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Microflora of the Embryo and the Fry of Salmonids*

Mamoru YosHiMizu*?, Takahisa KiMURA*®, and Minoru SAxar*¢

Masu salmon Oncorhynchus masou and chum salmon O. keta were cultured from the stages

of the fertilized egg to spring {ry, and were used to know when the normal intestinal micro-
flora was established. The microbial viable counts and the microflora of the egg surface,
yolk sac, body surface, digestive tract, and intestinal contents of sac fry, advanced fry, and
fingering were investigated. Simultaneously ambient water and their diets were also investigated
microbiologically.

1.

2.

The results obtained are summarized as follows.

The microbial viable counts on the surface of eggs were 10°—10%g, and the microflora
Flavobacterium/Cytophagaceae and Pseudomonas were dominant.

The yolk of alevin and sac fry were sterile, but from the body surface of sac fry 10*—10%/g
viable microbial counts were obtained, the microflora were effected by the flora of ambient
water, composed of Pseudomonas, Flavobacterium/Cytophagaceae, and Achromobacter.

The microbial viable counts in the whole digestive tract of sac fry and advanced fry were
nil to 10%/g, but the intestinal contents of advanced fry and fingering were 10°—107/g.
The microflora of the whole digestive tract of sac fry were effected by the flora of diet
and ambient water, and were composed of Coryneforms and Pseudomonas. However, in
later stages the microflora of the intestinal contents of advanced fry and fingering were
mainly composed of Aeromonas as was the previous finding.

From the above results it was assumed that the normal intestinal microflora of salmonids
were established when the yolk was absorbed and the digestive tract was activated, at the

stage of advanced fry.
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Table 1. Viable microbial counts in the supply-
- ing water and the diet

Samplin, Water Viable co
sample dgte ¢ t(egr(xj;):. (jml or]g)lts
water  29. Sep. 75 13.8 4.2x 108

2. Oct. 13.7 2.2x10?
7. 12.6 2.2x10°
14, 11.0 4.1x10%
21. 11.0 1.2x10¢
2. Dec. ’75 8.3 3.2x10°
9. 8.0 2.9%x10%
16. 7.0 1.1x10¢
23, 8.2 3.0x108
6. Jan. ’76 8.6 4.9% 103

13. 8.2 8.7x10%

20. 7.0 1.0x103

27. 8.2 7.4x10?

3. Feb. 76 7.8 4.8x 103

10. — 8.8x 102

27. Feb. ’76 9.2 2.5x 108

24, Mar. 76 10.0 2.2x10¢
Diet 21, Oct. 75 — 1.3x108

9. Dec. — 2.7x102

18. — 1.4x10%

FIUEFEREROERSEFPHNERER AR X UKkR
tFim Table 1 wimlic, AARO&EEHIT 100~104/
ol TEAHIC RV CETRI T 2 EHERED bR,
35 10l DA~ 7~ TRIEL, TEHOLEED
100~104g BECTH DT

KRS L OER D FEES h i 180 #0 5 Bk
PRBEE Too7z THERER ¢ 173 BimD T genus L~
NOBERFTOIERIL Table 2 iRt LT, B

969

KD T3 Pseudomonas, Flavobacterium/Cytopha-
gaceae, Coryneforms, Micrococcus 7 £ ps i i L,
— B OEE M T Coryneforms 5% U
Micrococcus p' e DFHFa LTV iz,

BRPOMEMOLHEMLEE +2 7~ABIVY
r oy RO IEE O A B EHEREA B, T4
ROBEBBY, HRIMOEHES Y Lz Table3 5
LU Table 4 \ZR LT,

Tt Table 3 iwzinhz X 5 KB E Tov
7 7 = AQNFEE, 513 10~ 10%g DS CEE
TN, #HBHOEEE M B BE AR Lico

B> e r IIEEOLE ST Table 4 wabh
x5z, 10~10g OFEPICY 2 5~ 2 L Bk
BRIRCE 2 & T 2 AN EE S hicrl, 0%
Tz L, BLER T 104 BE LB BIE
zhic,

DLEDIRIREIDINRE X » 58X hcst 140 gz oy
TOSEHER Y Table S imR458 0 T, SREK6~9EH
DY 2 7 AREEL L OSEESL Flavobacterium/
Cytophagaceae, Xanthomonas, Pseudomonas o & p
EERRL, EFoveyrII0B& L BOBRRCI1LE
PLcEEr R L, SERROZBL  Flavo-
bacterium/Cytophagaceae DE[&A3EM L, FEERIL
BIRRCAPRESEEL LTERL,

