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ABSTRACT

This study was performed to observe ultrastructure of the gill and to ascertain the effect of salinity on
histopathological and ultrastructural changes in the gill of the Japanese clam, Corbicula japonica. Experimental
period was 7 days. Experimental groups consisted of control, 5, 10, 20 psu. LCs (96 h.) by the probit was 19.55
psu. Mortality was significantly different from the control (p < 0.05). Inner demibranch of the gill of C. japonica was
wider 1.37 times than outer demibranch (p < 0.001). The filament zone on the plica can be distinguished by the six
epithelial celll cell; frontal ciliated epithelium (7 pm), latero-frontal ciliated epithelium (5 um), postlatero-frontal
epithelim (3 x 8 um), and lateral ciliated epithelium (5 um) in the frontal zone, endothelial cellin the intermediate
zone, and abfrontal cell in the abfrontal zone. It had one type of secretory cell that was filled with fibrous
substances of low electron density. The gill of C. japonica exposed to 5 psu for 7 days was observed partially
disappearance of the cilia, and glycogen granule in the filament. In the 10 psu, gill appeared partially modification
of epithelial cell and destruction of the glycocalyx. Gill exposed to 20 psu was extended nuclus of the ciliated
epithelial cell, destruction of the organelles, and observed glycogen granules infiltration and numerous vacuoles.
Moreover, more than 50% filaments were observed that come out chitinous rod from disappearance of epithelial
cell in the filament. Therefore, the destruction of the cilia and epithelial cell induce physiological activity and it may
be leading directly to death.
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o] TREE A (fiter feeder) oleh. ofe) AU BELE PIAARE TAE A TAT AL
W AN ARAASE BB slael AAe) sixepm = F9o Wk (Foster-Smith, 1975). £5F <[ 715
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R A "47‘]73"1]*1 el ofsf AR AE °ﬂ
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£ Ahgslgsy], 9855 0.01 psudl 3= membrane

filter (Millipore, 0.4 1m; diameter, 25
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AR Aune A AE 1 mm7HA] SA3k, A5
A& AAAER 0.01 g7kA] 543 F #F-3fo] optu]&
AEsicy. AAEN 2ARE AR ARET o
0.1 M phosphate buffer (pH 7.5) & %471 2.5%
glutaraldehyde $2]22 3A7F ¢t A vAE & 0.1 M
phosphate buffer (pH 7.5) & 20+ &<t 2-33] A 313}
t}. I ¥ 1% osmium tetroxide (OsO,) (Sigama) & 24]
7+ & 343 % 0.1 mol phosphate buffer® 20% 59+
2-33] A2}y, ethanols ©]&3l9] 70%%-¥ 100%7H+] 2
7k 30+ FeF WAMEE Edigich FRAAEr] A TEMS
2 32317 93 propylene oxide® 30¥-% 23] x|3}s}1,
o ZA A2 Zvj (60T dry ovenoll A 36-48417F St 5
g 3k 1-05 ¢m F7A9 semithin sectiond toluidine
blueE GAzle] Fekdn| g o2 Fsgich. TEM 33 A
#H2  ultramicrotome (MT-X, RMC, Germany) 2%
section (70 nm) ¥ tTHF griddl &84 uranyl
acetate-lead citrate>® <HA%% F TEM (H-7500,
Hitachi, Japan) % ZH33}sich

SEMo.2 #%2317] $3l] amyl acetate® 30%# 23] ]
31511, COg 7}22 YAIZAZE (critical point drying) 3 t}
13# ZoF Fo]& =3 (gold ion particle coating) 3}
SEM (S-3000N, Hitachi, Japan) .3 #33}9ich

ol7fn| e%-gk 3l jF-3t A7} 7 (shell length) ©f A
WA= SPSS (Ver. 18) = o83t A4 3FEAoz
v, 747ke] 319212 Student T-TestE o]&3}of
A 5= Aseld (p < 0.05).
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Table 1. The probit of the lethal concentration of Corbicula
Japonica exposed to acute salinity (96 h.)

