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Summary

This study investigated external pathological features, behavior characteristics,
growth, and survival rate of the tiger puffer, Takifugu rubripes, infected with
scuticociliates. We discussed the infiltration pathway of scuticociliates, and the
cause of death by histopathological method on pathological symptoms of internal
organs and tissues.

The fishes were reared from May 1999 to September 2000, and were
infected with scuticociliates from April to June after cutting off their teeth in
March 2000.

Survival rate during the infection period was much lower in scuticociliates
infected fish groups, 66.8% than the normal fish groups, which was 94.4%.
The body weight gain was also lowered in infected fish groups, 70.2%, against
normal fish groups, which was 142.1%. However, the condition showed no
apparent difference between the infected groups and the normal fish groups.

The fish infected with scuticociliates did not show any external pathological
symptoms, such as change in body color or swimming behavior, in the early
infection stage. However, they showed congestion, erosion, and ulcer on the
skin and fin as pathological symptoms, when investigated. They also showed a
turning movement, mainly stayed in the bottom, and swam with their mouths
open in the surface of water. Some fish showed a sudden swimming movement
of zigzag type.

Scuticociliates infiltrated into the membranous tissues of the brain, intestine,

kidney, spleen, and gonad. The organs showed the lesion, which exfoliated

_Vi_



between the epidermis and the subcutaneous layer. Although the lesion could
not be seen in the internal tissue of the organs, excessive deposition of
hemosiderin  was observed in the spleen. The gills infiltrated with
scuticociliates showed clubbed gill filament due to hypertrophy of gill lamella.
Scuticociliates infiltrated into the epithelium, muscle, cartilage, and connective
tissues, and the infected tissues showed lesions, which manifested as
exfoliation and necrosis.

Within the blood vessels, scuticociliates were observed one to ten individuals,
depending on diameter of the blood vessels. Some of the scuticociliates were
observed to have ingested erythrocytes. The scuticociliates infiltrated into the
rearing tiger puffer were of ovoid shape and 20X40 um in size. The scuticociliates
had a contractile vesicle and a caudal cilium that ranged 10~12 m, and
reproduced by binary fission. Therefore the scuticociliates were identified as
ciliated, belonging to class Hymenostomatia, order Scuticociliatida in morphogenetic
character.

Based on the pathological lesions, the filtration pathways of the
scuticociliates were estimated as follows: (1) infiltration into the membranous
tissues of the abdominal cavity passing through the gill, (2) infiltration into the
blood vessels of the epithelial layer passing through the skin, (3) infiltration
directly into the connective tissue of the subcutaneous tissue.

The death causes of the infected fish were divided into four main classes:
They are: (1) inhibition of blood circulation due to the mass reproduction of
scuticociliates infiltrated into blood vessels, (2) inhibition of gas exchanges due
to the exfoliation and hypertrophy of the gill lamella, (3) neuropathy and

neurolysis due to the exfoliation of the epithelial tissue that protects the brain,
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(4) enfeeblement of immunity due to physiological problems, as scuticociliates

infiltrated into the membranous tissues of the kidney, spleen, gonad and so on.
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1999 to September 2000. '
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Fig. 2. Monthly changes of mean total length in the normal fish and the fish

infected with scuticociliates in the tiger puffer.
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Fig. 3. Monthly changes of mean body weight in the normal fish and the fish
infected with scuticociliates in the tiger puffer.
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Fig. 4. Monthly changes of survival rate and accumulative survival rate
(infected fish).
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Fig. 7. Mucous laver of the gill (A) and the skin (B) in tiger puffer infected

with scuticociliates.

Scuticociliates.

Mucous, S:

Gf Gill filament, M:
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Fig. 8. Photomicrographs of infiltration process (A to C) of scuticociliate bv
ciliary movement in mucous layer of the gill of the tiger puffer.

M: Mucous laver, S: Scuticociliate. Scale bar = 15 m.



