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Studies on the Intestinal Microfiora of Salmonids—I.
The Intestinal Microfiora of Fish Reared in Fresh Water and Sea Water

Mamoru YosHmMIzu,*? Takahisa KiMUura*?, and Minoru Sakark?

Viable counts were determined seasonally on the intestinal contents of 22 masu
salmon (Oncorhynchus masou) and 10 king salmon (Oncorhynchus tschawytscha) reared
in fresh water and sea water, and on these ambient waiers. Two kinds of media,
fresh- and sea-water based media, were put in parallel. Over 1600 strains were
isolated from the above samples. The composition of the microflora was determined
according to the scheme of SHEWAN er. al. (1960).

The results are summarized as follows:

1) The number of viable bacteria in both fresh and sea breeding waters was
about 10° per milliliter with no observed seasonal variation. The composition of
the microflora mainly included the genera Flavobacterium/Cytophaga, Achromobacter
and Pseudomonas.

2) The number of viable bacteria in the intestinal contents of salmon ranged
from 10¢ to 107 per gram. The intestinal microflora was comparatively simpler than
that of the ambient water, and the floras of fresh- and sea-water reared salmon
were quite different. The principal genera in the intestinal contents of fresh water
reared salmon was genus Aeromonas and the family Enterobacteriaceae, while that
of sea water reared salmon consisted mainly of the genus Vibrio.
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HBENE LIrEme sty EEE D OFE 1om DG Table 1. Composition of the medium used

FTOBERHB LT, L OREERENCRNR o ——
LTCQ %Wﬁ%ﬁl@*ﬁﬁ%ﬁ?ﬁ@ 5 b: yﬁ?fiﬂﬂ(‘ (g) (g)
16 L UBAB AR RHEK, WARERE L0 Polypepton (Daigo) S0 5o
KEEHIATEAEBWTCERFR 10 EFHRET Beef extract (Kyokuto) 2.5 2.5
IDERWIBER L, SRR 0.2ml 24 Yeast extract (Daigo) 2.5 2.5
SR L, 25°C- 5 BISERE, RASERY ﬁ@iﬁ g& 02
HRC X DAL, BREHTIBER 1849, Ghicose Lo 1o
KRz Lml X OWER TR L, BkOT NaCl 5.0 —
Bz, FRGEOREFRERo—EERF0LEE ggail (Idiyf’kuio) ;(5)(.)8 | 13 .8

o o - istilled water m 50 ml
g?;;gf) EHIR L, MR TR L THROE artificial sea water*® — 750 ml

ARERONE:  AWERE TEOABERD Adjusted to pH. s T8

BWEXFTL, SHEWAN ef. al. OFED 8 1T

cf. *1: fresh water agar,
*2; sea wgter agar

genus VS ADFREAT 2N, . *8. HEerssT's artifical sea water (composi-
pRegaERRE: BEHRoaFXC LY, Kb tion: g/100ml; NaCl 3.0, KCI 0.07,

BAMTEEAER T 25°C - 24~48 BREE LcEG MgSO0, 0.26, MgCl, 0.5, CaS0, 0.1)

2w, BERY 77 st WE, EEiE,

WEOREYERE LI,

EepmtERRE: NEREROBEEGLHAL, ﬁ'/y: — A OF{EFEEE oW T oK Bskiki
HucH and LEIFSON,* YKk LEIFSON OFEDIC LY, FioF b2 w—uadd v 8 — & kL
Kovac’s OFEN & W BB Lz, X5 genus Vibrio ot Vibrio static compound. 0/129

R ET o1,

# £

&BY FHEBORAFAK SELKRIVCEREREFRSOBKOABERYEAKEAR, KR, KE
B L 3tic Table 2 iR LTz,

HHEBEOHTAKE L UCRAEMAOERERT I97TTFE TR XD 197246 RcE 5 EA%E, 10°9/ml (BKEE
W) O - F—TELALESHERIZD 6T, 1970F 10 R kit 3 2REHFTHOLEH L 10°/m!
(B OF ~ & —TH ol FBAR oMK, BARBORASEMC BT 248 IV T h
OBEL EROEBRR X W P {BEH 3T,

