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Studies on the Methods for Reduction of Bacterial Load in Rotifers
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SUMMARY

The seed production activities leading to sea farming program have now been conducted for about 80

species of marine fish and shellfish in Japan. The progress of seed production of marine fish has been

supported by various technical developments. Among these, the introduction of rotifers (Brachionus species)

into hatcheries as a start feed for larval fish is one of the most important developments. But ironically, cultured

rotifers are often heavily comtaminated with bacteria and sometimes cause intestinal infections in larval fish
that fed rotifers especially when they are loaded dominantly with Vibrio species.

In the present study, elimination methods of bacteria from rotifers cultured for mass seed production of
various marine fishes and ayu (Plecoglossus altivelis) were investigated. As a result some effective methods
including chemical (sodium nifurstyrenate: NFS) bath treatment were developed. Effects of bacterial load of
rotifers with different quantity and quality (flora) on the growth, survival rate, and intestinal flora of larval fish
were examined. The fate of bacteria, which were artificially housed by immersion in rotifers as the dominant
flora, was studied. The duration of efficacy of NFS bath and effect of simultaneous exposure of rotifers to
nutritional additives on the efficacy of NFS bath were also examined. Finally, methods to increase productivity

in seed production of marine fishes were discussed.

Part I
Informations about occurrence of mortality and kinds of feed used for seed production of ayu were

collected and analysed by a questionnaire to 35 governmental and private ayu hatcheries in 1984 ~ 1986.

1) Rotifers and artificial diets were used in all hatcheries. Brine shrimp (Artemia salina), yolk of chicken
eggs, and water flea were used more frequently in private hatcheries than in public hatcheries. Rotifers
tended to be administered to ayu for long period beyvond necessary term.

2) Mass mortalities were recorded in 41.2 ~ 51.4 % ayu hatcheries every vear.

3) The frequency of mass mortalities in hatcheries where live diets were medicated was less than half of that
in hatcheries where medication was not applied. From these results, it was considered that some bacteria in

live diets were associated with mortality of ayu larvae.

Part I
Effects of NF'S bath, ultraviolet irradiation, and freezing on the reduction of bacteria associated with

rotifer or brine shrimp were investigated.
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4) NFS bath (1 mg/l, 4 h) of rotifer did not reduce the number of bacteria which were estimated by culturing
on ZoBell's 2216e agar. However, number of bacetria on BTB teepol agar (mainly belong to the genus
Vibrio) decreased from 108 CFU/g to 105 CFU/g. Thus, NFS bath of live diets was thought to be effective to
reduce mortality of larval fish by lessening bacterial load of rotifers.

5) Ultraviolet irradiation tested in this study did not reduce the number of bacteria in rotifers.

6) Bacterial number (BTB teepol agar) of rotifer and brine shrimp nauplii decreased from 108 CFU/g to 103
~10° CFU/g during 1 month of freezing (-15°C). Vibrio species were found to be more sensitive than
Moraxella and Pseudomonas species against freezing.

The two fish pathogenic bacteria, Vibrio anguillarum and V. ichthyoenters, artificially housed in

rotifers could not survive for long period (30 ~ 40 days) of freezing (-15C) .

These data indicated that freezing is one useful method to reduce bacterial load in live diets, although

quality of diets and feeding efficiency larval fish would be lowered by freezing.

Part 1M

It has been reported that the rotifers cultured for seed production of marine fish contain bacteria
consisting mainly of Vibrio, Pseudomonas, and Morazella at about 107 ~ 108 CFU/g. In order to prepare
rotifers which were dominated by known bacteria, the rotifers, whose original bacteria were inactivated by
previous treatment with penicillin G and streptomycin, were exposed to cell suspensions of 10 strains of
bacteria (Vibrio, Pseudomonas, and Moraxella) isolated from rotifers.

7) The concentration of each test bacterium rapidly reached 107 ~ 108 CFU/g in the rotifers when exposed
to its suspension at 1.0 X 10® CFU/ml. But, after transferred to seawater, the concentration of Pseudomonas
and Moraxella strains decreased from 1.2 ~7.1 X 107 CFU/g to 1.7 ~5.2 X 10° CFU/g in 4 h. Additional
experiments revealed that these decrease were caused mainly by inactivation or digestion by rotifers. On the
other hand, the concentration of Vibrio strains never decreased in rotifers.

These results suggest that Vibrio was different from other bacteria in its affinity or resistance to rotifers and

that Vibrio and Moraxella-Pseudomonas are a parasite (or commensal) and a feed, respectively, to rotifers.

Part IV

The effects of feeding of rotifers and brine shrimp which were treated with NFS bath or freezing on the
growth, survival rate, and the aerobic bacterial intestinal flora of black seabream (Acanthopagrus schlegeli)
larvae and ayu larvae were investigated.

8) Intestinal bacterial counts on ZoBell's agar in black seabream larvae were not different among the three
groups after 10 and 15 days, however, after 42 days bacterial counts in the fish fed with medicated live diets
(1.3 X 10° CFU/fish) and fed with frozen diets (5.3 X 102 CFU/fish) were much lower than that of control
group (8.6 X 10% CFU/fish). The dominance of Vibrio species among intestinal flora was apparently higher in
the control group (100%) than the two test groups (28 or 29%).

9) The average total length and survival rate of the fish (46-day-old) at the end of the experiment were 16.5
mm + 41%, 14.0 mm * 73%, and 17.6 mm - 26% in test I (NFS bath), Il (freezing), and II (control),
respectively. There were no differences in the suffocation tolerance (handling test) among them. From
these results, frozen rotifers and brine shrimp nauplii seem to be superior as diets for black seabream larvae.

10) In the experiment of ayu using 3 fish groups ( I: NFS-treated, I: frozen, II: non-treated live diets),
average of bacterial counts (ZoBell's agar) through the experimental period (80 days) were 1.1 X 104, 4.8 X
10%, and 5.0 X 10* CFU/fish, in the groups I I, and I, respectively. Survival rates in the three groups at the

end of the experiment were 78, 25, and 97%, respectively.



11) Vibrio (55.2 ~67.9%) constituted dominant bacteria in all the ayu groups, the differences among groups

being small on the average. Totally, expected good results in rearing of ayu larvae by treating live diets were

not obtained in this experiment.

Part V

Duration of effectiveness of NFS bath and effects of simultaneous bath with nutritional additives (n-3

HUFA) on bacterial populations in rotifers were investigated.

12) Bacterial counts of rotifers on TCBS agar decreased from 10°~ 10° CFU/g to 10° ~ 10> CFU/g by NFS

treatment (5 mg/l) for 3 h. But the bacterial counts increased to 10° CFU/g 6 h after the medicated rotifers

were transferred to seawater.

13) The efficacy of 3h-NF'S bath was partially inhibited by the simultaneous bath with the nutritional additives

used, however, the density of Vibrio bacteria (TCBS counts) of rotifers decreased to 10*~ 10> CFU/g,

irrespective of inhibitory effects of the additives, after 5 h of NFS bath.

Part VI

Methods for reduction of bacterial load in live diets and methods for improvement of survival rate of

larval fish in seed production were discussed.

It was considered that the reduction of bacterial count of live diets would lead to the improvement of

mass seedling production. For that purpose NFS bath and freezing of live diets are recormmended although

both methods have their own shortcomings.
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Fig.1-1. Changes in annual production of ayu (Plecoglossus altivelis)
seedlings in public and private hatcheries. Pu:public, Pr:private.
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Fig.1-3. Kinds of diets used in public and private ayu
hatcheries in 1984 (Showa 59)~1986 (Showa
61).
Rerotifer (Brachionus spp.), AD:artificial diet,
BS:brine shrimp (Artemia salina),
Y:yolk of chicken egg, WE:water flea

Table 1-1. Combination of diets used in public and
private ayu hatcheries from 1984 to 1986

Fiscal 1984 Fiscal 1985 Fiscal 1986
(S59) (S60) (S61)
Diet Public Private Public Private Public Private

" dn  @»  J12 @2 (12)

R+ AD 17 0 1 1 1 0
R-AD - BS 11 1 12 1 12 3
R-AD-Y 0 3 0 1 0 I
R - AD - WF 2 0 1 0 2 0
R-AD-BS-Y ' WF 1 1 I 3 0 1
R-AD-BS-Y 4 2 4 3 5 3
R+ AD - BS - WF 3 1 4 1 2 2
R-AD Y+ WF 0 3 0 2 0 2

R : rotifer, AD:artificial diet, BS : brine shrimp, Y : chicken egg yolk
WF : water flea.

