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Abstract

Tiger puffer, Takifugu rubripes larvae were reared in circular
concrete tank from 12 May to 19 June 1999. Histological study and
morphological development of the digestive tract in the tiger puffer
were examined to know the developmental processes with growth.

Before hatching, the embryo covered in egg membrane has big yolk
materials. The primitive digestive tract was formed between yolk and
embryo. Newly hatched larvae have straight-type digestive tract along
with yolk materials. The digestive tract formed with simple columnar
epithelium. Mouth and anus were not open it this time. Yolk mass has
been mostly absorbed in the larvae of 2-4 days old. Mouth started to
open and the oral valve begin to form in the oral cavity. Digestive tract
was composed of esophagus, anterior intestine, middle intestine and
rectum. Mucosal folds have been appeared to the intestine epithelium. In
5-6 days old larvae, the rotifers first appeared in the digestive tract.
They have an open anus and the digestive tract has primitive digestive
function, which were based on the development of mucous cells of
esophagus epithelium. The middle intestine was curved to the dorsal
part. In 11 days old post-larvae, the two teeth on both jaws formed it
anterior oral epithelium layer. The anterior intestine has been gradually
expanded. In 15 days old post-larvae, fore part of the anterior intestine

was more expanded and initiated to differentiate to expansion sac.



Twenty one days old larvae developed into the juvenile and the fore
part intestine differentiated to expansion sac. The middle intestine was
more curved to the dorsal part. On 30 days old juvenile, digestive
system was composed of pharynx, esophagus, expansion sac, intestine
and rectum, but the stomach was not formed. Numbers of mucous cell
showing PAS positive reaction observed in the pharynx, esophagus and
expansion sac. Goblet cells appeared among the epithelium cells in the

intestine and rectum.



I. A &

23R Takifugu rubripese 73 ZolF BoE FAEae &1, £
et A Aot 9 98 EFOIE oY, T FAC EXEH AZF 70 cm
o] 474 A st dBHAoltHAbe, 1949). ©] F& £ g} @ AEA
AN DFHFLR oj&HE Holf F AP FaF Fojn

ATl FRAYMNN BE A BAAN AFLRE AFIFAL TR
Aatel BF 7124 HYU(EH, 1962)& A2 AFFAel o7 LA 7
gatol AMS(EI - B, 1963), AFE FRAYLGRH %, 1981, 1983),
AR FrAide] #F AFEEE - LR, 1982, 1983) T2 o} B
A

f8 YgeMe AFH] FRLAMNY #F dF(Pyen and Rho, 1970),
A8 e x|SR B AF(Rho and Jung, 1993), AFE o] A4 3}
T2& Agd o AFAAT] #FF AF(Yang et al, 1994) 5& A7=
HIdE IYFAAELT 5 7IQelA AFE FEAYLE AEd7)4
o2t}

Agge] 48904 AW AFES & 2 Ao FEUAAA TH
A7(Ko and Rho, 1996), A58 A5t7]#e] #¥ HAFEZE Tanaka
(1971), Kumai (1989) 59 R 17t v} ole] olfF HElAole A3 &
del #F AFE= FAZAN, Limanda yokohamae (Gunter) (Lee,
1988), W4el, Ditrema temmincki (Lee et al., 1996), Yellowtail Flounder,
Pleuronectes ferruginea (Baglole ef al, 1997), 18] Yellowfin Tuna,
Thunnus albacares (Kaji et al, 1999)% 2] B 17} )



ol Fe 8 ANA WHE wASE 27 AF A WAL 27 H
ol FFA7I, el FFH} A, 4EFH 2 AEH 714F LA A%
AAZE AT, @ALJ2E &, 8, £842 1931 Ag5EY o
3 58 T+ Uk

FE Aei7lol WRFFAM ARIges dEdel A¥He 2714
BAtell ol =3 T8 WAL doljum, Aojr]e g Y& A
B VG AT ok (Lee, 1983).

