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Optimum environmental condition of live container for long
distance transport in live abalone Haliotis discus hannai

Sung-Jin Yang, Jeong-In Myeong, Jung-Jun Park, and Yun-Kyung Shin

Aquaculture Management Division, Aquaculture Research Institute, NFRDI, Busan 619-902, Korea

ABSTRACT

We investigated the survival rate by water temperature and salinity, physiological rhythm and morphological
change of live abalone to get to know optimum water temperature and salinity suitable for long-distance
transportation of live abalone. At 8°C and above, 96-100% of survival rate was shown at all experiment groups. At
6°C, 66% of abalones survived in normal seawater but they showed 0% of survival rate at 30 + 0.5 psu and 26 +
0.5 psu of salinity at the same water temperature. There was no significant difference of oxygen consumption rate
for a week between the seawater and 30 + 0.5 psu. Also, a positive correlation was shown between salinity and
water temperature and the oxygen consumption rate was slightly higher at 30 £ 0.5 psu than seawater. Thinned
epithelial layers and expansion of lymph sinus were observed less than 30 + 0.5 psu or below 6°C of temperature.
This result shows that the optimum level of water temperature and salinity is considered to be 6-8°C and more

than 30 + 0.5 psu respectively.
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SYH=o HHel 58 /st MY 22 € 2 A
x5 ZtE AH oY E o83 ks 754 oYt B o} A7) 7 sHol|A w5 ZANAY 2712] EojzlE|e]y
wE 1 9leh £ o]&3le] EAEE EseT A8EE Ve AAE
ARt o 7 SpAbE 5 WES A 34 ALY o FE 7o ® ZHeste] 149E AT
A EEE il Spakee] a5 dE S W A 5 A 7|17 5o FF7)= 12 Li12 DE FA3sch A
5 e BT a2 5 P, olkEgAs 5 ukEAl P A 2 3 Hal o R sjglon 2 Y7t
of Axs Hesks v 5 W, AV|am % iy, e 7] (*h4, DA-500B) & 2x=xA7E o|d3te =A3|5ich
FdellA ¥ FHE TRt AR HAasE T3 T Agsles 3715 FUAZIRA AAEsEA 28 &84k
Z 2A7)7] SJa A Ed 4% uhy o] ApgEglon A% 12-15 mg/LE 248k AEEL 1224 1H4 %
ARA Adst gEede mAA X3k e AAelY Wyl on, oA &= JiAH 5 FASelE U
(Hatting, 1977; Chung, 1980; Ferreira et al., 1984; 9o & ulSo] Y AL HAARE Aoz 7MY} Aldki
Yoshikawa et al., 1989; Yoon et al., 1998; Kim and v dFe]E YEIESA A28 (Oxygen Optode Sensor
Cho., 1992; Cho et al., 1994). 3835) = o|&st] 147 A= 2447 SH st SF &
EAE (Haliotis discus hannai) & MRk 109 4= oke] Atk Aw)Ee] HEE FASIth 4 Adee 9 HE
AT 5 9 AR Y F50E AT A W AbpAn] &2 2447 F9F SA% Abhan]Ee] A gs
LEIIAE 7 FARERA F7kE L Qi E3E 5 A o] 4313
Heoka Ak 0949 6,207F, 1149 6,779%, 1349 7,479 A A wkg AR WSS AEst A EA
o7 Syt FAF A F 2.6% (MOF, 2013) °f & = A FEten ] 2ARE AR AEd ARES
FapA|ur ArFA2 56.5% (MOF, 2013) 9] wl5-S 2|3} 10% FAZ=LE golo 2427k B9t 1AL, 4847 &
I glo] syt iFekAlabdel QlojA S v 5 ot 32% Bl A8tk 2 3 WA ethanol ¥4
L3 EEo7 A Fu 9ot % paraplast McCormick, USA) o Zu] )it} £rj] 5
HZ 1809 AR An)gko] 23 30 kg, "= 24.1 kg, A]&E microtome (RM2235, Leica, Germany) = ©]&3}
g 222 kgo® #FHro v =ZA sl ¢lew (FAO, 9 46 pym FAZ 9% AHsl] zAZEE AT F
2012), &5 %2 F7ket A s, SRR, sitelw 5 Harris hematoxylin-eosin Y (H-E) 94 3}o] 333n]
T 2 BT FARE] 4u7) 358 Ao oakE o] EukA 73 (Carl Zeiss, DE/ Axloscope Al) &2 #Z3}gich
B 59 U F8 ke aE AEE 1= ol
T AR FHE 3 A EFTEe] A3 e A 1. A A2
glojvE o] 83k FubAEe] Are] 5 uhye] spie] Z8 2E A% A7+ One-way ANOVA testE AAI315]2m,
3}t H 7k 24 (P € 0.05) 2 Duncan test (Duncan,
uehr & QFE £F T8 F5Q ¢k S El 1955) & AHAASIE FA 42 SPSS program (ver
gAY 785 A2E 55 g5t HF 5 E 29 17.0) & AR&-3te] A3k
317] SlEte] 58 FoldH o] AR 2, 2 Av =2
< 73] Adte] 2 F ARl wWE AEE, Akdv)E A 3
ae|n 223 WIE 2Aelglc
1.5 L 488 AZE Y 220§ W3}
ME H Uy AR A e afel A a2 2 GEHHE AR
sb7] $lske] =& 4, 6, 8, 10T, 9+ 26 + 0.5, 30 = 0.5
Ao Ags B Ee Aepds et A5k lA psu B dukli4 (33.5 + 0.5 psu) o] Wl FPAES 14
AF st ARAR F71 F 28 FxoA 1047 =247 F A 7170 5 223N F AEEE =AY (Fig. D).
Ao ALgsgith. €271 §¢ 2 15 + 1T, JE2 dubsae] 79 4 10T 9F 8T+ AEE0] 98-100%
33.5 + 0.5 psu® TAEen, Holx Al#gal 7 thAlwt 2 A A i AskA] koo 6T} 4ToAAE 25 2-3
£ Twslslch Aol AR A 27]1= 24 82.9 + 3.8 AR FE APslr] AlABle] 6TE 2E 1498 L&)
mm, 35 67.7 + 8.5 g9 A& A3k FAE 5l A 66% ©|AI 4ToHE & 8Y A =% APdslde} (Fig.
3t 2, dF HE AR ko] 2 4, 6, 8, 10T, 1A). 9% 30 + 0.5 psu®| 7§ 10C ¢} 8CE #HAP} 79
HEZ 26 psu, 30 psu ¥ UHFEH (33.5 psu) = A3 WAERA] ko) 6T+ F 1344 4T+ 844 5 Al
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Fig. 1. Survival rate of abalone Haliotis discus hannai with
changes of different temperature and salinity.