“! Number of hatcheries surveyed.

“2 Number of hatcheries where the given diets was fed




Table 1-2. Days after hatching when each diet was administered for mass-prodution of ayu seedlings in hatcheries

R AD BS Y WF

Beginning Termination  Biginning Beginning Termination Beginning  Termination  Beginning Termination

Fiscal 1084 Public 12 (0-5) 68.7 (5-110) 11.7 (0-45) 29.5(10-56) 102.5 (70-164) 19.0 (5-30) 85.0 (75-100) 61.0 (45-101) 102.2 (75-150)
(S59)  Private 1.6 (0-3) 92.1(59-120) 6.8 (1-12) 36.2 (20-63) 92.2 (70-114) 12.0 (3-20) 54.6 (20-94) 68.0 (50-110) 122.0 (110-130)
Fiscal 1985 Public 1.3 (0-5) 65.7(25-90)  11.7 (1-26) 32.8 (10-56) 105.9 (57-160) 20.0 (5-30) 72.8 (30-90) 53.8 (41-64)  87.8 (74-107)
(S60)  Private 1.7 (0-3) 780 (40-116) 7.3 (1-15) 41.1(15-69) 89.6 (50-112) 11.4 (1-20) 54.7 (20-100) 71.7 (45-110) 1225 (115-130)
Fiscal 1986 Public 1.3 (0-5) 68.0 (30-110) 13.2 (1-60) 295 (10-61)  92.8 (60-120) 23.4 (20-30) 67.0 (30-90) 64.0 (41-90)  91.7 (70-105)
(S61) Private 1.5 (0-8) 74.6(30-130) 9.3 (1-30) 38.8(15-70) 89.3 (60-120) 15.0 (5-33) 59.9 (38-100) 52.0 (45-70) 113.0 (75-130)

R : rotifer, AD : artifical diet, BS : brine shrimp, Y : chicken egg yolk, WF : water flea, () :range

Table 1-3. Method for culture in ayu hatcheries

Fiscal 1984 Fiscal 1985 Fiscal 1986
(S59) (S60) (86D
Public Private Public Private Public Private

Type of rotifer : S type 15%* 6 16 6 18 6
L type 2 0 2 1 2 1

Both 5 1 5 4 4

Culture method : Batch method 16 7 15 7 16 7
Thinning method 5 2 7 2 6 2

Mixed 1 1 0 2 0 2

Disinfection of rotifer 2 1 3 3 3 3

*Number of hatcheries where given diet or method was used.

Batch method : A whole batch of rotifers cultured in a tank is collectively harvested when the density of the animals is
highest. i

Thinning method : Some amounts of rotifers cultured in a tank are intermittently harvested by keeping continuous
culture.

Table 1-4. Usage and disinfection of brine shrimp (Artemia salina) in ayu hatcheries

Fiscal 1984 Fiscal 1985 Fiscal 1986
(559) (S60) (861)
Public Private Public Private Public Private
(22)* (6) (26) an (23) (15)
Number of hatcheries using Artemia 19 5 21 8 19 9
Disinfection before use 3 1 5 3 4 6
* Number of ayu hatcheries surveyed
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Table 1-5. Occurrences of mass mortality of ayu seedlings in hatcheries from 1984 to 1986

Hatchery Number of ayu hatcheries that experienced
Mass mortality / hatcheries surveyed (%)
public 10/22 (45.5)
in fiscal 1984 47.1)
(S59) private 6/12 (50.0)
public 13/23 (56.5)
in fiscal 1985 (51.4)
(S60) private 5/12 (41.7)
public 9/22 (40.9)
in fiscal 1986 (41.2)
(561) private 5/12 (41.7)
Hatcheries with public 4/22 (18.2)
mass mortality (23.5)
in all the 3 years private 4/12 (33.3)
Hatcheries with public 4/22 (18.2)
no mass mortality (20.5)
in any of the 3 years private 3/12 (25.0)

Table 1-6. Effects of disinfection of live diets (rotifer and
brine shrimp) on the occurrence of mass mortality

Occurrence of Implementation of disinfection
mass mortality Yes No

Yes 3%(21.9 %) 35 (46.1%)

No 9 (78.1%) 41 (63.9%)

* total number of hatcheries cumulated in three fiscal years(1984 ~1986)
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Fig.1-4. Days after hatching when mass mortalities of ayu
seedlings occurred in hatcheries (1984-1986).
Each dot represents one occurrence of mass
mortality.

80 . . . .

&0 .

Mortality rate

40

20: .

.

10 20 30 40 50 60 70 80 20 100 1o |Zb§5|

Day-old

Fig.1-6. Moriality rate and age (day-old) of ayu seedlings
recorded in hatcheries (1984-1986).
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Fig.1-6. Mortality rate of ayu seedlings and water
temperature of ponds where each mortality was
recorded in hatcheries (1984-1986).
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WIRL720 ABIZASND X912, High e Bbhsb 3
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RO EDbholz,

Tz, KREBEEFAERO AR LEEEORE L OMKRE
Fig 1-5R L7zo M SWL 2R X )12, AE 0
EWEIRKEVE Vo ZHEREIEA LT, His
WERE EN R BEEE o7,

JIZ, KB EHEDORE L OBRE Fig.1-612R L7
A5, IO RRFICHEE LEMIZA R T, HEIL VKR
Do TRKREBEIEDPEEL TVWA I LI o7,

—7, HKREBORN L EHAL P L2EH EORRICL
HREEEN 32 i 86D KBRS %=, FIWHAE
Bci G SN CW/-fEHIEH UCEH L Table 1-71C
RL7zo ZOWA, JlcTable 1-6 2R Lzt & E
P, T AVEBSOESOFEIZER L TEEEZT o7,
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Table 1-7. Relationship between the occurrence of mass
mortality and diets in ayu seedlings (1984 ~1986)

Combination Number of occurrence
of diets of mortality
R 3
R-AD-Y 9
R-AD - WF 1
R-AD 25
BS-AD-Y 3
BS - AD 7
R-BS-AD 26
R-BS-AD - WF 2
R-BS-AD-Y 2
R - BS 1
AD 7
Total 86

R : rotifer, AD : artificial diet, BS : brine shrimp,
Y : chicken egg yolk, WF : water flea
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Comfirmed cause:3

Surmised:11

Vibriosis:6

QOodiniosis:3

Suffocation with mucous substance:3
Aeromonas disease:1

Not examined:25

Opaqueness of intestine:8

Normal:7

Bacteria were not isolated:6

Known pathogenic bacteria were not isolated:1

Normal appearance Known pathogenic bacteria were not isolated:4

L

Known pathogenic bacteria were not isolated:1

Opaqueness of intestine Known pathogenic bacteria were not isolated:6
Bacteria were not isolated:1
Hyperplasia of epidermal

cells of skin Known pathogenic bacteria were not isolated:1

Dissociation of fin
Decrease of fat, Known pathogenic bacteria were not isolated:1

Empty stomach Known pathogenic bacteria were not isolated:1

Fig.1-7. The reported causes of mass-mortalities among ayu seedlings in hatcheries (1984-1986).
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Fig.2-1. The experimental installation used for
reduction of bacterial comtamination in rotifers.
P:Pump, UV:Ultraviolet irradiation apparatus,
C:Chiller.
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Table 2-1. Effects of ultraviolet irradiation on the
elimination of bacteria associated with rotifer

Seawater (CFU/ml) Rotifer (CFU/g)

Experimental
group ZoBell BTB ZoBell BTB

Start 3.7 X10° 8.7 X104 6.9 X108 1.1 X108
I 7.3 X104 2.3 X107 58 X105 9.3 X10°
1 (without rotifer) 8.7 X103  4.0X10 -

| NT NT 1.9 X107 4.6 X106
j\Y 6.3 X10* 8.4 X102 85 X107 7.5 X10°
\Y 1.6 X104 5.0 5.8 X10" 7.6 X10?
VI NT NT 2.3 X108 7.2 X107

