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Behavior serves as an important indicator of the effects of environmental stressors on organisms. In this study, one-
year-old abalone Haliotis discus hannai (15.1+0.8 mm) were used and each 0.34 m2 tank was stocked with 100, 150,
200, 250, and 300 juvenile abalone. After 328 days, we found that the low stocking density treatment showed signifi-
cantly higher growth, whereas the high stocking density treatment showed significantly lower growth. In addition,
abalone showed a lower rate of movement, distance moved, and velocity at higher stocking densities, but only veloc-
ity differed significantly. In contrast, In the Supplied the feed tanks significant difference between the moving dis-
tance and velocity. When the two groups of different sizes were mixed in tank, the rate of movement, distance moned,
and velocity showed significant differences between differently-sized indivisuals. Our study indicates that breeding
abalone at high densities has a negative effect on their growth and survival, which is thought to primarily be caused
by spatial competition, and secondarily by differences in body size, ultimately affecting growth and productivity.
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N B % 23} vjo] A5 A Currie et al,, 2016) 5 AR5} 2
A AT AFso] glov), gk 250 AR E o
AT77L A= oA F9e. Teiuk FA) | AR Y E
2 Qg v 0910) A W] T2 BFakAl

RO WFL T2 £2 o] et HES WA
Sl AAHolw] o3 7Hs e EHEolTt. Eat AE WS Fa

3 2EF A @9lof tigt FFS QRIS Brket & o
Sk 4= Qltk(Vogl et al., 1999; Brewer et al., 2001). whetA] oF
Al FES AR skt Qlo] F4A) 2] dlsell disf o]
Fst= A a6t 5572 A5 5o A3 AFER
+= Haliotis rubra®) /47, 44, s, 4o 2t A=o] n]|
£ 9 Allen et al., 2006), o] FFgol| T2 H. laevigata
O] A A3 & (Buss et al., 2015), o]5 el 415 53 274 A

Srob 42 gl Aok, A FAAAAOIA S ol
7] 18l EA0] 27], A W, A 3] Sk e aa5ol
Z23}A oJAX 31 QJth(Flemming and Hone, 1996). £3] A}
S == H. tuberculata (Mgaya and Mercer, 1995), H. rubra
(Huchette et al., 2003a), H. rufescens (Vivanco-Aranda et al.,
2011), &9 AE(H. discus hannai) (Park et al., 2008a, 2008b),
H. asinine (Jarayabhand et al., 2010) 5= tjA 2.2 3t A=
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oA AdAoll T2t HES ghrt= Aakso] o]n] Hilx|of §)
o}, M EF= F2H AL sE2A AR o] uheh 37t 9
o] Foll o]&2 0l A% ATE EArHAhmed et al., 2013).
olggh Wi oA Ql % Autol whet A F F2F A o] 3
28t A= 3L AAY S & o]0 A A HAE e 4= Stk
a1 B E|o] Qlck(Huchette et al., 2003b). A& oFAA o] A &=
Ete e Ao & Qlsf iAuict 27] Zpol 7t HAYstr] wE
of L2 S floll A U 2-o] F QA= L ¢Ith(Han,

1998). Ak Wke7h =2 FAOIA AEE2 A= FA e
Ape 2 wfekal 241 7 (shelter)oll 2] A4 91714] L2
o} 9l A9 9lrt. TUE HE ALS 8L o 54T} vo|2
Aok Bsol Y vA Ao R A= ARE L=l A4
3ol gt A+t A= HEe A ot (Douros, 1987). T+
o) M FAAoAE WER Qg F) Bol AL Has)
517] flsll A7 oo Swet AFRE FattAY HIA A
o7 Mg 313l 1S #(Huchette et al., 2003a; Steinarsson
and Imsland, 2003), 71 2] 9o] 44| 3JFof tsfr= s L
a7 o 9Lk,

B AE AR Lo P ATEL GRE £ ALE
YT} Abg 591 A o) Ao Rl ke vk v
0] A, & WE} oA Aol RAHS] Qeke ]
Az #)o] Tk o] = WebA 0.2 A EataL ok uet

A of2) B | ARG W AR 2], Al ko] B A%
I} Ao v 2= FEFE ol dlfslr] 8l ol A 2l(moving dis-
tacne, MD), ©]-§ <= (velocity, V), ©]5-E(moving rate, MR)
5328 o5 542 AT,