AFE A Aole JFFee JH FEE 437189 FHA J%H
2aAg e Aoz BMse A& FEAMN FHAM 27 dF A
AbE Eoli, HAEG Yo FAA7]d ¢ Bk e AFEL ded F
8% 72A8E AT & Aoz A,

A, o A7 AFE Faatel @ Aojg ddez Z+ 4FEA

& 237 e dedtg xAFH oz gAF[



o. A% 2 3y

o] Yol AEH AFE F£HAFL LA AQAd 2 RE AFTA
@3ty £AYAZ FHFE 19999 54 9Y AFE GAFZ FAA HH
B ALRCS(F) AFFFe) 4 9% ZZAYESFLE(45 m X 05 m)dl
T438, 1999 54 12¢U9) 3§ AojE AR EA HPAZE ALE
it

Ab& e AEATE M2 AR F 10 m filter2 o 2}Ete] o] S-dlH L
o, ¥FFL 149 13 5390 4¥7|BES AHSF 2L 18~223C ¥
ANH(Fig. 1). Heole & §F 3YEH rotifer® FIF3IHL, UARHE
rotiferet  Artemia naupliigé &% FF3Ach H3I F 24U olFdE
Artemia naupliig€ &3P on, £33 F 2AAEHE g =(E3, 4
250 m)E EF T

AAGAEE WE7| e dERAgE medstr] ¢ste AFRFA A - A
& 59 12976 64 10¥ 714 3043 wid 20v12] 222 AFstdoh
AYE A Kole 10% FA Formalindl A & F, %59 7] (Nikon,
profile projector V-10)& ©|&3ld 2 R4 & 001 cm7A] &3 .eq, 7|
o 23 ¢ dgg ##Er] Y89 Bouin's solutiond HuAsAh 4z
e N e WEe BREE FNste &0 B (Carl Zeiss, Stemi
2000022 #A3AN, £HEHEL YA paraffin AU o8 5 m 54
9 sagittal section®® AL£HEUL  AFHch. GME  Hansen's
Haematoxylin® 0.5% eosin®] B9 1283l Periodic Acid Schiff (PAS)
HEE AANY F AEPWA(Carl Zeiss, HBO 50) 2.8 #7235 g}



1. o3

19999 54 12¢ #3531 309 F AMS R AFE A xoe HFE
ZANS AR, BEAF 2oje A7) 0281002 cm oA, U FEL
dejA gsten, wi$ 2 d&S stAam YU AY FEAHQY RE F
0dHA= Fole Feed vl oj2 A 16841008 em7tA A AT}
(Fig 1).

2. &zetel o HE

A Aol oI A%W BEe YURH) W AR U
AcHFig. 2). 38 A dete] el wold 28} 299 23@e] et
A Hugoz Aw, 3, A 2aAE FASA Yv(Fig 2-A). ¥
¥ 4~-59%9) asue AR, 4, Wyoz puuL, ¥ ANy Fuy
of ZFo| o]Fojx Yo WUFig. 2-B). 3 F 6~8YBolE 3
A7 £3 B202 AN, F FRPE F BL Yo 2Fo| A%
HoHFig. 2-C). ¥3 ¥ 99Flt 3 AW¥7} Begez Axx ¢ 5
Rt § &g Fatel Hyol AYAH(Fig. 2-D). B F 158Fel
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Fig. 1. Increase of total length{(mean+S.D) and change of water temperature in tiger puffer larvae and

juveniles during experimental 30 days after hatching.
Feeding schedule is illustrated at the top of the figure.

25

20

15

10

Water temperature (C)



Fig. 2. Morphological development of 7 stages of external digestive
tract in the tiger puffer from prelarvae to juvenile stage. Ai:
Anterior intestine, E: Esophagus, Ec: Enteric canal, Ex: Ex—
pansion sac, Pi: Posterior intestine



A Auyr R 2oz v Lo WA A (Anterior intestine; Ai)9
YREM BAGor F3st AlFEchFig. 2-E). F5 F 21~244H
= ARADY GREo B3den Bz, F FHFE oA v &
et HAFH(Fig. 2-F). £ F 27~304H e HFgde) Ay 3
Bz wastn, e ddx gaHe] agdge F2E 4ol gz &
g §ch(Fig. 2-G).

3. Ayt uiet

1D uix 8470

®a A AT A E 1,2501200 mm ©] (Fig, 3-A), el %1 Hj
A Bid Actd G wass, dad See dger 715 A
AN THFig. 3-B). o) Al7le] A3#L dFI wiA Alo)d] HX3aL, 4238
#el Hels Ao FAdAde e, 238 FAF ¥t FFe] 3l
Ark(Fig. 3-B) 2 &d AR & dFEPYHeln FAFEL deF
S EAF 4o (Fig. 3-C), F&9 Fuls AL AFFH47 @
FH AR (Fig. 3-D). WA & FIFodE NF(Kkidney), HtE HelE
& (swim bladder), °1oiA A 939 3 A (pancrease)o) Wedlz, vjA o]
E&3 258 Alo] & uet M4 E7) BEIH(Fig. 3-D).