ZoBell:ZoBell's 2216e agar, BTB:BTB teepol agar, NT:not tested
Experimental designs of each group (I-VD)are shown in Fig.2-1.
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REERE" %47 ) ISR 7 i & B & P AT
B EHIBT S NS, L L, S0 2R R
HBOWREMS 2 ERT 5 &, MBI 5
MEDHLELEZOND,

—75, BEDVINCHERR L2 ZAICk b, A

—ME I ] g B RS TH10° ~ 104 CFU/g T
HY, FBTBHIEIXFEAESEN o7 LT
o T, FRAEYHBOULED L CEEAFR O & F)
B Z2h, FEHORETFHIRL LTI VERNTH
590

2. DLV ETFIVTET
REFORE
AR T, BEATICH A In2dmkE D7
DTLTEGHEBIET DI DD D, 22T, TLYB
L UB SOGHBHESZN S OME R RITTHEICD
WTHRRS L7,

(BS) OEHEICKRIFTSE

MBS KUAE

WhWbFr/rana Ty A(HDLVIEHEEZTL )
N. oculata & 7SV BERE (X)) 20 ¥ VEERE) 245 LT
2L2TCTHEELLTLVEMBE L, BSE LTI,
27°C DK 200012120 g O H EFEM AP % INE L T485¢



BRI L2 — )y A% Vi, WENOMES
Ty Ay PEBCTERZEKTHREL, R0
ThHy FOEMIPOED LK EHRV, ThEBLE
lg (REE) ¥OV - VMEIZANT—-15CORYE
BRI 70 PR, FEHEAOIZ 145D 0 H L CatBiic
il 72,

MEBRA IS 7o CEEER O FFEE H W —fiilE
BizowCl, FOMMEBAENE? 12 Lo T
Sz L7z,

ERDIUER

741 g {72 O—iE LS, 33 HHE O ERIZ
o TBL5XI0EDH15XI0TANEDLT w7
(Table 2-2)s —/, 29X108® >7:B T BHMIE IO
PEFELC2AZIZE2HTAY, 33HZITIE 5 Hm
BLT38X103 G o7z, ZOBEOREHOWKEL
BaLE, Moravella DAL 27128 &% » 7297,
Vibrio spp.— 0 (TAVX=r5—, VI 5B +0
Vibrio, Muroga et al.?®') $3¥rmd L7, T 7z,
22X10%& - 72B S O—RGMlEEIE, 74 EHANT
WAOEGHRELS, 1T HECE2H, J4BHEICE
3 A L, 98 HRITEMMBRY: (1.4 X103 CFU/g)
PFitao/ze OO —MEOMBZELE A5 L,
EHUEEED T Vibriold 2 I L,
Moraxella ° Pseudomonas DENENKE { o Tz,

PloZe<, —15CTHERET LI LICLD,
TLYBLUTBSOWTRIZBWTY, Vibriob# L <
WD ENHELPIZSN, ZOBMLOELVIEINFS
BEYLRED T, TAVRBSOBHIZET 2 HE
A D76 % WA, Sugahara et al 3 X /NHFRE T 4
— h& —20CC60HMEFEY 4 &, Vibrio Pt S
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272, Pseudomonas & Moraxella7FE & 7z HIRG
THELTVA, INHOHRIE, fEAEYRHATIC
FHET 5 VibriohY, Moraxella R Pseudomonas {ZH <
THHUNIH T ML R N oD EFE 2 L7,

3. DLAVICABKICIDAE B amlEICd s 2%
RO

i i BT DN T, B & ERT T A F
727 L % AU L CHER B OB A A L7,

MRBRUTTE

BT ADHG LT HEEERO T ZORMEE & LT
LHSN TV BV, anguillarum® &, 23 Y FEHEAE
o7 20BEAGE? Y ORRETH 5 V.
ichthyoenteri*V & &I L7z, Bihe L I &E%
2%IZTELIN— A v T2~V a YEREB(AK)
AL,

By —THACTRERELTVALT LY 2
BIE L, HEREKTEREL2R, WEHRKIC1IE
B/ MU A L) FEESE-L0E 2KHE L,
FKNT, FIRT2 HEEEEL 2V, anguillarum PT-
810494k (J-O-1%) & V. ichthyoenteri F-8702 ¥k D153
FHiE%E 1.O0mg/miile b L9 #NENITimL, #25C
THEE LT, AWM AT, 1R, 7
LY EZENENINEL TR THREL, HlgdoE=
— VBT LT, —15CIRHE L. D Lo
E K T L 2R & (10mg/ml) b RIERICE
IR L 72,

%k, AERFIAFFO T A2 OME$L6.3 X 10%CFU/g
Hor, HAEEFRBOE L SN &2 RlE
FEEE L 72 o MR I I M D 13 M EBER 0 i 2T - 72,

Table2-2. Effects of freezing (-15°C) on bacterial count and flora of rotifers and brine shrimp nauplii

Storage time ZoBell agar *! (Baclerial type) BTB agar **

(days) Total V[ ik P-T0, IV=5 AE U Total b

0 6.5 X108 1.6 X108 4.2 X109 6.5 X107 2.9 X108

Rotifer 2 1.4 X108 6.0 X 10% 1.3 X108 6.1 X100

8 1.3 X108 9.3 X10° 1.2 X108 6.4 X107

Bacterial 33 1.5 X107 8.3 X10° 4.2 X108 9.2 X10° 3.8 X103
count :
. 0 2.2 X108 1.8 X107 9.0 X107 1.1 X108 2.5 X108 ‘
(CFU/g) = . ) . i ) . =2 2 ;

1 T4 X108 1.9 X108 3.1 X108 6.2 X10° 1.8 X108 3.9 X108

Brine 5 3.0 X108 5.4 X107 1.8 X10° 2.0 X108 3.6 X10° 5.0 X 10

shrimp 34 7.8 X10° 1.1 X107 1.1 X10° 5.6 X 10° 1.0 X10°

98 1.7 X100 12 X104 1.1 X10° 1.4 X 10

=1 ZoBell's 2216e agar. *2 BTB teepol agar. ** colony forming unit. ** Vibiio spp. —1, * Vibrio spp. — I, *% Pseudomonas — I, TV,
# Moraxella, * unidentified. (Classification of isolated bacteria was based on Muroga et al, 1987)

|
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TAVEHFETHAEHOB EMERE L oK id oo = —
DHBITIT 2720

O AR TREC A WERR L 72 13h, Woli2 2, 5,
10, 20, 30, B L U40HHIZ/h ‘Hbt’o‘/7)lx%ﬁ>‘(
bmt,ﬁﬁ%w&%ﬁ%wmbto

F7o, BELORBREIT) 2012, WY AR THED
7Av%ammm®m:ﬁﬁpé@tmﬁﬁmu,MB
210mg/ic b X WML T, 2, 4, 6 BLU8H
BHEOW L ME L,

BRDLUER

7LV A F AR OB EIREEIC B A%
RHHET, WEEERKH TOERI L BB L T Table 2-3
WWR L7, £2IWTRLZE 912, BBRGEICITVWTR
DY T NMIZBWTH103CFU/g - mI EdH 72V
anguwillarum B X V. ichthyoenteri DM E#kE b, H
Bofi e LHI0EA L, WH1E30H 5 \VIZ40 HIRIC
FWE T AV BLUHHEEKPOVWTR,S B S
Bl rolze —F, FIIEFIZWERS L h o720, kl:%*c
D72 ERE L 72 NFSTH € b S E O 20 mfea &
%Kﬁ&LtOL#L,Bﬁ@muiof%ﬁﬁ%t%
7 53 W2 10°CFUg L EFFAE L C /e,

DEDRER, 760 e —gHMGERFT 52 LT,
7 A YR OAEIEE % &7 Vibrio BT K E
S/ BEIEDN Dol TOFBIINFSH & 08
ECTHY, HAMEEOMIRLH MRS L, &5
I Vibrio DR PN RPRFICA LN R WNFSHEER LY
MBEEORELZZITII A WREDHENEZ NS,

WREMEDOH B V. anguillarum ST L HIZETRT
WA ORI 2 B2 ZBIZOWTHELZ 2 & idb
Do TWaWY, BEAPRBRAUTICETHLSTHD
% b, BEHEOTFHREEYFT 2 Z L mstne i
Ezbhv, —J, V. ichthyoenteri DIREMEIZLT
LB BEEITIR 2L, FEPSRECHEFIZEEFLTY

