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ABSTRACT

This study investigated survival, falling and structural changes of foot in Haliotis discus hannai with various water
temperature and salinity. Experimental conditions were composed of control with 20°C/33.5 psu, higher
temperature group with 23, 26, 29 and 32°C, lower temperature group with 3, 6, 9 and 12°C, and different salinities
group with 33.5, 26.8, 20.1, 13.4, 6.7 and 3.3 psu. Experimental period was 7 days. Survival and falling rate of the
abalone exposed to 7 days at control and experimental condition of 12°C and 23°C/33.5 psu were 100% and 0%,
respectively. Mortality and falling rate of the abalone exposed to the different temperature and salinity were dose
dependent by experimental condition. Histopathological changes in epithelial and muscular layer of foot showed
more obvious with experimental condition of salinity decrease than different temperature condition.
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T2 k=] Al T3k Asse aglolAuh
FAT o] HIle 2B AT ALY F=v] ofFel v
3 iAo R o] FAJo] B FAA FFolAM= wis st
AEbE FEAZ 4 9ok (Sastry and Vargo, 1977,
Widdows, 1985). dnbE o 2 sF+ 150-50% 522 H<]
A= SAAo|H (Tucker, 1970), JE5x2] W3l x|
ue} A, AL, 2 Y Akd 4] sjEE v ohekek e
A M35 Yehdt} (Pierce and Greenberg, 1972; Shin et
al., 2012).

AEF (Haliotidae) + AA|Z L ZE 56F0] Hige] glo
H, o]&9 Hd 2= Fol wet wif ookl (Geiger,
1998). ©| A AAReR Exsp dof AFF x| A

x o

=
2o qpiier] ol=rllA werRd AAAE A
(Geiger, 1998; Lindberg, 1992).

A%Fe) 48, YRR W B4 20l Wae) B
AEskd  wkge]  #st  AFE  Haliotis  asinina

(Singhagraiwan et al., 1992), H. diversicolor supertexta
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Table 1. Quantitative scoring of histological alterations
None Mild Moderate Severe
Frequency (%) 0 < 30.0 30.1-70.0 70.1-100
Quantitative scoring + ++ +++

(Chen and Chen, 1999; Cheng et al., 2002), H. sieboldii = 7 ANETEE 10049
(Kim et al., 2005; 2006), H. iris (Ragg and Taylor, Fedu|7  AZEAZLS WS A&l Bouin's
2006), H. discus hannai (Shin et al., 2011, 2012) Sl solution®l| 2447t 1A% & s=2= EF 36-4847F 9ot
B R AP} Gk DAC R ARFE T 2EL FASE T F, G229 ¥E & 9R0E AR sdebd
of wEHE A% TR g2 D o5 Ask Age o Tulsiglnh sjeae] Tl 2HL vloaREL o] 43}
2 olelAtr] oleld skt we] Txo WY W A5A A of ] 46 xme] JUAR FURo T ALARL A}

3o} Adwk=l 7ot} (Donovan and Taylor, 2008; Shin et
al., 2012).
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Fig. 1. Variations of survival and falling rate of the abalone, Haliotis discus hannai exposed to high

temperature.
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Fig. 2. Variations of survival and falling rate of the abalone, Haliotis discus hannai exposed to low water

temperature.
FolA slslth H-E 94 Ay}, AINEE T34 Vel He, FeNo® vhsehs AlEES] vl AA =k
on, AHPANZEL AP 2} SARHANZER T8 AL wi§ ¢k oW, ITHFAE 24K thtE
=itk (Fig. 3A). AB-PAS (pH 2.5) ke A3} As]29] 24 7 9 2E (hemolymph sinus) o] A gt ZAehd
oA E Axde] dde] Fsglow, HANETEL F2 2 AU E23ka gl on, ARt EFEARE
A (238C) # FE4 (2665C) o= itedks F TRE T o] Aztrcfez Al I3t (Fig. 3B).
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. 3. Foot histological alterations of the abalone, Haliotis discus hannai exposed to high water temperature. A and B:
Control (20°C-33.5psu), C and D: 23°C, E and F: 26°C, G and H: 29°C. Ec, epithelial cell; Egc, eosinophilic granular
cell; El, epithelial layer; Hc, hemocytes; Hs, hemolymph sinus; Mc, mucous cell; Mfb, muscle fiber bundle; Mgc,
melanogranular cell; MI, muscle layer.
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Table 2. Quantitative scoring of foot histological alterations of the abalone, Haliotis discus hannai exposed to high water

temperature

Histological alterations Control (207T) 23T 26T 29T

DE - - + +
DEGC - + ++ +++
Epithelial layer DMGC ) N - ot
DMC - ++ +++ +++
DMF - - ++ +++
Muscle layer HI - + ++ +++
CHS - - ++ +++

