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Studies on Bacterial Distribution in Pond-Cultured Eels*

Jau-Der Chen* and Guang-Hsiung Kou**

Abstract

The purpose of this study was to understand the bacterial flora in eel-farms
and the difference between Aeromonas and Edwardsiella. Five hundred and
thity-nine strains were isolated from two hundred and four eels and pond-water.
The isolates were classified as Edwardsiella, Enterobacteriaceae, Aeromonas,
Pseudomonas, Achromobacter, Flavobacterium, Alcaligenes and unidentified Gram-
negative rods. The number of isolates from intestine was more than those from
viscera and pond-water and the number of isolates from diseased eels was more
than that from healthy ones. The distribution of Aeromonas and Edwardsiella
was rather different. The latter, unlike the former, was rarely found in healthy
eels as well as in sediments and plankton of rearing pond. The investigation of
the origin of Edwardsiella and the way it got into eel-pond indicated that feces of
birds might be one of the possible infectious pathway, but the isolation of
Edwardsiella did not succeed.
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Table 1. No. of eels examined from April, 1977 to March, 1978

Southern Taiwan eel-culture ponds ‘ Central Taiwan eel-culture ponds
Healthy - } Diseased Healthy Diseased
/APR | 4
| MAY 5 ! 5
;mN w 5 : 5
' JUL 5
1977 JAUG 15
\T SEP 10 5 (Water-mold) 14 1 (Red-fin)
5 OoCT 5 4 (Tail-rot) 5 (Red-fin)
| NOV 12 | 1 (Red-fin) i 11 1 (Red-fin)
. DEC 12 | ¢ 5 4 (Red-fin)
I
JAN 10 |5 (Red-fin) L 5 (Red-fin)
1978 {FEB 11 i ,
| I
MAR 12 ! ; 13 2 (Plistophorosis)
Total L0l .15 | 0 |18
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BREDBEMSBULE » K/S150-200 g 2888 5 2 » A 1.5% Urethane JSs4 87 FEEE -
BB RRRBZAES  SRERERIERA » R R M o B L 0% 0 s
WIRERRERE  TRERETRNRE » CHBIE LIRS S » AETULFR - B
BB > BRARRS B EE—E  BEBES M ERESRER MEREK (0.85% NaCl) »
BLUSHEE (Homogenizer) Wi 5 54 » (ERAMIRRH » Ak LIRS ABARBEIE » A1
BERTHHR BEMERBEPUIR 0.1 co SEAEMESELS L (Pepton 15g, Beef extract
7.5g, NaCl 5g, Agar 15g, dist. H,O 1000 c.c. PH 7.0-7.2) » W 2B o BRI 2
Rl B 28°C Bmiah i3 48 1B o JERTERE VAR 2 E% (Colony) gl » i
SRR EERI LRI > SABIRN - AR URAEEE 2R » KIS lg 2 MRS
FaA R o
S RoRémE 2 S

HSTRRRA B B IS 2 AR T 15 cm JEiRA Bz K 5 c.co10 c.c B AR
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TEREEEZBE » 5k L c.c #ikPRiaSR 2 EE -

Z~NRRtad 2%

DHESRAEIER  EERPRE2VIRZE  BRER g A 9 cc. BEREK  RE
ERE > #RRBRTES  RLEEERABREEN R RE L B EWMAETETEER R
HEKER lg PAREEE ARHTRAFEBNER » BEERNMNESERE LR - ABERR
lg ZIEJR » BR 100°C #5aebgt 2 /e IR H A THERE  MBKSEE ) FHEE 1g BER
FABEAEIZHE o
W~ FHE a7

LI#E 100 um ZBBEEYE  HRUKREZBHEY » R 4°C 3000 rpm Tt L+58
BT RBUIEY » RFENFE R EREESEZHEER » 0SS5 RBARE » BERERE L
 RIRARAMRCE% » BEEERPEERE LR BERZA -

ENSHMAIER

DEEET TS EHEVBREYCEFENRR : 81 Gram stain, Hugh-Leifson’s test
Cytochrome oxidase, M-R and V-P, Production of H;S (SIM), Indole production, Nitrate,
Kligler test, Arginine dehydrogenase, Lysine decarboxylase, Ornithine decarboxylase,
Utilization of Citrate, Glucose and Lactose Y #ZH#E RS medium, MacConkey agar F
SS agar Fr4EER » RESE Naegeli®®), Gibbs and Skinnert?®), Shewan, Hobbs, and
Hodgkisst*, Davis'?’, Emmett and Bullock®® RRR ~ S EEE » FTHT Table