95% Confidence

Probit

Concentration (psu) Lower Upper
.010 1.136 -6.809 5.763
.020 3.294 -3.828 7.513
.030 4.663 -1.947 8.634
.040 5.693 -.540 9.485
.050 6.530 .600 10.182
.060 7.243 1.565 10.780
.070 7.869 2.408 11.308
.080 8.428 3.160 11.784
.090 8.937 3.840 12.220
.100 9.406 4.464 12.624
.150 11.346 7.014 14.328
.200 12.888 8.993 15.729
.250 14.211 10.650 16.974
.300 15.399 12.096 18.133
.350 16.500 13.397 19.246
.400 17.544 14.593 20.340
.450 18.555 15.712 21.437
.500 19.550 16.777 22.553
.550 20.544 17.807 23.705
.600 21.555 18.819 24.909
.650 22.600 19.832 26.186
.700 23.700 20.868 27.564
750 24.888 21.954 29.083
.800 26.211 23.133 30.805
.850 27.753 24.473 32.846
.900 29.694 26.120 35.454
.910 30.162 26.512 36.089
.920 30.671 26.937 36.781
.930 31.231 27.401 37.543
.940 31.856 27.918 38.398
.950 32.569 28.504 39.375
.960 33.407 29.189 40.527
.970 34.437 30.026 41.948
.980 35.806 31.133 43.842
.990 37.963 32.866 46.842

= ye

Blrefoln],  siztzt k- 9% (outer
demibranch)@} WAz 7718 YEako g oAk
F-hE o] 1.37T R A oIt e 2= #o
A9l #o]E ®t}h (p < 0.001, Fig. 2).

Z4zre] Al o] Algebit (plica) ©] 2% eolo}
(Fig. 3A). Mot t4=2] A4 (filament) 232 FA= 1
27ke] Qi 1A el HolE (ventral groove) ©] A3}
At} (Fig. 3D). APhrs A= gL 7] 2ugow
Zke] 71914 7% (chitinous rod) & A9 =] EAL Q)
R, A (frontal zone), F7F (intermediate zone), 3}
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Fig. 1. Survival rate of Corbicula japonica exposed to acute

salinity. N. Con., negative control; F. Con., field control.
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Fig. 2. Relationship between the demibranch area and shell
length of Crobicual japonica.

(abfrontal zone) & Y& 4 3Igt) E3F o] & AN EELS
2 9)x]o) whe} Atel= Ak ARAEAE (frontal ciliated

Bl

S-S0 2 =AY N w

epithelium), ATZHA XA AE (latero-frontal ciliated
epithelium), FAGSHALT AT (postlatero-frontal
epithelium), A 2 A=A £ (lateral ciliated epithelium)
7} £A3k3L (Figs. 3A and 4D), M) FH-Eels d4
Z5% 9 9l 2949 A E (endothelial epithelium)
b EAE,  dele AEEAIE AR (abfrontal
epithelium) 7} &A)35}%9t} (Figs. 3A and 4D).

Aol Sk ARE Bet 1 Aol wet iz, 4
s A 2 A 2 sk AR A
dol7} 714 g, E¥IAE w3 7}
HA R Adal et
f ol etk 7P A 71 wel
o (ciliary disc)E @43}, o33}
T-2F sk A3ict (Figs. 3 and 4).
=0l 7 pmE ARNA
2L itk AlxAl
Aol o] v EZ=eoke 27)7) tekst FE 5] o
T ZABEL QGleh AR Fooll= eRIF e Ho] TAst
W, o o= AALET} 2 o] A o] ko] F8)
aholet. gk AL ES F-uj el Fahitel] o3 A7
o] 913leh (Fig. 5A). A5 A& =o] <k 5 #m9
AR 5P e A Ardele Aret viAlgRst &
gElo] e, AR FEE AT 2o 213l
o} o] e, Al 2Az 9o nlAlt2A 54 2| Axd
-2 A Al 29} frAkslgit (Fig. 5B). $4:
AT EE =)ot vn] 47 3 pm, 8 pmSl HAFY A
AEEA AZA Yell= v|E2=e|ofe} vho] FA)4] 18]
A ZHAEAZ}, 2 dEe] ¢llt} (Fig. 5C). SH4=]Al
Tz QY 9l Ak, o] ¢ 5 pme] AFHolql
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Fig. 3.Photomicrographs of the gill in Corbicula japonica. A: Filament (F), showing the frontal cilia
(Fc), lateral cilia (Lc) and latero-frontal cilia (Lfc) in the filament. H-E stain. B: Plica, note that
mucous cell (Mc) existed at the abfrontal zone of the filament. Cr, chitinous rod; lIj,
inter-lamella junction.
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Fig. 4. Scanning electron micrographs of the gill of Corbicula japonica. A: The
plica (P) on the demibranch; note the plica with numerous filaments (F). B:
Frontal view of filament, showing the frontal cilia (Fc) and latero-frontal cilia
(Lfc) on the filament. C: Cross section of the filament, showing the frontal cilia,
latero-frontal cilia and lateral cilia. D: Marginal zone of the plica, showing the
ventral groove (Vg) between the lamellae.