KHEROBARYHOAERYHEEAD, AR, #F, ki Table 3 R,

BK FHb) FEAOBARYOEERET, 10~10/g (BoKIEH) ORET, 2V EEERZS
P, EMUEESLHE Tk, FlEK (BRERTS) SFACHEE T, YNEWRCLDEHE
BETHILMN 108~100g (FBKEH) ORETH O,

HEE SEREARICETROBASY, LIROITETHEE L 1609 ¥ X b SATEEL B
7o 1361 #HizoWnC, Fig. 2 iR+ SHEWAN ef. at. OFECEYL LT genus VA D5EEfT271,
Z DRER L TR AT 5% genus OMBR (HH5E) CTRTL Table 4, Table 5 5510 Table 6
DTELTH D,

Table 4 LHbhb L5, WEREK O 5 b RHMIBEATHKOPEEZOZHIXESE genus Flavo-
bacterium|/Cytophaga, Pseudomonas 35 X% Achromobacter %G, ZFHiRNC i3 £H © s\ T genus

Pseudomonas DEEDIPEIN L, genus Aeromonas (34 <, ¥ family Enterobacteriaceae 4,13 & A, L
Bhighote, —FRTMKOMEROTHIFHTRAR L ERRTH 528, L <d genus Aeromonas
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Table 2. Viable counts in fresh water of Mori Hatchery and sea water of Oshoro
Bay Culture Station

Atmos. Temp.* Water .
Place Sampling date (min—ma)?) Position DEPth temp. Viable Counts/ml
°C) (M) og) (FWA (SWA)
Mori 9, July '71 18.1-24.1 A 0 12,7  5.2x10° 1.4x10°
B 13.0  4.4x10° 8.0x10°
p-8% 0 13,5 3.8x10® 7.5x10?
p-9 13.6  4.6x10° 4.0x10®
p-10 13.6  5.7x10° 8.5x10?
3, Sep. '71 12.9-23.8 A 0 13.5  3.6x10° 8.7x102
B 13.8  4.1x10° 3.1x10°
p-8 0 15.6  2.0x10° 3.0x10?
p-9 14.5  3.9%x10% 1.3x102
p-10 15.0 — -
10, Nov. 71 1.4-10.3 A 0 9.2 4.8x10° 4.2x10°
B 10.7  3.2x10% 2.7x10%
p-8 0 9.8  4.8x10® 4.2x10?
p-9 10.8  4.4x10° 2.2x10?
p-10 10.6  9.7x10% 2.5x10
9, Dec. "71 —3.4- 1.4 A 0 7.8 3.9x10% 1.9x10%
B 9.5  2.4x10° 1.4x10?
p-8 0 8.0 4.2x10° 7.0x10®
p-9 9.7  4.3x10® 3.8x10!
p-10 9.2 3.2x10% 3.5x10t
26, Jan. 72 —8.7- 0.8 A 0 6.2  6.6x10° 6.4x10?
B 8.6 4.0x10° 3.4x10?
p-8 0 6.4 8.5x10% 1.7x10
p-o 8.6 2.2x10° 2.2x10?
p-10 7.5 2.7x10° 1.9%x102
17, Apr. '72 ~3.1-17.8 A 0 11.7  3.4x10° —
B 11.4  4.0x10° —
18, May. '72 10.0-17.1 A 0 11.9  5.1x108 —
B 13.0 4.9x10° —
22, June ’72 15.0-19.1 A 0 12.9  4.6x10° —
B 13.3  5.5%x108 —
Oshoro 30, Oct. *71 — C 0 14,1 2.4x10° 9.6x10°
15 14.6 1.0x10® 4.1x10°
D 0 14.2  8.9x10® 1.5x10°
9 15.2 1.0x10* 3.0x10¢
E 0 142 9.0x102 2.0x10°
5 14.8  7.3x10* 1.6x10°

cf. *: atmospheric temperature,
*2: fresh water agar,
*3: sea water agar,
*4; pond No,
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Table 3. Viable counts in intestinal contents of salmon reared in Mori Hatchery

and in Oshoro Bay Culture Station

Viable counts/g.