Fig. 9. External features of scuticociliates.
(A) Synthetic diagram of scuticociliate. Scale bar = 10 m, (B)
Scuticociliate stained with Schiff reagent. Scale bar = 10 mm, (C-D) Live
organisms in a wet preparation. Scale bar = 15 mm. (E) Scuticociliate
stained with eosin. Scale bar = 15 m, Cc: Caudal cilium, Cv: Contractile

vacuole, Pm: Paroral membrane.
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Fig. 10. Photomicrographs of scuticociliate infiltrated into the connective tissue.
(A) Section of scuticociliate stained with HE. (B) Section of

scuticociliate stained with AB-PAS. N: Nucleus. Scale bar = 10 /m.
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B

Fig. 11. Cytokinesis stages of scuticociliate infiltrated into the connective

tissue (A) and the gill lamella (B).
(A) Section of scuticociliat stained with HE. (B) Live organism in a

wet preparation. Scale bar = 10 ym.
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Fig. 12 External feature of the normal fish (A) and the fish infected (B. )

with scuticociliates 1 the tiger puffer. Scale bar - 3 cm.
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8. 2FEAANNZ A Lo W A4

1) ] 4
12 2l & (outer laver) 3t 7] 4 = (basement laver) o & IR v}

Ade] A o)
NS G Aol Gk QulZ ol ool da ) Ee vREY 7] 4 E

A 3 (mucous

cells)3 AL i ) Eadule] Jul A Abolo] Rz sl AVHFig. 14). 25

GoolEel BAF N0 Ee] Wy AR tE A4 A%z e

Ll 7F 4 2 3o
Hitete] WAL sl ol He el 2AW w4 gke] Wolx

ol

VRS vk cHFig. 15).

Fig. 14. Cross section of the skin in the tiger puffer.

C: Cartilage, D: Dermis. E: Epidermis, M: Mucous cell, Mt Muscle

laver, Sh: Subcutaneus. HE stain. Scale bar = 200 (.



Fig. 15. Cross section of the skin infected with scuticociliates in the tiger

puffer.
{A) Photograph of scuticociliates infiltrated into the epithelial laver and

tissue. Scale bar = 400 gm. (B) Magnified photograph of (A).

connective
M: Mucous cell, MI:

20 mm D: Dermis, E: Epidermis,

S: Scuticociliates, Sh: Subcutaneous. HE stain.

Scale bar

Muscle laver,
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2) o} 7}n]

Aol ol buis H8 34 o) W (gill arch) & whepa) i aral o) 4 b

(gill filament)izo] wjedalar o] 1: Aol iz A9-50 qFo A vhgil lamella)iro] A

Al8kat vk Fig. 16). ST AR v o A HCHALE Gnterlamella cell & Apolof =]
‘Fekol W-aEskar g SAEIARAI R Fo] Marahs nigpa- AR Ee w2
R e St B S BTN ! ‘dalFol mehrlo] Ay} Wakrbel /b gdhv)o) A
Yol g sl W) sl 4o HHEbSECHFig. 17). 28w R B IR R RS
i Azan el A Ao i AAEAaL AB PASol  #xpoin o M AT Fig.

13).

Fig. 16. Cross section of the gill filament in the tiger puffer.
C: Cartilage, GI: Gill lamella M. Mucous cell. HE stain, Scale bar - 30

/.



Fig. 17. Cross section of the gill filament infected with scuticociliates in
the tiger puffer.
(A) Photograph of scuticociliates infiltrated between the cartilage and
gill lamella. Scale bar = 100 mm. (B) Magnified photograph of (A),
Scale bar = 50 mm. C: Cartilage, GI: Gill lamella M: Mucous cell, S:

Scuticociliates. HE stain.
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Fig. 18. Cross section of the gill filament (stained with Azan and AB-PAS)
infected with scuticociliates in the tiger puffer.
(A) Photograph of the gill filament stained with Azan. (I3) Photograph of
the gill filament stained with AB-PAS. C: Cartilage, GI: Gill lamella M:

Mucous cell, S Scuticociliate. Scale bar = 50 .
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3) 1] 4

gl e At Adon Ryl duton o] Qlar wiic GFwlo] 1y
¥lonaAl S boh St Re] Al A A sto]l du) o]k HES] 91 Aol k7
11 vl 4t gl themosiderin)o] 21 §E3: 4] Abolol] 43 &HUH(Fig. 19, 20).

2R AL u g e o] v 2o Warskal QlUuRFig. 21, mEe]

Bz 1A 5 IRk 2tk el ) g iel sk ero)
AdiAel ael W g glRlont, eis A ok AENs helelir s

Souh ghglofel g vl del HEG AMeld staMoss olunis vhiel

hemosiderine]l % 4 s]of A i u}

Fig. 19. General feature of cross section of the spleen in the tiger puffer.