3143 (Fig. 1B), 26 + 0.5 psuclAE 6T} 4CollA =%
13U} 7dA B Apgste] dEgkaet Ao H3
2| Ao} FElsA bt} (Fig. 10). & 6T 45
£ 9 33 £ 0.5 psuelld =& 1494 AE& 66%= e}
Yiglen, GF 30 + 0.5 psugt 26 = 0.5 psuollA= =& 13
AR B Aptsto] el o3 Gl 2 Zo® eyt

24A17F Fot Aban] dFe|E oibslael dE 30 +
0.5 psu®] A% @rohs g v & Zlex Yelgon
Foldt Apol & HolA| ke (p € 0.05, Fig. 2), & 4T
dMe Wt e dFE]ge] glo] ARk Aew yehyith

chehigleh A%e] Abhavlge BE AYFEAA Fee]
weh ke A3 Eislen, A 26 £ 0.5
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Fig. 2. Daily rhythm of oxygen consumption with different
temperature and salinity in abalone Haliotis discus
hannai.

psu ¥ & 6TCol3lel A Abiin]E&-2 8Tl B3 52% o4
A3 Fhaste] A4 9 ALl o3t dhAlr]s At HA
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Fig. 3. Changes of daily average oxygen consumption rate of
abalone Haliotis discus hannai with different temperature
and salinity. Different letters on the bar mean
significantly difference (P < 0.05)

PAE o] eI 255 BE ARTECA dxT
2 AolE Mol ok} (Fig. 4, 5). $¥ 30 psud FEo
Ae A 1dAE AAIES FRE Wbt e
AN AR 1494 FE 6Tt 4T AAES oA 2]
THLE Ql3te] S FAVE ALl (Fig. 6), 4T
FEoA 144 Tt 229 MAES FHZF] 43 I
Flel AR ZARTPEES s e S BRI
(Fig. 7). 93 26 psu°ll =& 23_%94 T AL 1A =
£ FE2TReIA AR A h W 30 AL B3
Sl =3t 14900] Ak AFAASANE F2o] HoAl
A delSe] A st dEe] A @] Yyt

(Fig. 8). 26 psusl 3% $YARS] ¥ 25 BE $27
el zTsh vlstgle o Fe 2afehe W

B

Fig. 4. Histological microscopy in the foot epidermal
layer of abalone, Haliotis discus of depending
on water temperature at 34 psu. A-F: Note there
was no significantly different from control.