Score values: -, none; +, mild; ++, moderate; +++, severe. DE, degeneration of epithelium; DEGC, degeneration of
eosinophilic granular cell; DMGC, degeneration of melano granular cell; DMC, degeneration of mucous cell; DMF,
degeneration of muscle fiber; HI, hemocyte infiltration; CHS, closing of hemolymph sinus.

e @
Fig. 4. Foot histological alterations of the abalone, Haliotis discus hannai exposed to low water temperature. A and B: 1

2T, Cand D: 9C, E and F: 6°C, G and H: 3C. El, epithelial layer; Hc, hemocytes; Hs, hemolymph sinus; Mc,
mucous cell; Ms, mucous substance; Mfb, muscle fiber bundle; MI, muscle layer.

Fe 29 S8 23TANE I3 TAYIYAT)  F7eR PFE 2 (Table 2)
sk AR 2 2 24s 2

)
Izl
om
1o,
o
o S
i
53
3
)

FE 279 & 12T 255 FaRe ejx:
o (Fig. 3C, D). & 26Tl AT Al A ol 95 Aol AAeAde] S7hs Ad=A5e] vlF 9 &

€ o>

=4

Aol 2Ae) TEEAAE 2% thie) 14 Bojel A7 mEelA 270 27} ekt (Fig. 4A, B). 4 9TIA

o) A4l el AT Fig. 3K, F). & 20CAE 4315 & A9 A2) dset 2% Aol aAelA 8
B2t Ee} SATA R v Feeigon, o o) S} Fel H3iek (Fig. 4C, D). & 6ToIARE 3T

Aze] TS} S/ 22T 28EE PASE 2 2 $e0] Pl et 4l gl ME} 3 FEE7}

#o) et $A} Fslglon], YYLE e AR SUEYeR, 255 SUZE e AR s

el SaliA sl 224¢e] FlEgl (Fig. 3G, H). gl 22 go] Fels it (Fig. 4E, F, G, H) T2 12T

LY AA v BReA ke AAEe] BAsGek o] olshe] Ade AejelAl Wl £H LA WAL A FelAle
B9 % g3l AAAES] B 252 AAel  AGAEe] WAl b Fskglon, ZFAAL a7
G A M) Yo Ao ke £8 230 o Ago] HE Felslelnh el £ MAe Feel B4

Aol nag Al e 2A%A WS AAAE) W o] W Z7bsh ke Bk (Table 3).
o] 7 Fshglon], o] SNl me} 248 AR
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Table 3. Quantitative scoring of foot histological alterations of the abalone, Haliotis discus hannai exposed to low
water temperature

Histological alterations 12T 9C 6C 3T
DE ++ ++ ++ +++

DEGC ++ ++ +++ +++

Epithelial layer DMGC o - - ot
DMC +++ +++ +++ +++

DMF ++ ++ +++ +++

Muscle layer HI +++ +++ +++ +++
CHS ++ ++ +++ +++

Score values: -, none; +, mild; ++, moderate; +++, severe. DE, degeneration of epithelium; DEGC, degeneration
of eosinophilic granular cell; DMGC, degeneration of melano granular cell; DMC, degeneration of mucous cell;
DMF, degeneration of muscle fiber; HI, hemocyte infiltration; CHS, closing of hemolymph sinus.

