVo’72 e L’43 20-3 10703
3 . Nov.'72 w 10 21.0 106.2
R P.F.F, %4 June’73. .o 38 15.0  41.7

cf. *;:‘body length of fish, ~ *2: body weight of fish
*%: Hokkaido Marine Cultivation Center .
#4: private fish farm
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Group 1.

period (days) T3 3 4 5§ 6 7 8 910 11 12 13 14 15 16 17 18 19
date 6.July "72 15.July 72 _ 24.July’]2
proportion of 0 26540 50 50 70 80 90100 % sea water
sea water — , :
' B fasting ! feeding ]
Group 2 and 3. |
riod (days) M7 3 & 5 6 7 8 910 11 12 13 14 15 16 17 18 13 20 71 22 23 24 25 26
Yeortion of 30.0ct. 72 10.Nov. 72 ’ 24 . Nov.'72
ohater 0 2640 50 60 7080 00 100 % sea water
———— feeding : feeding -
(Group 2.) — fasting —
{Group 3.)
| _ Group 4. '
period (days) T2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 13 20
date - 14.July '73 I ' 24.July 73
fresh water

I _ — ' fasting — ' — T

Pig. 4. Rearing condition at each stage in the artificially transplanting period from
 fresh water into sea water, and in fresh. water without being fed.
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Table 17. Viable microbial counts in the waters snd in the

diets
sample , sampling  weter medium viable counts
date temp. :

Group 1

fresh water (a) 6.July’72 . 14.7 F*¥* 2.0 x 10%/ml
sea water (a) 15. : 14.5 S¥2 1.1 x 103 -
sea water (b) 2l. 14.8 8 1.8 x 103 «
fresh water (b) 2L, 14.8 F 1.7 x 10°
diet (Neomysis sp.) 24.July’72 - S 1.0 x 10° /g
Group 2 and 3

fresh water (c) 2.Nov.’?2 12.3 F 4.8 x 10%/ml
sea water (e) 2h. : 11.6 8 3.1 x 102 =«
sea water (a) 24. 12.0 S 9.5 x 103 v
fresh water (4d) 2h. - 11.9 F 9.2 x 10 ,
diet (Neomysis sps) 15.Dec. 72 - - S 1.2 x 10° /g
Group 4 = |

fresh water (e) 14.June’73  15.5 F 1.2 x 10%/ml
fresh water (e) 17. 16.2 F 6.3 x 10° =~

cf. *1: fresh water agar,.
*“: three quater strength sea water ager
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Tatle 18. Viable microbial counts in the intestinal contents
or slime of smolt masu salmon in the artificially
transplanting period from fresh water into sea water
(Group 1) : '

fish ~'sampling proportion  body body  viable counts/intestinal

No. date of sea water length weight contents or slime
: | (%) (cm) () (FWA)¥* (SWA )*2
fasting , - ' -
1 7.July’72 0 - 15.0 39.0 5.5 x 107 -
2 . 16.5 50.0 3.4 x 10 -
3 18.0 58.0 1.0 x 10, -
b 18.5 58.0 3.3 x 10" -
5 15.5 38.0. 7.2 x 10° -
6 8.July’72 25 17.0  55.0 N*? N
7 : ) ‘ 16.5 48.0 6.0 x 10° 6.2 x 10
8 , . - 21.5  90.0 N N
9 - 19.5  85.0 7.8 x 10_ 1.5 x 10
10 ‘ ' 20.0 70.0 - 1.2 x 10 1.0 x 10
11 11.July’72 50 . 20.5° 98.0 4.3 x 105 2.9 x 10
12 18.9  65.0 2.9 x 10 1.1 x 10
13 ‘ ’ 18.5 - 58.0 N, N
1L ' 16.5 51.0 1.0 x 10_ 1.7 x 10
15 | 17.5  50.0 2.0 x 10° 2.3 x 10°
16 13.July’72 70 18.0  56.0 N N
17. - 19.5 79.0 4.5 x 107 N
18 19.0 76.0 2.0 x 10_ "N
19 S 16.5  4C.0 1.5 x 10 N
20 - - N N
21 16.July’ 72 100 18.0 63.0 N N
22 17.0  49.0 N N
23 | 17.5  51.0 4.0 x 10® 3.9 x 10°
2L 19.0 67.0 ‘ N N
25 : 19.0  61.0 1.9 x 10 h.7 x 10
feeding ‘ < .
26 . 24 .July’ 72 100 19.0 80.0 2.4 x 10 2.7 x 10
27 18.5 55.0 N N
28 17.5 = 53.0 N N
29 18.5  70.0 N N
30 17.5 56.0 7.5 x 10° 1.2 x 10

cf. *1: fresh water agar, ¥%*2: sea water agar
: negative result
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Viable microbial counts in the intestinal contents or slime
of smolt masu salmon in the artificially transplanting
period from fresh water into sea water

(Group 2 and 3)

fish

sampling proportion body

body

viable counts/intestinal

No. date of sea water length weight contents or slime
(%) (cm) (g) (FWA)¥**(1/2 SWA)*2 (SWA)*3

feeding .

31 2.Nov. 72 -0 15.0  50.0 a¥ LA . -

32 22.0 128.0 1.9 x 10° 1.1 x 105 -

33 21.5 105.0 5.0 x 102 1.4 x 107 -

34 23.5 130.0 7.6 x 10° 2.0 x 10° -

35 - 21.5 10%.0 2.1 x 10° - -

36  3.Nov.'72 25 19.0  94.0 3.0 x 10% - 6.6 x 102 -

37 21.5 128.0 5.0 x 102 1.1 x 10° -

38 20.5 104.0 2.8 x 10° 3.2 x 10° -

39 19.5  90.0 3.4 x 10° 4.2 x 103 -

40 22.5 122.0 2.0 x 10® 8.0 x 10% -

41  6.Nov.' 72 50 21.5 114.0 5.5 x 102 1.6 x 10° Z

n2. < 19.0  96.0 1.6 x 10° 2.2 x 10° -

43 21.5 115.0 1.2 x 10° 3.7 x 104 -
. 22.5 136.0 3.8 x 10° 8.9 x 104 -

L5 18.5 95.0 N*4 N -

L6  8.Nov.'72 70 20.0 92.0 - 3.0 x 102 N

L7 . 19.0 100.0 ~ 1.6 x 10% 1.3 x'10°
148 21.0  96.0 - 1.8 x 10% 1.1 x 10°
49 20.0 86.0 - 1.9 x 10° 2.5 x 108
50 22.5 114.0 -~ N N

51 24.Nov.’'72 100 16.5  91.5 - 1.2 x 105 2.3 x 107
52 - 18.5 121.5 - 1.6 x 10° 2.0 x 10°
53 - 19.0 134.0 - 1.3 x 10° 5.7 x 10°
54 17.0 105.0 - 5.2 X 103 1.4 % 10:
55 19.0  70.0 - 2.6 x 10 1.1 x 10
fasting :

56. 2L .Nov.’72 100 20.5  90.0 - N N
57 21.5 111.0 - 5.6 x 10° 6.1 x 103
58 21.0 106.0 - N N

59 18.5. 80.0 - N N

60 23.5 144.0 - 1.3 x 10° N

cf. *': fresh water agar, *¥2: nalf strength sea water agar,
¥3: three quater strength sea water agar,

*4

: negative result

laboratory acci

dent
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Table 20. Effect of the fasting on viable microbial counts
in the intestinal contents or slime of smolt masu
salmon reared in fresh water without being fed

(Group L4)

fish duration sampling = body body  sex viable counts/g

No. - of - date length weight intestinal
fasting (cm) (g) cont.or slime®?

61 0 L. June’ 73 14.2 25.0 f¥2 1.3 x 10°
62 14.5 26.0 f -
63 15.5 40.0 T 1.9 x 10
64 ' | ©13.5 - 38.0 m¥® 1.6 x 10
65 _ 16.5 70.0 m 2.4 x 104
66 1 5.June’ 73 16.0 U45.0 f 6.5 x 10°
67 \ 17.0  46.0 f 1.2 x 10°
68 : 15.5 47.0 f 5.7 x 10°
69 14.5 31.5 f 1.0 x 107
70 L 8.June’73 14.5 39.5 f 1.2 x 10}
71 ‘ ‘ 16.0 54.0 fF 1.1 x 10
72 15.5 35.0  f 1.3 x 10°
73 14.5  35.0 f 3.1 x 10°
74 15.0 39.5 f 5.0 x 10°
75 7 - 11.June 73 ' 15.0 40.0 f N¥?
76 ‘ 15.5 ~ 48.5 f N
77 ' 13.5 39.5 ' m N
78 15.0. 48.0 ° 3.6.x 10
79 16.5 60.0 T L.y x 10
80 10 14.June’73 - 15.5 37.0 f 1.0 x 102,
81 ‘ - 16.0 L7.5 f 4.0 x 10
82 | 15.0 43.5 f 1.0 x 10
83 , ‘ 12.0 33.0 m 5.6 x 10°
8L - 16.0 53.5 f N
85, 1b 18aJune"73 15.0 32.0 f N
86 : 15.5 38.5 f N
87 - 15.5 L4b4.5 f 5.0 x 107

