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Effect of salinity on abalone, Haliotis discus hannai in recirculating
aquaculture system
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ABSTRACT

When abalones were farmed in a Recirculating Aquaculture System (RAS) with inadequate water conditioning for
a long time, the salt concentration gradually increased to more than 36 psu. This study raised abalones in different
salt concentrations (30, 33, 36, and 39 psu) in a RAS and examined growth (shell and weight), cumulative
mortality, changes in blood components, and histological changes to explore the effect of salt concentration on
these parameters. During the two-week experiment, the daily growth rate decreased and the cumulative mortality
increased as the salt concentration in the water increased. Concentrations of K, Na*, and CI ions in the
hemolymph changed significantly, and the cell mortality of blood cells increased. In addition, histopathological
alterations in gill and digestive tubule of the abalone showed more obvious with experimental condition of salinity
increase. Based on the results, a salinity of 36 psu or higher is not a suitable environment for the survival of

abalones.
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(recirculating aquaculture system, RAS) o] FE3t1
t} (van Rijn, 1996; Davis and Arnold, 1998; Zhang et
al., 2011; Widiasa et al., 2018). EZ7F (class
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o} Akdgl= 20004 9] £ (Butterworth, 2010),
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Fig. 1. Configuration of a recirculating aquaculture system (RAS) used for the salinity survey of abalone, Haliotis

discus hannai.
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Table 1. Quantitative scoring of histological alterations
None Mild Moderate Severe
Fregency (%) 0 < 30.0 30.1-70.0 70.1-100
Qquantitative scoring + ++ +++
-, non; +, mild; ++, moderate; +++, severe,
Table 2, Growth of abalone, Haliotis discus hannai exposed to different salinity in RAS
Salinity
Measurements
30 psu 33 psu 36 psu 39 psu
Initial 48,946.7 + 1.0 48,261.3 + 1.4 48,548.8 + 1.2 47,930.0 + 1.2
Shell Final 49,735.6 = 0.8 49,572.5 + 2.3 49,868.8 + 1.5 48,631.3 + 1.7
larjitl? Final-Initial 788.9 1,311.2 1,320.0 701.3
Daily growth rate (%) 1.6 2.7 2.7 1.5
Initial 32,067.8 £ 0.7 31,757.5 £ 0.9 32,107.5 £ 0.7 32,291.3 £ 1.0
Shell Final 32,776.7 = 0.7 32,6925 = 1.1 32,987.5 + 0.8  32,676.3 + 0.8
‘EV:E]}; Final-Initial 708.9 935.0 880.0 385.0
Daily growth rate (%) 2.2 2.9 2.7 1.2
Initial 9,751.1 + 0.5 9,865.0 + 1.0 10,058.8 £ 0.5 9,667.5 + 0.7
Total Final 9,796.7 + 1.0 9,941.3 + 1.9 9,870.0 = 0.8 9,665.0 = 1.0
weight
(mg) Final-Initial 45.6 76.3 -188.8 -2.5
Daily growth rate (%) 0.5 0.8 -1.9 0

* Daily growth rate (%) = [(present measured value - past measured value) / past measured value] x 100,
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Fig 2, Cumulative mortality of abalone, Haliotis discus hannai

exposed to different salinity.
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AFE (hemocyte mortality) ©] 7}l th (Fig. 3). EF_L,
Ao At sET) 7S ¥R ] pCOo, 5%9 pO.
T ade A Bien, K o], Na' o] 2 CI
< FET FoAE ZoE UEyit) (Table 3).
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Fig. 3. Results of measuring cell mortality using flow-cytometry for abalone, Haliotis discus hanna
blood cells exposed to different salinity, A) 30 psu, B) 33 psu, C) 36 psu and D) 39 psu.
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Table 3, Hematological changes in abalone, Haliotis discus hannai exposed to different salinity in RAS

. + 2 .
Salinity pH (rﬁr(il%?g) (mfnoﬁg) (mnIl{ol/L) (mEiI/L) (m(iil/L) (mgllol/L)

30psu  6.87+006 833088 2828+ 11.82 949+ 0.38  447.33+ 296  7.64 + 007 461.56 + 3.68°
33 psu 691+ 0.06 807+033 3051+1372 9.72+027 47956 + 1.01  7.04 + 0.09" 491.44 + 1.88°
36psu 691 +003 7.89+047 21.08 = 10.54 9.900.42a 532.50 + 1.43°  7.19 + 0.03" 534.30 + 0.07%
39psu 690+ 004 814+0.73 2208+ 1205 10.29 + 0.31° 573.80 £ 1.62°° 7.14 + 0.04° 568.70 + 2.67"

a, Significant difference with experimental group 30 psu. b, Significant difference with experimental group 33 psu,