FLEADE ) YRR, AERLTCKELEOLE
HEEHE 7 T~ABIUS a4 rBLRARDE ) &
BB, RFE 7 UM HIRE OEEEY BUBHERE A
B, ZHEEDEBRY, A& (FE&i Table 6 &
Lo Table 7 =77 Lz,

Table 6 =255 X 5128 5 A HEEILE

- Table 2. Generic distribution of microorganisms isolated from the supplying water and the diet-

3
8 3 o
2 5 g, 2 - =
=] a S B S by -
M S E f£ 3E § ¢ E : s,
o £ S § § 8% & £ g 5 72 58
= = g & § §2 & & § = £ 2 & =o=
: : sz £ 0F 203§ f 0§ o:oge
3 8 = 8§ = & = 4§ & £ <2 » D zZ
%
Water 29. Oct, *75 11 5 s 11 11 5 4 5 0 0 0 19
9. Dec. 0 0 11 2 0 5 5% ¢ 5 0 0 18
20. Jan. '76 4 21 9 4 4 0 54 0 0 0 4 24
27. Feb. 11 21 11 32 0 0 21 0 4 0 0 19
24, Mar. 0 4 4 S5 0 0 32 0 4 0 0 25
Diet 21. Oct. *75 16 4 0 0 O0 ©0 20 0 0 0 2 25
9. Dec. 50 s o © o0 o0 o0 0 0 0 0 20
18. Dec. 4 79 4 0 0 o6 13 0 0 0 0 23

* include some strains, no gas from glucose, no sensitivity to O/129 and terrestrial type.
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Table 3. Viable microbial counts on the egg surface of masu salmon

. Duration Number Sample
Sarggtléng of the Sample of the weight Viable counts/g
day samples (g)

29, Sep. 75 6 Fertilized egg 5 0.895 9.7x10*

2. Oct. 9 " 5 0.771 9.2x10¢

» 5 0.928 2.7x10%

8. 15 » 5 0.990 7.9x10¢

” 5 0.914 5.2x 10

14. 21 » 5 0,682 1.4x10¢

» 5 0.758 1.9x10¢

21. 28 Eyed egg 5 0.837 1.2x10¢

Table 4. Viable microbial counts on the egg surface of chum salmon

: i mb Sample i
Sar‘rilgtléng Dlérfaii;n Sample gi‘uthe ° weig%lt Xéﬁgig
day samples (® (/8)

2. Dec. ’75 0 Fertilized egg 5 1,133 3.7x108
9. 7 ” 5 1.150 6.1x10%
16. 14 ” 5 1.037 1.1x10t
23. 21 ” 5 1.273 1.6x10¢
6. Jan. ’76 35 Eyed egg 5 1.252 3.7x10¢
13, 42 » 5 1.050 4.8x10°
20. 49 » s 1.054 2.1%10°
27. 56 » 5 1.372 1.9x10*

Table 5. Generic distribution of microorganisms isolated from the egg surface of masu

and chum salmon

b
o2 5]

e 5 E b & 2

< o 4 3 28 g2 5 o - -

o § E § 52 § 2 8 o o 3
an S & =9 =28 & g s S « @
=] < = S Ra & 0 13 E woeE
7 = e o g 8o 38 © 3 =t % 9%
2 & ° S & © 8¢ € & % £ E ¢ & 297
2 £ @ S £ § 80 FE £ 3§ 5 ¢ § ¢ gz

& & & S 0 R R = @ & 8 < » 0z

%
Masu 29, Sep. '75 Fertilized 6 20 5 35 15 0 25 0 0 0 0 20
salmon 2. Oct. egg Q 0 0 25 50 0 20 0 0 0 2
%

Chum 2. Dec.’75 Fertilized 00 0 0 45 10 0 45 0 0 0 0 20
salmon 9. egg 0 0 0 20 15 10 45 0 10 o0 0 2
23. 0 0 25 5 10 0 5 0 5 0 0 2
13. Jan. ’76 Eyed egg 0 0 15 60 0 0 25 0 0O o0 0 20
20, 0 10 %0 0 o0 0 o0 o0 0o o0 20

HXhiehofes, BRMALILEE 1gih 102~10° &
EOLEENIEXR, FoEbEs S 100~10%g D
HEN THIE I h i,