. 88 13.5 33.5 m 1.4 x 10°
89 © o 17.5 46.0 f 1.5 x 10°
90 20  2L4.June’73 15.0  4uy.5 F N -
91 15.5 48.0 N
92 13.5 35.0 f L.y x 10
93 ‘ : 13.5 L43.5 m 1.9 x 10°
oL 12.5 32.0 m N

cf. *': intestinal contents or slime
P AL . a4 -
: female, *°: mesle, *%:negative result
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Table 21. GCeneric distribution of microorganisms isolated from

the waters and the diets
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[0
®
()
5§ 3
0]
“’ FEY S o
%®: &0 O o 0 N w L
S 3 = 3 & § dols o < 2 - b
o, o, i Y N ] ] I = I o
= = stolo 31 &) Of 00
.© © D o & g aHe o o 5 8 Eo
» @ = 4 8 S EPE &l =S 27
Group 1 , : ‘
fresh water (Db) 24 . July 72 F*2 %0 0 5 095 0 0 O 20
sea water (b) 24. ' g3 0 O 47 053 0 0 O 17
diet(Neomysis sp.) oh.July’72 8 83 13 o 6 0 0 0 4 30
Group 2 and 3 ’ , . :
fresh water (4) oL.Nov.'72 F |59 0 0 5 0 86 0 0. 0 21
sea water (c). 24 . s | o0 020 O 06812 0 0 25
sea water (a) 2L .. S o 037 0 073 O 0 O 30
- diet(Neomysis sp. ) 15.Dec.’72 5 : 90'10 o 0 0.0 0 0O O 30
Group 4 ‘ o, ‘ o i
fresh water (f) 19.June’73 F | $8 15 3523 O 19 0 0 O 26

cf. *!: see Table 17., *2: fresh water agar,

3, three quater strength sea water agar
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Table 22. Generic distribution of microorganisms isolated from
the intestinal contents or slime of smolt masu salmon
in the artificially transplanting period from fresh
water into sea water

O
®
O
ER
(O] .
3 5 i S E
® & TR /» IS Y O 0] 0] P
© 52 S| 5§ sEy &
. 80 . ’ [0)] G 0
o s g%g S| o o S518 2 2 °3
s 5s 5 88 59k o o 5
< Q. Q0 hart <, oOls = o 8 e o
X > & PR O = Sy O 0] L O
SR 5008 A5 g 84 5 § 52
S P o, £ slo <@ ECa A5 & 8 o2
fasting (Group 1)** |
1 7.July’72 0% F*3 ¢ 0 0 0 037 0 0 63 0 30
2 0O 0 0 083 0 0 17 0 30
3 0O 0 0 0 0O 5 0 95 0 22
6 8.July’72 258 F |4 050 0 0O O 5 O ©0 0 2
-7 0O 0-0 O 4 9 0 0 0 30
8 60 020 0 0O O O 20 O+ 5
9 0O 0 0 0 0O 16 0O 84 0 19
12 11.July’72 504 F |%4.0 0 0 0O O 0 0100 O 29
14 1/2. 8% 3711 0 O C 4L O O 48 27
15 F L 22 8 0 O 4 O O 63 @ 24
18 13.July’72 70% F |4 o 0o o 0 0 0 O 0100 27
19 » O 0 0 0 4 0 O 0 95 26
.23 16.July’72 100% S¥4 % 0 0 0 0 O 0 0 0 100 28
25 0O 0 0 0 0100 0O O O 30
feeding (Group 1)%*
26 2L.July’72 100% s {%4 o 5 0o 0 O 0O O O 95 20
30 F.S 68 11 6 0 6 5 4 0 0 59

cf. *': gee Table 18., #2: fresh water agar
*3: half strength sea water agar,.
*4: three quater strength sea water agar
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2T 85 17 Vibrio 0" W E o AL E N 3 R TS
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Tl Bz A Aok Vibrio o % 0 2 Rt A
L. N -
LR T e 0 B L w b » R oL Fy
TR Lb N B T VR E ?*@;7:)3{17&\"
AL w0 w"ﬁ%\@‘fabte;#m@% s &
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C KW T W Ko T Coryneforms 0% B KT 4
L LN I ) wls K, B NE o %
Boof 483 TCo BRARES L Fig. b
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Table 23. Generic distribution of microorganisms isolated from
the intestinal contents or slime of smolt masu salmon
in the artificially transplanting period from fresh
water into sea water

(O]
@.
)]
=
0] [ b .
T 5 W on E)'E g’) £
© S0 5 2 ol oo o o +
op o £ o
] a0 ® 3 5 SoF s 8 5 s
o < Pz Sl o« I @ Owm
= o S = of 9 2/88lc 8 o 8 S
< 4, o 5 8 2 §lo2 S o 3 g8 » 8%
w = 80 - s > Siesplo 3 & O w04
. ; 3 T, oS5 438 8 458 3 &8
“ @ e, g 3 e d & 238 25
feeding (Group 2)*’
32 1.Nov.’72 0% F*2/4 3 0 7 0 020 070 O 30
34 oy 17 2838 0 0 O 017 O 29
35 F 0 0 3 01317 067 0 30
36 2.Nov. 72 25% 1/2 s*°|4 o117 0 0 083 0 0 O 6
37 : 1/2 S 017 0 0 067 16 0 O 6
38 | L F 0o 0 0 0 089 11 0 O 27
39 1/2 8 o 0o 0 0 09 ‘6 0 0 18
L2  -5.Nov. 72 s041/2 S |4 o o 5 0 037 58 0 0 19
L3 : 1/2 S 0 0 0 0 037 63 0 0 30
86 7 .Nov.’72 704 1/2S |#% o o o 0 010 90 0 0 30
L7 s¥4 3 o 3 0 017 73 0 0 30
L8 : 1/2 8 0 o012 0 0 ©0 88 ¢© O 8
L9 ' 1/2°8 o o o o o017 83 0O O 30
52 2h.Noy.’72  100% s |g o o 3 00 097 00 30
53 - S o 0 3 00 0 97 0 0 30
54 S o 0o 0 0 0o 0100 O O 30
fasting (Group 3)*5 B . '
57 2L .Nov.’72 100% s |l o o o o o 0100 0 O 19

cf. *1: see Table 19., ¥2~-%%: see Table 22., *°: see Table 19.
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Table 24. Generic distribution of microorganisms isolated
from the intestinal contents or slime of smolt
masu salmon reared in fresh water without being
fed . '

a0
S )
o <
2 ©
) ~ O
@ g o
g " R 2
| G w. wooP Y 0 © B
e} o = g o] oigie &
9] 4@ R ORI S ) G 0
. a0 =y ) o O omig O @ o0
o) S o of «w ol ojlgle g - = +
= o o R o O gt Q O O O o] P
i Dy o g Ol ool o ~ g P ©
< o, © © S > 4 o plelo 3 9l O w© Q0
w g S 9) S ool wlHe o o Q 4 @ g w
o @ S~ o o o Hlotg w| 0} 0] S
G 0 e = O o< 2 I O <! =
fasting (Group L)¥*
61 L.July’73 0% O 720 0 014 O 59 O 29
62 0 0 0 0O 0 0O 0100 O 30
64 15 10 5 0 015 0 55 O 20
65  5.July’73 11% 0 0O 0 0 0 0 0100 O 30
66 0 0 0O 0O O 0 0100 O 30
69 8.July’73 4 (%4 9 55 0 O O 9 0 27 O 11
70 .0 0 0O 0 O 0 0100 O 30
71 0 o 0 0o 0 O 0 100 O 30
7L 11.July’?73 7 |% L0 LO 20 O O O O 0 .0 5
75 0 0O 0 0 OLO O 60 O 25
78 0 o 0 0O O 0 0100 O 30
79 14.July’73 10 |%4 o o0 O O O O 0 100 O 30
80 0 13 0 0 0O O O 087 8
81 0 00 0 0O 0O 0100 O 22
82 0 1090 -0 O O O O O 30
84 18.July’?3 14 |% 0100 O O O O O O O 2
86 : 0O 7520 0 O O O 0O 5 20
87 0100 0 0 O O O 0 O 7
88 0 O 0 0O 0O O 0100 O 30
cf. *1: gsee Table 20.
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‘Table 25.