2.9E8%E% HPAEZS] 2ha, AGAES] T2 9 95, 4959 ¥

1) N2E L 22E F 3 o AAEe] iAol =i 501]*% e
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]l 5
AEEI} 2252 247 100%2F 0% ) 26.8 psud] =71 Zxo] w7}t =} (Fig. 6C, D). 98557} 13.4,
747 2 &2 EA SR AEEL 90%3 k. 20.1 psuolA= 6.7 W 3.3 psuZ AsFHAA Alu]Zel M= A L] WA
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BEubdRo] ghge 10%9th 20.1 psudlAE x5 594 Z5o] Aot A ohde] 537 E]lE 9l (Fig. 6E-J).
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Fig. 5. Variations of survival and falling rate of the abalone, Haliotis discus hannai exposed to various salinity.
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Fig. 6. Foot histological alterations of the abalone, Haliotis discus hannai exposed to various salinity. A and B: 26.8 psu,
C and D: 20.1 psu, E and F: 13.4 psu, G and H: 6.7 psu, | and J: 3.3 psu. El, epithelial layer; Hs, hemolymph sinus;
Mc, mucous cell; MI, muscle layer; Sb, striated border.

Table 4. Quantitative scoring of foot histological alterations of the abalone, Haliotis discus hannai exposed to various

salinity
Control
Histological alterations (3.5 peu, G0 SW G0% SW (0w SW 0% W (10v Sw
DE - + ++ +++ +++ +++
DEGC - ++ +++ +++ +++ +++
Epithelial layer
MGC - ++ +++ +++ +++ +++
DMC - ++ +++ +++ +++ +++
DMF - + ++ +++ +++ +++
Muscle layer HI - + ++ +++ +++ +4++
CHS - + ++ +++ +++ +++

Score values: -, none; +, mild; ++, moderate; +++, severe. DE, degeneration of epithelium; DEGC, degeneration of
eosinophilic granular cell; DMGC, degeneration of melano granular cell; DMC, degeneration of mucous cell; DMF,
degeneration of muscle fiber; HI, hemocyte infiltration; CHS, closing of hemolymph sinus.
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3 oxlRe] w3l (Bayne et al, 1985 Widdows, 1985;
Navarro and Gonzalez,1998; Chen et al., 1999; Shin et
al., 2012) 5= YRt 53], dgkolA o] Fojz]iL Gl 5
ookl diAZ skl o FAE ¢k slel, 3hAl
T W AGE, A A2 5 ARA st oz Ak ok

2o Aol 3 vlAIE sha e Wel WA
7% &} (Shin et al., 2012).

dwbdo g Fod <At AA AEdAets T3 AA A
el £ g GEEE skl did WAl Aelrt gle Al
2 yeptt) 18T 25T <5471 vlA2, Ruditapes
philippinarum®] WA AREE 18Tl 82171 AdT+=
36°C, 121 25l A2l AR 37TCE F o3t
oA 2 zelE YeRlA sttt (Shin et al., 2000). 33,
Mytilus coruscus®l|A] 99 F<to] vl &2 27.1CY
H, £ 10, 15, 25CellA 2h 21 99d 5k ibaat
P 47 17.01, 19.95 2 21.79 psu$itt (Shin and
Wi, 2004). 2%, Tegillarca granosa2] A=<} x]=fj] gt
79 Feke] LTso2 217 27.72°C¢} 28.36 Co|t} (Shin and
Moon, 2005). & 5 di-5=o W3l vg A5Fo| A
282 Haliotis asinina?] 73$-ol+ 32.5 psuclA AG+o
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o= kA7) 9o} (Widdows, 1985). Shin et al. (2011) &
EAEL] 75 19.8 psudll 2F F 6UA 2T AR A
T 20 psuo|s} F-2 ] AFAFE £X]84A] Kl
A

2 7taudh ARRRA A, oEAe
ashe}t 8, AR 9 A 7] Soll Fofske ZleE o
gA 3t} (Gosling, 2004). F43 & W3l w=
Haliotis sieboldii®] A& W3glo|A A4 AEHA A
$E AT AYE AN, 1he AEelzg Aol
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ok, o] JA] dAA Tk A HH
A7kl 30T o] 14 ~E d AT
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37 =} (Kim et al., 2006).

BE BERelA 7|Ae) Fa ik 253 S o]
EE2RE 2A0)A A4 o o A gL sk

+

il hl
S ur
L

o]

S 9 25 ZwHoezhE gk
(Denny and Gosline, 1980; Denny, 1984). A7rx7l%
AEF] Aol ] 7)ATFo] A7t 5 Foll £olile
A we A523 GAdsHl d3bEe] glojA 7]Ae) dk
3] oA 7lo] gy 9 @9 3t} (Trueman and
Brown, 1985; Voltzow, 1990). A7tz 5ol A L2 7=
2o) a3 Aolz Aolo] Aakao] 3 Fabo) JafAl 5
=t} (Smith, 1991, 1992).