Fig. 5. Gill filament ultrastructure of Corbicula japonica. A: Section of the frontal
ciliated epithelium, showing the cilia (C) on free surface. B: Section of the
latero-frontal ciliated epithelium, showing the cilia faced frontal epithelium. C:
Postlatero-frontal epithelium, note the squamous and non-cilia on the free
surface. D: Lateral ciliated epithelium, showing the numerous mitochondria
(Mt) in the cytoplasm. E: Cross section of cilia, showing the "9+2" microtubule
system. Cr; chitinous rod, Mv; microvilli, N; nucleus, Rc; rootlet complex.
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Fig. 6. Gill filament ultrastructure of Corbicula japonica. A: Intermediate zone filament,
showing the hemocyte (Hc) in the hemolymph sinus surrounding endothelial cell
(Ec) having microvilli (Mv). B: Endothelial cell, note the atypical large nucleus and
numerous mitochondria (Mt). C: Abfrontal zone filament, showing the squamous

abfrontal cell (Ac).

D: The free surface of the abfrontal cell,

connected glycocalyx (GIx). N; nucleus.

o] ARAE FollA 7 Egvh 1 A AuAEe 2
TS AR R 1%l (Fig. 5D). ©l& AR 732+
FAWA D PR L] 942 FEE St gl
(Fig. 5E).

Fiolle vhae] 77t EAEE deTEo] B9
o, Rz I IR A e i Eeate] gl
oIt} (Fig. 6A). 015 A E7} EAI81A] b= AlZolth AlX
Aol viAF ] A A ez A& Fdke v
FEEo] EAEI AAE] Aol vie] wAlE
27} #E 9l (Fig. 6B).

note microvilli

= lxﬂiﬁoﬂ# O]tﬂoﬂzﬂﬁo] 2 %%5‘4_
AT} (Fig. 6C). X2 Aol Hwr}
‘3%11“& 7‘°] °F 400 nm¢] "AEEI} T EAEIEL v)A)
& FAZ (glycocalyx) ol <31 A= 2= 9lgl
‘4 (Fig. 6D).

H

ru[n

}\Hoé' Tﬂ"l‘_"‘ ]“11_:_‘ o E_'E QA= S ‘7“5‘ 7?—1?}
2A45o] EAfeka Qg AFEAES ARUES} Fe
A AR e BAREC] AR 9o G Fa

A} (Fig. 7A).

Fig. 7. Gill filament ultrastructure of Corbicula japonica. A: Longitudinal section muscular fiber (Mf) and collagen
fiber (Cf); note muscular fiber of high electron density and collagen fiber of low electron density. B: Secretory
cell, showing the secretory granule (Sg) filled with fibrous substances. C: Cytoplasm of the secretory cell,
showing the well-developed mitochondria (Mt), rough endoplasmic reticulum (rER) and Golgi complex (Gc).
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Fig. 8. Photomicrographs of the gill in Corbicula japonica exposed to acute salinity. A: 5 psu, showing the
disappearance of frontal and latero-frontal cilia (arrowhead). B: 10 psu, note the partially destruction of the
epithelial cell in the filament (F). C: 20 psu, showing the numerous hemocyte (Hc) in the abfrontal zone. D:
20 psu, note the partially destruction of the epithelial cell in the filament. Cr, chitinous rod; Mc, mucous cell;
Fe, frontal epithelial cell.

Nge] AFRE e FE EA5e HIAEES
AB-PAS (pH 2.5) W= 1383151 &9 alcian blueollA] oF
Aoz vhgstel sbd (659C) = WEF T} (Fig. 3B).
TEMSE #3l5ls u] o]& EnAEs & T72A o
gk 2719 AR =T} g Ao EelaEs ek 9l
Rek (Fig. 7B). #0|#5]e] Filelle 2 =l 2HA¥A)
o} FAATE A ZAL sloA EE I (Fig. 70).

2) &7 obvtol

5 psudll 255 dZAH oprlrl= SEMoE #ast 27
A m el AdESHa R e] FtAql gto] veyltl (Figs.
8A and 9A). TEMC 2 #33 Az} olypn] A AHA 25
o] AEAYe thpe] FEE0] AYAE]o] AT HFo] e}
wown, SEMelAet vtz Aebdm el AkEHg v o

geto] vehytth (Fig. 10A). E3F A2 el EA3F
+ Ag=x7 delle glycogen HHE0] v #AH Y 2
At 2R3 Ao EELS AlZAY ] nEZEE
o}5o] vt} (Fig. 10C). 18|12 FepaldfEe Ak
Fo] EolA gl 2Ae] #AE I} (Fig. 10D).