—Jiv ey rDFEd Table 7 Zabhs k52
7 SAHED LEGTR LRI ST, R
(3R% 1Bfb& L) OFE g ¥ DEEOCAERT
100~10t BETH27H, HILE TR 3 EEGO 2 @ik

CRGCTEERRE SR, LERzs 0% 1008
DA — &~ DEEEHRE S RIS,
LLEDMLRERDE 7 5 A%, hEs L OHLED
5%, AEHIEEShicthRs X OHILErHOTE
b, MRMATREETH O IR KOV TE
HELic o R Table 8 R+ 28T #77
= ARIU Y myrHE#IC, (AETiz Pseudomonas
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Table 6. Viable microbial counts in the york, on the body surface, and in the digestive

tract of the sacfry of masu salmon

. . Duration Bod Bo
gﬁh Sample Sarggtléng of the leng¥h wei(gxt Viable counts/g
' day (cm) (e)

1 York 27, Nov. 75 65 2.3 0.15 N*

2 2.3 0.15 N

3 2.3 0.15 N

4 Body 2. Dec. 70 2.6 0.18 1.7x 108
5 surface 2.5 0.17 5.3x10%
6 2.6 0.19 1.4x10¢
7 9. 77 2.7 0.18 2.2x108
8 2.3 0.16 2.9x10?
9 2.8 0.19 9.3x10?
10 2.8 0.19 2.2%108
11 2.5 0.16 4,7x10?
7 Digestive 9. Dec. 77 2.7 0.18 8.5x 10t
8 tract 2.3 0.16 3.4x10%
9 2.8 0.19 1.4x10*
10 2.8 0.19 5.1x10°
11 2.5 0.16 1.4x10?

* negative resuolt.

Table 7. Viable microbial counts on the body surface, in the york, and in the digestive
tract of the alevins or the sacfry of chum salmon

. . Duration Body Body
glgh Sample Saér;;t)émg of the Stage length  weight Viable counts/g
' day (cm) (8

— Body surface 3. Feb. ’76 63 Alevins e 0.80 3.7x10¢
— 10. 70 Sacfry — 0.66 2.6x10%
25 York 3. Feb. 63 Alevins 2.4 0.21 N*

26 2.3 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 4.3x10¢
30 tract 3.3 0.53 N

31 3.4 0.55 N

* negative result.

8L Flavobacterium/Cytophagaceae » EH#EDTHE
ERL, ¥iovs 7~ ADHELETL Flavobacterium/
Cytophagaceae o EI&LHEA DS <, do
RS B\ TEE TS bhi: Coryneforms &
LU Micrococcus 0 (53 B EEH T, EHL Coryne-
forms, Pseudomonas, Flavobacterium/Cytophagaceae,
Micrococeus Vo Fic X b B ST o

BIEA, TLEAKIUERAOBALBRLES
F7 7720 LHAK I UERR, ROV YRYYy
DRERES R L OB FRROBNER I RIUEA B,
BGEORBEY, 4B HUIEEE iz Table9 &
LT Table 10 =R Lo

Table 9 (L2 bhB L5y 2 7w AR EHERI U
BHREAOBNEELITH 100~107g DBEATHE X
N, FloveyrinkwT i Table 10260 % X 52
JR(LREf s L O EREAOIBNAE R HiC 10°~10Y8
DOEENTHE ST,

Ll Eom s, FLMERS X UERRDOBABY L
b G hicE 335 BROSEMRT Table 11 BT
Table 12 ZRTH D ThHDH, Tichh Tablell iz b
RB XS, +2 5w AR LEROBNEEL Pseudo-
monas, Coryneforms, Aeromonas, Achromobacter Tt
L x o Bk, fihofEBEE s L URE KO
BN LT, EHEATIL Aeromonas B L
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Table 8. Generic distribution of microorganisms isolated from the body surface and the
digestive tract of the sacfry of masu and chum salmon
153
e $ §5 ] =
g 2= £ 388588 § . 3g<
* = 3 o S S 8§ }é S N & ©y
o =) e 5 f 8a f o B g LI
zZ 3 2 2 S 2 58535 8§ ¢ § . %83
2 = S S 5 £S2%T 5 Y £ 5 3 =g
g 3 E g $ 55595 £ 558 5§ 258
i ) 3 3 S 0 RE X g & ¥ ~5z2
7 Masu 9. Dec. '75 Body % 0 0 011 0 08 0 6 0 0 18
8 salmon surface 0 7 032 0 747 0 7 0 0 15
11 0 0 040 0 05 0 0 0 5 2
7 9. Dec. Digestive % 16 0 10 16 0 0 53 0 5 0 0 19
8 tract 05 0 0 0 542 0 0 0 0 19
11 035 015 0 540 0 0 0 5 2
29 Chum 3. Feb. 76 Body % 025 060 0 015 0 0 0 0 20
salmon surface

* see Table 6 and Table 7.

