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Conditions for the Artificial Infection of Saprolegnia ferax in Elver

Shang-Ching Kuo and Guang-Hsiung Kou*

Abstract

Observations on the mycology and pathology of saprolegniasis of elver are
herein reported. The water mold, Saprolegnia ferax, Wwas invariably isolated
from the diseased elver Amguilla japonica.

Elvers with skin lesions or pretreated with bacterial pathogens, Edwardsiella
anguillimortifera and Flexibacter columnaris, were readily infected with S. ferax.
However, healthy elvers were resistant to artificial S. ferax infection. The
infection and accumulative mortality rates in various test conditions were decreased
by the supplement of chloramphenicol in the aquarium.

It is suggested that S. ferax is a secondary invader to damaged or necrotic -
tissues on the elver.
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Egusa (1965 a,b) @9 » LIREEGHSEME » F2Z8KMESaprolegnia parasiticaiziF » 14&
RIS ¢ S Aeromonas hydrophilaz IUSTES » FEZIAS. parasiticalizii » M7 5ERRGE ©
e (1966) W » MEEEHE » NESEREENSE  HZ8 S. parasitica B> TR9EEE
BRI 2y R o X » Neish (1977)g sockeye salmon S F4HEH Saprolegnia spp. » [d
A AR S Rt F A E (Opportunistic parasite) o i (1979 ZKE » MAEEIERZ
KR EESE Saprolegnia BAMEHE 2N » FILWHMR Saprolegnia BAMBERRREG » X
HE BT RAGHE » B ARG KMR IR » FURKZSR o ARRUERBA > ETK
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EEBMRENBAEXBETEZREE (Fig 1.) » IHAEHEER Sabround dextrose agar
T b F£22° CTRE R 24ZA N » SN —iREE < Sabround dextrose agar JAEEEEK
oo ERFROAEFHR ) ERCEMET (Hemp seed) » DIZFE AT (Zoospore) Mz o i
RORHEEST  —HZBREER 22°~24°C » [EREHRRIERE (Zoosporangium) MR
HRTFHRBEEY  BREBZEE - H—HZBER 5°~10°C » RIBHELBIFEE (Oogonium)
RxEEs (Antheridium) » BHEMIR ~ B » UREZEE -

B AZRERTR

ERERESHECAMER  EETRTAZREER REACZERERS~8A5 HHE
- HRASA RETHREE ‘%ﬁﬁ@kﬁ* ' 518 2 ~ 4 REP AR 24~48/ ey 3558 » Wi BB TR
TEERZEMET o
ENHRNAERPICER  URETERREERME « BRERBESRIIE » 889~
HE » SEKRAEHERBRER » TETRLER  HREHASFISEROT :
B RERE » BRAMSECERRRET » A BREZSRRERKER » REMA
KB o
B REBETEHA  EHEERERZ 0.85% NaCl £ » HERKER » EEINAZL
Heo AHRE—HERRETEHNEZEERRRZHBE -
B ERReEREER ) BEHTNE—E0% » RBERKERN » RRFIMAKEE o
A © R ERILN - BEHREZ Edwardsiella anguillimortifera ##k (1x108 cells/
ml) 48 » BERRUKEERN » LINAKEE o
HEM . AR TR AENNE—80 » MEDRYE LRBZEE E. anguillimoriifera 1%
s TREAKFER » RRIMAKME o
HAR  EBRTEE  BENTIE—BO% » Z& Flexibacter columnaris B3 (4x10%ells/
ml) B+ » BRERKER » ARMAKKE o
M BRRE F. columnaris WK B 4rE% » HBERKERN » FIEEMAKEE o
B L BB F. columnaris WRPBET5EE » BERABEREE—X » BoRKFMAK
W o
A REBREIHA » BEEBEZ E. anguillimortifera % » RENKEALER~K 4
ZRINA%Z#R (Chloramphenicol) » FEEAKPZEBER 45ppm - FIREIIAZKH
He
B+ - REEREIUA » BAEEZ E. anguillimortifera B » RBERKER » B
AKBEER—K » BREMATE#FE (45ppm) o
F+—H  ERBZETRIER  BEHNE—B0% » BERKERER—F » B-FXBENAR
WE (45ppm) RAKWHE o
BT EERCETTHER  BRHTE—B0% » RERKERN » ARAKXMELEE—FK
» BRFEIARME (45ppm) o
FT=8  EBRETHREN  BEHNE—EO%  RERKERN » FEMAKBEREER
(Streptomycin sulfate, 100ppm) o