Ch: Capillary blood vessel. H: Hemosiderin, HE stain. Scale bar = 3 mm.
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Fig.

20. Cross section of the spleen in the tiger puffer.
(A) Photograph of normal spleen composed of the capillary blood
vessel and numerous ervthrocytes. Scale bar = 400 . (B) Magnified
photograph of (A). Scale bar = 50 mm. Cb: Capillary blood vessel, Ec:

Ervthrocyvte, Sm: Serous membrane. HE stain.



Fig. 21. Cross section of the spleen infected with scuticociliates in the
tiger puffer.
(A) Photograph of scuticociliates infiltrated into the membranous tissue.
Scale bar = 400 pm. (B) Magnified photograph of the square area of (A).
Scale bar = 50 mm. Cb: Capillary blood vessel, Sm: Serous membrane,

H: Hemosiderine, S: Scuticociliates, Mt: Membranous tissue. HE stain.



SV R

JARel A el A ste] Byahis 8

woolgtol Al olan e

22). sl&h 7 Aol A ulo] i A4

2 2hAskel gl o (Fig, 23-A). A7 200 me] s

A Gl b o] B

15Lg ol ZAste] Qluvk(Fig. 23-B.).

A Holliz e gz

Fig. 22 Cross section of the blood vessel of subcutanecus tissue in the tiger

puffer.

Ch: Capillary  blood vessel, L Loose connective tissue, Mf: Muscle

fiber. HE stain. Scale bar = 30 (m.



Fig. 23. Cross section of the blood vessel infected with scuticociliates in the tiger
puffer.
(A) Photograph of scuticociliates infiltrated into the capillary  blood
vessel. (B) Photograph of scuticociliates infiltrated into the blood vessel.
Bv: Blood vessel, Cb: Capillary blood vessel, L: Loose connective tissue,

Mf: Muscle fiber, S: Scuticociliates. HE stain. Scale bar = 30 £m.
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o T s, AN AEDE AASH: AR, i

fib SUKFig. 2. 30 i gl gl

Fig. 24. Cross section of the intestine in the tiger puffer.
El: Epithelial laver, Ml: Muscle laver, Sl: Serosa laver.

HE stain. Scale bar = 200 um.
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Fig. 25 Cross section of the intestine infected with scuticociliates in  the
tiger puffer.
(A) Photograph of scuticociliates infiltrated into the serosa laver. Scale
bar = 400 . (B) Magnified photograph of the square area of (A)., Scale
bar = 50 um. El: Epithelial laver, MI: Muscle laver, S: Scuticociliates,

Sl Serosa layer. HE stain.
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6) X

2} 5 Ko 5

¥1: S8 (olfactory lobe of hemisphere)3 2] A1Sd(optic lobe)
WAl e sh]ltinferior lobe of hypothalamus), 712130 Ax e} @i mujo]

G E]ol A uk(Fig. 26). 3R A A A 3

of Wi el guh. s1Zel slMAL AANKIE Fe A7 Eiglia

FAl9) vel

ESHEE I ERRUE

ol

celDizol 3 FCHFIg. 27). A~FE R ELS wo] AldH o] AE £ 0 o
o1zl b A (membranous  tissue) ¥ Al g A}olo] 22 EHo)
28 A) TR R ) 3R v R A e ¥ Aol wbuly]e] wre & A s}

Y EAdS M o 9Juk(Fig. 28-B).

Fig. 26. Cross section of the brain in the tiger puffer.
Ih: Inferior lobe of hypothalamus, Mc: Mylencephalon. Ol Olfactory

lobe, Op: Optic lobe. HE stain. Scale bar = 3 mm.
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Fig. 27. Cross section of the olfactory lobe and optic lobe in the tiger puffer.
(A) Photograph of optic lobe composed of the connective tissue and
gray matter. Scale bar = 400 . (B) Magnified photograph of (A).
Scale bar = 100 um. Ct: Connective tissue, Gm: Gray matter, Ol

Olfactory lobe, Op: Optic lobe. HE stain.
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Fig. 28. Cross section of the brain infected with scuticociliates in the tiger
puffer.
(A) Photograph of scuticociliates infiltrated into the optic lobe. Scale
bar = 400 /m. (13) Magnified photograph of (A). Scale bar = 50 mm. Ct:
Connective tissue, Gm: Grav matter, Ol: Olfactory lobe, Op: Optic lobe,

St Scuticociliates. HE stain,



LEE AN date] v gulo] 3

‘Fotel Eashup 7 A-flel M el HA W 5 QIAvhFig. 30). 4 A 4

ol =AM AFE AN E L Fo)l M 4 o),

Fig. 29. Cross section of the testis in the tiger puffer.