Table 9. Viable microbial counts in the intestinal contents of juvenile masu salmon

. . Duration Bod Bo
g‘gh Sagla;;};ng L«t13fatthe= Stage 1eng¥h wei(;{xt Viable counts/g
’ day (cm) (69]
12 27. Jan. ’76 126 Advanced fry 3.2 0.35 1.6x10
13 4.1 0.58 2.8x10°
14 3.4 0.35 2.6x10%
15 4.4 0.68 3.2%x10°
16 3.5 0.36 1.1x10°
17 27. Feb. - 157 Fingerling 5.9 1.9 1.7x108
18 4.9 1.4 1.8x 107
19 4.8 1.3 1.0x107
20 5.6 1.8 1.1%x108
21 5.3 1.9. 1.2x107 ...
22 24. Mar. 182 Fingerling 7.3 3.3 7.7x 104
23 7.6 2.9 6.7x10°
24 . 5.5 1.7 8.9x 104

Table 10. Viable microbial counts in the intestinal contents of juvenile chum salmon

: : Duration Body Body
}i]lgh Sag;?émg of the Stage length weight  Viable counts/g
’ day (cm) (8
32 27. Feb. 76 87 Sacfry 3.7 0.60 1.1x 108
33 3.5 0.60 1.2x10°
34 3.6 0.58 5.7x 108
35 24. Mar. 112 Advanced fry 4.0 0.50 2.6x10°
36 4.3 0.55 3.8x10°
37 4.3 0.55 2.0x10°
38 3.8 0.40 2.0x 104
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Table 11. Generic distribution of microorganisms isolated from the intestinal contents of

juvenile masu salmon

a
Q

° s §8 .g ®

v X =

T -1 B N B T
5 2 § € % §EE £ § g S 58
Z = S 2 §E 328 © § o 8 v 2%
o [ e 5 ) ST R = -3 2 £ 2 &8 B
5 £ 2 S5 § s0F 2 5§ 5§ § § ¢ EZ

) 3 & =0 ® R x @ & £ R 2 5z
12 27. Jan. ’'76 Advanced fry % 0 45 10 0 0 0 15 0 0 20 10 2
14 5 10 60 0 0 0 15 0 10 0 0 20
15 0 0 0 0 0 0 45 0 55 0 0 20
16 0 25 0 0 0 0 60 0 10 0 5 20
17 27. Feb. Fingerling % 0 0 0 0 0 0 0 0 100 0 0 20
19 0 0 0 0 0 0 0 0 100 0 0 20
21 0 0 0 0 0 (] 5 0 95 0 0 20
2 24, Mar. Fingerling 9% 0 0 0 0 [} 0 ¥ o 100 0 0 25
23 0 0 0 0 0 0 16 0 84 0 0 25
24 0 0 0 0 0 Q0 4 0 9 0 0 25

*1 include some strains; no gas from glucose, un-sensitivity of /129, and terrestrial type.

*2 see Table 9.

Table 12. Generic distribution of microorganisms isolated from the

juvenile chum salmon

intestinal contents of

3

] & E% § 2

z < £ % 58 3 3 3 3%
S o § 5 & $28§ § g 3 e %a
o £ S % 8§ §&§ o & ] 7 53
Z 5 o $ 28 5 €28 ¢ § =2 & . £ 2=
5 £ g §5¢ & 5% 2 § 5 8 % o3 g
i 8 & =0 R B = @4 & 8 S % 9z
32 27. Feb. ’76 Sacfry % 5 10 5 50 0 0 30 0 0 0 0 20
33 0 10 10 65 0 6 10 0 5 0 0 20
34 0 0 0 0 0 10 55 0 35 0 0 20
35 24, Mar. Advanced fry 9% 0 0 0 0 0 28 32 0 40 0 0 25
36 0 4 0 0 0 0 8 0 88 0 0 25
37 0 10 0 0 0 0 10 0 80 0 0 10

*1 gsee Table 10, *2  include some strains; see Table 11.