Crowth of some isolates in low pH medlium

pH number of strains grown in given low pH
Aeromonas pseuddmonas  . Vibrio Micrococcus
Coryneforms
6.0 10/10%Y 10/10% 4/10%2 10/10% 3/3*2  10/10%3
5.5 10/10 10/10  4/10 10/10  3/3 0/10
5.5 o/t0 - 3/10 2/10 0/10  3/3 0/10
£, 1,

*2,
*3.

igolated from the intestinal contents -
igolated from sea water -
igolated from the diets

(e )



Table 26. Susceptibility of some isolates to bile

concentration number of strains grown in given concentration of bile
"~ of bile in the
medium
% Aeromonasg Pgseudomonas ~Vibrio Micrococcus
Coryneforms
0.0 10/10%1  10/10%* 10/10%2 10/10%1 3/3%2 10/10%3
0.5 10/10 10/10 6/10 10/10 3/3  9/10
1.0 - 10/10 10/10 6/10 10/10  3/3 9/10
2.5 ‘ 10/10 - 10/10 L4/10 10/10  3/3 - 9/10
5.0 - 10/10 10/10 L/10 10/10  3/3 '9/10
10.0 9/10 8/10 - 8/10 - -

cf. *': igolated from the intestinal contents
*2: j1golated from sea water
#3: jso0lated from the diets

(gL
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Table 27. Typification by inorganic salt requirement for growth

of some isolates

number of strains isolated from

7

sea water diets

genus ' - intestine
’ T# - H¥2 M¥d  p g Y T H M

Aeromonas 30/30 0/30 O/BOA

Pseudomonas 12/25 13/25 0/25 0/11 5/11 6/11

Vibrio 0/30 30/30 0/30 0/ 3 3/ 30/ 3

Achromobacter 0/ 2 0/ 2 2/ 2

Micrococcus 9/13 4/13 0/13
Coryneforms 2/ 2 0/ 2 / 2

cf. *': terrestrial type, *2 halophilic type, *°: marine type
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Fig. 7. Location of the sampling stations
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“ Table 28. Viable microbial counts in the waters sampledi
in the Shiriuchi River and Daitoobetsu River

sambling' water temp. viable counts

place date (°C) : /ml
Shiriuchi R. 5.May ’73 9.2 3.0 x 102
: 31.July*73 18.5 8.3 x 10°?
15.0ct.’73 9.0 1.3 x 103
"12.Dec.’73 0.9 3.8 x 102
Daitoobetsu R. 22 .June’73 14.2 1.4 x 10°
: ) 7.July’73 16.2 3.8 x 103
28.Sep.’73 13.4 2.2 x 10?
~ 19.Nov.’73 5.2 5.4 x 10
31.Jan.’7}h 0.5 2.2 x 10°
26 .Feb. 7l 1.8 L.y x 102
27 Mar.’74 1.8 7.2 x 10°
21.Apr. 74 5.0 9.5 x 10°



Table 29, Viable microbial counts in the surface waters

soampled in Lake Shikotsu ( / 100 ml)
\ .

, T Y

sampling A B C D E F G

date ' ’ _
22.May ‘75 23 23 1100 23 9 23 75
23.June 43 23 43 93 23 1100 9
25, July 93 43 240 1100 150 460 460
23.5ep. 3500 : 3000 11500 10000 8000 ‘1ooq 1100
12.Nov. 460 12750 10750 .6750 7500 105OC 3500
~17.Mar.’76 23 75 23 43 A43 43 93

16



Fig. 8. Seasonal changé of water temperature (?C).in LakevShikotsu.

cf. O—O0 : station A , @&—g

O---0 : station D., @&--@
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Table 30. Viable microbial counts on the zoo-plankton
: sampled in Lake Shikotsu

. e . ; _
sampling date AR oM o D*; -
22 May '75  1.ex 105 8.3 x 107 3.4 x 10%
23.June 6.3 x 103 6.2 x 1o 1.7 x 10;
12, Nov. 6.0 x 10 7.9 x 10 5.9-x 104
17 Mar.'76 3.9 x 10° 1.6 x 10° 2.5 x 10
cf. *': see Fig. 7.
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Tsble 31. Viable microbial -counts in the intestinal
conternts .of masu salmon collected in the
Shlrluchl River

fish sampling  body. body sex viable counts
No. ~ date length weight /g
‘ (em) - (g) '

1 S.May ’73  13.0 23.0 £%2. 3.5 x 10%
2 _ 1L.0 30.0 m*2 3.3 x 10¢
3 12.0 17.0 m - 1.9 x 10}

e 1.0 26.0 f 8.0x 10%
5. - 13.5 19.0 m 3.2 x 10°

6 25. © 11.5 21.0 @w 1.9 x 107
7 . 15.5 40.0 m 8.7 x 10*
8  3i.duly’73 12.5 30.0 mw 3.7 x 107
9 1.9 50.0 m 7.8 x 10"

10 - 13.8 35.0 m 3.6 x 10°
11 | 10.2 - 16.0- =m = B.1 x 10°
12 15.0ct.773 9.0 10.0 m 2.9fx 10°
i3 8.6 6.0 m 1.1 x 10%
1L - 9.0 8.0 m 6.1 x 10°%
15 11.2  14.0 m L.6 x 10°

16 8.5 6.0 m 1.6 x 10°

17 . 12.Dec.’73 11.5 15.2 m 1.0 x 10%°

18 v 10.8 12.5 f 2.2 x 103

19 9.4, 8.1 m 1.1 x 10°

20 11.5 16.2 m  1.5-x 10%

21 9.9 9.3 -m 3.8 x 10°
cf. ¥#': female, ¥#7: male
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-Table‘32- Viable mlcrbblal counts in the intestinal:

contents of masu salmon collected in the -
Daitoobetsu River

fish sampling body body sex viable counts
No. date ‘length weight -/ g
. . (em) = (g) '
22 - 22.June’73  11.4 20.0 m** 1.9 x 10°
23 R 12.3 . 24,0 m . 1.0 x 10°%
24 L . 11.6  20.0 m- 4.2 x 10° -
25 S '12.1 23.0 m 5.0 x 10%
- 26 | o 11.4 19.0 m 3.0 x 10°
27 7.July’?73  13.5 35.0 m 2.4 x 107
28 , : - 4.3 35.0 m 1.8 x 10
29 ‘ . : ' ' 1201 - 21.0 m -80111 X 106
30 . : 11.0 17.0 m 4.7 x 10°
31 11.9 .20.0 m 8.6 x 10°
32 28.8ep.’ 73 8.6 ~10.0 r*2 3.9 x 10%
33 9.0. 8.0 m L.3 x 10%
34 10.4 14.0 £ 1.1 x 103
35 8.5 6.0 f 3.4 x 10° -
36 " 19.Nov.’73 10.5 11.5 m 1.3 x 10°
37 . | 10.4 12.9 m 4.0 x 10°
38 1i.3 13.3 m 3.0 x 104
39 10.5 13.1 'm . 1.2 x 10°
L0 10.1 9.8 m 1.0 x 104
151 31.Jan.’ 7?4 11.2 - 11.1  fF L.0.x 102 -
L2 26 .Feb. 7k 9.5 8.5 m .0 x 10%
L3y : 9.3 7.5 f 1.8 x 10°
LL 12.8  23.0 m 1.4 x 10]
Lg 9.3 7.3 f 8.6 x 10_
Lr6 1104 11#!:3 f ) 9n1 % 10
L7 27 .May.’ 74  12.5 17.0 m 2.2 x 103
L8 . 13.0 20.0 m 5.0 x 10
L9 - 10.8 11.0 f 7.1 x 107
50 12,5 17.0 ‘m 6.2 x 1o§
51 11.8 16.0 m 1.4 x 10
52 21.Apr.’74 11.7 15,0 f 5.0 x 10¢
53 . 11i.3  11.5 T 9.3 x 10%
54 10.1  11.0 m 1.1 x 10°
55 9.0 6.0 m 5.2 z 107

K}

. ¥1:; male, *2: female



Table. 33. Viable microbial counts in the ‘intestinal contents of
‘white-spotted char collected in Lake Shikotsu and of
kokanee salmon collected in Iake Kkuttara

“Fish sampling . body body sex viable counts
No. place “date length weight - / g
- | (cm) (g) :
56 Snikobsu  22.May ‘75 . 25,0 170 f£*! 1,7 x 10°
57 : : 23,0 150 m*2 6.5 x 10°
58 23.8ep.’75 19.0 86 1w 3.2 x 107
59 : ' 2305 136 f 2.0.x 10
60  12.Nov.'75 1645 55 ;. 1.6 x 10°
61 - | - 24,0 7 f 5.k x 107
62  Kkuttara 22.May '75 18,5 65 m 643 x 10°
63 o 18.0 55 - m 2.9 x 107

64 ‘ 16.0 L9 r 8.0 x 10°

X ,
ef. *': female, *%: male

(16 )
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Table 34. . Generic distribution of microorganisms isolated from
the waters sampled in the Shiriuchi and Daitoobetsu

‘Rivers
®
o
S 8
: 2 SRR 0
1 @ w o BB O a ﬁ
, o] S E 9 o) P ] v
o &4 g P 0O g ®w G 0
& ap of 0 9lod| & 9o o oo
o] bS] O w O gig] Q 8 [} KR
i -1 ol 9 glLo o0 o ol o : &
'3, 1 O < O Ol0] & e g A P O
. o, S > 4l Pl o 30 4 o L0
E £ of & 4O & 20 N 0O &8 £ 0
[ | A O Ol g w o A O et
17} w = O <l B Al ot =
Shiriuchi 5.May ’73| 317 1340 3 713 0 3 30
' 31.July’7?3| 0 0 10 17 21 14 38 0 O 29
15.0ct.?73 | 0 011 39.2518. 7 0 O 28
12.Dec.’?3 | O O 037 152222 0 L 27
average%I il L 9 33 16 15 20 0 2 11k
Daitoobetsu 22.June’73 | 0 0 7 48 19 719 0 0 27
. | 28.8ep.’73 | 0- 3 040 20 14 20 0 3 30
19.Nov.’73| 0 7 7 LO 7 3010 O O 30
31.Jem.’74L | 0 018 36 046 O 0 O - 28
26.Feb.’74 | 0 011 30 741 7 L4 O 27
27.Mar.’74 | 0 0 0231853 6 0 O 17
21.8pr. 741 0 0 943 039 9 0 O 23
average *1 %o 1 838 10 31 10 1 ‘1 182

cf. *': % in the total isolates
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Table 35. Generic distribution of microor

ganisms isolated
led in ILake Shikotsu -

from the surface waters samp
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include some strains, no gas from glucose,

%1,
-

cf.