ERERIGE 16°~18°C TET » BEZEEN 6 A% » ERYEA/IOR » MEATRK T
i FRER2 ~ 4 REWARE KB E ZEMET L

B RAELZHKLE

AT RS ER a8t  RENBRHE  THAEEDRLAMESSE » ENERCSEE
Fr-F » BEFEN Bouin’s soln & s HE A » M Hematoxylin-eosin Zufs » BLIBMEHE
z °
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AMEEENSETEMETHERKS » £ 22°C T 24~48 /Retk - BIW R ks T BRI,
%W (Fusiform) miE#Eik (Clavate) (Fig.2) » ¥ AREAEZBENBRIFRT » HiraT
ZENFRELEWESNED » WARTF—EMES%E (Saprolegnoid) (Fig.3) » BETHRES]
WM O 2 B4 (Lateral exit papilla) (Fig. 4) » 22 ¥ mFEZEHRATMHIFE

(Internal proliferation) (Fig.6) o B &EERF (Chlamydospore, gemma) 7FEEFREYTHR
FALRER » HRTHE (Fig. 5) » SRESBRE  CEBERFOERT » THRFVRIFRT
o ELBERT o

7o 22°C TIEEEZANE  EMEREALRAR  HEFIISEL o 5°~10°C THEZ
AHE » B RIS » B4/ EE  THEIREIE (Fig. 1) HURERRYIEAZRY
' RE—EBENZEZ ST (Oospore) o HFATZEBHEFRARBIIEZUMR » /K Seymour (
1970) » JEFHFLE (1976) O (1979) Oz ke » ATBATH AL KBE T EERSaprolegnia

ferax o
B AZBREETR
A EE (Table 1) - EIEBRIMR » TRAFREACMFERE » BEEHERSESH

Teble I. Mortality and infection rates of healthy and injuried elvers
treated by different microorganisms.

Group " Treatments - . * * Mortality rate Infection rate
1 healthy elver- fungus 0 (0/10)* 0 (0/10)*=*
2 0.85% NaCl injection-+fungus : 0 (0/10) 0 (0/10)
3 injuried elver (A.I.)***+fungus 90 (9/10) 90 (9/10)
4 E. aenguillimortifera injection-+fungus 80 (8/10) 80 (8/10)

5 injuried elver (A.L.) --smeared with E. 20 (2/10) 10 (1/10)
anguillimortifera-+ fungus

6 injuried elver (A.l.) +immersed in F. 90 (5/10) 80 (8/10)
columnaris suspension for 10 mins+fungus

7 immersed in F. columnaris suspension 56 (5/9) 44 (4/9
for 10 mins+fungus

8 immersed in F. columnaris suspension 90 (9/10) 80 (8/10)

for 10 mins+fungus (2nd day)

*: no. of dead fish/no. of experimental fish
**: pno. of infected fish/no. of experimental fish
***. Artificial iujnry
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0.85% NaCl Z#HREMERKBERY  MEEBHE (B=H) » &IB%ERRB F. columnaris &
Wl (BAHD R# F. columnaris WHAL (BB\GR) S=HENBRRATIECELRE 90%
FLABRTEEI SRS RRREHREREE  BIfTEZRYER 90% » B2HF 80% c B » i
E. anguillimortifera BB BB BRI TEEK » 580% » BRPEIRER0Y% o BF. columnaris
HRE B CHERENET » BLEEE—REMAKEE » B/ EELE KT IMAKEE » RS
JEZREBRCERE » £90% » BREEFEERI0% o '

HAEER (Table D - EIEBRIMA » TRKS » RAHER o B4t E. anguillimorti-
fera BHZENBRETAEMAERE » SAUERE-RIMAKEE » S-HENRS—FEm
AKEE » HEBZRBRATERE » R30% » BEBERIOY » RHRERBEE0%; 5 SE2&E

Table II. Mortality and infection rates of healthy and injuried elvers
treated by different microorganisms and antibiotics.