b, BiEd Dt g — vHMEEE LT,

~FYrHritisTit Table 2 mabh5 L 51T
R A RN E 1L Flavobacterium/Cytophagaceae,
Pseudomonas, Aeromonas, Coryneforms 7 Fiz & 1 ¥E
K&h, LZO¥s 7~ADBE L0 ABTRKOEE
DYENHL B O, Lo LB ERESE T deromo-
nas DB BEENEAL, chaEBEL LTRET
AEERTED bhi,

£ E

HEIH2 5~AR IOV r 7 W ERCEBEN S
EREB3REBEHOINER, MMEADHE, B/

O RES L OTILE, BERERS L ORERDBAZL
PeowTTh O OEBEBEEEYHELCERTHD
2%, RO IIEEHIXIPER g ¥y 100~10° 0F
FRNCTEEESE S 1, RS e mT 5 8m
MEZ X hic (Table 3 % X0t Table 4), FOE#EL
FEMPOBME TINRE AKX OEE (Table 2) LI L
< Pseudomonas, Flavobacterium/Cytophagaceae,
Xanthomonas 73 8V X DR AT 525, BEOE
8L 3tz Flavobacterium/Cytophagaceae o5 % E]
BrEML, ChyRRACIEEOEALHTIRESD
ZEMREES R (Table 5), = OFSFIIERICKY:
T Flavobacterium 3%\ % Cytophaga »\@FRicis
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HMXhz e LT3 BELL e al'® DRIz
L, ZhoERAoREmEE OBE THL - L il
Bihis,

KL, B ¥ 2RI ORI DR ERERIC 50
TE, WTROBRECISTHE 2 D b
BH X R hoticn, BEMBIMGEgMD 100~1008
Eo4LEMARIE X (Table 6 s X vf Table 7), %4
+0OWi%r Pseudomonas, Flavobacterium/Cytopha-
gaceae, Coryneforms 7z ik i ah, #EOH
Buraho SEAKO BB RUT A LN BESR
7= (Table 8),

T TR LR D BEEE D B 100~ 10%g DFEiFE T4
BRI NESh, #OE#IL Pseudomonas, Flavobac-
terium/Cytophagaceae Offl, fEEHZ RV TEER LH»
72 (Table 2) Coryneforms, Micrococcus fo ¥ D
N Xh (Table 8), /v evrickuTLRED
Braniobhicz &6 (Table 12), = ORI L
TIHEHE L TR Y AT h AFET RS L UAROEE
DEEFTHZ L BB,

—HE ) S RINE DI LR RS X OEERDBHAY
T, EEZEIEDHR 50 100~ 107 DR TEREK
NEESH, ZOBRL RSP ECORFTABIV
RAEBBROBE LABRETH 2 (Table 9 wror
Table 10), # %% DEEIC W TILIFE LYY Coryne-
forms 3 X 0 Pseudomonas )NEfE%x i LT Teps,
DEEEIT Aeromonas D53 HE| & 2358 L (Table 11
#X0¢ Table 12), B0 & 2RI X h 5 & ORI 34
THIHE CcBEs ey HAEBREOBREEN I
BREINnbC LABEIhI, B OB MbENRE
EL, o BERLED BRI abh Tk
DB®, = ORI IEEPNCEE OMAE D E RBRE R
Sh, ZOBERCHEE LEEC L 0 EEOBEENBE
ERHHDLHEEIND,

BLED X 5 wkBEDOBEIZ TS, BLEMmE
i B BHAETY LA, bR B 43,
8, nRic EABEKROMBERCY hBEREh, K
THLEDORE L R AL ELERN~NETh, BLE
DRECHIL L EEN T L EETHC LA EESh
120 ThebhbBRMEEL T TERKOEE, KkTE
BT X ) EROEEOHEY 2T 50, RE L L
B ORI L, B F OB T T B8
B2 ATk Y, WRYYrccBEIhick
S5nERHOBAMEE R IhB dD LRI,

B #

#2752 ARIVOY Yt r e, FRETRTEN
LREBIZE 5 REERFC T, IIEE, MMLEAD

&, B TRENRICBLE, BERERSL R

BOBHEY, AERAKLSOIERIC LT, Fhs

DERE L TOERRHEBHE L TUToC L 2Ry

B

1. MBEHOIEE, SR ENLEEC, NEgsy
h 100~10° OFEEACEEENWE S, ok
Flavobacterium/Cytophagaceae }s t 1% Pseudomongs
PREGEER LA, ZOHEE D&/ E By
L7z ' o

2. WHCRRDHE ) &R S MELRIE SR
o2y, RS DIMEE g %) 10°~10° DAEHRY
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