BBV ORRIE, BICEDLZ &, FRIEGET 508
FEAENMAET L 2 LSRRI Mz STy
%3949 75 ChIE, WHRTFIC X o THEEYH
DERRE% B b LoD S8 Th O BEEDfERIED S
B OAFBICIE S 727 A2 Dhb 0 ICkET L, BE
FHBIEDSAEZ T TE 5 L E 2 b/, B, RN
DD Vibriold TN s 22 TR, FAEER
W Vibrio DAMZHEE L 2 WbIT Th v, L
FOME 2 W 885 ETHHELIEEIZEL TV S,

% DA, NLAEEBEAOROEZOFEITEKR
N Z UL, BT SR, BT A Y OLBRED
i <, BB TNMIREELZRERLTVEDLE
ZoNDDT, FAERBREADPOEBEILIDHESZ
LI EICIIMENB D, L L, Mk, BEGELPT
FHEZEL TP ORI Y B 5 ThEThid,
A O BIROF IO RS D 5 EEZ bR
720

FEME
I LB B Vibrio, Pseudomonas, B&KU
Moraxellas BiEkOENREIC 9 B RERM 77 7O —F

T LT EENDPRAT HME & OVbIX R 4
HRARICBET 215013475 {, NUVEBROALRIEL
PAERE T AV LT, TAVEBRMEREOLY I VB
12 BB B4 Pseudomonasthd KEIX G- 5 & HHEH
RES NI THHED LEPDLTLICHLIBE S
Vi,

LIAT, TAYPAFMETH AV, anguillarum
Hh TN EECTERD CHIBEICIY AL, Lid
HEEAKTICR LT 2HEIZ Do THE» R Lk
o7z &) Muroga and Yasunobu D42 1k, 7 A4
T EME, B Vibrio L OMEBREER 5 ) 2 T
DTHEIREND DD H 5,

LaL, oL EBR2TIHE, 7470808

Table2-3. Effects of freezing (-15°C) on survival of Vibrio anguillarum and V.ichthyoenteri in rotifer and seawater

Species Storage time (days)
Sample

Strain 0 2 5 10 20 30 40
V.anguillarum — R¥ 7.3%x10%2  1.4x108 4.0 107 1.1x 107 72108 7.8x106 <15x103
PT-81049(J-0-1) S*3 50x10%4  1.4%x10° 3.3x108 1.1x107 1.5x10° <1.6X10® <1.6x10
V.ichthyoenteri R 3.7% 108 53x106  14x108 87x10°% 79x10* <1.0x10
F-8702 S 5.6x108 3.4 108 5.9%107 6.4x10° 1.0x10° <1.0x10

*#1 Rotifer, *> CFU (on Heart-Infusion Agar with 2% NaCl)/g, *3 Seawater, ** CFU (on HIA)/m!l
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ERAE LTV B KEOMEPETRRIMEIrOZE
BZTWLHafetEldGE TE v, 7z, 1it§¥zl,f:;'.[ﬂ
DEAWA L7 a 1213, S8R S L R
RURAETLEEER VL, IOKREDORHIZL -

THREHRSE SN TLE Y, FEIPTIRERICELZ L
bEZHND,

FITEEE, TLAVIHEDERER S TEME
—O %Iz, 742 CHERT 2HEEORET Y A
FHLZLI2LY, FENELHEAIL L IMERLRT
BILYAEERL, SOITHEBKPICTLALERLT
FORBOWREBET 24T, T HIIBTA
MEOEHBEIZDOWTHET L, W{OrDMATE/,

MEIBXUHE
DLYBROFOFINIE X+ 5 —CEP4I0k 2

o) = bAkEEE RV, iiEﬂJif“f.‘.ﬁ’?ﬁ L 72 N.oculata
SO B L OHIRREE: (HBAEEE) 2155 L CRER

%waévAv(Sm)xMﬂ£Lto
ORI LR A R S G, o<
—v )y, AL T bhTAT U REM (Whittaker
Bioproducts Inc., <=3 » G 25,000 75 L A b
L7 hvA43225000ug/ ml) REHL, 74250
FRIREEIZ 2 S L 9 B S N2 AT O N oculata (<)
TN, HiERM) LOFAL. bbb, T4
EES R A HIGPIFEERZ 127 L Y OB (30,000 ~
60,000 &,/ mi) 2 HIFEH, T4, "= v,
AMLTRTA4Ly, RUTIVT 7 OFNENDORR
e FE A%5,000 F 7213 10,000 il f&~ mi, 3,000 HA7, mi,
3.000u g,/ ml, BLOL%IZhbEHIL, EBOHE
PEEC=A7 7 ATNIEHEF R CHE Lz, FERIZ
I ORABEER L > T /22%, 300~ 700m! O F[H T H
272, Kii25.2~282CT, #200ml./ 3 EEDHH\ il
Sx Lo 4 EEEE S, Shapas (UFPS
MEEGT) L L7z BE10~10"CFU/glHELTY
2Ly oMERE, ZoP SHMEIZL 103 ~10"°
CFU/g iZF CTIKT L 72,

HB, TOPSAMIIOWTIE, W OhDEH|EE

T RE L TR ICEEE L e BIE T 5 Tz 1o
7278, BBV OR I RLEEE, EREECLTLLITE
B9, MEMERI IR CEEIN TV, 2T, v
Db —E LIZHED T LT HELNDL LGRS B o7
A, —I LELOFEANREE X AE R R T ARMIZEIZ S5
FREE(ZT L0 OWBPHIT 5F LR L 720 T,UT
IRTZOLEMIH— L7
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Btk 198945 26 6 HIZAT Tl sy —DT 4
> b ZoBell FERE M & IV T Bk L 72 46 Btk o 7y
5, B AR ETETH o 7= Moraxelle, Pseudomonas,
Vibrio spp.-1 (7 v ¥ =+, )T v -, V.
anguillarum 2 EVREIn5s), I (TL¥F=>—, )
T4 Vovulnificus e EREENS), BLUN (7
V¥ — Iy — V. oorddii T EDETINE) D
5 W% A2 10E#R (Vibrio spp.- I B & VAR 45-488F
£F1HE, MEE 28T D) 2BACERIMEL, &k,
Z 5 O O 543 Muroga et al. DESHERNES (12
PEVy, F2FEERIZIE ZoBell ERE#h (2 T 25°C T 24 e
BELLLORML,

TLVICBITHMEDERDIAK (F81) 50001
B/ DT LEETP SIEEITo72, FDH, 7
L BT 7 3y FEHWTIEL, 52000
525077 AIIHE L7 200ml OIEHEEAKIZ, £h
IR0 L EET OINE L 72,

—7, Moraxella, Pseudomonas, Vibriospp.-1, 1,
BIXONOSHBENLZEIHETOEHEY, 1.0X108
CFU/ MIDREIZ B L) ENENDOT7 T A%
S, 5CHA >y Fax—F—hTTLVIIENEN
Wk, 1, 2, BLO4RMEICEEARDFET
JAYlg (RER) B7-00REATNE L. &b,
CZTWEBTBT 4 K- NVEREHZEMET, fRE
Rt L DPBNL T T ZoBell e R EF L L2 BT 5 20
= —OWIRMTBIRIZ L 570

TAVIZHIE R AT STV A, mREITh AR
S, FEAEMIEDEA, L, 4EEEREDIEIEFT
RTODT LT DEREITHER L TV D Z L 2R L7,

WDAHEDHAEL (RER2) AEBRIZUEIOR
PRy _TeiL7z, 74 %E L HEfE/ TP S
Bz, 285777 brhy PCRELTKEDD,
WRBKTE k72, £k, #WHEHHEAKTS,000(E
K/ mZ%s L) HRL, 200mlT2o=K77 A3
MY, ZNENOERE 1.0X 108 CFU/ ml OB 124
W3, EimT (27.3~27.8C) T1lRHEEDATE,
ORI L Ao,

1 AT, €82 7707 by iy MIE o TH
WK CTE kv, —HrWEGiECH L, Y 2ED
(2R HEZK 200ml (2 PR S 72, 1R O & L i e
KEEERHHRZ 2L, 2, 4, BLXOCG6KEEOD
LY DHBMAREERZCLDME L2 TOMOKIRE
265~275CTH o7z