2322018 09€ 03U 2019 07 267}
A & 328A7E AAJBE o H, FA| 2718 ol s ul e AT} A
23w A 271 ol uE Ao 247420199 124 13
AHE 20199 129 159, 20201 042 074 HE] 20209 044
092714 3U4% Hebdte sigaitetel sAREARA Ao
A AA I UE AEE ofe AR HehdE S 1F
H A E b oFAkol A ARSEE o] 2l EHPHE(ZFY 15.14+0.8
mm) ARESHA O, AbRsE i A 2710 whE ol s e
A AB e ZAprgol A ALt 2 30.05+0.54
mmé} 15.08 £0.59 mm F7]9] AE-O ALgatih. A3 2z
= 49 polyvinyl chloride =2(0.44 m < 0.78 m X 0.24 m)%],
o1, polycarbonate A 9] HE|(40 X 60 cm)E 2t =% 5}
b A1l 40 0] & SRS 027 e

M MY U AR

H AL U E 7|2 o 2 22 100, 150, 200, 250, 300124
0.34 m* 5=20f| =851tk 2|3 o] 7|A] 27| o]5 e A
=274 W+t 7] 3 em (large)2F 217 B+t =171 1.5 cm (small)
AN 27HA] A& AAstom, Abs 3 5 A0 271 w
€ olF #E AES 7 7 2715 EFRt A H(mixed)7t
A zzgsto] 37HA] A5 AR sk 2 A E kel 100m}
A JAlstelon, 3 At the 2719 AES 22 50mt
YA F 10002 E A4St AR He AR 2vHR o = A
Alstgl o, 2] 2709 AES HF 3Rk o 82 Aot
AR E AT Qe A wlghAbE (DongA One, Co. Ltd.,
Seoul, Korea; crude protein 30%, crude lipid 4%, crude fiber
8%)% AHg3telon], AL LE Aol At tjel 25 540
Aeo] 5%rtE =3 BAglo] FUsHA Ittt A=
swo| ol gl nX= P Aote A I EY
IAIZE Aol AbRE Fashaith A7I17E 3¢t S 2AE ¢
3 3l oF&h7d ZAFR](YSI 5908; Xylem Inc., Washington DC,
USA, USA)E o|-&-sto] ] 274 9A|of] =2, §-EAkA, A,
pHE 27451910,

S& A

RS ARAE 302 o FRAA 7 AET
wfet 30mkelY 9l A2iele] ZH(shell longth)a} %
F(weightys SHsIth 2P WY o{Z 2|3 2 (Hando,
Cheonan, Korea)Z o|-83}0] 0.01 mm7HA] 2435191, =5
2 HAAAL(KOLOGN, Shenzhen, China)2 ©]-8-31¢] 0.01 g
7HA] AZstoleh. S 2P S5 o8-k ofef Ao w}
2} At AJ%-E-(absolute growth rate), 27174 -E(daily growth
rate, DGR), <=7H3%-&(specific growth rate), 555 (weight
gain, WG), Y7+538(daily weight gain, DWG), =554
(specific weight gain, SWG)& AF=5}% T,
AhEE ZF A o

Absolute growth rate (ARG; %) = (Le-Li)/Li < 100
Daily growth rate (DGR; %-day-1) = (Le-Li)/(T-t) X 100

Specific growth rate (SGR; %-day-1)
= (InLe-InLi)/(T-t) X 100

Weight gain (WG; %) = (We-Wi)/Wi x 100
Daily weight gain (DWG; % day-1) = (We-Wi)/(T-t) X 100

Specific weight gain (SWG; % day-1)
= (InWe-InWi)/(T-t) X 100
We: 2|5 Bt 5, Wit 2= B+ 5%, Le: 2% Ft 4,
Lit 22 83 27, T- t AR 214
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A Z-g(survival rate, SR) ZAE 93]
gt o A S-S Bholsl gl o)
slo] Y SR-E A4k L)

OlSIE 24

7t Akt ol RS BAsl] $istel Helil CCTV
7} 2H(Smart IP Camera 1080P Full HD IP Camera 360;
Xiaomi, Beijing, China)S AR8-3}%itt. oq/ﬂ'% °§ = fIsto] 2
¢ (frame, 90 X 50 X 100 cm)S AZ}stHal #4S ¢Js8f 7}
ot a4 gl Ao AR B 2 4

) o} SJ512 Bels 15171 31 25 A Ak A
om, 54 3 HAek5}7] 1to] S0l A st

ek G AR 7| et =3k 7R SELE 7hE) 2
& ARgsko] 2709 =25 E IStk FGAIZES Buss et
al. (2015)2] A2 Fsto] MBe] WEo| Fukgh 9 F 94
ool B Asolict o A9 ohe el Flel
A 5] Siol o) 3 2L 217} e AR TR §A7MA
AAIHTE A %%X}Et SHH 7R o =53t B
£ AR Z 2 TJ3(PowerDirector 17; CyberLink, Taipei,
Taiwan)2 o]-£3t0] HAsIG0m, Oh (2019)7} Hel4 7]
o) el 412 9I3) AH8E FA 2] %Ak E gl Logger
Pro 3.15; Vernier Softeware, Beaverton, OR, USA)E A5