Mt: Membranous tissue, T: Testis. HE stain. Scale bar = 400 /m.
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Fig. 30. Cross section of the testis infected with scuticociliates in the
tiger puffer.
(A) Photograph of scuticociliates infiltrated into the membranous tissue.
Scale bar = 400 . (B) Magnified photograph of the square area of (A).
Scale bar = 30 ym. Mt: Membranous tissue, St Scuticociliates, T: Testis.
HE stain.



M- fEAlthead kidnev) Yt Al Al thody kidney) O 3% vh=o] 4 ar Alake] i

olub2d =4 (ymphoid  tissue), AF R Al(glomerulus), <591 Al vHproximal — convoluted
segment), JLe]al Vo] MM E vk S o it P o] Quk(Fig. 31).
Z2FE YR e Al gt #]lgE B glolo), dkelul G o] ubg

Lol WEGvHFig. 32). A1 iAol 8] #de HEE = gldh

Fig. 31. Cross section of the kidney in the tiger puffer.
Bv: Blood vessel, Pe: Proximal convoluted segment, Sl Serosa laver.

HE stain. Scale bar = 100 gm.
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Fig. 32. Cross section of the kidney infected with scuticociliates in the tiger
puffer.
(A) Photograph of scuticociliates infiltrated into the serosa laver. HE
stain. (B) Photograph of scuticociliates infiltrated into the serosa laver.
Azan stain. Bv: Blood vessel, Pc: Proximal convoluted segment, S:

Scuticociliates, Sl: Serosa laver. Scale bar - 50 gm.
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9. ~FEAMNE 24 st Walala

D gt
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o du A Aolof] 2 AtE A WG] WA Ekal 9l o) FEul )

LA W e B QA KFig 31 A). 1elth AatE] A n Fo] ghelxl als)

R A Abolsh wlol A i sl e W S 2l UHFig. 3413,

Fig. 33. Cross section of the epithelial tissue in the tiger puffer.

Cc? Club cell, M: Mucous cell. AB-PAS. Scale bar = 50 sm.



Fig. 34 Cross section of the epithelial tissue infected with scuticociliates in the
tiger puffer.
(A) Photograph of scuticociliates infiltrated between the epithelial
tissue. (B) Exfoliation of the epithelial tissue by a infiltration of
scuticociliates. Cet Club cell, M: Mucous cell, S: Scuticociliates. HE

stain. Scale bar = 50 m.
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Fig. 35. Cross section of the muscle laver in the normal tiger puffer (A) and the
fish infected with scuticociliates (B).

Mf Muscle fiber, S: Scuticociliates. HE stain. Scale bar - 75 (m.
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Fig. 36. Cross section of the loose connective tissue laver in the tiger puffer.
Cb: Capillary blood vessel, Le¢: Loose connective tissue. HE stain.

Scale bar = 50 /m.



Fig. 37. Cross section of the loose connective tissue laver infected with
scuticociliates in the tiger puffer

et Loose connective tissue, St Scuticociliates. HE stain. Scale bar = 30 .

Fig. 38. Cross section of the pericondrial bone infected with scuticociliates in the

tiger puffer.

Be: Blood cell, C: Cartilage, St Scuticociliates. HE stain. Scale bar = 50 (m.
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=iz W (white matter) ¥} 3] A (gray matter) i o] ol gt} ¥ Fae
i Gl AR el 9l maze AAw M E(glhia  celD$}

Purkinje's A3 o] 57l Y

A& (molecular  laver)3F g Al &
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Fig. 39. Cross section of the nervous tissue in the tiger puffer.

Ct: Connective tissue, Ge: Glia cell, Gm: Gray matter. HE stain. Scale

bar = 50 um.



Fig. 40.

Cross section of the nervous tissue infected with scuticociliates in the
tiger puffer.