2) Ao 17]

235 ¥ 19AFig. 4-A), 239& Aol Fuoln], YREe Pu=
Yolglz, 438 WHEE o} QX & AEolth(Fig. 4-B).

28 % 29A(Fig 5-4), 4ol AIT(Fig. 5C), Fe BYoz %



Fig 3 Photomicrographs of tiger puffer embryo before hatching.
(A) fertihzed egg photograph. Scale bar=350 m. (B) sagittal section of the
embryo showing the large yolk and gut epithelium Scale bar=100 . (C)
sagittal section of the anterior part gut epithelium showing the digestive tract.
Scale bar=25 pm. (D) sagittal section of the posterior part gut epithelium
showing the digestive system, Scale bar=25 wm. DT: digestive tract, H: heart,
K kidney, NO' notochord, Pa. pancreatic tissues, SB* swim bladder, Y: yolk.
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(intestine)d M o] YFATME7} @F o2 EFHFQ wdE i Yo
U (Fig. 5-B), %30l 47)7] AFA#h(Fig. 5-D).

wa ¥ 3UA(Fig. 6-A), #Ato] A2s#e Ax 4 ARozn FERIHY
AAHAD A9 WS Rzl X189 (Fig. 6-B). T2l 7% (oral
valve)e] FAH L, AF4Y oldFde AFol Tedtder(Fig. 6-C),
Aol gule] 2Fo2 FFo] FAH NFEAKFig. 6-D).

B3 ¥ 49A(Fig. 7-A), Aol 23t Az AAAD, 3%, JFes
B3 e i(Fig. 7-B), 4dE G AR Id o2y F49 wEH
B AvFo] Y=, o] 4x9 AWAEE Alold] FYHEI £
253z gov, PASHE FANEE VeEhA FEHFig. 7-C). A HAI)
# 34, 240 AR 947 RYe AR dEd Fdde] HyAHD
(Fig. 7-D, E), A3dE Fgo] viFsiA et d&e iy F+5
o] £%F Wolla, B29 ¢ Apolo Zte] HA st UkFig. 7-F).

3) Aol F7]

Holg %7 AlAs #3 ¥ 5UA(Fig. 8-4), A9 4A3# &9
BEe d¥e] #4338 FFHAN(Fig. 8-B). AT st 4%
o] FAMNEIF PASH Fgut&& YErRAHFig. 8-C). F3A A&
Hol7l Lo AU, 4318 BERQ dFo] dn, RS F
AL TREFLE o|FolFhFig. 8-D). o Al7dl AF-A=-FF-2 e
BAZ B8R T et g Alele] HE TAHIE AN EIe= B
F UAh

T3 ¥ 6¥A(Fig. 9-A), A= FRAM FFoz o|P&UM Lzt
B&3 F5&03 #uisted 300 m 150 mQ] F WiR7E FHHAS
(Fig. 9-B).
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Fig 4 Thotomicrographs of a 1 day after hatching in tiger puffer larvae

(A) whole-body photograph Scale bar=875 um (B) sagittal section of the body

axis showing a digestive tract Scale bar=100 um. DT. digestive tract, Y: yolk.
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. Photomicrographs of a 2 days after hatching in tiger puffer larvae.

(A) whole-body photograph. Scale bar=875 um. (B) sagittal section of the body
axis showing the digestive tract Scale bar=100 gm. (C) sagittal section of the
oral cavity showing the mouth opened. Scale bar=50 um. (D) sagittal section of

the body axis showing the gut epithelium, Scale bar=25 m. DT digestive
tract, IN: intestine, M: mouth, OC: oral cavity, Y: yolk.
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Fig 6 Photomicrographs of a 3 days after hatching in tiger puffer larvae.
(A) whole-body photograph. Scale bar=875 m. (B) sagittal section of the
whole body axis showing the differentiated digestive tract. Scale bar=100 sm.
(C) sagittal section of the oral cavity showing the oral-valve. Scale bar=50 m.
(D) sagittal section of the intestine and rectum. Scale bar=50 gm. Ba: branchial
arch, IN: intestine, NO: notochord, QV: oral valve, R: rectum, Y: yolk.
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Fig. 8. Photomicrographs of a 5 days after hatching in tiger puffer larvae,
(A) whole-body photograph. Scale bar=875 um (B) sagittal section of the whole
body axis showing the differentiated digestive tract. Scale bar=100 m. (C)
sagittal section of the oral cavity showing the mucous cell PAS stained. Scale
bar=25 um (D) sagittal section of the intestine and rectum showing the rotifer
and anus opened Scale bar=b0 mm A anus, E! esophagus, IN! intestine, MC:

mucus cells, OC oral cavity, R: rectum, Ro rotifer.
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3 F 8UdA(Fig. 10-A), Aol 9] (AN 400 m, 500 mmZ © & A
A FHor Hiu, HE G FEo| = UHFig. 10-B).

T3 & 99 (Fig. 11-A), 779 &4ds oA etz HAHH
(Fig. 11-C), $39 AB4dHde FEU/ FdatA ¥ cHFig.
11-D).

23 & 108A(Fig. 12-A), 7749 Aods e Aol BA=AG
(Fig. 12-B). &9 AAAD) E& §27F &g ded o) {29 Hel
v A3ADY FFL 50 molR, HEL 20 m¥ oHFig. 12-C, D).

73 ¥ 114AFig. 13-A), ¥4 4HEL Fi oyt 7HLE F
& Hol Asle 2714 Eolw(Fig. 13-B), 4= HuFEo) n)<falA
FAA = A (Fig. 13-C). AFAD) 29 A7 9T FEE 140 mol L,
HE BEL 70 mZ WEsHvH(Fig. 13-D).

53 & 159A(Fig. 14-A), A3 (A FWNREAA 2 5o 249
A AHADS AFol MAB] WAsy) ARSI, o] R Y Fr Y
°|7} 126 ymel 3, A% FRE 20 mAH(Fig. 14-B). & Ay A4y o}
ol $Fel AW FAHE H(gland)o) EEINDL(Fig. 14-C), AMAAE
AZAL PASY FATEE JeEMNTH(Fig. 14-D). A A X #4120
T olF AL FTEEC UAH FXUYE AR L(Fig. 14-E), x4
7} A X (goblet cel)E PASl ¥Aw8-& B AvHFig. 14-F).

4) 27|

723 F 219 A(Fig. 15-A), A (AN SN EAM B3g Rio] P3
Yoz EsAY a8l B3 vtz HF F(intestine) & AA(ADL
2 E3HA%(Fig. 15-B). AFAH AZole AFA7 dEsigded
(Fig. 15-C), Axse Hdate] gl BPdat F Alelde Fgz

_17_



Fig 9. Photomicrographs of a 6 days after hatching in tiger puffer larvae.
(A) whole-body photograph. Scale bar=875 umm. (B) sagittal section of the

anterior intestine (IN). Scale bar=50 um,
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Iig 10 Photomicrographs of a 8 days after hatching in tiger puffer larvae.
(A) whole-body photograph. Scale bar=875 m. (B) sagittal section of the
anterior intestine showing the egg-type gut and villi. Scale bar=50 gm IN

intestine, V villus
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Fig 11 Photomicrographs of a 9 days after hatching in tiger puffer larvae.
(A) whole-body photograph. Scale bar=875 um. (B) sagittal section of the
whole body axis showing the differentiated digestive tract. Scale bar=350 m,
(C) sagittal section of the oral cavity showing the jaw-teeth. Scale bar=50 (m,
(D) sagittal section of the intestine showing the intestine villi Scale bar=25

pm. IN' intestine, OC. oral cavity, TJ: tooth jaw, V' willus,
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Fig 12. Photomicrographs of a 10 days after hatching in tiger puffer larvae.
(A) whole-body photograph. Scale bar=875 /m. (B) sagittal section of the oral
cavity showing the jaw-teeth Scale bar=50 gm. (C) sagittal section of the
anterior intestine showing the egg-type gut. Scale bar=100 . (D) sagittal
section of the anterior intestine showing the different villi. Scale bar=50 [

IN intestine, OC: oral cavity, P: pharynx, T]J. tooth jaw, V' villus.
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Fig. 13. Photomicrographs of a 11 days after hatching in tiger puffer larvae.
(A) whole-body photograph, Scale bar=875 m. (B) sagittal section of the oral
cavity showing the jaw-teeth, Scale bar=50 . (C) sagittal section of the
esophagus showing the formed villus. Scale bar=50 mm. (D) sagittal section
of the anterior intestine showing the different size of villi. Scale bar=50 . E:
esophagus, IN: intestine, OC: oral cavity, TJ: tooth jaw, V: villus.
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(sphincter)e] vj$ W= cH(Fig. 15-C, D). BPde] 5 Hole 625
m= 23 #Hasol 7ta, AFADY §EE v ASHA dolsl.