Table 2. Diagnostic key of Enteric bacilli and similar Gram-negative bacteria

Cells do not glide
Cello rigidly bound
Gram-negative

Rod

Cytochrome oxidase

- +
| |
H-L H-L
F O F s 0o, —
| | | |
(Nitrate +) O- {Nitrate +) Nitrate
L—
T MacC +) o
Achromobacter SS +,-) A
- + L ,
D + - Alcaligenes ] T
(Indole +) MacC +) (MacC +) + NG
(MR +) $$ +) (88 ) T NG
(VP -) Others
(Citrate —) Aeromonas  Vibrio (MacC +§ MacC +, -)
H,S(TSI) + (sS +) (SS - )
Eduardsiella Enterobacteriaceae Pseudomonas Flavobacterium
+: positive —:! negative F&O: Fermentation and Oxidation MacC: MacConkey agar

SS:  SS agar O, A, L: Ornithine, Arginine, Lysine NC: No Change
H-L: Hugh-Leifson O-F test
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1 25%WFE » W Edwardsiella, Enterobacteriaceae, Aeromonas, Pseudomonas, Achromob-
acter, Flavobacterium, Alcaligenes & Unidentified Gram-negative rods %\ EzZ o

KRR R

BEER Edwardsiella anguillimortiferum 75 » 7 28°C T HEALIREBE L
A8PEFEER 10 mg ZEIBREEA 1 co ZREABKT  FRIEETSK 0 KE 100 g RBEE
4 mg MEZ LA BB EESR » SERIEET - B4F 100 g REE » 86 04 cc. ZEK -
H—EKEERRE » AR 150-200 g 268 » BHBEZBBESK 0 AAZFHAENBLZE  §X
Pok—K > BEMES - BENMTHBE » KERZERE (20-25°C) o AL RmAREEEE -
BREMERS  ARREREKIAFHVAEARBEE  MEREBE -

5 3

B 197754 AREIVBEIAL » EEBPRYLHERETERHERSBETBAZE » A
BRR K Z MEEE 2+ RBSEIRER 204 BB R > DBER] 539 M - BEBBAEYRIERSES) 160 K5
' T BRA MNEE » SR -

—~E5H21L

&k Tablel SEE T SR/\EEE  BNRBPCHEALEEHBE S HIBRM Table 3 5 »
Edwardsiella #12 BF13 A B85 B3] » Enterobacteriaceae % Aeromonas PREE BT HR 4 it
3 » Pseudomonas #t11 BEZE 6 B 1L B 58S » Achromobacter{&3 B R R » Flavobacterium
IR 11RR 3 ABSMEE » Alcaligenes 758 ~ 118 ~ 2R3 ABAMS] o HIB8E 2 HHM
Table 4 (Fi7R » M NBBBMAEER » Edwardsiella {755 B 583 » Enterobacteriaceae ®
Aeromonas EEEERA » BRERTFHHE 58S » Psuedomonas 3 BE 7 B®SBEE] » Achromo.
bacter ®£71 8 ~1 B R 3 A5 8t3| » Flavobacterium 227 B~ 118 R 3 B3 » Alcaligenes
RIZES A~7T AR 11 Boimusl o

B~ AR A Z RS BMERZES I Table 5 Fik » BRRBBCBANER & lg 2o
BRI AT 10° cells» 10 B 12 A% 108 cells 4 » HexBRHE 107 cells) Ak lg 2 SBE
5AR LB 10¢ cells» 10 BipEsE 107 cells » Hapto7e 1056 cells » PINEEB T BAED 2
BREE  Fl g ZEWETE 10° cells» 5 AR 12 A% 107 cells 4 » g397E 1046 cells » P& 1 g
ZEWHEBT AR ARKIEME 10° cells» 6 BRKZERE 108 cells » f57E 1045 cells  phkZ4HE
B PRRIEBAKIL ARIBE co. ZEEBE10° cellsht » BRAEHRES —FEE 104 cells)]
Lo METREBEOR AREEE 10° cells » b BBBAECERIBEREE 10° cells »
A RTHMERE  BABMAZAEE PR RS ERETERECER o

OB ~ RRSEM K S MER B Fig. | TEHESESSZBARABZ SEELL B
REME » BHALLL ARRKRE  BEZESRRESFHKENR L AE2 AARIE - N 1 g
FR lec ZEMFEE  BREBIOARIZE  hFIIBR3 B BAZSEBEARIEESER
BHES R A EBASEERARSERRE bk 2 aEMRHEHMSECA » I BR 3 B
BRARRBSEBRRNEES) » Ao B ERIE (Table 5) » R P52 68 £O0RQ S WEE
m Fig. 2 Fir HBRESEEBERNBNRIAE4ARIBEA » pHASS ARIZE »
TREKBMERB 2 FEVRKY  MABERE27TE8 AS4EE > KMAREE o

= ~ Aeromonas, Enterobacteriaceae, Pseudomonas B Edwardsiella = % 3B,
HERRE R A H 2 539 skE M Table 6 F1% » B Unidentified Gram-negative rods




Log scale of bacteria

TEMP. (°C)

. The comparison of bacteria among Intestine
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Upper: Southern Taiwan eel-culture ponds.
Middle: Central Taiwan eel-culture ponds.