(A) Photograph of the optic lobe stained with Azan. Exfoliation of the
connective tissue by infiltration of scuticociliates. (B) Photograph of
the optic lobe stained with AB-PAS. Ct: Connective tissue, Gc: Glia

cell. GGm: Gray matter, S! Scuticociliates. Scale bar = 50 m.
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10. A8 H 3 A

ddolol A¥A FAlE obde} 2ol 5711 WHow Feaari).

1) Formalin 200 ppm & 3
dd 2413 7 B AL o8 Qo w3 HuA HABA &Fole ~
TFEIMY R Fo] AH, ol7bn], 83 So] Hysigr).

2) Formalin 300 ppm 27
dd 22 8 3YMolE ARE TN R Zo] MEAA <z T Aoy,
5 R otrtulole BEEHD, 7RO E FE 2 o}rjulo) T X35

3) Formalin 500~1000 ppm * &
dd 2/ 3U7 Moy AA #E D ojsbulo A Ao} 3ol A
FEFIE R ZFo] EX & YU}

4) Formalin 200 ppm %8 ¥ ZE(NATURA-F; GSz# o] A1) a7
FE A2 & F YEE 3U7 200 ppmH PO B Y o} 7} ] o) A

ol 2B RE0] BE S

5) Formalin® deoj=gtd FAE 2% & € AZ(KD-F) a7

200 ppm 3U3F k8 Fol® AR Yolglt AFHAMEES0] Bxayu
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A F 5 & Ho] H(Tetraodontiformes), %o} % (Tetraodontoidei), & 3}
(Tetraodontidae), %80} (Tetraodontinae), &4 (Takifugu Abe, 1949)d] Z:3lc}

(Lee, 1993; ##, 1995).

N

5 oj#to] YIlFn AEHAE wow Mg EAY 188 Hus:

% P57 ofele Folth R Aot e Bojziy Zow AHol:

A ZECl g mAX=ule Aol HY, BY For Aol AYstd 21
Aoz A AWl A fEe AFE FAAAAME Fa) FAE Y8t

of olmActe] wf FRF ALK&l s FHTHOKMEREE, 1992).

o] AollA 2000 3¥el oWt HhA 7|22 53~138CHLH A& L2
142~162TCAH AFE X e 122 A83ld AlS5R B og AFRS 1w

& F B2 gob 5000 &7 FEHoM, & ey Fol WA Az A,
ofxe] AR g Aeratgr)

ol Aek WWe gstobx RE J1¥w ¢yl vt wy, getAw g
s whd, steba we WS Py Sol Yow, kAt JRs 257 47
o) 9ol 2A Hwsd ofHol YT AN Foig aun oA B
&

-

2}

oMe Astotola RE AMHEZ Wel M F3AAE 2~33) A
o] FhCK/EEE, 1992).

oAAM 7t 2EHXA(ALS A, stetA B ZeA) Ao FolA HA oz e As)
A W, Aq7)s At 5o AdgA Wzt #d"tan 819 (Chiocchia and Motais,
1989; Schreck, 1982; Pickering; &, 1992), W& olx &3} A17]o] HlHs Ao w}

S

rn

handling, #%3}, o]% 2 +&x 59 AEd27) ojael AR =2 A
% cortisol 453t Folol WY Wz Yol Ao} Asjst F4 FEoel 3
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Fa oFZIAA opztvlel &do] FAHAHA F, 1994). 2E# 2o g o Fo
BHeE Aoz RE gEstel= @ F(alarm reaction, A uk-g)oly, am W&
o=l dA I} cortisole AFUzH] Wafjet WY To] FFE Fo] AFEH
b ZITH(E, 1998). A5 ojmtdd & 4% dPA v a4 MY &
AERC] 69.0%Ad Wty HdTE 1507 ME7F b F A Fo) o) HA}
R o= AF 200 g AFA AFEHS FFAJ ddse oy | BF F
Ax A T %, 293 AEH AASEA ofst A MWE Bt FuFd
oaf HALY Aoz AbmETHr ¥, 1993). o]w Hehto] ofHo) m A= JFI} A