Place l;}igh Sampling date Fish species 12323;1 vggid{n intest. cont.**
’ (em) € (FWA®  (SWA)®
Mori 1 16, July '71 O.m # 15.0 29.5 1.4x10°  5.4x10?
2 18.8 61.0 — 2.2x10°
3 3, Sep. 71 O.m, 21.0 103.7  3.6x10°  1.1x10*
4 21.0 96.6  8.4x10* 4.0x10°
5 13, Oct. '71 O.t.2 13.5 38.3 L.9x10¢  5.9x10°
6 16.5 46.1 6.8x10"  4.4x10°
7 15.0 30,0 3.4x10®°  6.2x10°

8 19.0 62.4  1.2x10* —
9 17.5 53.4  1.8x10"  5.8x10°

10 17, Apr. 72 O.m 18.0 68.1 9.3x10¢ —

11 18.5 84.1 1.4x10° —

12 18.9 71.3 2.3x10¢ —

13 18.0 71.3 1.2x 104 —

14 19.0 99.0  6.3x10% —

15 18, May ’72 O.m 21.5 140.0  1.5x107 —

16 21.0 132.0 6.8x10° —

17 24.0 187.0  4.8x10* —

18 20.0 101.0  1.9x10¢ —

19 213 42,0 1.6x10° —

20 21.0 100.0  8.0x10° —

21 22, June '72 O.m 24.0 200.0 1.5x108 —_

2 25.5 215.0  1.1x10° —

23 7, July '72 O.m, 15.0 39.0 5.5x108 —

24 16.5 50.0  3.4x10° —

25 18.0 58.0  1.0x108 —_

26 18.5 58.0 3.3x10°7 —

27 15.5 38.0 7.4x10* —
Oshoro 28 30, Oct. '71 O.t. 35.0 885  2.8x10®°  3.5x10°
29 39.5 865  3.3x10°  2.6x10*
30 44.0 1300 6.4x10®°  B8.7x10°
E}] 38.5 150 3.0x10*  4.0x108
32 35.0 785 2.3x10° 9.4x10°

cf. ¥: viable counts/g. intestinal contents,

%2

x4

%5

: fresh water agar,
#3.

sea water agar,

: Oncorhynchus masou; masu salmon,
Oncorhynchus tschawytscha; king salmon.
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Table 4. Generic distribution of organisms isolated from fresh water of Mori
Hatchery and sea water of Oshoro Bay Culture Station

v

= 8 =

~ o ]

5 ° § E § 8¢ 3 ¢ 3 2

5 = =] 3 < e ws 8 g = =]