LS

Fig. 5. Histological microscopy in the foot muscular
layer of abalone, Haliotis discus of depending
on water temperature at 34 psu. A-F: Note there
was no significantly different from control.
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H3lt} (Bayne et al., 1985). 1322 EubdE-o gjxlg
293} QR o] ARl wl olAMe] AAe A7
o] ez FEsh=vl
ARbH o 2 YAlES
30l 74
= Akl oJgt olAkstekag} qkruole] g F4

o]

Fig. 6. Histological microscopy in the foot epidermal
layer of abalone, Haliotis discus of depending
on water temperature at 30 psu. A-D: Note there
was no significantly different from control. E and
F: Showing the thin epidermal layer with
condensing epithelial cell (arrowhead).

7 da 4 day

Fig.7. Histological microscopy in the foot muscular
layer of abalone, Haliotis discus of depending
on water temperature at 30 psu. A-E: Note there
was no significantly different from control. F:
Showing the extension haemolymp sinus
(asterisk) and rupture of muscle fiber.
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Fig. 8. Histological microscopy in the foot epidermal
layer of abalone, Haliotis discus of depending
on water temperature at 26 psu. A-C: Showing
the thin epidermal layer and appearance of
eosinophilic cell at 7 days. D-F: Note the falling
off epidermal layer (arrowhead) at 14 days.
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Fig. 9. Histological microscopy in the foot muscular
layer of abalone, Haliotis discus of depending
on water temperature at 26 psu. A-F: Note the
significantly decreased muscle fiber density
from control and especially showing the thin
muscle fiber bundle and extensions of the
hemolymph sinus at 4°C (14 days).
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A st wiAbES 43t A7) Alo] Fask, WAy %
ol A% 25 ddolfE 22T, 294 o]F& 15-18CE A
Alper) ok 46T 2| slo] 55 A% Lim et al.,
2003), 104 o|e] e % Alele 180 o W a2
9] .,_u}o] 2 ¢ 3 74 o7 ;\]_5541—4_

AL 5 2o B i AEe dakE A4S 79E
T Qo WA W19 E Hojd 343 2 Hstel| =23 o)
Fe ASEH AFE e Y 713l 243y Hs) 5ol
yvepdt (Bayne et al., 1985; Widdows, 1985; Shin et
al., 2012). 2 ¥-2}7| (Haliotis diversicolar supertexta) |
g 20Coll =219 A5, 15797 AL H9lE 3.5-32.7C9]
™ 30Ce]| ¢x% —[*L; 14.0-36.8CZ YEPte™ (Chen
and Chen, 1999), A EEAE (Haliotis sieboldi) 3=
10-25CollAe] 48 AJ7HEeke] AEEL 100% et 30T
oj AT 0%E el A% 2% W3} A AEgo] W
velPgon (Kim et al., 2006). A5 A9 HibAs
(H discuss hannai) 2] 74 7+ AEEL 12T A+ 100%

o} 9T, 6T, 3TCAA= 2 90%, 35%, 5%= e}
%57} oA g5 v Yelytow (Park et al., 2013), &
=rolAE dubslgelA] 10T, 8T, 6T, 4T 2% 77+
2 1497 AEE 5UAEe] AEE0] 44 100%, 98%,
66%, 0%% Weh A Uehy S Be] 79 8T o]
ko] AL 52 FAYS 2oE Al

dutde= it sige] 4 WSl 50-150%°1v
(Tucker, 1970), G W3lel whel A, Abisn]]
3, Yol 3}l 5o ket AeA W) ke
(Pierce and Greenberg,1972), W& G5l A2l
o] 9k HoldH, AFE % WA 4 (Bohle, 1972;
Widdows, 1985) % 372 513 (Hand and Stickle, 1977;
Shumway, 1977) 55 vepdch el w2 siFof A
gl dsle, 25psu, 30CNM £x]27] 2¥A7] (H.
diversicolar supertexta) (Chen and Chen, 2000) & 7%
14-33 psu WA AEo] JlsIR ey, Haliotis
asinina (Singhagraiwan et al., 1992) & 75+ 20.5%
o] AR ® Fzled, ALl 7Fsdkgly, FAE (Shin
et al., 2011) < "35‘—%-9— 37 psuolA= 100%‘21 Hbd 19.8
psucllA =% 644, 12.8 psu °|3lllA= =F 244]7F o] 4]