Treatments

Group Mortality rate Infection rate
Ist day ) 2nd day :
9 E. anguillimortifera injection 45ppm CP-+fungus 10 (1/10)* 0 (0/10)**
10 E. anguillimoriifera injection 45ppm CP 30 (3/10) 0 (0/10)
+fungus
11 injuried elver (A.I.)*** 45ppm CP+fungus 50 (5/10) 20 (2/10)
12 injuried elver (A.I.D) +4fungus 45ppm CP 45 (5/11) 18 (2/11)
13 injuried elver (A.1.D — 56 (5/9) 33 (3/9

+fungus+100ppm S

CP: chloramphpnicol, S: streptomycin sulfate

*: no. of dead fish/no. of experimental fish
**: no. of infected fish/no. of experimental fish
**k: Articial injury

GET—> T2~ +E8D) » DOFMARBRIEME » AREECHFEREN ~ TRZECER

» 7350% ~ 45% ~ S6 B RRBAS TR » £520% ~ 18% ~ 33% » Hebh&+— + 24 » BEEMAKBE 2
HRTE  ERBEATCERBRFHEFBRCER

B A4 EERLE

ERREFRE L KMEEE « AL (Proliferation) R (Lysis) 2B & (Fig.
8.9) » ARAUBRRIAKBEZEHRZANA (Fig. 10,11) » ANEERANARNE » SEEEE
M (Fig. 12) «
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Hoshina (1960)“ B #8%%& Z KMARINIAZ » B&EE M H S MR+ =8B R Saprolegniaceae
P BREENBRERYEME » HfBIE Saprolegnia parasitca R S. ferax s (BESRIZHE
LRI EER] S.. parasitica » TIRFHER] S. feraxo & (1973) Ol BA MR ZERBRR RGN
ZMASIH S S. ferax o Neish (1977) © fEBAWIRZEE & LIRS MEH Saprolegnia spp. o %
BB KBENFRFRIOR » B—EEGRTEZH O EE - HEIE Saprolegnia B
ZHERD s AREHPRIURERVRERYELERER o Seymour (19700 381 S. ferax
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TENERRELEEMAZIE (P » REGDEOTRE » AR MK BE 2 B 5R
EEEEMET  NEEERIE LI o EREBIEZURREREY » BERRNESR
S. ferax 6,7,8 o

AATRLEREE (Table T) ERERZEHRTE 0.85% NaCl FH 2104 » BEERK
MERL > TIREREREANERME (E. anguillimortifera B F. columnaris) FRIEZ %%
RESAMERY  EERERBRNELE  UEHEKARECRTHEEENZINBIEER L2
B ETIRREE o 724 F. columnaris EHRENERD » —HEH-REMAKERE - —#
EH-RFMANEE » BRE-CKMAKMEZEZERECERRLELER » IIEREZRT
MAKMEE » [HEBZ F. columnaris BB BHRE » RERNEBERBRFECBERL &
EER TAME s RTREES ~ B3 FREEERE—PHIZEH o Egusa (1965a,b) & &
R » AME B %S (Secondary infection) FF » THE (A. hydrophila) REIKER

(Primary infection) HF ; L& (1966) X RHF EEFZAMERRZZATERE | OEA
sunrs Agromonas By o OEM SHEBL c OFENH » TR MEEN » MAFERZITWH
B A TR o Willoughby (1970) O 8 SR AMERLATZRIR “Pre-fungal
stage” » h—REAN A B E BT E A ~ BFE2GEMH o Wolke (1975)4» RRB/AHEER
—xREBRE PARIIBREASRAENME ~ FER ﬂ%:@ﬁ%fﬁ%é’]@% s FEERETLR
» KMEERLZ o 5 Willoughby (1972)0® R ABI#EEERMEZIER  ERBRERE
SRR RN MEEESE » R EARY  HFZAMERL  BERBELARECRERER
_ﬁ °

LA RNERRIIASAS  MSECERTCERBRELGEETH o RBEHR E. angui-
llimortifera Wiz &EHEEBZAEZAHELREBYNE » REZEBRECERREREGRN
HE o WA EMEME T E. anguillimortiferaz A » FHMEERERE - SNAEEEE
B2 RYE MAMEZRTEESE ; TRIASZEREREARERTEPMEOFEEERR &
BONEZASREETRAeRL » B2 KBEZEE o Egusa (19652) @ REIIIATAER
Dihyrostreptomycin A3 B K MR A MK S » TMHEKEFRZERE o &8 (197399 846
FHiA 3 Streptomycin B » TIWE B XBURBEROTTE » ILHRARBRZHER B0 HeHnAER
METHESEHARCRE  AMREABEKEE ZELT -