= R S 3 S g QR ) ° fm

@ B p= S £ s 8% ¢ > 2 E ;;; 3

: E 2§ F f 0§ 3 F P OE|s

) & £l 6 = & &4 & K = Z

Mori 9 July "7t A |0 14 3 35 10 17 0 21 0 29

(FWAy Al 5 13 24 20 7 14 0 16 2| 68

3, Sep. ’71 A (%17 7 7 3 17 17 0 4 0 29

B 4 0 14 28 32 11 0 7 0 28

9, Dec. 711 A % 6 6 6 44 13 25 0 0 0 16

B 7 7 7 36 0 43 0 0 0 14

26, Jan. ’72 A |% 0 11 35 18 0 36 0 0 0 28

17, Apr. ’72 A % 5 26 37 0 11 0 16 0 19

9, July ’71 p-8 |% 8 8 38 8 19 15 0 4 0 26

p-9 4 0 16 12 4 28 0 36 0 25

p-10 6 13 13 39 3 10 0 16 0 31

3, Sep. "1 p-8 |% 4 0 12 54 11 0 0 19 0 26

p-9 0 3 16 36 20 0 0 20 0 25

9, Dec. '7T1 p-10 % 0 0 24 28 14 29 0 5 0 21

Oshoro2 30, Oct. 71 C [0 26 26 21 0 26 0 0 0 19

(SWA)* E 17 4 30 13 22 9 4 0 0 23
Average

Mori. water to pond % 5 9 18 28 11 19 0 10 0 231

water in pond 4 5 19 30 12 13 0 17 0 154

Oshoro. sea water 9 14 29 17 12 17 2 0 0 42

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

35 L 0° family Enterobacteriaceae ()& 5 BilNETHRE I,

W BREBHE HOYAK T genus Achromobacter, Flavobacterium/Cytophaga ¥s Y18 Psendomonas
BHEEOEGEY EDD I LRRSMEBORKOBE LEHETH o1, BAHEEHFFILRHIHh
fensote genus Vibrio BT HEMAETFHRE SR,

Table 5 2R+ HABRAOBNEHRREROIEERZ, WRORBTREKOMER L 1Bx»RICL,
AEBHC I TEGER L1 genus Achromobacter, Flavobacterium|Cytophaga ¥ Y% Pseudomonas
LA R Eh Y, BRKATRDH AL genus Aeromonas L family Enterobacteriaceae 7%, %
1R ETE AOBAIIL genus Vibrio SERICHRIE S h, BOKSH @ L AT ROBIC 2 b THEMH
TeiESBRE I R,



97

Table 5, Generic distribution of organisms isolated from intestinal contents of
salmon reared in Mori Hatchery and in Oshoro Bay Culture Station

¥ W

2 - 3 5
9 2 5 £ 2 o

8 3 s £ § f & ¢ i
o 0 . S 5 S =8 8 3 g &

& L = S o 151 = =

s E 213 ©® £ 3% 5 5 S -

: < S L E3S S oY ofof g

8 E 218 § 3 8 F 3 £ 5 &| ¢
A 3 L= o < KR m & X = Z
Mori 16, July *7t 1 |{% 0 0 4 0 0 0 0 9% 0 28
(FWAjy* 2 0 8 0 0 0 6 0 2 0 13
8, Sep. "7l 3 1% 0 0 0 0 22 0 0 78 0 30

4 0 o 10 0 0 0 0 9% 0 27

13, Oct. '71 5 (%4 83 ] 4 0 0 0 5 4 23

6 0 0 1 0 8 0 0 0 0 27

719 7 8 0 35 0 0 32 0 26

8 0 3 0 0 0 0 0 97 0 22

9 0 6 6 63 6 0 32 it 36

17, Apr. ’72 10 % 7 24 14 3 3 0 0 49 0 29

i1 0 0 7 0 4 0 0 89 0 27

14 0 33 27 0 0 0 0 40 0 30

18, May '72 15 |% 0 0 0 0 0 0 0 100 0 30

18 3 0 3 0 i 0 0 94 0 30

19 0 0 18 0 0 0 0 8 0 27

7, July "2 23 1% 0 0 0 0 37 0 0 63 0 30

24 0 0 0 0 83 0 0 17 0 30

Average % 2 9 6 119 0 0 62 1 459

Oshoro 30, Oct. ’71 28 |% O 0 0 0 0 0 100 0 0 11
(SWA)* 29 0 17 10 0 0 0 7 0 0 29
30 0 0 0 0 0 0 100 0 0 25