FDH, 25CHA v FaxX—¥ —fIEEL, EB




18

BALGH 5 200 BIFRICd T AV O R L2, ®
BellE L,
DLVICKDMEONELEHEE (KBR3)  EE2
RO TTHEC THE % 1R (KiR25.7~26.17C) H
DAFRLTLAVENHEL TREDY, —8%HENE
T AL L BICTEY (04~06g) FHELT, b
LA L 72 200ml DWEmAKICE L, 26CHA »*
aN—F —HZEWT, 2 FFHZICI00m 20, 74
DEWKOBEHEN TN LT Lz, 4 R b R
D D100mL DV CTHEBOWE 21T o 72 AFEBRICIE
Morazella B X OFPseudomonas D& 2 kDA %L L7,

DLVRBIEYOMEICKIFTRE (R584) BE
WR100mICH LT, 1.0g (RER) 07 LT E2BH
S (#5000 %,/ m LS 2), 256CT2HME
Wizth, TOWKPLT T MRy P TT LAY R
FL, SHIT045mD A YT LY T 4 V8 —THAKR
Wl7, COD ({bFMMFERE) MEii—H L
72437, 9.0mi ¥ 0 4 ADORBREIC Z OWEE 5E L,
FEBE 3 WAV 4 EHRT, WE K E HAVWT0.05mg
miDWIEE R L, 1.0ml 90> FRROREBRE ICHE L/,
xR E U CHIME MK £ 0.01% 7+ ~iEk (Difco
Bacto-Peptone # /) # HE L CRMICEREZHEM/EL,
B L 720 0, 2, BIU4BEMBICEZZHZEL
720

i ES

DLYVICBITSMEDOEDIAG (RERT) EEREER
Fig3-1IZmRL7ze FIWCHLPE LI, #Eh 1 B
BTV TFNOBEE LT LIk -T107~108 CFU/g

DEEEIZIYATN TN, 727501, Morazella B &
U Pseudomonas DI Y AAEIFENZFN62X107B &
CL1IX107CFU/g TH Y, Vibrio DZRWHRTH LN
8.9X107~8.7X 108 CFU/g I IR TR RIREHED o
VAT

WMDIAHEDREHZ(L (RER2)  Table 3-1IZ/R &
N7 X9, BRMIEEDT LAY OREIZIES D EITK

Log N of tested bacteria (CFU) /g rotifer

O 1 2 3 4n

Time of exposure

Fig.3-1. Uptake of test bacteria by medicated rotifers
during 4h exposure. )
Each bacterium was added into rotifer
suspensions(2,500 individuals/ml) at 1.0 X 10?
CFU/ml.
M: Moraxella sp. ROS-8903, P: Pseudomonas
sp. ROS-8902, I1: Vibriosp.-I ROS-8913,
1I: Vibrio sp.- 1T ROS-8908, I: Vibrio sp.-1I
ROS-8914.

Table3-1. Changes of bacterial number (CFU/g) in rotifers after the terminationof exposure to the bacterial suspensions

Bacterial strain

Time (hours) after rotifers were transferred from each bacterial suspension to sterile seawater *!

‘Oh 2h 4h 6h 20h
Vibrio sp.- T ROS-8913 2.5X107(100)*2 5.8 X 107(100) 1.5 108(100) 3.6 X 108(100) 1.7 10°(100)
Vibrio sp.- 11 ROS-8908 3.6 107(100) 3.8 107(100) 4.1X107(100) 1.3 X 108(100) 7.0X 108(66)
R0OS-8923 2.4 108(100) 1.4 108(100) 2.3 108(100) 6.6 108(100) 1.1x10%(82)
Vibrio sp.-T ROS-8914 8.3 108(100) 2.3 X 107(100) 1.4 108(100) 4.3 108(100) 2.3 10°(98)
ROS-8918 1.5 108(100) 8.7 X 108(100) 3.1 108(100) 3.0 108(100) 2.0 109(100)
Morazxella sp. ROS-8903 2.9 107(100) 7.3 106(100) 5.2X108(74) 8.9 108(82) 8.3x107(21)
ROS-8926 4.5x107(100) 4.4x108(100) 4.4x108(100) 1.3 x107(100) 6.3 108(68)
Pseudomonas sp. ROS-8902 1.2x107(100) 1.3 108(57) 1.8 105(68) 5.3 106(84) 1.3 108(21)
ROS-8930 7.1x107(100) 1.4 107(100) 1.7 108(100) 6.8 x 106(100) 1.4%107(48)
Unidentified ROS-8917 4.6 107(100) 6.7 108(100) 3.5 108(100) 3.1 105(100) 6.6 < 108(80)
*1 Sterilized seawater was exchanged at one-hour intervals.
#2 ):percentage of the tested strain in the detected total bacterial number in rotifers.
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FOBBEMIE Lz Ld, 20BMZIZBWTE R,
BERE D66 ~100% % 5O T 7= Vibrio D& & £

M o720 Vibrio 5¥%FH$ 5 £ 92X 107 CFU/g & D, TOSBICBWTIE, PSAMEIZX103~104
%), Vibrio DAt 5 ¥k P41 X 107 CFU/g & It CFU/g I2F Tl L T\ 7238 4 DAREHE A5, 20 85 &
RTChEMIEP -7, LIL, 4~6KHEE COR BICIIHRERICILE T 23 &ML B Y, SHRE
BEALE FNLBOEERICEHEERECDH 572 T HROBELERIZ21~80% - F THET LTz,

Zbhb, 1RMIEIREEKERDIEZZIZ020Db
5, Vibrio # M L7z 5 B2 BWTIZT 4 ¥ OE#HI
WAT B R, 6 RU208:E#I2I1Z10°CFU/g #il
EFTEWIML Wiz, $7-, FORBEALLEVTIO
BALERBEICLVIILAERZED LN TV,

—77, Vibrio DL OBEHEWH L2 5 BB W T
ABFERBICPTT ACHFOREKIIVTR S —BEA L,

DAQE&%ME@K%&&%&(%ﬁs) Y]
RN AT S/ BITRE AR L2742 ORME K
(Wﬁﬁgétb@lﬁ)biU@**@“%ﬁﬁ
(200mi K72 OEER) DFEFRY %2 {L % Table 3-2127R~
L7ze ZHUC & % &, 2 BEMIBICBT AifEK 200ml 2 7=
D ORI, EORBEOBFEH10°~108CFU/gEL
TWic, T2, TAVIZBUABRBORILE AL L, &

Table3-2. Changes in number of Moraxella and Pseudomonas in rotifers after the termination of exposure to the
bacterial suspensions

Times (hour) after rotifers were transferred to sterile seawater*!

Oh 2h 4h
Strain C/(A—B)
A B C B/A
; - o
ToLgl(CEU/ZOOng) . Total=Rotifer+ Seawater Total=Rotifer+ Seawater 6
Rotifer*>4 Seawater™?
Moraxella sp. ROS-8903 4.6X107=4.6x10"+0 23x107=13x10"4+95x106 1.2X107=6.4x10%+45.1x10° 0.26 14.8
ROS-8926 2.2X107=2.2x10"+0 48%107=3.1X107+1.8X 105 55x107=4.8X107+6.4x 108 2.50 —
Pseudomonas sp. ROS-8902 2.9%107=2.9%107+0 2.7X108=15X10041.2X10¢ 2.3x100=2.1x10%+4+2.2x10° 0.08 0.8
ROS-8930 5.1x10=5.1x1054+0 4.7x100=4.3%x 10°+4.7x10° 7.5X100=7.4x10°+2.9%10* 1.47 —

#! Sterile seawater was not changed.
*2 Bacterial count of whole rotifers in the experimental water(200m?).
# Bacterial count of water (200ml).