2 ATelA 2 E s W3t 2700 259
oA W A Eel FEehe AN AEHE ]
o] 1=k, Aohe] AHEH Aole) Ao s}
s, oA L) TEI W 5E Ao Fu)s) o
O FAE elulg) olela Ao Ao ok 9 ¥
S SuAe) R oksA deie 99
st fglew Bk,

AU olIR A%, A 5
o Ao, 2ARS $5, 25T Ul 8
Zk=]o] 9lt} (Gosling, 2004). 184}
HETI Adsle] k=l

o, M
o ok ;H;
3¢ lo B o

o

t:
)

l'UlO o|f
Y 2 ook J

:‘0 )

Bl
o
ofr
)

rud °21-" mE,
n
Buorle O ofv ffL o el 12 ofw

AN
S
=
o o
ofj

12,
>,
-
Dy
°
T
°
I
1%
rlo
el
®
Mok
%
-8
D e om M
LAY [
Ie ok jg
jﬁ of X g rlo
P .
i, o, lo =
S E
fo L o to @ I

olt 2,
=2
N
P
b



42 U YRsC( 2 SYH=O MES, 38 o
AA $Ao] aselol & Aoz Az
2 o
B QATE $e3 Girre] Wale] e FuARe A%,
9o w o] pxA WIE olssluA gl nEEAL

=T (20C/33.5 psu), L5
A5 4z7 (3, 6, 9, 127), U% =
20.1, 13.4, 6.7, 3.3 psu) °|lck A
Z79F 12T % 237T/33.5 psu &7 72
_1:!__,] ;\gv,_ J,} EJ—ELE,O_ 7_}7L 100%3} 00/
dirs 270 2% B AlHE 5
o)A o]git). EuAE ke %ﬂ%ﬁr +552 2234
H3hs 0] W3l Bt diEs =
sk5ict.

477 (23, 26, 29, 327),
6x7 (33.5, 26.8,

~

)
=

B
=
ol
]

#Al =

Ak (A% 7R o
T 13-AQ-51> Aoz Fa= g

=

Al ALA] ERA} 1

o'

REFERENCES

Bayne, B.L., Brown, D.A., Burns, K., Dixon, D.R.,
Ivanovici, A., Livingstone, D.R., Lowe, D.M., Moore,
M.N., Stebbing, A.R.D. and Widdows, J. (1985) The
effects of stress and pollution on marine animals
(Praeger special  studies). Praeger  Scientific,
Westport, C.T. pp. 9.

Chen, J.C. and Chen, W.C. (1999) Temperature tolerance
of Haliotis diversicolor supertexta at different salinity
and temperature levels. Comparative Biochemistry
and Physiology Part A, 124: 73-80.

Cheng, W., Yeh, S.P., Wang, C.S. and Chen, J.C. (2002)
Osmotic and ionic changes in Taiwan abalone
Haliotis diversicolor supertexta at different salinity
levels. Aquaculture, 203: 349-357.

Denny, M.W. (1984) Mechanical properties of pedal
mucus and their consequences for gastropod
structure and performance. American Zoologist, 24:
23-36.

Denny, M.W. and Gosline, J.M. (1980) The physical
properties of the pedal mucus of the terrestrial slug

Ariolimax columbianus. dJournal of Experimental
Biology, 88: 375-393.
Donovan, D.A. and Taylor, H.H. (2008) Metabolic

consequences of living in a wave-swept environment:
Effects of simulated wave forces on oxygen
consumption, heart rate, and activity of the shell
adductor muscle of the abalone Haliotis iris. Journal
of Experimental Marine Biology and Ecology, 354:
231-240.

Geiger, D.L. (1998) Recent genera and species of the
family Haliotidae Rafinesque, 1815 (Gastropoda:

uet

10
e
A

ot

g

14
fon

Vestigastropoda). Nautilus, 111: 85-116.

Gosling, E. (2004) Bivalve molluscs: Biology, Ecology and
Culture, Blackwell Science, Oxford. pp. 443.

Kim, T.H., Kim, K.J., Choe, M.K. and Yeo, I.LK. (2006)
Physiological changes of junvile abalone, Haliotis
sieboldii exposed to acute water-temperature stress.
Journal of Aquaculture, 19: 77-83.