73 ¥ 2449 A(Fig. 16-A), B3¢ ddHo A n(Fig. 16-B), 3%
¢ o] R HEEo] AvtRdut 2N (Fig. 16-B, C). %
g Aol PAS FAW-Eo] dEhde AAAREsE EXIAS(Fig.
16-D) #FE EZU) == AAEH, 48 AL Adliver) = #
U= o S A3 H(Fig. 16-E, F).

#3233 30U A(Fig. 17-A), ¥ 559 FHEHHA gEZRo2 FA
AZH 284 FEHeg 4ol Y2 B AR (Fig. 17-B). 9
&, T34 9 FAE, AT, ARdE us9 HYAEsF AAE D
(Fig. 17-C, D), #3439 2= o¢ Zx, AFAD, %, 293 FA
T AYMESE moh AT AME Abojatol ol HlAl Z(goblet cel)Eo] ¥
3t9 2.0, PAS| ¢ 43S EUTHFig. 17-E, F).
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Fig. 15. Photomicrographs of a 21 days after hatching in tiger puffer larvae.
(A) whole-body photograph. Scale bar=875 m. (B) sagittal section of the

anterior intestine showing the differentiation expansion sac. Scale bar=200 m,
(C) sagittal section of the headgut showing the pharyngeal teeth and
sphincter. Scale bar=50 gm. (D) sagittal section of the expansion sac and
anterior intestine showing the sphincter. Scale bar=50 mm. E: esophagus,
EX: expansion sac, IN! intestine, P: pharynx, PT: pharyngeal teeth, S:

sphincter.
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o] Ao AFH, T rubripess] #3AE Rojv Aud dFE %42
Aov}, RE F 2~597 Aol U gFo| deln HolE A A
AsAA dge A Fodch nEgd AFE Aol HE F 56U
e JRILE AH & F U= 234 7ETFRV Y9 Aeg A
zZtget, o] A7lo Aole MY A3@EE FFo| AFEHY Az FHY
MEEo] &8 YoM SAT 7% opdAHE Holo £2387]F0l
NZHE Aoz AP

Hol A AANA Al LA G &9, Plecoglossus altivelis, 3
o, Cyprinus carpio, $A}28], Oryzias latipes T3 Zo] Yoz RE IJF
7R ezt 2 AMYRA R, FFHY4 Ho|FAY Yo2re FENA
dol7t @& AZTIF Yo dddct dPiY IHY oFfFE F AwE
9] &5 E FAoZ Fo] 1HASE Aol Yoo, Ao 2F
YA BojFe F& FURAAN FF ded, olAL RAFI HAJPIE
23 o] S5EE 2899 232 oAXY(Tanaka, 1969).

o] Ao AFE Lztwe] AAHA Heh¥ L3FE FASE 2
99 AYFFo YA, AvE FHAE, dRe dzxde wdF,
AT o= 2535 U BFE 2 o A8 Sge v 2y 94
Be B3} ¥ 3097 o]ojAT

gRrEe FAFAFY AfWBE T, AFH AE, o, FEF, F 29
2 Ao FAHY ed dAH oFME A9 FEFE 72 YA
% tHTanaka, 1969).

o
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A3 8 & gastric glandg 3% I-shape 918 71A1 i R1udx
12} (Nishida, 1971; Akasaki, 1987), Tanaka (1971)& X]°]719] A&
A fle ZelE 4 glvn Busyd

o] AFelA AFH AZBL 3 F 3~43d Foz EIHI F
3 ¥ 18¢9#%dle Ao FNREIE REAR 7] AREod B3 F 4R e
Bddoz AL F7t o]FojAn, £33} ¥ 30dHdE AYHA 4A9
A%td F2& 253 oy dg FEFT AEE £ AT