ILE (1966)“ RS SR R B K M E T e ? ERRERALS ~ DB~ M~ PR
fhEEEE » EREANES o Nolard-Tintigner (1973) 0 BEKMABAREFLE » WHEA
HFHRNE » EABFETZEERRE o Neish (1977) © XiBHAMEAE MG ERE ~ BEEA
HA s BEBAZESRLELERE (Inflammatory response) EA » HEARZAMERERELER
o REBRZEBHE  AMEFEZREMRAEREREAR S  MEKERANAZAR &
S EEL MmO RY » RIBAYERE o (B Neish (1977) @ Zigh—3 > ERARZIIUL
B AlESE—FP 2R
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R B KME SR BT Saprolegnia ferax o \TRETTRZMER » BURKEHMREE
Huf gy alie , (A E e aE E. anguillimortifera B, & F. columnaris B+ MG 5
ZHRG o KRPEBT » HRACEHE » MIBRZEFECERE NG TE o BILHEETKEES
RELET » HuaTassREABRUERR RN
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2 EXBBRINER I ABEZEERARIN 2R RATBNERUREADYR &R
RESLAECZHE » KB o

g F xR

1. LER= (1978). & 0 R GYE . p292-307, ERH B AR o

O 00 0 O

10.

11.

12.

13.

14.

. Egusa, S. (1965a).The existence of a primary infectious disease in the so-called

fungus disease in pond-reared eels. Bull. Jap. Soc. Sci. Fish. 31(7):517-526.

. Egusa, S., and T. Nishikawa (1965b). Studies of a primary infectious disease in

the so-called fungus disease of eels. Bull. Jap. Soc. Sci. Fish. 31(10): 804-813.

. LEEZ (1966).+ 7 2 7 F % 0K & HHT 5H%EHMEBE o Fish Pathology 1(1):

23-36.

Neish, G. (1977). Obserations on saprolegniasis of adult sockeye salmon,
Oncorhynchus nerka (Walbaum). J. Fish. Biol. 10, 513-522,

IR (1979). BRPAEKBMES [ BR o £YWEFLHEFASE 9 #p. 15-25.

Seymour, R.L. (1970).The genus Saprolegnia. Nova Hedwigia 19, 1-124,
HMHETRE TERE= (1976). &¥F 4 ¥ X ¢ o Fish Pathology 11(1): 45-56.
Hoshina, T., T. Sano, and M. Sunayama (1960) Studies on the saprolegniasis
of eel. J. Tokyo Univ. Fish. 47(1): 59-79.°

EEE (1973) BEBKEABKERE PR o J. Fish. Soc. Taiwan 2(1): 47-55.
Willoughby, L. G. (1970). Mycological aspects of a disease of young perch in
Windermere. J. Fish. Biol. 2,113-116.

Wolke, R.E. (1975). Pathology of bacterial and fungal diseases affecting fish.
p.33-116 in W.E. Ribelin and G. Migaki (eds.) The pathology of fishes. Univ.
of Wisconsin Press, Madison, London. 1004pp.

Willoughby, L.G. (1972).U.D.N. of lake district trout and char: outward signs
of infection and defence barriers examined further. Salm. Trout Mag. No. 195,
149-158.

Nolard-Tintigner, N. (1973). Etude expérimentale sur I'épidémiologie et la
pathogénie de la saprolégniose chez Lebistes reticulatus Peters et Xiphophorus
helleri Heckel. Acta zool. Path. Antverp. 57, 1-127.



Fig. 1: Elver infected with Saprolegniaferax.  Fig. 2: Zoosporangium and released
zoospore, 150X

Fig. 3: Zoospore discharged in saprolegnoid  Fig. 4: Zoosporangium with a lateral exit

form, 300X papilla, 600X
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Fig. 5: Gemmae in different shape, 150X Fig. 6: Internal proliferation, the develop-

ment of secondary zoosporangium
within a previously emptied primary
one, 300X
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- A . Fig. 8: Cell proliferation of ‘epidermis in the
Fig. 7: Oogonia of S. ferax, 150X infected site, H&E, 60X
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lyzed cells and Fig. 10: Muscle tissue {m) showing penetrated
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Fig. 9: Fungal hyphae,

debris in the infected site, H&E, by hyphae-like structure. Arrows
150X indicate the position of some of the

hyphae-like structure, H&E, 150X
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Fig. 11: Higher magnification of Fig. 10, Fig. 12: Penetration of the hyphae-like
600X structure into the inner part of
muscle tissue, H&E, 600X