Lower: Annual fluctuation of water temperature.
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Table 5. The annual distribution of isolated bacteria (103 cells/g or c.c.)

amoung intestine (I), viscera (V), and pond-water W)

| T

APR i MAY JUN JUL AUG SEP

Southern Taiwan 1 75080 72540 — 16673.3 46740
eel-culture pond {V 584.33 28.1 112.666 757.966 2318.34
w 52 52.06 134.6 76.83 349.5

Central Taiwan 1 25111.375 2490 896.8 1147.6
eel-culture pond {V 58.176 1062.066 7.626 3.6
\'"% 610.8 70.95
Max. H,0 Temp. 29.40 31.05 29.22 32.39 30.98 30.92
/ / / / 7 /
Min. H,O Temp. 25.46 28.05 26.80 29.40 28.59 28.19
OCT NOV DEC JAN FEB MAR

Southern Taiwan 1 3591.95 11437.05 6446 333.95 11836 22126
eel-culture pond {V 15204.166 1101.783 7822.166 73.75 1271.95 1508.55
w 12.75 30.5 28 13.5 333
Central Taiwan 1 3245 18000 1048.75 6.91 58.79
eel-culture pond {V 82.212 120.666 666.676 217.8

w 47.5 2.2 31 7 450
Max. H,O Temp. 28.75 23.58 22.39 19.31 21.55 23.92
/ / S / 7 /
Min. H;O Temp. 26.34 21.69 20.15 16.96 19.58 21.51

44> Ll Aeromonas 1520.22% 5% % » Enterobacteriaceae {512.98% =k 2 Psuedomonas 1510.94% %
KRZ +» MLl Edwardsiella 15 1.85% B/ o« 3 Aeromonas % Enterobacteriaceae ZHE
MRFERBFRZE » ABEGAEF S8 HERZ AR2EHLTHME] » T Psuedomonas
Z BB RN HBRESFAZE - AWK A ST SEE  BHB 2 BRREILAE 7B T8 A
Z10R QRSB o Edwardsiella 7 HRBEHBEHMHZRERE » @RAZ RS L 1 8k
IR e 2 B R IR e 1 R o TR 2 R RS 1 SRk Nk ASRAZE
WA DR Edwardsiella o Beb BB B BIKTE » 5 R7E 5 B el 508 B Beas U2 JER (2.7 %
10° cells/g) » 9 BRGHMERAESHRRAKIMEE 257092 Bri (85% 10° cells/g) R BFHE(120 x 10° cells/g)
» PRI AR ERRMERBFR (30x10° cells/g) §5 (11000x10° cells/g) R REM#A
(2x10° cells/c.c.) » 12 BrgsRaeaass 2 RS R PHI (7.5 % 10° cells/g) R #2487 IE ¥ ok
(0.4x10° cells/c.c.) » 2 ArgEpaei@yy 2 E bk (0.3x108 cells/c.c.) » & 3 Bigiakha s ok
iz XK (746 10% cells/g) WiB » #BIL10T8FL » (LB Edwardsiella F0 Aeromonas 727 K fig
TN BTN TR K R R RS S N RN o BE— AN B DRSS b
AR R B IRBE 2 RS AT BE D Bt Edwardsiella o

ENRBZITHA
fn Table 7 prix » BI85 9 BEONBTERY 2R B S Edwardsiella, Aeromonas
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Fig. 2. The comparison of total bacteria between Southern Taiwan eel-culture ponds
and Gentral Taiwan eel-culture ponds...--- .