Smallwood and Derrickson(1933)€ 9~11 mm¢! %o, C. carpio Ao]el
Az A5 Ldliver) WAl M FEEZ Rt T fe 9T
oz F7|Ao7| o A Aol HAHET, AP Ay oo disA
T & @A A &AW, Iy AzFe R EASa dolxE 23
Hoze @43 Eesol dx, Solg Ayy 71vE 7HN2 JUA ¥t
(Tanaka, 1971)3 AA]&t2 e},

o] 4PAA HzxAL WiANEY SANAEE JYelgn, 3HFES F
F 24dgd 2AHNeY, BRdE SE=F AU

Kawai and Ikeda (1971)ell &3t Z7]ztel9] A m/dde] AAME7}
Z283ld (& 12 71 F7MEle AL ol AXEJ} Buse Ydo] @
3 Atme 98T SN B olud FF £BRFTALE BHEA Algd 43
Aeg 292 Aog FH3v Wole] Axdy E3g 24, B3} ¥
4~54% Aole] Hziue] PASH S FAHELE 7T AAAEs &4
a1 e Moz Hof 4ze] 2ol AXNHI JUHEE - A,
1973).

o] AFAM AFE ZrAol Ay HAAEE $3) F 49F
#E=ED, A Yot Fuel =L K3t F sddel PASH dAgute&
B3, ol¥ o £ Y 2750

_29_



ko] F7elM Kol AZIZ o|HEHE Al7|d FHAAd Ao FE
7t #93tA Ydehtedl, Iwai and Tanaka (1968a, b)$%t Tanaka (1971)&
°olE TEJ HolHEY FEA EFHIELZHY FrE /L4042 A
olgtsl wmatm v}

ol Yol F2 F od¥ e AFH ojo FF{ Gy d%HA F
Ed7t AAQEe Aegd Heol, 43 FFAL0] g Y= J&E
Bo &,

EE AH R MR, AR, 2839 B9 FE aYHNE
A W OwdEY 57 #FHol Utk dAolF Bl Aol FIAF
Ee B3 F Jd¥o] €43 FrE o|FFE T nYEFE A4 WE
of ojg A3 MEAYN WAAZE 283 2%52L dEy 4 547
& #3&A ¥9(Lee and Chin, 1996).

FRAY AAAME HoAE S vlE 2 Y Fosts Y& 3
AEY UEE FHFLEMN dolue AISEAY 293 Y98 Ho|HE
o] Alzte]l Aol wel ANGFES 223 vy GEo AZ Aojzt
Holg ENE el Fd%¥ol e JHE Ho o) Holg HL 2o
T FYEHUE 2AUSA HER F3 2ol AR Yol FTFIE AUFE
Hetate A& w3 FaF 847 @th(Kwan, 1978). YX9 FR A4
A R F 29 oA Helg F AL 6% ATLL UgUN T,
3~44AFE Holg FFH A& B3I F 7U7RA BYAd AFdIe
o, 64 olF Hol& FFT Aot 7Y o)F BF AR (Rho and
Pyen, 1986). =8 459 A %3 & 49 oo Yol FFH AL
TAAR S HERL 56~-61%01U 2 F3 F 74dARA rotiferd FF8HA
#d Aede 25 #HAEIYHLee and Rho, 1987). AFEL B3 &
2URE 59 Atold] &7190]Q rotiferg FFNYL A4S 4¥FE 129
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7R 0%l L P& JehUR, 6d~11Y Alold] HolE
F2I3E A9 AEEE 885~550% 2 B o Fo vid A JExd =
129742 Yol & Fodx e APE P FAFAA € £ 3
A AFAbE dolubx] gki, ¥aFd FL& 515% HEES JEtUNU
o oA ¥ HolAd H[FolE o AFEL Yo 1.20~145 mm(FH,
1962) 24 ZAAEe ¢4 074094 mm(Lee and Rho, 1987, 4%, 1969),
g9 ¢4 0.86~094 mm(Rho and Pyen, 1986; F4, 1981)e] H|stdq =2
I, AAECIY gxE & 43RS HA 32 Q7] dEd 9®#E FFee
71zko] Aol R 2YE wolg YAE & A ®olA E AFd
el 23 F 7] §AAE A Aoz AGHNG AFE BHA
ole] AA rotifer FFAN7IE AY FRA 7A 0%olde] 4EEE B
23 ¥ 2~59 Apolel FFEe] vpgAditin BEugu gIvh(Rho and
Jung, 1993).