9 and terrestrial type

y to 0/12

no sensitivity
: by Bergey’s manual, 8 ed.
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Table 36. Generic distribubtion of microorganisms isolated

1ed in ILake Shikotsu

.from the zoo-plankton samp
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: by Bergey’s manual,8 ed.
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Ceneric distribution of microorganisms isclated

from the intestinal contents of masu salmon

collected in the Shiriuchi River

Table 37.
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1 see Table 31.
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~Table 38. Generic distribution of microorganisms isolated
from the intestinal contents of masu salmon
collected in the Daitoobetsu River

—
. <
) < [+3)
: N (]
E ]
o & D i Q
B o : <
- o 72 TR ¢ U IRy [ 1} 43
~ T 38 9 o8i o
. o 8 JE¥e & & bt
= -t 0 O g Q040 O o o [
. Il O & 9O Co| & J =] R L O -
el Q, S By & PO = O & w - 00
5§ 593 8 545 &
% o o <E-Ea o <l 5 3 =
| - Z ‘ —
22 22.June’?3 | O 0 0 0 0 ©0100 0O O . 28
2 0 4 0o 0 O o0 78 018 = 27.
26 | .0 0 0 0 0 0100 0 O 30
. 32  28.Sep.’73 011 0 08 0 8 0 O 26
33 O 4 0o 089 0 4 0 3 28
35 o 7 0 093 0 0 0 O 29
36 19.Nov.’73 | 010 0 080 10 0 0 O 30
37 {0 4 0 08 14 0 O O 28
Lo 015 0 o488 11 26 0 O 27
Bl 31.Jan.’7h ‘06213 0 0O 0 25 0 0O 8
B2  26.Feb.’7h | 021 0 0 L 33 21 8 13 ol
L3 0 016 016 28 28 4 8 = 25
Ly 01055 0 5 20 .0 5 5 20
L5 0 095 0 0 O 5 0O O 20
47 27.Mar.’7h o727 0 0 26 0 0 O 15
48 | | 0 0 0 0 0100 O O O 20
51 0 0 0 0 0100 0 0 O 20
52  21.Apr.’7hL 0 0 0 0O 0100 O O O . 20
53 0 0 0 5 0 8 15 0 O 20
55 0 0 0 0 0O 5 95 0 O 20
average®2 | %0 7 8 130 24 27 1 2  L65

ef. *': gee Table3Z. '
*2: % in the total isolates
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Table:39m‘ Generic distribution of microorganisms isoclated from -
the intestinal contents of white-spotted char collected
in Lake Shikotsu and kokanee salmon cocllected in '
Lake Kkuttara ’ '
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59 ' O 0 0 0O 15 0 85 0 O 20
60 ' 12 .Nov. ©O 0 0 0100 0O 0 O C 15
61 0 0 0 0 LO 0 60 0O O 25
average (in the total isolates) : (31)*%=2 ) ,
4 0o 0O 0 1 40 1 58 0 0 120
62  Kkuttara -22.May ’75/2 o 095 0 0 0O 5 0 O 20
63 ‘ 0O 0 0 O° 0 0 100 0 0 20

average . (in the total isoclates) .
A {Z 0 ok7 O G O 53 0 O Lo

cf. ¥1: gee Table 33., *¥2: Chromobacterium sp. by Bergey’s
- manual, 8 ed.
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Table 40. Viable microbial counts in the waters collected
off the south coast of Hokkaido and south of
the Bering Sea '

sampling sampling depth water viable counts
date station . (m) temp.(°C) - /ml
4.Sep.'73 y*2 5  14.2 3.5 x 10
100 - 3.5 x 10
L. 5wl 5 14l 6.1 x 102
' 100 - 2.5 x 10
5. S 5 14.3 2.1 x 10%
100 - 2.5 x 10
6. Vi a 5 15.8 2.1 x 107
50 - 4.0 x 10
13.July’ 74 A%2 5 5.3 less 5
1h. ' B¥*2 5 5.5 9.2 x 10
16. C*2 5 6.0 5.5-x 10
16. D*2 5 6.7 1.8 x 10
18. E%2 5 6.6 6.0 x 10
20. \ 2 5 6.4 6.4 x 102
cf. *': gee Fig.10., *2: see Fig. G.
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Generic distribution of microorganisms isolatéd‘
from the waters collected south of the Bering

Sea

Table 41.
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Table 42. Viable microbial counts on the zoo-plankton collected by the NORPAC
' ' net off the south coast of Hokkaido and south of the Bering Sea

sample | sampling depth species _ viable counts/g
No. date station (m)
1 4.Sep.’ 73 4% 150 - 0. Euphausia sp. 2.4 x 10°

Tissanoessa sp-
Calanus sp.

2 . 5%l 150 - 0 ¢ - : 6.0 x 10°
3 5, ‘ 6% 150 - 0 v | 2.3 x 10°
6. | 7%l 125 _ 0 e 3.0 x 107
5  14.June’74 A¥2 50 - 0 Calanus cristatus . 5.2 x 10°

Parathemisto pacifica
Calanus plumchrus

6 17, D*2 30 - 0 Tigsanoessa sp. 7.3 x 10°
‘ ' Euphausia sp. : '

7 18. E*2 50

0 Calanus cristatus 1.5 x 10°

ef. *': gsee Fig.10., *2: gee Fig. 9.
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Table 43. Generic distribution of microorganisms isolated from the.
zoo-plankton collected by the NORPAC net off the south
coast of Hokkaido and south of the Bering Sea

o
8 N
o e} s 5 o
e g m w95 8 0 g <
: = o) SlE o oee S -
fe) ol & & S8t F w o
= gﬂ gﬁ Q] O O o’ ® o] @ C: qag
o 5 F9% 9888 g & w0 ook
= H — 8| & 8 96l o 2 B s e
o o ! ol 5o sele B T 8l h S 23
5 = £ of & - w 20
@ @ © o o ° S&lE 4 It I B 23 g
[0 w - ! S L I =< §>a4) ::g: gr—‘
1 L.Sep.'73 4*1|%40 0 8 0 0 75 0 O 017 . 12
2 . . 5%l 0 023 015 9 45 0 0 O 13
3 5. S o 0 0 0 0 0100 O O O. 16
L 6. _ 7¥ 0O 0 0 0 0100 O O ©C O 16

average (in the total isolates) '
_ 46 39 0 0 O 57

%0 0 7 0 3
5 14.July’?h  A*2 |40 0100 O O 0 O 0 0 O 9
6 17. - D#*E o 0o 0o 0 0 97 3 0 O O 30
7 18. E¥2f 0 0 0 0 0100 0 O 0 O 30
average (in the total isolates)
|#0 013 0 0 8 1 0 0 O 69

of. *': gee Fig.10., #*2: gee Fig. 9.
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Table 44. Viable microbial counts 1in the intestinal contents of
the salmon collected by gillinet fishing south of the
Bering Sea

fish sampling species body body sex viable counts/g
No. K A —— '~ length weight ‘ intestinal-
.date station (ém) (g) contents
1 1. June’7h A¥! sockeye¥®259.2 1840  £¥% 5.0 x 10°
2 62.0 3600  m¥7. 6.9 x 102
3 57 .1 2800 m 3.9 x 10
L 57.0 2380 m 1.2 x 10°
5 . . , - 55.0 2300 . f 1.6 x 10°
6 . 15. B¥*1 53.4 . 1920  f 1.6 x 10°
7 : 59.5 2360 m 5.6 x 107
8 16. c¥? 56.5 2460 m 1.9 x 107
9 17. D¥? 57.1 2500 f 6.3 x 10°
10 58.1 2530 f 3.9 x 10°
11 . 18. E*’ 58.9 2uh0  f 3.5 x 10°
12 20. G¥* 5L.6 2100 T L.6 x 10°
13 14.June’7h A chum®® 53.2 1750 T 5.2 x 10°
14 15. B salmon 59.1 2400 f 1.9 x 103
15 . . 56.5 2300 - f 6.7 x 10°¢
16 5l .7 1950 m 3.0 x 10°
17  16. C _ 53.0 . 1760 6.3 x 10°
18 : ‘ | . 57.3 2020 f 3.2 x 10°
19 _ 55.5 2100 f 1.1 x 103
20  18. E u8.5 1900 m 1.0 x 10°
21 59.3 1930 . f 2.0 x 10°
22 56.3 1960 m L.2 x 104
23 57.8 2030 T 1.0 x 102
2L 20. G 56.8 2440  m 1.2 x 107
25  16.June’ 74 C pink*% 49.5 1260 m 3.5 x 107
26 17. D salmon 46.L4 1170 m 1.9 x 107
27 L6.6 1180 m 6.7 x 1oj
28  19. F 57 .L 1210 1.8 x 10
29 8.5 1390 m 2.9 x 107
30 43.8 1100 T 1.8 x 107
31 17 .June’74 D king®® 50.7 1500 f 1.6 x 10°
32 19. F salmon 62.8 2770 T 1.4 x 103
33 b8 .7 1400 m 7.0 x 10

cf. *': see Fig. 9. :