10 psudll =55 AMAENAE AT FE4al v
7} 3 A A A EES] 2 wdE ik £ G
el v EAI3M AAMEELS FFA3IelH (Fig. 8B).
SEMo = 3t Az Qo] Al ne}l AdSuire] &
gt A Ax] shrt = e (Fig. 9B), SHAR
o] FEAQ] 2AR Qldte] ARde 977} Yyl (Fig.
9C). TEMC.E #3t ol SHARARES] v|EZE
glots X313 A|247) 5] = Qieh 3 o]F AR
gl EAEE AR ZIAAIE] Bl wet AR B
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Fig. 9. Scanning electron microscopy of the gill in Corbicula japonica acute exposed to
salinity. A: 5 psu, showing the partially disappearance of the frontal cilia (Fc)
(arrowhead). B: 10 psu, showing the edema and destruction of the epithelial cell
(circles). C: 10 psu, showing the showing the disappearanced of latero-frontal
(Lfc) and lateral cilia. D: 20 psu, showing the destruction of the epithelial cell (Ec).
E and F: 20 psu, showing the collapse of epithelial layer of the filaments. Cr,
chitinous rod.

Fig. 10. Gill filament ultrastructure of Corbicula japonica exposed to acute 5 psu salinity. A: Filament, note
the edema with vacuoles (Vc) of the epithelial cell. B: Connective tissue, note the increased of
glycogen granules (Gg). C: Connective tissue, showign the fragmentation of the collagen fibers (Cf).
Cr, chitinous rod; Fc, frontal cilia; Lfc, latero-frontal cilia; rER, rough endoplasmic reticulum.
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£500 nm'

‘ o —

Fig. 11. Gill filament ultrastructure of Corbicula japonica exposed to acute 10 psu salinity. A: Lateral ciliated
epithelial cell, showing the numerous glycogen granules (Gg) in the cytoplasm. B: Cilia (C), showing
the extension of plasma membrane (arrowhead). C: Microvilli (Mv), showing the extension of plasma
membrane (asterisk) and fragmentation of the glycocalyx (Glx). D: Lateral ciliated epithelial cell, note
the disappearance of the cilia and basal body. Mf, microfilament; Rc, rootlet complex.

o] TR YTk ARAE Aol th4-2] glycogen FHE
o] A=Y (Fig. 11A). 2=ojAd HR 52 A Anto]
HA=]e] glolon, o]F % W‘“Moﬂ st 5 A Re] 7k
5o WE 4 500 (Fig. 11B). A27}F 243 37 v
AgE ®3 gt gle, nAlgEe] ARt At
o] sAF=]o] glgieh Tl go] o|& mAlFEE A= B
2o g3 3 TR (Fig. 11C). A2} wAl§=27}
BT AlE xﬂifﬂ]/ﬂ A ZL] Aol EA|sl= v EZEE
T 2AE9lew | rootlet complex F3&F Al
i«l 7111%'—3—01]@ Jolglelt} (Fig. 11D).

olli'_z]];go] 20 psu°ﬂ 701 Eo]— J—EQ H ]’-‘Ihﬂi
of o] njh=HA] FAo AFu]Fo] JMEJ&&D}. ] -
o= vo] dEe] AAEHT (Fig. 8C). -2 A
o] sl el M A ERE Holls 2AAte]
2] 9lc}t (Fig. 8D). SEMo2 #23t olrln| 52 Agd A5
AEe] ggo g glsle] 7]6A 7)50] =&=9i) (Fig. 9D
and E). G| Aol A= A EEe] 25 244
Zdelle SEM ZellA Ao FiHEel EAlske st
AN EE S 5 9l (Fig. 9F). TEM2 2 3=

i

ol e MY el EAlsE ARATAEES] ol n
=32 (Fig. 12A), AlEAYE glycogen #3S i3t 3
5ol EAste] o] AlEo] AF-R o] 53k o]F AlE
o] AZACE 2HAEY ZAA9] gt 9 w|EZEg|o}e]
aAlo] gl (Fig. 12B). Al ZAY tho] F250] &
gl ARAES] A5 A2 Jei7l dg=|glon], nEZ
sejolE Alejgt o Hg] AEL7)1HE] 2AE Y (Fig.
120). o|F 7|94 7155 S Sle Al ARATAE
=2 JAkE] Alxe] st on, 7R 7]Fe] Ao
& 4% s H gl (Fig. 12D).