o] AFNME d&ol F5H1, FE ATHE A171Ql #3 F 544
AF80 AoAM rotifer’t A&z BAEUCT A AKEF e
MA o] o) ejrh YRMey} AFEQQ AL FIA F 4~5d4 A Hol
& FF3te o] vwEAsgn J4Ed,

Haiztole] AREE 7t i@ g3pdedn YHPT VAV g ez
A £ ot AHFA FFE AHAE ASAEH 9] 287189
Weo] oL ygHUE Rjole] JEE A IA F¥E vA AL
2 AR, 45| #e wed E HolAEY FFAVIE £F FHA
ol AEL AA F¥L v & F Ut

Aol 27|44 4% (Hayes et al., 1953) A Z+ 71¢e £3A7] 2 ¢
ARt £, B, §&EAL, £F, Y2 Fo AN A 4FE ¢n
Je Aoz Baustu glol, FERAMNA ol #3893 #A Ao F
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T Azv|de] gdd wE 231 59 old wE AFa AE nH
t 9% T A 4 de 977 T 8 Aoz YZErt

E AFEAA BAFy 75T 98, 281 HE 232 YA &€ o
FolA $e 8L FYPste 287180 BN B 77 o|Fof Ak
g Aoz A4
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V. & ¢

o] Ay AFH Takifugu rubripes& 19993 549 12¢HE 1999 6
€ 199717 2 €8 EAYUE FRAM ASHUA, 47 DA &
A7 %o AR Ye @ YRR YEHH S ZAEAT.

53 A dgel AR HiAT EHRd AY} GBI BAEH, YA
sto] &It ulA Atolol HAIF} B3 AFe] zoje AMY 2H#
o Y& stn & dHE A g o] A%H Fue dde 4F
AoAEE FAEH vk o] AlVld 9 FES 48l UAA @k FE
F 2~49% 7] AE dFE dHFE Fréch a8 o] dn F
ol 7o)l A" 28R Az JARAD, FF R HAFoR F
Eddh FdEe FE°] AV7] AF#} K3 F 5~69% F7) Aol F
el Hol7k A BHRHUOH, AxAdve] FAqEst ddsia §F
o] EEHA WALV TS /A aga F FARE WFos FRY
A7) Nzgch 23 F 11d9® F7) Aoje 13Y GR-Eel FYA7L 2
A 4 3g &2 Eoldd, z¥n AA(ADY GREo] MAME FEFo
Aot #3 ¥ 15938 £7] 2o ARADL B2 fL BEojR| 1,
FHRdAE WP dez EIHY AFdc 13 F 214F 972
Ol EH WA HAF(A)Y FEEe] FPdoz R, F FuRe v
gated At 3} F 304 oo LA AF, A%, B, 2,
R AFez =AU, He YAHHA @itk PASH 34 g H
olx HAAE 77, Az R HAdo] 2P, vl E(goblet cell)
= A3 Ao AHME Fol 2EFHA
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e 2

HZgo] e AE €F9 AR o REINE AHLEANY 2vE
AAE REE st2XA L, =i 47 HEH FHG AABLE A
# FA o)dE AAde edd anEE =79 d& INE =E-YT.

A FolE REE =EE A dE A x Y AAdH F&
B AAEA A =dYt 2¥, BE& #4E A1 A=g FE HF
A oA A, AAE MA, o7l AAd, HFY A, oA
A, BES AAY, QA7 AAEA 34 =EdY

ZoX @& BAH 2AL op71A %W YA FAH A, ALERCS(F)
FHAIAE 7HE AR EA FAE =23, o] =R £¥sed 3l
E Yol o FA nf{F AvidA IHdez avpE APt

#& Fl: B =L FAU H3Y, 443 A& FYded A
M ESE o714 ¥e AYPANE(ATH, 248, voF, £A8, oA FE,
%EF, HPH, 8T, EEF, 354, HFE, H3Y, AEE, 183,
AR, a¥E, Py, ¢4MET A5 Hud, 23 R¥d - F
g FALE =g

EY AR ¥4 A8 2ASFAL, RueA] ) F44 ovida 3
¢ -Ard 2dan 39 /& BEA dE 9 FA =¥y

ez, ¥ AdAM ¢ Fo2 ¥EQel WzAE Yol AFsE o
W Ao HEFE "ol 244 2et-g e #A4 dgd.

of 7= NFOsta siYgezac] AlMa 7X@ o|28}
o s, 97+ 2 S2F T4 HYAT2: Y o
EEY xlilez Ale|E EBLICH
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