Stk YARAE B o) Ae O o NS £
P Rk CEEEE )
ShH v A L9 0= S0 o= WA= F251A] ghoke
] SpHo|| A Hlojuh= 7HAI -2 Blour| 214712 2 Hlo|H &
AHgSRGIE 53k HlolHE EdE 52 MR, MD, VE A
Aretlom o] 55 SHHoA Hol= HA uhe] 5 72
% §4¢ PSS el £2 Aol G il ol
Aot ols Hre ~xEofof 7| 5H x, y FEgE o185}
of AN}, LS ol

3 AL e 2.
=V (Xz_xl )2+(y2_y1 )2
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KAt o] 554

=

oL

V=MD/T

= o 5ol u], Tz Agkol e},
S7%2)

1>1

ZF Aol A Aol A ghE2 ot 3 2 2 H(mean £ SE)
2 EASE O, ZHGE Ao]] ol G SPSS-57]
L2 T (version 23)2 ©]-8-31] one way ANOVA 2 Dun-
can multiple test= 7 A3} tH(P<0.05).

2 o

AMs 20| IE 48 H 4E

UERYE YA
SRk Ak EE A o] 3 S84 722 Ak
150449 7.8°C2 717 ;Hgkgu:], ARS- 328U Aol 24.5°CE
714 =3k tH(Fig. 1) DO (dissolved oxygen)+= 5.31-10.1 mg/L
Helglom, 21 DO= A& Wt whaf 327] 4 © 2 Hote
e 2 h(Fig. 1). pHE AR 717 591 7.94-8.09 9%
11, GE-& 31.5-33.53 psu Y AchFig. 1). pHE} G- 5
23 DO ]l Ad 9] ok A g A9 7|17t 58 4
9 Sk

olel Baprine] Weof u 7a olv} SRS vlwet 23t

[

>~(

Aol A AR 328

£ Table 19 Yttt A& A& =
=7} 7F 22 100 ind/tank 7} TS A3 S-S50} H] 1 5H-S
GO O o Mo BATHP<0.05). 150 ind/tanke} 200
ind/tank*= 100 ind/tank®} B W5} 0] Gojx o2 o A
Ao Bl o 250 ind/tanke} 300 ind/tank= T A=
I HwEklS o fojF o R W JAS HIth(P<0.05).
DGR ARG T 7} 744 W2 100 ind/tank 7} oH2 AE75
USRS FoH 08 =2 S B o, ASEE

Table 1. Growth performance and Survival rate of abalone Haliotis discus hannai juvenile at different densities in the tank for 328 days*

Stocking density 100 (ind/tank) 150 (ind/tank) 200 (ind/tank) 250 (ind/tank) 300 (ind/tank)
AGR (%) 105.5£0.332 99.2+0.07° 98.9+0.13° 97.2+0.03° 96.6+0.10°
DGR (%-day™) 4.83+0.022 4.5410.00° 4.52+0.01° 4.4510.00° 4.42+0.00¢
SGR (%-day™) 0.2240.012 0.21£0.02° 0.21£0.01° 0.21+0.00° 0.2140.00°
WG (%) 396.7+1.672 365.0+3.33° 332.5+2.50° 325.8+2.50° 309.2+4.17¢
DWG (%-day™) 0.73+0.012 0.67+0.01° 0.61+0.01° 0.60+0.01° 0.57+0.01¢
SWG (%-day™) 0.49£0.022 0.47+0.01° 0.45£0.00° 0.4410.00° 0.43+0.01¢
FCR (%) 0.40£0.03? 0.41£0.022 0.43+0.032 0.43+0.022 0.43+0.032
SR (%) 7844.1° 71.345.1° 63.541.7° 48+2.5¢ 39.343.7¢

AGR, Absolute growth rate; DGR, Daily growth rate; SGR, Specific growth rate; WG, Weight gain; DWG, Daily weight gain; SWG, Spe-
cific weight gain. *Values with the same letter are not significantly different (P<0.05).
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Fig. 1. Changes of environmental factors in experimental tanks for 328 days.

77174 w2300 ind/tank 7} T2 A A -5} B s
o7 o g yhe A2k W ri(P<0.05). WG, DWG, SWG E
ok AR = 7F 92 100 ind/tank 7} T2 A A5} B] w0 E}e]
S FOH R £ S Blow, AR ET S 300
ind/tank”7} o2 A A} Bl 0SS W o] A o= W2 A
e HATHP<0.05).