: #2: Onoorhynchus nerka, ¥3: Oncorhynchus keta,
*%+ Oncornynchus gorbuscha, ®¥5. Oncorhynchus fschawytscha
*®; female, ¥*7: male ’
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Table 46. Viable microbial counts in the intestinal contents of several marine fish
collected by trawling mnet fishing off the south coast of Hokkaido

fish sambling . specles body body sex viable counts/g
No. — length weight intestinal
date station (cm) (g) -+ contents
1 7.%ep.’73 1%*' Sangomenuke ' 18.0 110 F*2 2.1 x 103
2 ' (Sebastes,flameus) | 18.5 - 100 f 2.7 x 10
3 7. 1 Shirogenge 52.0 530 k.4 x 10°
I (Lycogramma zesta) L6.0 600 m** h.6 x 103
5 7. 1 Itohikidara 43.0 400 f 6.5 x 102
6 _ (ILaemonema longipes) 48.0 500 m 8.3 x 10
7 7. 2%  Hadakaiwashi 13.5 23 f 2.5 X 102
8 (Diaphus coeruleus) 15.5 29 f 9.0 x 10
9 7 3 »Aburagarei LYy .0 750 f 8.0 x 102
10 ‘ (Atheresthes evermanni) 37.0 500 m 2.8 x 10
11 7 3 Suketodara o 41.0 550 m 2.0 x 104
' , _ (Theragra chalcogramma) , - s
12 7 3 Meganekasube 65.0 1900 m 5,9 x 10
, (Raja pulchra)
cf., *': gee Fig.10., %*%: female, #3: male

Bzl



Table 47. Viable microbial counts in the intestinal contents of several marine fish
: collected by trawling net fishing east of Pribilof :Islands in the Bering Sea

body body sex viable counts/g

fish sampling species
No. —_— o ‘ length weight intestinal
date station ' (em) - (g) contents
13 13.July’74  H*' Umagarei 40.0 550  f*2 6.5 x 102
14 . (Hippoglossoides elassodon) 40.5 590 m*® 1.9 x 10
15 | ,  37.8 L60 m 6.5 x 10
16 13, I*!  Arasukashishamo 21.5 71 m 1.0 x 102
17 (Mallotus cateryvarius) 23.5 105 m 1.9 x 103
18 ' | 21.5 9L, m 3.8 x 10
19 13, T Madara | 46.5 1050 m. 3.1 x 108
20 (Gadus macrocephalus) 37.5 580 f 1.5 x 10
21 1k, J*'  Tsunokasube  44.5 2810 f 2.2 x 10°
22 | (Breviraja permifera) 375 1270 m 1.5 x 10°
23 14. J Suketodara . 43.5 580 m bohy x 10:
2L (Theragra chelcogramma ) 45.5 780 m. 6.1 x 10
25 15, | K*  Hakusengaji 31.5 130 £ 2.7 x 10°
26 _ "(Lycodes palearis) 33.0 160 - f 1.9 x 10

cf+. *': gee Fig. 9., *#%: female, *3: male
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Table 4€. Generic distribution of microorganisms isolated from the intestinal contents
of several marine fish collected by trawling net fishing off the south coast
of Hokkaido and east of Pribilof Island in the Bering Sea

3
g .
2 ~ o
(0] R g ©
Y © [ SR Ll ©
. ® P 0 - O & <
- oo 0 n P} Y [0 )] »
5 &0 Q of E & 3A%E ¢
Re] < &0 g o & 4 dsla o @ sa
- - 3 w ol gglo g o 3
— — o O g Qoo 0O O o -
< Q, Q, e of 4 O ool& o 5 - © O
0 g = o S b 4 PPl 3O Sl W 00
E: g o o - $<5‘ % gc:? E o & QF @ =R
- ? . 2o QRS A A 2l 2
2 7.Sep.’73 1*2  Sangomenuke*?® 0 0 O 0 0 050 50 O 16
L ' Shirogenge*? o 0 0 0 0O 090 10 O 20
5 Itohikidara®3 O 045 0 O 0 O 55 0 20
8 2%2  Hagdakaiwashi®?® 0 6 0 0 029 0 41 24 17
11 Suketodara*? O 0 0 0O 0 0 0100 O 15
12 ‘Meganekasube*® o 0 0 0 011 0 89 © 18
average (in the total isolates) |40 2 7 0 0 621 61 3 123
13 13.July’74  H*?  Unagarei*?® 40 060 0 0O O 0O 4O O 25
17 T#2  Apasukashishamo*® 0 097 0 O O O 3 O 29
19 Madara*?d O 0 0 O O O 0100 O 28
22 1h4. J#2  Tgunokasube*? o 0 0 0 0O 0 0100 O 30
23 ' Suketodara®*?® 0 055 0 O O 0 45 O 29
26 15, - K*2 Hakusengaji¥*® 0 020 0 O 0O O 80 O 25
average (in the total isolates) ' %0 039 0 0 0 0 61 0 166

cf. *: see Table46.47,%*": see Fig. 9., *°: Table 46.and Table 47.
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Fig. 12. Location of the Yuurrappu River, Oshima Hatchery
(Branch of Hokkaido Salmon Hatchery), end Mori
Hatchery (Brench of Hokkaido Fish Hatchery).
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Table 49. Viable microbial counts in the intestinal slime of .anadromous
pink salmon reared about 3 months in fresh water without being

fed
fish - place sampling sex - body viable counts
No. . date length / g.
(cm)
1 Yuurrappu R. 30.S8ep.’72 f£*' 52.0 9.1 x 10°
2 . 4800 6.0 X 106
3 49.0 4.0 x 10%
n 49.0 7.9 x 10¢
5 50,0 1.6 x 107
6 m#2  52.0 4.0 x 107
7 56,0 1.1 x 107
8 56.0 -
9 55.0 2.8 x 10°
10 50,0 2.7 x 10° .
cf. *l: female, *2i male

‘(' G71 )



Table 50. Viable microbial counts in the intestinal slime of anadromous
. chum salmon ’

fish place -sampling sex body body viable counts
No. ‘ date length weight / g
: (em) (g) ‘
11 Yuurrappu R. 6.Nov.’72 f£*' 59.0 2400 3.3 x 10°
12 , 69.0 3200 1.3 x 10°
13 68.0 3300 4.6 x 10°
14 £9.0 3700 3.0 x 104
15 71.0 3650 5,9 x 10°
16 m*2 75.0 5000 3.5 x 10°
17 8.0 - 5200 2.1 x 107
18 : 72.0  L4OO 7.6 x 10°
19 - 75.0 5300 3.3 x 10°
20 _ - 69.0 3800 1.7 x 10°
21 8.Nov.’73 .f 74.0 L4000 2.8 x 10°
22 . 7L.0 4100 3.0 x 10°%
23 , 77.0 4900 8.7 x 108
. 2L | o 75.0 4100 4.8 x 10°
25, . ‘ 71.0 4100 7.9 x 10°
26 m  76.0 4800 3.1 x 10°
27 - ' . : © 75.0 4300 ° 9.4 x 10°
28 73.0 4000 2.3 x 10°
29 ' _ 2.0 L4400 1.1 x 10°
30 | 71.0 4200 1.6 x 107

cf. *': remale, *2:; male

(971 )



Table 51. 'Viable microbial counts in the intestinal slime of mature
: masu salmon cultured in fresh water

fish place sampling sex body body viable counts

No. date length weight / g
' , (cm) (g)

31 Mori H¥' 2.0ct.’72 £%*2 33.0  L45 N4
32 26.8 246 ' N

33 29.5 291 N

34 27.8 230 4.8 x 10°
35 28.5 228 N |
36 m*3  24.8 181 1.4 x 10°
37 25.3 205 1.3 x 103
38 26.8 248 2.1 x 107
39 24.3 215 8.8 x 10°
L0 26.5 252 N

ef. *1: Mori Branch of Hokkaido Fish Hatchery
*2: female, ¥%: male, **: negative result

( L71)
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Table 52. Generic distribution of microorganisms isolated from
the intestinal slime of anadromous pink salmon reared
about 3 months in fresh water without being fed
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average (in the total isolates) :
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Generic distribution of microorganisms isolated from
the intestinal slime of anadromous chum salmon