A S EAeHA B HRIZN A5 F Pisse ow HAY F 7Ax v}

rr

i

2 9% UE S Jehliden % 174AYE GAFJNE F, 1995).
olaBHdYoNME AHFTESTH A=d=d ZEHUS W ¥ HYpe 3
EZ2NAFE YetiAeni(i - 1’ 1989), AHFH o] ol Hae Agyog o
Aol dFE FoHE F, 1995). o) AFolM 2FEFINEF ] 7P omtdct
AL AbSFE WM 58S 2882 8% o U b ZA9 22Uy &
HYgo me 2ERY FE, oY HIUR Ko oA Rup 4,
aZa Ao HAo] gEd FeA Tl wnFHol, 7|27 £& 2o] Foj
nE 2EHAAR A WgHo] oFstE FEoAM Al ol FE}E 2FEIL
HESA =2HA7 dEoldtn FHE 4 it

E2FEAEES AEE AFE A F FAL bEA=u BHn B
A R 7R w3 &8 F4ol 603%2 7HF Bel Yelgtin, B3R w9 o
o] 534%, ob7tvl 74 Fol £} AL @4 9 AT A HAzg
5ol 46.6%=2 otzivlet A ol WA Fido] o] BHEEHUL. A r2in 9]
SA BAL A=) 37.0%, ngA=gn 21.9%, 18] SA=uE 40%
ATk PR, FFol Y, dFEAY FA 9 wAHE A7 356%, 23.3%,

178%%ATh. olel@ 402 mol ol Ay A g we 3} FYolo] wal
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X, 1P a P oprtu] Fo] AFE IR FY A AT A2z Argdnh

AFEHIMERZA AEE oFo o4 #98F AFE bluefin tuna(T
maccoyii)(Munday et al, 1997)ol4 B %3 gli=d], AFEANNTE0 a9
Aol AgoldME FFHe BFS ALY FI985L s FAAHA Fao
A oolgstel M3 = FEAR e AU gAY ol FddEAe] AN
o, oleld HFE oWt Hd F of 25 Ao WA ARl wE £xg o}
35 A

20000 497 H 649 Abolo] AL mzd ol oA 374Y F 944% o
Folddoy Aol AodMe= 3/MY 3 66.8%018, 713 7gol A #ATF A
M= 504% % FBEFe] HALE Baigoh Zd 7t wigd ol ARes E4
€ R HNEE 2ol7t floy, FF & oM vzg Tl A 142.1%2° w3
A-tollM e 702% Aok 699 TF8&S AFTAA 1164% 2 ¥ 2T 107.9%
Boh gobth ol 4~5¥90] ALK SR AFAE AAstY A AHAAN Y

E7b mZgTR B A%l o] de Ao sAdry Asd,

d

Atolol 7 AFEFIAHREEFLS Thompson and Moewus (1964)7} &jn}
Froll 2FEFEES] AFQ Miamiensis avidus?t 71 A8t 2744 HAHZ ®
I o] F oFRW otdgt AF, AMFE TN Y =z AEIYY
(Morado & Small, 1995; Cawthorn et al, 1996). 12i1} AFE|FMYRZo| gt
7Y e AN FEEA(Protozoa), FEZFoHE(Ciliophora), A %%7HOligo-
hymenophorea), =% o} (hymenostomatia), 84 2% 2(Scuticociliatida), Hekx
H 2] HF-ob 5 (Philasterina)ell 43hH(Corliss, 1979; Small, 1967) & o]&ti= o} # A
oz &yHo] YA &t ol AFEINHNREFFE HZ Bo FHFA s
FO1(D. labrax)(Dragesco et al., 1995), turbot (S. maximus)(Dykova and Figueras,
1994), bluefin tuna (7. maccoyii)(Munday et al., 1997), 9 X|(Paralichthys olivaceus)
ol A= dE AT el HEZ(lee et al, 19%4; 247 AT, 1986; H,
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1992) °] AFAAe G¥ol AAelobd 24 AYEF T
sidol ol AT 2FUAYREY Fejol B AFHS HAINF, )