Apgate] BabAEo] g2 20 psu ©|Fke] A Qe
A i A vehg frAbekgic

F27 Qe FAREEY AE A%, A 59 dekat

AAs= 293 3 A Q Lol o]
& YEA A Agsb7| = kAl - &
HA oz At Ao d¥Fs FA =tk (Magnuson,
1979; Reynolds and Casterlin, 1979). ¥ 74 A¥

717k Fot 27 A H FAEe] AEEL dulbslaolA
$2 8TolAY u A=Fo] 98-100%%X, 30 = 0.5 psugt
26 + 0.5 psudlAE $2o] 810CY uje] A=
96-100%% HEf} 8-10T 2] =& Hele FAEe] Azl
I A A A e Alsdch dykse] A9 6ol
A12] *@—%%01 66%= UrEP)r b 8 30 £ 0.5 psu-F
6CoME x5 1297 AEE0] 14% SloH 13°Wﬂoﬂ LES

A]A}G}ML, A8 26 + 0.5 psu-F& 6TCAAE =3 12°WH
AEEC] 3.5% Fon 13U B Jﬂ/\b} on, 4C4 73
5 ok #l52F 30 + 0.5 psud] HdEolME AEE] =& 6
ol A 12-36%<218] 2 ¥]&f 26 + 0.5 psu"ﬂ/ﬂl‘— 1.5%% o$
2 yehg o] o] F3ish yebst SR s 4
FUYAFEE 24.9 psu (Shin et al., 2011) &7 H# 25
psu °l ]"C 3%01] I AT FEo|RE A &
FEx AjehA] X3 Aoz oA

Z%‘i ‘il% Aol o 7PX1 fﬂﬂ W35l (Sastry and
Varge, 1977), Almada-Villela (1984) &= t}ekgl 3733}
o] 2B 2 2528 AudA TFEC] TVRHAY R4t
= Aoz nusich AR 4342 20C A% (Sakai,
1962) A wr=r, HAAH+2 15-20C (NFRDI, 2011)
A A A} 2 %6}0% HolJHF, Atadn|F So] wol
878 23 ATte] 285 #E7 Y o]Hd 270 A
BFs}r] o) B 04—?01]/\1 EHPA B 0] 94 A 7F FoF AbA 4|
9] dFYE2 dulkslaet 930 + 0.5 psudllA 27k
o] gk aelE yehdA] sk & W R AbianE
E% FroA Fo] spkEeE Frasiglon, Akl
H]&l] 30 + 0.5 psucllA ’:}Z::ﬁ:ﬂ]'%% i =4 YeRst
FAE-E qAtell fIx|staL gl <kAloldellA AsE oL
FAAERA 2447 T AFEES L ARl o
abol & UrEMM skt ol 7HrE] WellA AgE] ol A
) 2 (Ryland, 1990) 5717k £t 2457 4
kel FH‘& G TR o2 ZloE AlEH.
20| PP E Abhan]EL FHAsgle
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o ZM“M Zﬁ} AE Y AFLlE H3lAA 243, A
AAQl 715S HFZbo) 3| Esln g (Wlddows 1985), 9+ 30
+ 0.5 psu«] ZAL $£47)7F T HbAEe] A= U Alg
Aol Flek S Ulzm W%% o2 Aadh
ojAte] AvtE goksljrw HbA B FAe 55 $13)
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A&}

2 o
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X
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AFUYAEEE 24.9 psu (Shin et

) 5 psu ©°]3l= AEe] G mH=
°§—Er°l£i Xi%%ﬁrﬂ B3 Jge v o $Ex70)
Ak

kel
17}

gL |
sPFEE asigl o, ksl vlsj 30 + 0.5 psuollA
Abaan] g2 o w2 Yelgd S E ol bJS’Jr =<5
A8 A FE 9F 30 0.5 psuolstel =& 6Tolsle] &
gl e 74 A e g3EF i“o o] &
Pk olgg A zrry AR AAHedSs AT a2
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