Table 53.
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Table D4. Generic distribution of microorganisms isolated from
the intestinal slime of mature masu salmon cultured

in fresh water
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Table 55. Typification by inorgenic salts requirement for
growth of some isolates - :

number of some strains igolated from"
the intestinal slime of anadromous

génus _ ' ~—
pink salmom chum salmon

T*:  H,M¥2 T H,M
Aeromonas 18 0 27 9
- Pgeudomonas : - - 25 26
Vibrio 0 L6 0 61
Enterobacteriaceae - - 1 0
Achromobacter . - - 1 0
Micrococcus - - 1 0

of . ¥l Terpestriairtype, *2; Hglophilic or Marine type

‘(gs1)
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Fig.l4. An outline of the sequence of tests used in the screening of isolates.
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Table56. Viable microblal counts in the supplying water
 and the diet ' :
sample sampling water viable counts
date ‘ temp. ( /ml or g.)
. ; . (0 C) .
water 29.Sep. 75 13.8 4.2 x 10°
2.0ct. 13.7 2.2 x 10°
7. 12.6 2.2 x 10°
15, 11.0 .1 x 10°
21. 11.0 1.2 x 10% .
-~ 2.Dec.’75 - 8.3 3.2 x 10°
‘9. 8.0 2.9 x 10°
16. 7.0 1.1 x 10°
23. 8.2 3.0 x 10°
6.Jan.’76 8.6 4.9 x 10°
13. . 8.2 8.7 x 10°
20. 7.0 1.0 x 10°-
27. 8.2 7. x 10%°
3.Feb.’76 7.8 5.8 x 10°
10. - 8.8 x 107
27.Feb.’ 76 9.2 2.5 x 10°
24 .Mar.’76 - 10.0 2.2 x 10%
diet '21.0ct.’75 - 1.3 x 10°
9.Dec. - 2.7 x 10°
18. 1.4 x 107
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Table 57. Gemeric distribution of microorganisms isolated
from the supplying water and the diet.

o
[y}
()]
~ Q
gl O o) :
o S @ o e
Eh) LA o © & e K
o W) n P Yo w O w [} 42
5 S 8 dog 8 © o x* ot ‘
' o g Pl 8 o g w; Gt o
&0 (4] o O og O g O B < ot oo
Bs o «w ogls g o g g w D
Q oy Q Q SO0 O O O O (@] w S
. ., O o Ooo o o« - A g L & o
o, Q, S >y N bl WD (O NN &4. O [ L0
5 5 5835558958 39
@ @ = o <rl R & B o<l om S =
| _ % -
water 29.0ct.’75 11 5 51111 547 5 0 0 0 19
| 9.Dec. 0O 01122 0 556 0.5 0 O 18
20.Jan.’ 76 L 21T 9 L L C5s5s 0 O O L 2l
27.Feb. 11 211132 0 021 0 & 0 0O 19
24 .Mar. ‘0 4L L5 0 C32 0 L 0 O 25
diet 21.0ct. 75 164 0 0 C 020 0 0 020. 25
| 9.Dec .- 5050 0 0 0 0 C 0 0 O O 20
18.Dec . 479 4L ¢ 0 013 .0 O O O 23

cf; * : include some strains, no gas from glucose,
no sensitivity to 0/129 and terrestrial type-



Teble 98. Viable microbial counte on the egg surface of-
masu salmon

sampling duratlon sample number sample viable counts
date of the of the weight /g
day samples (g%

29.Sep.' 75 6 fertilized =~ 5 0.895 9.7 -x 10¢
2.0ct: 9 egg 5 0.771 9.2 x 10°
v 5 0.928 2.7 x 10°
8. 15 " 5 0.990 .9 x 10°
: y 5 0.914 5.2 x 10°
1. - 21 5 0.682 1.4 x 10°
' : ' v 5 0.758 1.9 x 10°
5 0.837 1.2 x 10°

213 28 eyed egg

“( 0LL)
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Table 5S. "Viable microbial counts on the egg surface of

chum salmon

sampling duration sample  number

viable

date = of the of the samplé

day samples welght counts

(g) (/g)
2.Dec. 75 0 fertilized 5 1.133 3.7 x 10°
egg 5
9- . 7 : ” 5 1.150 6-1 x 10
16. 14 oo 5 1,037 1.1 x 10°
23, 21 " 5 1.273 1.6 x 10°
6.Jan.’76 . 35  eyed egg 5 1.252 3.7 x 10%
13. Ch2 o 5 1.050 4.8 x 10°
20, 49 ” 5 1.054 2.1 x 10°
27. 56 " 5 1,372 1.9 % 10°

( ZL1 )



£ microorganisms isolated from the egg

Gerneric distribution o

Table 60.
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Table 61. Viable microbial counts in the york, on the body surface,
and in the digestive tract of the sacfry of masu salmon

fish sample - sampling duration body . body ~viable counts-
No. : of the length weight /g
day - (em) (g)
; _
1 york 27.Nov. 75 65 2.3 0.15 N2
2 . 2.3 0.15 N
3 2.3 0.15 N
L body 2.Dec. 70- 2.6 0.18 1.7 x 10]
5 surface 265 0.17 5.3 x 10
6 2,6  0.19 1.4 x 10°
7 9. 77 2,7 0.18 2.2 x 10°
8 : 2.3 0,16 2.9 x 102
9 2.8 0.19 9.3 x 10°
10 2.8 0.19 2.2 x 10°
11 2.5 0.16 4.7 x 108
7 digestive 9.Dec. 77 2.7  0.18 8.5 x 107
8 tract ' 2.3 0.16 3.4 x 10%
9 : 2.8 0.19 1,4 x 10%
10 2,8  0.19 5,1 x 10°
11 2.5 0.16 1.4 x 10%

cf.  *1; négative result

(sLL)



Table 02,

Viable microbial counts on the body surface,
digestive tract of the alevins or the sacfry of ch

in the york,and in the
um salmon

fish semples sampling duration  stage body =  body viable counts
No. date of the length weight / g,
day (cm) (g)
- body 3.Feb.’76 63 alevins - 0.80 3.7 x 104
surface
- . 10. 70 sacfry - 0.66 2.6 x 10°
25 york 3.Feb. 63 alevins 2.4 0.21 N
27 10. 70 sacfry 2.5 0.23 N
28 ' 2.5 0.26 N
29  digestive 27.Feb. 87 sacfry 3.5 0.59 4.3 x 104
30 . tract 3.3 0.53 N
31 | 3.1 0.55 N
ef. *': negative result

(9L
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Generic distribution of microorganisms isolated from the body
surface and the digestive tract of the sacfry of masu and chum

salmon

Table b 3.
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Tgble 64, Viable microbial counts in the intestinal contents of Jjuvenlle
~ . masu salmon

fish ssmpling duration stage body body viable counts

No. date of the length weight / g
day (cm) (g)

12 27, Jan.’ 76 126 advanced 3.2 0.35 1.6 x 10°
13 fry .1 0.58 2.8 x 10°
1L 3.4 0.35 2.6 x 107
15 L.y 0.68 3.2 x 10°
16 3.5 0.36 7.1 x 10°
17 27.Feb. 157 fingerling 5.9 1.9 1.7 x 10°
18 | L.9 1.4 1.8 x 107
19 4.8 1.3 1.0 x 107
20 5.6 1.8 1.1 x 108
21 5,3 1.9 1.2 x 107
22 24, Mar. 182 fingerling 7.3 3.3 7.7 x 10%
23 : 7.6 2.9 6.7 x 10,
21 5,5 1.7 8.9 x 10

( 641 )



Table 65. Viable microbial cocurnts in the intestinal contents of juvenlle
chum salmon .

fish sampling duration stage body body viable ccunts
No. date of the o length weight / g
day (cm) (g)

32 27.Feb.’ 76 87 sacfry 3.7 0.60 1.1 x 105

33 ' 3.5 0.60 1.2 x 10°

3L 3.6 0.58 5,7 x 10°
35 24 . Mar. 112 advanced L0 0.50 2.6 x 10°

36 fry 4.3 0.55 3.8 x 107

37 o3 0.55 2.0 x 10

38 3.8 0.40 2.0 x 10°

cel )

(
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Table 66. Generic distribution of microorganisms isolated from the

intestinal ccntents of juvenile masu salmon
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12 27.Jan.’ 76 advenced %4 04510 0 0 015 0 0 20 10 20
14 fry 51060 0 0 015 0 10 C O 20
15 0O 0 0 0 0 045 0 55 0 O 20
16 025 0 0 0 060 0 10 °0 5 20
17 27 .Feb. fingerling | 4 0 0 ©0 0 O O O 0100 O O 20
19 ¢c 0 0 0 0 0 0 0100 0 O 20
21 o 0 0 0 0 0 5 0 95 0 O 20
22 24 .Mar. fingerling | # ©0 0 0 0 0 O 0 0100 0 O 25
23 O 0 0 O O 016 0 84 0 O 25
21 0O 0 0 0O 0 O 4 0 96 0 O 25
cf. *': include some strains ; no gas from glucose, un-sensitivity to

0/129, and terrestrial type
*2: gsee Table G4.
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Generic distribution of microorganisms isolated from the

Table 67

intestinal contents of Juvenile chum salmon
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Table 68. Origin and number of some strains used for the experiment (1)

number of some strains isolated from the intestinal B

origin contents of

fresh-water transplanted sea-water anadromous total
genus- salmon salmon ** salmon salmon
Aeromonag 56 (26) 30 (15) 24 (15) 54 (14) ~164. (70)
Enterobacteriaceae 57 (27) - - - - 1 - 58 (27
Pseudomonas | - - 25 (25) 16 ( 8) 51-( 8) 92 (41)
Vibrio - - 30 (29) 128 (61) 107 ( 9) 265 (99)
Achromobacter - - - - 36 (10) r - 37 (10)
fotal 113 (53) 85 (69) 204 (9k) 214 (31) 616 (247)

cf. - #1, tpansplanted from fresh water into sea water, See Fig;u.
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Table 69, Origin and number of some strains used for the experiment (2)

number of some strains igsolated from the
origin waters, diets, and zoo-plankton
genus freéh water sea water diets plankﬁbn' total
Micrococcus : 14 - 13 - 27
Coryneforms 12 - 2 - 14
Achromobacter 19 L - .- 23
Flavobacterium 18 ' - , - - 18
Enterobacteriaceae . , 23 - - 1 24
Pseudomonas 30 37 - 51 118
Aeromonas ’ 9 - - - | 9
Vibrio - S - Y
total 125 b 15° - 76 260.