% Psuedomonas » 10 B BHRIRZG A SME Aeromonas, » 11 A X1 B ABERTEFREZ
fRE8 » 857t E| Psuedomonas % Flavobacterium » %585 9 BABERERERZRBHE 7
3| Edwardsiella, Enterobacteriaceae J Alcaligenes » 10 B H B2 HE R R gk i3
Enterobacteriaceae, Psuedomonas & Flavobacterium » 11 5ZE 1 BRI E SRR EERRE
s TESMER Aeromonas X Enterobacteriaceae » 3 B {fF R 2|2 48 B B M MK (Plistophorosis)
RS » JEME LR 0 B Edwardsiella & Alcaligenes 4% » HEBEETHE o

R ARRA o Ro#ESw Fig. 3 Fir  BREHRES 9 AR 11 ARG IEES 12
ARl ARERBZESHEHESFARR  MAZAEBELERACGHELR » THEHRABUR
ABARSHEILARBZSEHBRS -
W JRRS FHAMBE R mf o

BIOTTETARE 19784 2 A1k » dhER&RB SRR #EH 200 » Tty 2KV 5
HHOOBKER » & ET88HKE » BRI Y12 M 5P Ber ch 3R R A0 B T M HU 2 TR » TR TRA935 57 EBI45 8K
W AEIEE > BRETER I Table 8 A » ERT 4% Enterobacteriaceae, Aeromonas,
Pseudomona, Achromobacter, Flavobacterium % Alcaligenes s dheifitl: a5y #:%| Enterob-
acteriaceae, Aeromonas, Pseudomonas, Achromobacter . Flavobacterium » TR BEE: EHI M E
AMERSE » BEE—EHS Edwardsiella » &85 M LS £ 8% » I RS medium 47
MR » ’i& Edwardsiella 738 o
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Fig. 3. The comparison of total bactria between healthy and diseased ecls of Southern (S)

and Central (C) Taiwan eel-culture pond.
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Table 8. The no. of isolates from sediments and plankton

‘ Sediments ! Plankton k Sediments il Plankton
Edwardsiella ‘ 0 i 0 Achromobacter \ 2 | 14
Enterobacteriaceae ! 4 6 Flavobacterium 6 ] 6
Aeromonas “ 7 19 Alcaigenes 2 ‘ 0
Pseudomonas ! 13 14 | Unidentfied G— rods 54 ! 23
Total | 88 ' 7

% ~ Edwardsiella = 5k MW

AR TS ~ B8 » B Rk S8 2 108k Edwardsiella 8 » SARIERRE » B9 AREEH
BB BRI RS 2 IS IR Sl Edwardsiella » IEEES A BUERZE » REER 24 /)
R 4K BRHARMIE  BRES RRRKEHESRA 2R I hEREEEMBNERE
BAEFIEER » BURS ML Edwardsiella ERIRYE °

& w

$EE (19735 1974 REAMALRABRMARGRBEANEZAREE  REABBRZAER
TSR A2 7 8EE » Ll Aeromonas, Pseudomonas, Enterobacteriaceae X Flavobacterium
BEE B, 38 (1974) FEE R ZHE B » IRl Aeromonas, Psuedomonas, Enterobact-
eriaceae X Flavobacterium B R 2EE® o LEEHEME T MR 7R Aeromonas, Psuedomonas,
sEnterobacteriaceae, Favobacterium, Achromobacter-Alcaligenes, Paracolobactrum (Edward-
iella) % Unidentified Gram-negative rods % 7 (@@ %E  BUSEEEEREHRAZAY - KHF
7P gk BLEE T e B Aeromonas % 8 BB » HpLlAeromonas, Pseudomonas, Enterobacteriaceae
% Flavobaterium BE% B 2@ » BRLUGRBIALERER - BAMBETNE  ARAZER
BT Aeromonas %8 BB BR 197184 3 AETRESR 9TET AP RBESSAHBET
SEEBIA 0 Hk B R EE TSR AR R EBERE S AR ZAEERTA - WEERT
B B IR R E TSR o kg 38.38% & Unidentified Gram-negative rods FifdiZ i
BE o BHhE (1976) ZHREHE » BB hdoREBETE S T HEIRERI0% » REHRKSM
W EEAEREH AW ZLE -
AERF ST HIWAEESEMREEE » 5% (973) #7A4SABAEAZHAEREL T
M R EE T l&ﬁfﬁﬁﬁ!ﬁﬁﬁfﬂﬁﬁ'ﬁﬂﬁlkﬁm%#ﬁ,z&E » MAFRKEFEZHE
BEEEREWEIEHETK - BH 1946 ZoBell Hi5H! MM fi4 BRI AR ETMME - K
RS B AR UK (sensitive) WETRECIRMER AT » BAEBBRZZERELAMZE
EREK 0 BAFEBRESRR  SkPESTERLEHRBIERE® o Biset (1946, 1948) #fT
perch & powan ZERZEWEH MBS 2 68 7 - 15 L RS P R M R 2 S BB AR MR A S
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