Average % 0 7 5 0 0 6 88 0 0 65

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

PEoBGHOSTEEEYBE TS L Table 6 KRTZL LT AFADBHNAYOMBEIRKETE
BTIX genus Aeromonas, family Enterobacteriaceae, ¥EXKFIER T genus Vibrio »3:{Euic L,
FRENOFEERIE K OMERC 35\ Tk /o1 genus Achromobacter, Flavobacterium{Cytophaga 3s
XU Pseudomonas % L TR BERE R LI

£ 3

AHEDOHRBIABNCBONEET CHAETSNICLOT, v BAHOBRMECSOWTOSEN
TR HEE LBt BoRBREYEETHELKROBY Th B,
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Table 6. Generic distribution of organisms isolated from waters and intestinal
contents of salmon

Place Mori Oshoro
Water Water Intestinal Intestinal
Sample to pond in pond contents | S¢2 WATT | contents
Medium FWA* SWA* FWA SWA |FWA SWA [FWA SWA |FWA SWA
Micrococcus 5 7 4 2 2 1 21 9 7 0
Coryneforms 9 21 5 2 9 47 10 14 26 7
Achromobacter 18 16 19 17 6 3 32 29 23 5
Flavobacterium/Cytophaga 28 9 30 15 1 1 15 17 3 0
Enterobacteriaceae 11 30 12 34 19 47 0 12 16 0
Pseudomonas 19 11 13 6 Q 1 22 17 21 0
Vibrio 0 0 0 0 0 0 0 2 0 88
Aeromonas 10 6 17 3 62 0 0 0 0
Yeast 0 0 0 1 1 0 0 0 3 0
No. of the isolates 231 127 154 65 459 102 28 42 88 65

cf. *1: fresh water agar, **: sea water agar

BEOBNEMCIIER 100~10%g &, pic b SWMOMBARERET 5 2 LAEBR T B, ARgE
DPHBTHV T, RAFATAS LOBARFTROVThORE L AEOBENME bR Lo L, Bk
BB R TR X ) Bk & ) BBV ABR R SR, EBKATROHAITTOMORER
HELN, FEREKOEENBNEYFOMEOERCEOICHEY S 2 T\ b LRI R,

BRBHOMER L, ZHLE (BK) ORTHRTIL genus Aeromonas, family Enterobacteriaceae
DBEED 81%, BHREHFETSH (BK) OEEHRTE genus Vibrio 1 8% LFoxfik ks, FhER
DEAFEEK OISR Xk icd genus Ackromobacter, Flavobacterium/Cytophaga Pseudomonas
FLIHLMCRD, WAALBERAOENMERCERIEROS B 2 L AME SR,

DA EoofsRIx, genus Aeromonas, Enterobacter, Pseudomonas, Acinetobacter %% ¥ K& ORGP
BOXEMRALE L S MATTHES,*™ TRUST,? & « 300 OHELEETH L ERERTHY, *i
BWERIZOWTE, genus Vibrio %% OESE L £ % 5 LisToN,? HE - JILY £F, EE - KE®
oFER, EEBEEOMER ICILE L TER I genus Vibrio BB IS 3 &+ 5 CoLweLL,®
SHrIVASTAVA and FLOODGATE,* NEWMAN er. al.®® &DE ) —FHT+ 2R TH 5,

= #

L #Hebl (R S IOBBRERETS (BK) ORTREKOLBERIY 109/m! BEc, FEREE
UTHBE LB BT 5 BR CREHNER I BDH LT, AEREF—~ETH %,

2. MEROBWEDPOEE L 10°0~107g OFE THR D DEGEIRD b, BB LEEO
RS bR hDr,

3. FEREKOHMIER L LTI, Bk, BREKL genus Flavobacterium|/Cytophaga, Achromo-
bacter, Pseudomonas 134 DEEA 5Tz,

4. FEROBEARWOMERIAFTREEADC r h L B L, FOoBRIBMT, BrEkREa TR
genus Aeromonas, family Enterobacteriaceae, ¥gXKEE R TIL genus Vibrio p3 Dl &
mohits,
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