Fig. 4. Histological alteration of gill (A-D) and digestive tubule of hepatopancreas (E-H) of the abalone, Haliotis discus
hannai exposed to different salinity, A and E: 30 psu, B and F: 33 psu. C and G: 36 psu. D and H: 39 psu, H-E stain,
x400, Bpc, basophilic cell; E, epithelial cell; Hs, hemolymph sinus; L, lumen,

39 psu A= AT 27} 55 AR} o 2Eelal
o} (Fig. 4D). 2342 th9] 2AATERE 740 gl
o, A3MAR A0S AR} SRR RS
T otk el 2E9 AEY Azt 25 7 £, 30
psu oA AFAxe] WAdo] A= (Fig. 4E), 36 psu |
M AAEet 590714 A2 wAe] WA (Fig.
4G). 39 psu oAM= AIAEe] Fx23le} #37} AP,
F7NAES] 7t Skl (Fig. 4H).
o

A Y dATE I vAE T2 AR
epigenetic differentiation & FE=& = 310w, AE2] A
Aoz Qg vH= 2e® 4¥A 9ld (Bohle, 1972;
Kong et al., 2017; Creencia and Noro, 2018). 3|52
FTES A Hel o AL, Abh 4] 5 AR 9 ok
gk A A wWskE JediA|RE A7kl AU A AS-ste] 315
7= gk ey 2 29 o Halel| xEHE olvA] +

&S AR X3l Ao ¢]24 =t} (Pierce and
Greenberg, 1972; Ramamoorthi et al., 1973; Widdows,
1985; Matthews and Fairweather, 2004; Shin et al.,
2011). =A% A% W3k= ofvislFol Al o #3E st
o, 7|91 22 M4 9 B S sl Ho] A W Aka
avleh 2 AR Ase] AL Fol NS
(Sunila and Lindstrom, 1985; Gauthier-Clerc et al.,
2002; Park et al., 2011). AE-5 £33k jF72] Aol of
g A ANF ARE o Yo ] el ot
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Table 4, Quantitative scoring of gill and digestive tubule histological alterations of the

exposed to high salinity

Haliotis discus hannail DlXle H&

abalone, Haliotis discus hannai

Histological alterations 30 33 36 39
DE + + ++ ++
Gill DC + ++
DM + +++ +++
DE ++ + ++ +++
Digestive tuble
DB + + ++ +++

Score values: -, none; +, mild; ++, moderate; +++, severe; DB: degeneration of basophilic cell; DC: disappearance of
cilia; DE: degeneration of epithelial cell; DM: degeneration of mucous cell,

W7rs) QARE) e AL AR 29 ofelg it
AL S8 87k o] Ais 9FsH FeA] X3
wlEo g Ro]u o]t Creencia and Noro (2018) o] F% 3}
SARspe, Ea AR A it AR 20 % AT
2 Fah ol Baek] e o] R4 Ueles wuwr

TeEd A FAHANES dEEE 30
psu 2} 33 psu oA 2.9-4.4%F e Zof v]3 36 psu
9} 39 psu °IA 11.2-20.6%% =] veh} JFswr] A}

o J¥= vRItkE AE el 5 %l (Fig. 2). HHAE

2 AGelA 7 o

AAZ ol47 PREE AT QPN AR 37 psusl A 95%
oWl BEE soldn 48 A $AT A0k e

71 (Shin et al 2011) 44- ‘%4_3'&‘3]'
o] TN %"a]‘]?ﬂ Aed Aoz Algsr
Abell A F=- = 4] hyalinocyte
AR =T psu °l| ©]& W7}z $713 ¥ 39 psu
oA Frishe 7S Hgon, 9¥5% 36 psu FE EF
Apgo] S7Vssitt (Fig. 3). A& (H. discus discus) 2
¥J+= hyalinocyte$} blast-like cells U 4 , A
9 & s ¥ bt b g ZH"“ JorBA o] i3)e)l 5 uH}d o A4k
o] Soll #ojste Zlow delA Ut (A
Donaghy et al., 2010). A5 Aol &5 2EHAE W
A = v EZEo} YielA ofw]wAta} Akake] E4hA
g A} dofut wial FHAle wiE S4o] whysle, ATP
Ao Fes wiAA =t} (Durazo and Viana, 2013;
Vosloo et al., 2013; Portner et al., 2017; Xu et al.,
2020). thFst 2EH A AES 33 7] 4 Tk,
ol 7)5 A3} A ol 93 (Soudant et al., 2004;
Min et al., 2017; Shin et al., 2017; Kim et al., 2022) =
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