( v61)
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Table 70. Typification by inorganic salt requirement for growth of
' : some isolates

qumber of some strains isolated from the intestinal
contents of '

”

genus :  fresh-water transplanted sea-water anadromous
salmon salmon *4 salmon salmon
Tty #2 3 T H M 'i_—IZM T H,N
Aeromonas 56 0 © 30 0 O 0 24 L5 9
Enterobacteriaceae 57 0 0 - - - - - 1 0
Pseudomonas - - - 12 13 0 o 16 25 26
Vibrie = = = = 03 o0 0 128 0 107
Achromobacter . e . e == 0 36 1 0

of. *1: Terrestrial type, *?: Halophillc type, *3: Marine type
*7: trensplanted from fresh water into sea water, see Fig.Lh.
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Table 71. Typification by inorganic salt requirement for growth
of some isolates
number of some strains isolated from the waters,
diets and zoo-~plankton
genus fresh water sea water diets ‘plankton
T# 12N 3 T H M T H,M T H M
Mioroéoccus 11 3- 0 - - - 9 L - - =
Coryneforms 111 0 - - - 2 0 —. - -
Achromobacter 18 1 0 i 3 0 - - - = - -
Flavobacterium 17 1 0 ~ - - - - - = -
Enterobacteriaceae 23 0 O - = - - - | 1 0 O
Pseudomonas 30 0 O 2 35 O - - 12 24 15
Aeromonas 9 0 0 _ - = - - - - e -
~ Vibrio - - - 0 3 0 - - 0 1 23
of. *1; Terrestrial type, *2: Halophilie type, ¥*°: Marine type
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Table 72. Effect of temperature on growth of some strains isolated from the

intestinal contents of salmon

" source ‘======§5ﬁﬁ§‘*‘~—~s—~temp;iigl_ 15 20 25 - 30
Mori H.¥*? Aeromonas 26¢3 26 26 26 26
| Enterobacteriaceae| 27*° 27 27 27 27
Oshoro Bay C.S.%2| Vibrio o3 21 21 21 21
Bering Sea Vibrio 10% 3 ho 26 14 3
Achromobacter 10%3 10 10 10 5

Aeromonas 15%3 15 714 9 6

cf. ,*;- Mori Branch of Hokkaido Fish Hatchery
#<: Oshoro Bay Culture Station of Hokkaido Figh Hatchery
Number of the strains employed

*3:

- (02 )



Table 73.

Growth of some isolates on 37 °C

number of some strains isolated from

_ intestinal - environmental diet
genus contents water plankton

Aeromonas 3/70 2/ 9 - |
Enterobacteriaceae 27/27 20/23 1/ 1
Pseudomonas 5/u41 6/67 8/51
Vibrio 1/99 0/ 3 2/2h
Micrococcus . - 7/ 7/13
Coryneforms - - 2/12 -O/ 2
Achromobacter 0/10 0/23 -
Flavobacterium - 1/18 -

(507 )
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Table 74. PH. value of the stomachic contents, intestinal contents

~and bile
stomachic ~ bile intestinal
contents _ - contents
pI'I' 200 "‘ 5«0 7.“’ 60“”“ 808
A (average) ,
number of the salmon 32t N 32%*
employed :

cf. *': masu salmon reared in Mori Hatchery

#2 anadromous,chum salmon catched in Oshima Hatchery

(202 )



Table75. Susceptibility of some isolates to bile-and low pHe..

rumber of some strains isolated from

”

~

genué intestinal -envifonmentél diets

contents water plankton
S.0¥T  S.b¥2  Sih.  S.b.  S.h. S.b.

(20,5) (20.5) (20.5)

herononas 63/70% 46/70% 9/ 9% 6/ 9% . - -
Enterobacteriaceae  27/27 27/27 22/23 21/23 1/ 1 1/ 1
Pseudomonas 17/41  6/41 - 27/67 20/67 | 7/51 1/51
Vibrio 57/99 30/99 0/ 3 3/ 3  0O/2h 1/2h
Micrococecus - - | 2/14  0/14 2/13 0/13
Cofyneforms - - . 5/t2 212 2/ 20/ 2
Achromobacter 9/10 = 2/10 7/23  9/23 . - -

Flavobaot‘e.riﬁm . - 3/18 '~1/18A - -

cf. * : number of the strains employed

#1: 3.h. value,by Sera

*2: Saohos Valueg

L

“

and Kimata 1972
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Table 75. Growth of some isolates in anaerobic condition

number of some stralns isolated from

genus ihteétinalA environmental ' dfets
contents searwater plankton

Aeromonas 50/57 - T
Enterobacteriacesae 27/27 - . 1/ 1
Pseudomonas | 22/38 7/39 o 19/51
Vibrio 51/59 1/ 3 19/23
Micrococcus - - 1/12 |
Corynefbrms | - - 0/.2
Achromobacter'-; - o/ 4 | o/ 2

L o1z
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Table 77. Characteristics of the genus Vibrio and the genus.Aerbmonas

isolates ~ Bergey’s Manual 8 ed.
—— Shewan ' y .
Vibrio = Aeromonag Vibrio Aeromonasg
(21 strains) (26 strains) '
Flagella V polar = polar : polar o polar
Oxidase + S+ o+ | +
0/129 sensitivity | + - o+ -
Luminescence a - 4 -
Carbohydrate metabolism F F F B
(O/F medium) '
Gas production ' - o + | - L
Diffusible pigment ' - ' - - - or
. o _ 7 ' brown
DNA base ratio-moles h2 - 43 - 54 - 56 - 40 - 50 57 = 63

% G+C

AT,
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Table 78.

¢ 214 )

biochemical characters of primary groups
IV of family Enterobacteriaceae
Bergey’s Manual, 8 ed.%?)

Group I

Group II

Escherichia
Citrobacler

Shigelle

Group III.
Proteus

Catalase
Oxidase
B-Galactosidase
_ Gas from glucose at
37C
KCN (growth on)
Mucate (acid)
Nitrate reduced
G + C, moles %

| + | Edwardsiella

414+ 1+
L1+
fA At 1+

1

+ 99+ T4 | Samonella

@
it
o
—
[
?
o
(2]

Carbohydrates
(acid from)

Adonitol
Arabinose
Duleitol
Esculin
Inositol
Lactose +
Maltose
Mannitol
Salicin
Sorbitol
Sucrose
Trehalose
Xylose

et atat+gl adt |l
dAotet+glant ]
++ 1+ 1+l OF

Related C sources
Citrate
Gluconate -
Malonate
d-Tartrate
M.R.

V.P.

P ++e +

L +al
Pt
1 +00 1+

Protein renctions
Arginine
Gelatin hydroly-

sis
H.S from TSI
Indole
Lysine decarbox-
ylated
Ornithine
Urea hydrolyzed
QGlutamic acid -
_Phenylulanine

9
1
a

{

P eed 1

T +4+ ++1
el

144+ 1+9 <+

!
!

'Y

19 Ol =

o u

a4 | 4+ | Kiebsiclle

[d
el B vyed+n +++++++0+ ata g

I - -

4+ a4+ 4 | + | Enterodacler

o
i
e
=3

++++F+F+OO F+

4+

+1

+)

§+l++ + | 4+ | Hafnia
- .