W T VR Ao Fo NN = U marinume 3 $F B
A7 7tEx HE RES T2 FHolw, A7]7F 34X 16 m (Cheung et al., 1980),
2] 2t bluefin tuna (T, maccoyii)ol 71838t U nigricans® B elE U. marinum
o} FAFE AT A7)7F 26X 12 mE2 A& Holth(Munday et al., 1997). si4t &9
F(D. labrax) 71438t= P. dicentrarchi®l del& @Z5goz A7E 33x15
mo] M (Dragesco et al., 1995), ¥4t turbot (S. maximus)ol 71AstE U
marinum % M. avidus® FHT SZARIFOZ FF HYrt wHsun HE
A7 T2 RIS &n Jdomw, AVE 32~40X16~20 mAH(Dykova and
Figueras, 1994). 18]31 <A 4b G X(P. olivaceus)o 718 &= 2FEANNEEF
A7 20~40 meo 2 Mg v g FHE FoH(NK F, 1993 25T,
1986). o] AFolM AFH 7Bt 2FEHNMNREZT S Y 54, 53 %
712 ey Ao i FEFLE ooy AP AFXRYI} WE sy HRu
AE T2 BYS 3 oy, £5¥9 mAHEE 2tn Y A7 27~40X
16~20 mzA ¥ Fejot 27|12 B W HFob, A4 AR F 5, Philastarina o}
B(Small, 1967)2 U. marinum =¥ M. avidus®t ASH Fo] £33t Aoz o
AAY PH(family), £(genus) GA Y BEH+ E7lssg
olglg AFHINHNEFE g #HolFol AU s z2o W
WA olo] mE fF HAl] BI AFEo] Ak FAojol JojA AFE|FAY
EF2 HAARZAA Az xgsed oo g 2FEINE S
98 9P olivaceus)e @73 AEe M7 Wt T8z Fu Ad™
ZAE7L Helzel WHog o Ay xo] AN I, AFEFIAH R E0] A
HF7hA A]dat7] dEo) AR ozeE AR AT HS Jebdg, AFEIIHR

T A=evle 71dE AEA R opriv], aen o AFzAY AuFdx A
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ESOH (LA FA T, 1986; W, 1992). Terrahymena puriformis?t o} (juvenile)9] 9
#{F(yollew egg capsule)oll HJ3sted, Fulol #(Cuvier's organ, A=) &3}
Al 5017k st A il Huy ¢t SO F YoM FAH A2x3
S BHAF13, i (cerebrum) ¥ 2 F(vertebral column)e] W7ol % = <9]stch
0

o Asty stEATY AfEZ, A ZFF(lamina muscularis), d#S £

Fo

(Schulman, 1986). 4 2% Tetramicra brevifilum?} turbot (S. maximus))

e bEA Astx, A2 A¥xA S AYE dF A dolwten,
HEFol v¥ #HFE xAAAMs 9534 AxEYS e AH(Dykova and
Figueras, 1994). 18] AFEIEEZFA U nigricans?t bluefin tuna (T
maccoyii)?ll AJstA F9d 9 A< (parenchyma focal meningitis), & ¥
(olfactory)®] 217 xZ #Abet opztwle] 7h2wd AFof Fo| diFHALe ho)
doH(Munday et al, 1997). 2FEFIHEF9] g od 2o0j9 FHAIE
X (P. olivaceus)(Yoshigawa and Nagazoe, 1993, 1997)¢%} 3|4 %ol F(D.

labrax)(Dragesco et al., 1995) A= & F Ao U marinumQ 7% 39}

H

o

(Hippocampus erectus)®] 3%, 25 A% 933 A7 P (neural canal), 3, o}

el 9 MRzl shgatelel Jl4std, gdol 4@ 2HE 243 Az
2R 727} AL, A% 9FE BRAA Pgron], o] YEE) 2HY AT

rr

39 FA FAE FHAM oA el olFsE Ho2 FAHADI(Cheung et al,
1980). Ferguson et al. (1987)2 Tetrahymena sp.7} A oo 715l s ¥
HoEde #Eg 5 Aok vk Wl Hoffman et al. (1975)& T
corlissi o ZE® BT AAFoIA olFo] Y T&H AR ¥ A
WHEAYS Yehdgda gk o] AFoA AFH Her AFE|FIAY R
AEHRE o, 2710 dAo FeAE JHd AE AL WEst Fishx @
gkout AR Wl Hd W os) Axe] Fujeh A-ejn] e mj}et
AGSEol HErwteh Aol FFE 2FENNRFES A%, A4, v, 2



glan H Fo J1ds Hde EI AuSd ZFEAS @ 2% 2z e
Aol vEbsta, 713 WEx2 e Y3 sk QAE7] oot nlgelA
hemosiderin°] ot HAH= LS & F AU ofrtvle] AFEFHNHEF o)
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