Kim, T.H., Yang, M.H., Choe, M.K., Han, S.J. and Yeu,
LK. (2005) Physiological studies on acute
water-temperature stress of juvenile abalone, Haliotis
discus hannai. Journal of Aquaculture, 18: 7-12.

Kinne, O. (1966) Physiological aspects of animal in
estuaries with  special reference to salinity.
Netherlands Journal of Sea Research, 3. 222-244.

Lindberg, D.R. (1992) Evolution, distribution, and
systematics of Haliotidae. In: Abalone of the World:
Biology, Fisheries, and Culture. (ed. by Shepherd,
S.A., Tegner, M.J., Guzman del Proo, S.A),
Blackwell, Oxford, pp. 3-18.

Navarro, J. M. and Gonzalez, C.M. (1998) Physiological
responses of the Chilean scallop Argopecten
purpuratus to decreasing salinities. Aquaculture, 167:
315-3217.

Pierce, S.K. and Greenberg, M.J. (1972) The nature of
cellular volume regulation in marine bivalves.
Journal of Experimental Biology, 57: 681-692.

Ragg, N.L.C., Taylor, H.H. (2006) Heterogeneous
perfusion of the paired gills of the abalone Haliotis
iris Martyn 1784: an unusual mechanism for
respiratory control. Journal of Experimental Biology,
209: 475-483.

Sastry, A.N. and Vargo, S.L. (1977) Variations in the
physiological response of crustacean larvae to
temperature. In: Physiological Response of Marine
Biota to Pollutants. (ed. by Vernberg, F.J,
Calabrese, A., Thurberg, F.P., Vernberg W.B.),
Academic Press, New York, pp. 410-424.

Shin, Y.K. and Moon, T.S. (2005) Temperature tolerance
and physiological changes of blood cockle, Tegillarca
granosa. Journal of Korean Fisheries Society, 38:
251-256.

Shin, Y.K. and Wi, C.H. (2004) Effects of temperature
and salinity on survival and metabolism of the hard
shelled mussel Mytilus coruscus, Bivalve; Mytilidae.
Journal of Aquaculture, 17: 103-108.

Shin, Y.K., Jun, J.C., Im, JH., Kim, DW.,, Son M.H.
and Kim, E.O. (2011) Physiological responses in
abalone Haliotis discus hannai with different
salinity. Korean Journal of Malacology, 27: 283-289.

Shin, Y.K,, Lee, W.C., Kim, D.W., Son, M.H., Jun, J.C.,
Kim, E.O. and Kim, S.H. (2012) Seasonal changes in
physiology of the abalone Haliotis discus hannai
reared from Nohwa Island on the south coast of
Korea. Korean Journal of Malacology, 28: 131-136.

Singhagraiwan, T., Doi, M. and Sasaki, M. (1992)
Salinity tolerance of juvenile donkey’s ear abalone,
Haliotis asinina Linne. Thailand Marine Fisheries
Research Bulletin, 3: 71-717.

- 310 -



Smith, A.M. (1991) The role of suction in the adhesion
of limpets. Journal of Experimental Biology, 161: 151
-169.

Smith, AM. (1992) Alternation between attachment
mechanisms by limpets in the field. Journal of
Experimental Marine Biology and Ecology, 160: 205
220.

Trueman, E.R., Brown, A.C. (1985) The mechanism of
shell elevation in Haliotis (Mollusca: Gastropoda)
and a consideration of the evolution of the
hydrostatic skeleton in Mollusca. Journal of Zoology,
205: 585-594.

Tucker, L.E. (1970) Effects of external salinity on Scutus

- 311

Korean J. Malacol. 29(4): 303-311 2013

breviculus (Gastropoda, Prosobranchia)-I. Body weight
and blood composition. Comparative Biochemistry
and Physiology, 36: 301-319.

Voltzow, dJ. (1990). The functional morphology of the
pedal musculature of the marine gastropods Busycon
contrarium and Haliotis kamtschatkana. Veliger, 33:
1-19.

Widdows, J. (1985) The effects of fluctuating and abrupt
changes in salinity on the performance of Mytilus
edulis. In: Marine Biology of Polar Regions and
Effects of Stress on Marine Organism. (ed. by Gray,
J. S., Christiansen, M.E.), Wiley-Interscience, New
York. pp. 555-566.