Table3-3. Growth (CFU/ml) of Moraxella and Pseudomonas strains in spent seawater used for rotifer culture

Oh 2h 4h
Bacterial Strain

A) ® (B/A) © (C/8)
SS 1.3x 1086 1.8x 108 1.3 3.5 106 2.6
Moraxella sp. ROS-8903 PS 1.3x 106 3.7x 108 2.7 3.9x108 2.9
C 1.3x 106 2.3 %108 1.7 2.3 108 1.7
SS 51x10° 6.2x 106 12.3 8.0x 108 15.8
Moraxella sp. ROS-8926 PS 5.1x10° 4.3 %106 8.5 4.1x 108 8.1
C 51x10° 2.4x106 4.7 2.2x106 4.4
SS 1.0x 108 9.8x 105 0.9 1.9x 108 1.9
Pseudomonas sp. ROS-8902 PS 1.0 106 1.3x 108 1.2 4.3x108 4.1
C 1.0x 106 2.8 108 2.7 2.3%x 108 2.2
SS 3.7x10° 2.3%x108 6.1 4.4x108 11.8
Pseudomonas sp. ROS-8930 PS 3.7x10° 2.1x108 5.8 6.0x 106 16.1
C 3.7x10° 5.8x10° 1.6 2.1x 106 5.7

SS:Spent seawater used for rotifer culture (5,000 individuals/mi for 2h) (COD =2.15mg/l),
PS:0.0099 Peptone seawater (Difco Bacto-Peptone) (COD=8.02mg/l), C:Control (sterilized fresh seawater) (COD =0.10mg/l).
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A L7-# (ROS-8903#k & ROS-8002#k) & ¥hn L 7-#k
(ROS-8926 % &£ ROS-8930%k) it bh, ZNIEH
BROE & SBED 2oz, FIEIZOWTAEREE C
BT B HBOWA 5 ED LPEROEE (Table 20
C/ (A—B)) %8I LTHB L, Moraxella sp. ROS-
8903k Cl&14.8%, Pseudomonas sp. ROS-89028k Tix
DEPIZ08% LB o7,
UAJﬁﬁF%@%IL&&?%%(iﬁm Table

BWWRENL NI, EBRI TILAVOREIZLDHE
ﬁ®%bwﬁ&ﬁ&6ﬂt2%(mm8wB%£lﬁ
ROS-8902%#k) &, Z I CIIHBOEMAITEA LR,
4 BT R OE K & Fikb 32 2 fEmg T cLly
BIELCwhdolz, —F, ERIICBWT25% 704
LS CHBOMMPED SNk S 2% (Morazella
sp. ROS-8926 %k B X UFPseudomonas sp. ROS-8930#k)
3, COMKPTELVEIEEZRL, 4BHTIE8H S
WIX 118 RIS F THREATIML Tz,

Z g

BROWEWE 2 fio THHELEEICLAY, ¥Eo
BARBEIEZED$5FHE, EE, VI VAZD
SREREERRIO . F2T AV OWREFEES S (2 b
bRILEMEL MO TwD, B 1 g /2131 miY
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LEMR B,
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Fig.4-1. Feeding regimen for black seabream lavae.

Pond I : NFS-R;Rotifer treated with sodium
nifurstyrenate (NFS), NF'S-BS;Brine shrimp
treated with NF'S, E:Floating egg of black
seabream, F-E; Frozen floating egg of black
seabream, AD; Artificial diet.

Pond II: R;Rotifer without NF'S treatment, F-R;
Frozen rotifer, F-BS; Frozen brine shrimp.

Pond II: BS;Brine shrimp without NFS treatment.
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AL7ZEHIE, WTFNOFBKXIZBWTYH, 10BE
FoaO—MEEB L OB TBMEMIEZ N EN1T~
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Table 4-1. Bacterial counts in the intestine of larvae and
juveniles of black seabream with different
feeding regimens’

Fish age Baterial counts (CFU/fish)

Fond (Day-old)  7oBell BTB
10 1.7x10? 7.6x10
I 15 3.9x103 1.1x10?
(NFS rotifer and 22 8.2x10% 24x%10
brine shrimp) 29 1.7x103 2.0x10%
42 1.3x103 6.3x10%
10 2.2x 102 4.6x10
il 15 1.9%x103 6.6 % 102
(Frozen rotifer and 22 2.0x103 1.7x 103
brine shrimp) 29 3.0x10* 9.6x 103
42 53x10% 2.3x10%
10 3.6x10° 3.6 X102
I 15 2.4%x10? 77X 107
(Non-treated 22 1.4x 104 1.8x 104
rotifer and 29 4.2x10* 1.6x104
brine shrimp) 42 3.6 108 1.9x 108

ZoBell:ZoBell's 2216e agar, BTB:BTB teepol agar.
* Feeding regimens of each group were shown in Fig.4-1.
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M BN L Cn7-as, — B #31.9~2.0%x108
CYU/RBEEFEAEEDLL Dol D, T0OH
HXO—MEE B L OB T BMEIZ29 B2 3.0 X

Table 4-2. Bacterial flora (%) of larvae and juveniles of
black seabream with different feeding

regimens
Pond* E];Z?zfg . \(73 \81 VI Ps Al Ul

10 33 29 33 5
15 10 10 21 b5 3

I 22 100
29 28 5 30 21 16
42 28 53 19
Mean 8 10 6 16 53 9
10 77 12 12
15 12 62 27

I 22 56 13 6 25
29 21 63 13 4
42 29 62 10
Mean 7 45 13 5 23 1 8
10 16 85
15 38 63

il 22 30 66 6
29 18 9 8 39 27
42 14 86

Mean 14 23 17 18 21 1 5

V-1: Vibrio spp.-1, V-1 (+):Vibrio spp.- [ (swarming positive), V-II(-):
Vibrio spp.- Il (swarming negative), V-1 : Vibrio spp.-1I, Ps:
Pseudomonas Group I, IV, Al: Alcaligenes, Ul:Unidentified.

* Feeding regimens of each group were given in Fig.4-1.

10*CFU/ B® 5 39.6 X 103 CFU /& & T L 72
%, WHllB S LMEAHOADG & %o 7242 HifIZ
BE LA LT, 563X102CFU/ BB L UF23X10?
CFU/RBW kol —77, WUBMRX CIE, —HlEH
BIOUBTBMELE b 15 HEGLAE S BN% &Yy, 42
Hi 23t 2 X X ) &3~ 4474\ 3.6 X 106 CFU/
Bd 5\ id1.9X 106 CFU/RBICE CENEIE LD,
COMBICERE EEAPEHATE (BRI 2 -
PA

KIZ, INHOZTERICBIT B —iEHEOMREAL
% Table 4-2 IR L72e %P, Z 2 TldMuroga et al.®®
A Vibrio spp. — I & LHWEHE, 27— 3V 7HOHF
BACX o TEHI (4) & (=) BT TRLE, Fh
12k % &, NFSXCIE10 H i Vibrio spp. — I (+) &I,
B L U Pseudomonas Group M, IV (LLF Pseudomonas
EDRET) O3 WEII0%FHET2IFIZE LEEST
F1EL T 7225, 15 B i Pseudomonas 7585 LT
WAL LY, SHIZ2HEICIEIEIZI00% % 50 5
IEo7, L2 L, 29HENICE, FA%o 3BT
BRI 2%, 42 BB ICIZBE Pseudomonas 753 % %
HOTBHBY, #LCPseudomanas ELHEHTHHZ &
WG o7z,

WX TIX, 22HEE ¢ 3 MORAAELKE, 77, 62, K
W56 % &l L Cid\v722%, Vibrio'spp. — 0 (+)
PEE LR Tz, L2L, #0%%IE, 20HEIC
Vibrio spp.— I (=) %%, 42 H#Z Pseudomonas DS%
NENGIH 5V IE62% % DTz,

LR G, BEL T 2 KU\ LIS O ZEE) Kk

Table 4-3. Bacterial counts and flora of diets for black seabream (May, 1989)

Storage! ~ Bacterial count ! Flora(%)
Diet Treatment period (CFu/g) ]
(days) | Zogel — BTB V-IM VIO V-I Ps M Al U
Treated with NF'S 0 1.4x108 1.1x108 0 0 0 46 44 0 11
Rotifer Frozen 58 5.7X106 1.1x10% 39 0 0 59 0 0 3
Not treated 0 2.0x108 2.4x108 31 6 0 46 0 0 17
Treated with NFS 0 1.3x10% 1.1x107 3 0 0 84 8 0 5
Brine shrimp Frozen 63 2.3x 107 7.9x1086 26 0 0 37 0 0 37
Not treated 0 1.2%108 4.8x107 0 0 83 0 0 13
Not treated 0 1.2X108% 4.4%x107 1 0 18 57 0 0 24
Floating egg of Frozen 40 1.0x105 1.9x104 0 0 0 0 61 30 9
black seabream | Not treated 0 5.6x10% 2.3x10° 0 19 0 21 0 26 35

ZoBell:ZoBell's 2216e agar, BTB:BTB teepol agar, V-1 (+):Vibrio spp.-II (swarming positive), V-1 (-):Vibrio ssp.- Il (swarming negative), V-1l : Vibrio spp.-1I,
Ps: Pseudomonas Group 1, IV, M: Moraxella, Al: Alcaligenes, UL Unidentified,
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Fig.4-2. Comparison in growth of black seabream with
different diets.