n
23l gl AR A 2EE SHPEELS AXY A
3peba 9 AEEhEel o l o] b5} EJL °l NE2
%7 =}, shAuk A AL s He A4S 2 F7)

A Aoz A e, smw A Ao B3 A
& Aelubge] el Ho] AlEs} 274 FehsAl A
He Qoglown Age] AAA sk oplel Ak =
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Fig. 12. Gill filament ultrastructure of Corbicula japonica exposed to acute 20 psu salinity. A: The
epithelial cell of the filament, showing the hypertrophy nucleus (N). B: The epithelial cell of the
filament, showing the vacuole with glycogen granules (asterisk). C: The epithelial cell of the
filament, showing the numerous vacuoles (Vc) in the cytoplasm. D: Filament, note the destruction
of the epithelial cell. rER, rough endoplasmic reticulum; Lc, lateral cilia.

o} sl DNAS] Higlo] 47 Eoko] A4 A Hd, o]
Aol
t} (SETAC, 1992).

oluls el obrjuli 5% it ope} el B ojnil
ol52] 715ASl S W A
F7F 23 9lc} (MacGinitie, 1941; Jgrgensen, 1981;
Beninger et al., 1988; 1991; 1992, Ward et al., 1993).
E3t ol o)) Fx, Ao Bu|AES} AR eE 5
e B7st 9 Ao Ale) kel We A7) uslo
A2 9t} (Fiala-Médioni and Métivier, 1986;
Fiala-Médioni et al., 1986; Axiak and George, 1987,
Gregory et al., 1999).

A EE o] o7 o]Fd HFEo] Yoz ol5d

PE=E AR AF F2 olFer Adsie q¥s ¢

£0l2 ]’*— == °}7}U] ﬁ"i ‘“’""]’—"]
7 e FHES OC]-»}?ﬂ'\:]- (Morton, 1983; Moore,

Tl 2fellA AFdsAg 2 Az Ao &

1971; Owen, 1974). utH o2 o|usfF= 274 1 ym 2
719] A= A& 4= IA|uk, W T} o)uis) {3l Venerupis
pullastra= Z}52] A7) 3-4 pm Rv} 2 75 100% <
7}gle} (Mghlenberg and Riisgard, 1978). 71 Ad=mA
25 7HA= Mercenaria mercenaria 232 7% 4 um
ool AES AT 4 9y, 2 pm AR HHPES
50% A% 7=} ojuisi o] ASHiA s #3e o7
oF DAR AL QoM ARS ‘é 22| wido] mjekgt 7
u]3} olwllell {8l Aequipecten irradians concentricus=
5-6 ym X2t} Z A 100% o#s8ly, 2 pm AR I
2 15% AE o#3t} (Grizzle et al., 2001). o]=)sll&F
°]'7]'“] AN e el EAskE AAEAL] 75 57 <k

23 B0l HHEAES o] AR A FA3A| F)o

Are oJgt o7 J5E =o5E 9¥E ¥t} (Tammes
and Dral, 1955; Dral, 1967).

o] o] FEL AR EM slFolnsl R AP
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al., 2009).

dad g 222 15
5o 932 F} (Bigas ef al., 2001). 121 A=}
B i
= 7149 vAARl AL Tl A R B s
ahek 4 9lt} (Ghadially, 1997). Abel (1976) 2} Sze and
Lee (2000) & A2l baql Wake Ahasel &) 208
Skl Hl= AA A9 Yglo] Hu), Edk 7P A e 7= Hol
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Faeh (Bubel, 1989). oA Ao B2 Q1A
Pl HLAES Aol EASE mERElsl 513

W il AR x| Age] Aoe fie Hog A7t

1m

=
=

2 of

gt FAkasE el e RoxEd, o]vidiRiE &E
spebAlQl 24 2d 7dmstel s welr|Fe s Fakh s
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%M A1 FFILE o3l ATP 85 58 UAE
A =] ool A3 w4, 5 2 Al HAA

l =t} (Gosling, 2003). webA o]2dt *EW ol 59 o
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SFalAl 3 AEE FolAsl B Zolk
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19 2 ARALL TSl Aol UE o R Aol
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< 7HA9
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80%, 35%, 10%°] NAEe] AL3tsieh. dnba el AEAH
9] oprpul= FHg- qF AoEA it WAL offghrc
1.374] Qo (p < 0.001). o}7}u)e] Algols 2 2] w
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IAE (5 pm) 7} EASE, QY FHEE= &
+ =R Qv ERAEAIE) EAEH, sHele Y
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