[N |

I +41

++81

X

I+ +

+ 1

I+

-—

+ 14+ 41+ | Seratia

53-69

-V

I S o o o -

I+

1<+

I ++

Group IV.
Yersinia

+

D
+

+
39-42
(one species =
50)

[

atgl agdgl Ua |

et

++ U UODU

1+

I

4547

1g1+0

=X ReReR vl o

oo ! I +01 t

=R

@ D = different reactions given by different species of a genus; d = different reactions given by different strains of & species or

serotype; X = Iate and irregularly pusitive (mutative).
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Phenylalanine

1

Table 7%. Characteristics of the genus Enterobacter and
the genus Hafnia
isolates Bergey’s Manual
(27 strains) 8 ed.
Entero- Entero- Haf -
bacteriaceae bacter nia
Catalase + + +
Oxidase : : - L= -
pB-Galactosidase + + +
Gas from glucose at 37 °C + + Lo
KCN (growth) + (26/27) + +
Mucate (acid) B a -
Nitrate reduced + + +
G+C, moles % 50 - 51 52 - 59 52 - 57
Carbohydrates (acid from) ’ '
Adonitol + -
Arabinose . : + (26/27) + +
‘Dulcitol - - -
Esculin - (24/27) a -
Inositol - (26/27) a -
Lactose - (25/27) + -
Maltose + + +
. Mannitol + + T+
Salicin + -
Sorbitol - (25/27) + -
Sucrose - (26/27) + -
Trehalose : + +
Xylose _ + + +
Belated C sources
Citrate + + +
. Gluconate + +
" Malonate + (26/27) +
d-Tartrate , - -
M.R. - (25/27) - -
V.P. + (25/27) + +
Protein reactions
Arginine - a -
Gelatin hydrolysis - (+) -
H,S from TSI ' . - -
Indole - (26/27) - -
ILysin decarboxylated + . a +
Ornithine + (26/27) + +
Urea hydrolyzed - (a -

cf. d: different reaction, ()

t weak positive
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Vofischeri # & & V. costicola ) K 4% Wil 2/ 4
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K= Table 82 R A G genus Aeromonas 1< A’%T)’
5 species (A hydrophile. , A. punclate W
A salmonicida ) - 3 sul)slpecxes L A 41\”3.(3 24 ﬁ\
HEF 3 b . Tabled318& 5 A3 55 18, 37°C

-\\})\75%‘ ﬂ\%%ﬂ\\’?m{ﬁli};’\\zl}

Aemw’onoﬁ /'udroph:/a, Subsp. hzw(,rolp/’u'/a, a tE AL NS
313 — L. AERBEIE A hxédro'phila, 17/
| RF H vy o F S 3.

3 L 302 genus Hafmio 27 H3 Table 77 17y



Table 80. Characteristics of the species of genus

Vibrio (by Bergey’s Manual, 8 ed.®1))

«C 217

Vibrio
cholerae

Vibrio pora-
haemolylicus

Vibrio
anguillarum

Vibrio
. fischeri

" Vibrio

costicola

Flagella
1 polar
~ lophotrichous
Indole
Methy! red
Voges-Proskauer
Citrate utilization
0/129 sensitivity
Novobiocin sensitivity -
Gelatin liquefaction
Casein hydrolysis
Tween 80 hydrolysis
Lecithinase (egg yolk)
Hydrogen sulfide ‘
Acid from arabinose
Acid from mannose
Acid from sucrose
Acid from mannitol
Acid from inositol
Acid from salicin
Hydrolysis of starch
Growth without added NaCl
Growth in 7.0%, NaCl -
Growth in 10.09%, NaC
Growth at 5 C C
Growth at 37 C
Growth at 42 C
Mgller’s media:
Arginine-alkaline reaction
Lysine decarboxylase
Ornithine decarboxylase
Hemolysis: horse blood agar
Luminescence
Pathogenicity

DNA base ratio-moles % G + C

l++++++eecat |+

et ladtd ! | F4al

4+ 1 -+ |

4549 °

| +atel++++FF+aat|+

4+ at+ 1

42-45

4+ et

N

TR e o ol RV S B

IQ.+IQ-++|!+++I

1+

-l;lﬂ-l

44-45

(I S -Y Y

ottt

I+l+la-n.l—n.a-‘+ll

1+

d

" 40-46

I+

v | ot me | &

| 2t}

I

| et ++ |

I

|

50

s - positive; — negative; (+) weak positive; d more than 109 of strains positive or negative.
b Vibrio cholerae biotype albensis is luminous, but only one strain is known and has been examined.



Table 81. Characteristics of the species

(218 ) .

of Vibrio fischeri

isolates'
(21 strains)
Vibrio.

Bergey’s Manual
8 ed.
- Vibrio
fischerl

Flagella

"1 polar

lophotrichous

Indol
Methyl red
Voges-Proskauer
Citrate utilization
0/129 sensitivity" :
Novobiocin sensitivity
Gelatin liquefaction
Casein hydrolysis
- Tween 80 hydrolysis
Hydrogen sulfide
Acid from arabinose
Acid from mannose
Acid from sucrose
Acid from mannitol
Acid from inositol
Acid from salicin

° Hydrolysis of starch

Growth without added NaCl

Growth in 7.0 % NaCl

Growth in 10.0 % NaCl

Growth at 5 °C

Growth at 37 °C

Growth at 42 °C

M#ller’s media
Arginine-alkaline reaction
Lysin decarboxylase
Ornithin decarboxylase
Hemolysis : horse blood agar
Tuminescence '

-Pathogenicity

DNA base ratio-moles % G+C

L2

LI S B B

+

1

IR S T o I

(15/21)

+ (14/21)

(14/21)

(18/21)

(20/21)

(18/21)

(14/21)

(19/21) .

L3

L+ e

I+ ok

RS RIS RV PR B S A

R
a

40 - 46

ef. d : more than 10% of strains positive or negative



Table 82.

subspecies and biotypes of
(. by Bergey s Manual, 8 ed.

(

21

-~

genus Aeromonas

)

Characteristics differentiating the species,

1. A, kydrodhila
subsp.

2, A,

unclale

subsp.

3. 4.

salmonicida
subsp.

kydrophila

anaerogenes

Pproteo-
$yiica

punc-

tala

cavise

sal-
moni-
cida

ach-
romo-
genes

maso~
ucide

Growth in nﬁtrient broth at
37 C (water bath)

Brown pigment (water-solu-
ble) on trypticase soy agar-

Ammonium ion and glucose as
sole source of nitrogen and
" carbon
Amino acids as sole source of
carbon
L-Arginine
L-Asparagine
L-Histidine
. L-Glutamic aeid
_L-Serine
r-Alanine
Growth in nutrient broth con-
taining 7.5%, NaCl
Butanediol dehydrogenase
Production of :
Gas from glycerol
Gas from glucose
Indole in tryptone broth
containing 0.1%, trypto-
phan
Hydrogen sulfide from 2.5%,
peptone water
KCN broth (Mgller tech-
nique)
Lysine decarboxylase reactlon
(Mgller technique)

Yoges-Proskauer reaction
"Gluconate oxidase test
Breakdown of

Galactose

Sucrose

Mannitol

Arabinose

Esculin

+n

o -'\:

A+ o+

+ 4+

O s o ol

hiotypes

¢

-+

o

oot 4+ 4+

+ 1

B R

++

oo ok

+
+

~N

ot

+

-+

I+ 1

-+

o

I

]

+ 1

+ o+ o+

[T~ W DT

+

F+++++  +

+ o+ o+

+

++

R

!

P ++

+ 4+

-

FFt

¢ -+ = positive; — = negative; d = some, strains positive, some negative.
b May be a delayed. posxtlve reaction.

¢ Aberrant strains oceur.
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Table 83. Characteristics of the species of Aeromonas hydrophila
Subsp601es hydrophila

isolates Bergey’s Manual
(26 strains) 8 ed.
Aeromonas Aeromonas
hydrophila
subsp.

hydrophila

Growth in nutrient broth at
37 °C (water bath)
Brown pigment (water-soluble) .
on trypticase soy agar oo - . -
Ammonium ion and glucose as
sole source of nitrogen
and carbon +
Ammino acids as sole source
of carbon o
L-Arginine + (18/26)
L-Asparagine ‘
L-Histidine
L-Glutamic acid
L-Serine
L-Alanine
Growth in nutrient broth
containing 7.5 % NaCl S
Butanediol dehydrogenase
Production of
Gas from glycerol + (23/26) +
Gas from glucose - + +
Indole in tryptone broth :
containing 0.1 % tryptophan + (23/26) +*
Hydrogen sulfide from 2.5 % v
pepton water + +
KCN broth (Mdller technique) + ' o+
Lysine decarboxylase reaction - v -
(Mgller technique)

I

(24/26) | +

+
%

¢

24+ + + o+

+

biotypes

: 1 2

Voges-Proskauer reaction + (15/26) + -
Gluconate oxidase test -+ -
Breakdown of ‘
Galactose
Sucrose
Mannitol

- Arabinose
Esculin

(14/26)

P+ +
Qo4 O 4

(17/26)

cf. d : some strains positive, some negative
* gberrant strains occur
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Table 84. Diffefentiation between Enterobacterbcloacae
and E. aerogenes o

isolates Enterobacter
' 1 2
Enterobacter cloacae aerogenes

(27 strains)

Gas produced from

Glycerol +

Inositol

Adonitol
Malonate as C source
Gelatin liquefaction
Esculin hydrolysis
Lysine decarboxylase
Arginine dihydrolase -

(26/27)

1+

*ak

++ e+

+ 1

+ 1 0y

of. * 1 slow liguefesetion, ¥*¥ : very slow liguefaction

cee
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