Pond I : Live diets (rotifer and brine shrimp)
treated with sodium nifurstyrenate
(NFS) were given.

Pond II: Frozen diets (rotifer and brine shrimp)
were given from 17th day post-
hatching on.

Pond I: Live diets without NF'S treatment were
given.

Table 4-4. Total amounts of live and artificial diets given
to larvae and juveniles of black seabream in
the experiment with different feeding

Pond*
Diet
I I m

Rotifer Live (X 108 individuals) 55.6 17.9 59.3

Frozen (X 103g) 8.5
Brine shrimp Live (X 108 indi.) 34.3 65.1

Frozen (X 103g) 16.0
Froating egg Live (X 108 indi.) 106.1

Frozen (X 103g) 65.4

Artificial diet (g) 7120 8235 7936

* Feeding regimens of each group were given in Fig.4-1.
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Table 4-5. Survival rate of black seabream cultured with
different diets

Number of fish
Pond live diet treatment

surviing / hatching(x 10%) %

I NFS-treated 28871710 40.6
il frozen 519/710 73.1
m not treated 184 /1710 25.9

NFS : sodium nifurstyrenate

Table 4-6. Comparison in suffocation tolerance
(handling) of black seabream juveniles
culfured with different diets

Number of fish
Pond Live diet treatment

Surviving / Tested %
1 NFS-treated 1167/ 1203 97.0
i Frozen 1300/ 1333 97.5
il Not treated 7787796 97.7

NFS : Sodium nifurstyrenate
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Fig.4-3. Feeding regimen and rearing water temperature
for ayu. R: Rotifer, BS: Brine shrimp, AD:
Artificial diet.
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Table 4-7. Effects of diets (NF'S-treated, frozen and control diets) on bacterial counts and flora of ayu at different ages

Group Fish age TL+SD Bacterial count Flora (%)
(Treatment of diets) (Day-old) (mm) (CFU/fish) V. V-I@)V-I() V-II Ps Al ul
10 11.09+0.42 1.4x%10 88.2 11.8
20 12.914-0.84 1.2x103 1.4 93.7 49
I 30 1.5.96i1.20 1.8%x 103 95.9 4.1
Sodium 40 22.47+1.71 T74%x103 7.9 66.3 12.3
nifurstyrenate-treated 49 28.31+2.39 5.5%x103 54 62.4 14.0 18.2
64 33.5243.03 8.5x103 64.5 29.0 6.5
77 39.724+4.22 5.1x10* 26.7 59.4 13.9
Mean 1.1x104 28.8 264 326 10.2
10 8.66+0.55 3.3%x10 7.7 84.6 7.7
20 11.70+0.97 9.7%x 102 156 71.6 6.0 6.9
i 30 13.13+1.26 52X 102 6.5 30.6 46.8 16.1
Frozen diets 40 15.664+2.75 3.2x103 31.6 55.3 13.1
49 19.724-4.51 9.7x102 12.1 25.9 13.8 37.9 10.3
64 32.49+3.36 2.0x10* 74.6 156.3 8.5 1.6
K 41.91+3.80 7.6x103 57.6 35.8 6.6
Mean 48x%103 27.3 9.7 188 232 8.8
10 10.81+0.51 1.9%x10 26.1 52.2 21.7
20 13.03+£0.78  4.2x10? 92.0 40 4.0 i
m 30 15834147  6.4X10° 100.0
Not treated 40 23.03+124  4.0x10* 125 250 20.8  41.7 i
(control) 49 27.884+-1.81 1.4x104 5.6 5.6 47.2 36.1 5.5
64 32.27+2.70 37X 104 89.1 4.5 6.4
7 38.46+4.17 2.5%10% 10.2 87.8 2.0
Mean 5.0x 104 16.8 4.4 46.7 10.1 104 11.6

TL=8D: Total length and standard deviation, V- I : Vibrio spp.- I , V-11 (+): Vibrio spp.- Il (swarming positive), V- Il (-): Vibrio spp.- [ (swarming negative),
V-1 Vibrio spp.-1T, Ps: Pseudomonas Group I, IV, Al: Alcaligenes, Ul unidentified.

Table 4-8. Bacterial counts and flora of feeds for ayu used in the experiment (Table 4-7)

) Sampling date Bacterial count Flora (%)
Diets Treatment
(1989) CFUE v 1 v.I v-I PI,OIPHN Mo Ac Al Ul
Treated with NI'S 1.4x 107 7.9 212 0.9
Nov.,2 Frozen (for 58days) 2.6x 106 100.0
Not treated 2.3% 107 12.5 87.5
Rotifer
Treated with NFS 7.3%x107 48.1 203 31.6
Nov.,22  Frozen (for 72days) 1.3x108 . 79.9 12.9 7.2
Not treated 34x108 64.2 18.8 8.5 8.4
Treated with NFS 1.7x 108 100.0
Brine shrimp  Dec.,4 Frozen (for 61days) 7.7x 106 100.0

V-1: Vibrio spp.- I, V-11: Vibrio spp.- I, V-1I: Vibrio spp.-1, P - I IT: Pseudomonas Group I. I, P-M, IV: Pseudomonas Group III, IV, Mo: Moraxella,
Ac: Acinetobacter, Al: Alcaligenes, Ul unidentified.

|
|
|
Not treated 3.4x108 318 114 9.1 364 113
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Table 4-9. Growth of ayu and amount of diets
administered in the experiment (Table 4-7)

Group 1 il 1T

Live diet treatment NFS*! treated Frozen Not treated

Survived/hatched (10%) 174/224 5b/224 217/224
% 1.7 24.6 96.9
TL*? (mm) at 80 day-old 37484620 3194582 36.0+545

Total amounts given

Rotifer:Live (108 individuals) 37.0 0 37.0
Erozen (103g) 0 14.6 0

Brine shrimp:Live (107 indi.) 90.9 0 90.9
:Frozen (103g) 0 14.0 0

Artificial diet (g) 24910 9670 24910

*1 Sodium nifurstyrenate, *2 Total length, *3 Mean, *! Standard deviation.

BENS > T2 &, BHRBSICINIT20 HimED

560 H#H -0 FCEIEN RN L, B RAETR
EPRIXOFTHL o BP0/l LB ENLAT, T
RIS B SEE 2 5 OB EER O 5 E R
TERWwZ edbhol, LML, 7054 LREFRICHE
EHEHHEELEENTRZHELNE, 7T1OBE
b F oA & R HERPHEO NSRRI T
b,

NFSX B L CMEMBEX DAEFRFEN L ICRFT, &l
AWMBE DT DD OB ol 2 LaEh s, KER
*HBHBHTIE, HEHIET 5 NFSHEDOEZIIA B
Thoteo SO EDNS, HHEDVibrioll X HI5HE
BRISENTAET D L) R L I ML, WROEHME
D WVEEONFSEHIZIEERS 2 W E BT o/
EEZ LD,

T AMFHEAICDWTESE EIZIZFE UFETEOME
# % P4 L 72 Tanasomwang and Muroga ° 1%, fH®
%, EAfMEFOHMIESIchbL, £#NE TI0°CFU
BED - 7-HA 1 RBY) OREN L iFRERS L
WEL TV, L2L, 407 1I2BT2HETH,
FDy BT BT HNFSK B & ORI X TORR
ERU L, BEAFEORME G2 o THRBOBA
B Shhhols TNEL I ADEALEST, T
BLO 0¥ A OBERRAFEHO MG ICBTTS
HIOMEEAT101 CFU /B GHHEIX) & ik - 72
ZLIkBEVEEZONS,

XD T4 TORKRE, SBOKBRE LB T5 L,
a1 RS7- ) OWBAERIX, NFSK, WHXDIE
12, ¥, FZIZBIVT B Pseudomonas DEIEIENFS X,
HEHEX, SUBEROIEIZZAETIEL L TnwEZE, &
SR BT Vibrio DEIED b o L b E W
LEDET—ELTWAD, $BIENFPSKIZT 5
Pseudomonas DENEFBEZHED TV ETRELR-T
Wi, %77, Tanasomwang and Muroga® {&, NFS'7 4
VEERE L0V 4 OEENMEEIC B W T Vibrio
DIFERBAEBEL TV DY, $EO T 1HHH TR
BRCZ 1RO TERL o720 DD, B H 5 &L
HXAZHARTH 3513 %HEEE Vibrio DEI G MK A o 7212
BERDP o7, ZOEFEEOENCITER L2S 0P,
SR OB DRV ERERGDOEIZL S5 S D0
LTl drolze F72, VibrioS i VA LT\
GHEAEOA TG 2 TW27 LOPLERIC D BVEls
TEED Vibrio BN ME L, D 2 X ETH ZDE
BIELOVEN P2 L, FDONFSEBDEE




WZOWTHOEREREDH DS, FN56 VibriohS T LT
HAOWEILE~OHMMH L VEEEREEZALTVAL S
EhREDLELBO CTHEEVEHRLESEZ X,

EVE
D LY DNF SiaDREFH B & REREAIDR

T AVIINFSHER_T 2T, TLAVORET S
VibrioBBISBA T 528, BLOT AT EOfHEE
WICNFSHBEMIT Y52 & CHEEETRO T 2{FH0
KEIFRFEERDPE LRI TE L FETBICHEL 2
L7

L LIEHR O i e 0 W5R, MRS A AR & o C
Bha e 2, BERTHE, BEHREIEO VRS
NBEMPIZOWTIRPTH - /oo T 7-EIBHRIZHER
LB &b CEMT 2HEHE , FERLAOHE
HARELEI o722k, SOUEHENESOHL
WHEDR T LA VERBIZBASNZ R EDPS, DT
INSDEEBIZOWTHRE L7,

MRBRUTTE

DLy BtErdy-—OBNAKATZI Y 7)) — K
8T, N oculata & TR DERHK 7 T L7 (FmbkE
yuL V12, 7ub 71 BIXUORVEREZERSL
T, 20~23C D34 ~EiKCHABE Ny F) &Iz
& o TRy L oI BIRERcE SHskowbhw 5 SR
TATEMEE L, Fh700 5 T¥ERROS SHIY
ARSI OLSORES 2, 30CHOEHEK
THROEEEE (BRE7L2b{b{, 7uL 7L
¥) s HWCEE L, BMEMGEE, pHNEEES
FHEY, 2R@EAnAL L, HlEmRkoEkeE 7oL
TOMMEEeFNEFNER 1R E LT, KRS EIE
R W B S L s il DA

T3y (BT 20742 um) ERIWT
T LT ERINHEL, FEE Sk TR LR, 1A
R/ miOFEE 2 D X9 I8 HK I F Rl S ek
EE L,

HERE BTBF1 K- LVEXEHOIDLIIZ
TCBSZEREEH (RMF) ZfHM L7232 3BELE0 Kk
fEvy, TCBSEREMIZ X » THESLNHEE TCBSHM
B E Lz,

KER 1 200K mi OB T CNEFRIZHEE L /2
FHERE20 wg /MR CRER) OSHT LT &ML
Lo HRIEENSmg /LIl 5 L) NFSE T LT
BEIZINA T, FHOBRETVWEFL25CTHA V¥ a

31

N—=F — NI 3R BV FRERTHT L 2 L
UK CHEG L, Bi7e R IB il e S, 3
wATE, IBER, EHRT 1, 3BLU6MEMEICE
FOMERAE £ 1T\, FELIE T HROBEBE(L LA
72o SHIINFSEHRML WX 2551, Zhix
X E L7,

KER2 FHERELE ug MM (REE) OSSHEY
LY EMEE Lize 74T OEEFEEEIZN 15004,
M Tholr, BMHEOEMHEERL ERLE L, Ein
BT 2BE%E, 1TBVWITHBZICHERE:E
Wi L7zo NFSZRIMNE§ICFEOBRIEE 1T o 72K %
THEX & L7z,

FER3  FLIkfE® (W% F 265K, BEHEL
B, WHHEEE (FaalEEEE L v F, BB,
LEY T s bR (R4~ 7 a LT 100,
7)) —NAF) O 3FEHEOFEBRILA MR L T, 3
ECRAT T RER{LA OB A et L7z, NFSIEEE, K
BEEER 1 EFRLE LA, RERIAORIMEE X
K41.0ml1, 1.0g.71, 100mi1& U, 3EGBIGR &,
S 3 MEMITR, [ 5 PRI MR & S L A, SR
LA N2 TNFSOAZ RN LK (FHEEA), B &
UsEERLAI S NFS SN2 2 WX (WEEB) % & b ioxf
HE L& L, NFS& Z#h2hossEmib#l a2 aiml 73 X%
REEX & L 720

R

EER1 NFSHASSEIT LS OMEBIC RIT T e
Table 5-11Z/R L7zo RIZAR SN/ L 5112, WX B X
UCEEXDOWTNIZB W TH —lE UL RERFESG D 5
BT SHHBZ T T3.6 X108 4514 X10° CFU/g @
FHETHER LIZLAEEIL LD o725, R TDOA
6 BEEIAZIC 1 HIEI L Tz, HEEX O TCBS Ml £
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Table 5-1. Changes in bacterial count of rotifer (S type)
after sodium nifurstyrenate (NFS) bath
(bmg/l) for 3h

ZoBell 2216e agar*

TCBS agar*

Control Tested Control Tested

Before NF'S bath 9.6x108 96x105 32x108 3.2x108
Oh after NFS bath 7.5%x105 55x108 4.9x106 1.1x10°

1h 1.8x10% 6.0x10%5 6.3x105 2.0x10°

3h 1.4x10° 3.6x10%5 6.0%x10% 2.5%x10!

6h 1.9%109 35x10° 25x107 7.3x107
* CFU/g.
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TCBS B £id, FHRT 3EBICESSITHILT
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T3HrdIWML 72,

RERO EEERFELS ST A Y OMBEEIC RITY
NFS DEE % Table 5-212/R Lize S SET AL DG
I O—RMIE HB L O TCBS M E£132107 225 108 CFU/g
TSHET AL DENEKREL Mo B ETRAT —3
T AMEOBBIC L) —H B WA RX O
ﬁ%*b%:tﬁ?%&#ot%ww R 0 — i
WA HEBIC L AETEEAE R o7,
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Table 5-2. Changes in bacterial count of rotifer (SS type)
after sodium nifurstyrenate (NF'S) bath
(bmg/l) for 3h

Z0Bell 2216e agar*! TCBS agar*!

Control Tested Control Tested

Before NF'S bath 74x108 74x108 385x107 3.5%107
Oh after NF'S bath 53x108 1.1x108 6.5x108 3.3x10?

2h 3.4x108 49%107 1.1x107 85x103
17h ND#*2 9.2x108 1.4x108 5.0%107
*1 CFU/g,
*2 Not detected.

Table 5-3. Effects of nutritional additives on sodium
nifurstyrenate (NFS) bath (bmg/l) of
rotifer (S type)

Bacterial count:ZoBell 2216e agar*

Period

of bath Control Tested (NFS+additives)

AF* B D M Y

Oh 55x108 55x108 55x108 55x108 55x108
3h 1.1x108 - 6.0x10" 45x10" 1.2x108
5h 6.3x107 9.8x108 25x10"7 25x107 4.9x107

Bacterial count:TCBS agar*

Control Tested (NFS 4-additives)
A B D M Y

Oh 3.2x107 32X10° 32x107 32x107 3.2x107
3h 3.8x103 — 9.2x10° 13x10°> 7.5X10°
5h 6.8x10* 7.0x107 12x10° 15%x10* 52x10!

* CFU/g

** Asodium nifurstyrenate (bmg/l), B:not treated,

D: "dokosa 65e" (1.0mi/l), M: "marine chlorella 100" (10.0mi/1),
Y: "yusi koubo red" (1.0g/1).
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