Ats Z=0| T 0l miH
AR o) thE B0 o) FE I} ol 5 AR RAIR 2
7} 100 ind/tanki= Z}2} 34.3£2.34%, 61.58+5.32 cm& HLE

AATET B WS W 7P 2 ol s ER ol F AR E B
$31, 150 ind/tank+=24.3 +0.06%= 100 ind/tank 2} H| n.8}%]
S off W2 0] 58-S 1 ¢ rh(P<0.05) (Fig. 2). 200 ind/tank, 250
ind/tank, 300 ind/tank2 Z}Z} 15.24+0.81%, 12.7+0.66%,
169+ 1.73%= A2 7] 221 Afoli= Ho|A] gkgtom,
100 ind/tank, 150 ind/tank®} B] W 5}9-S uff -3-2]5}A] L& o]
E59 HYTHP<0.05) (Fig. 2).
X1 2710) WE ol T

ojgl A&H9| A7 w2 skt o5&
large7} 47.08 +7.28%% 1L, small> 4243 +5.75%2 79
22l zfo]5 HolA] SITHP>0.05) (Fig. 3). o5 A] EF
large”} 30.41 +1.54 cm$ 1L, small2 26.68 +2.67 cm& 72

ol e 24

—=0°

29l 2fo] 5 Hol A AUTHP>0.05)(Fig. 3). Le{U} o5 &=
+ large”7}0.287 +£0.02 cm/sZ small] 0.156 +0.01 cm/s 2.t}
WITHP<0.05)(Fig. 3).

Mz 35 = Xm 27]0f TE OlSHE

/\}E%ﬁ—?—oﬁl;ﬂ%/l A7)0l ko] F HE S EARH A,
large®] o] 5&2 35.57 £4.23%% 1, small> 38.29+5.11%
2 oAl X}Ol S HO|A] QFAUTHP>0.05) (Fig. 4). 121t ©]
5 7 8= large7} 63.58 +£6.24 cm$) 12, smallo] 34.06+5.04
em= F-9]2]Q1 2ol & HAtK(P<0.05) (Fig. 4). o' & £ &
3t large”} 0.463 +0.03 cm/s$ 1L, smallo] 0.194+0.01 cm/s
2 $.9179] 2|2 B ATKP<0.05) (Fig. 4).

VH A7)0 Ame ERE 4% Adeld olEEe
mixed large (ML)+= 37.14+3.95%%1 31, mixed small (MS)
2 25+42.52%8 FojFel zto]E W rkP<0.05) (Fig. 4).

ol% Au|Q} o]s&w E3F MLo| 22t 41.01 +3.45 cme}
0.309+0.02 cm/s$ 3L, MS+=30.15+2.21 cm®} 0.217 £0.03
cm/s2 24 ¢l 2Fo] & K FTH(P<0.05)(Fig. 4).

A WS RS HYE AE, 10T Ak 47
slLto]th(Gornati et al., 2004; Sch-
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Fig. 2. Moving rate (%), Moving distance (cm), velocity (cm/s)
of abalone Haliotis discus hannai juvenile at different densities.
All values are expressed as meantstandard error, and different
letters above the bars indicate significant difference (P<0.05).
(A=100 ind/tank; B=150 ind/tank, C=200 ind/tank; D=250 ind/
tank; E=300 ind/tank).

ram et al., 2006). ARS Aol A= Alghd oA Q)AL= 5
o8 Qg & f Hol B S7IE sl 47 4 9 FHA}
g Afo] YERIL Q17] wjEof|(Wu et al., 2009) 24 ARS8 W
T A7 el W2 A7 e ojgiet & A toll A e
7]12&2] d7-E(Lloyd and Bates, 2008; Wassnig et al., 2010;
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Fig. 3. Moving rate (%), Moving distance (cm), Velocity (cm/s) of
abalone Haliotis discus hannai juvenile at different size (large, 3
cm; small, 1.5 cm) in each tank. All values are expressed as mean
standard error, and different letters above the bars indicate signifi-
cant difference (P<0.05).

Ahmed et al., 2013; Xiaolong et al., 2018)3} Zro] ARS- A =7}
A fj o] A7} A2 IS A= A BT LU A
e Ao A §0J29] ol 2 Holx] it o] AL
W] % olole T vo] A A sfefal] of
7] dizoll A5 Abel9] F22 Q1 Aol & HolA] gk A
© 2 gerEh HE ol glojA Hol= F AL H|8-9] oF
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Fig. 4. Moving rate (%), moving distance (cm), velocity (cm/s)
of abalone Haliotis discus hannai juvenile at different size (large,
3 cm; small, 1.5 cm) and mixed size (mixed large, 3 cm; mixed
small, 1.5 cm) in each tank after feeding. All values are expressed
as meanztstandard error, and different letters above the bars indi-
cate significant difference (P<0.05).

30%%E ApA|ehH ofof W H HE AFES AE YA HE-
9] AE 325 Itk(Fleming et al., 1996; Stone et al.,
2013). 25 A AFSR=E SloiA] 44 W g o
ofof] thet T HAE olsfsl= A o] T8t M 2|5 o] A
AP RS Sle Aol W gt AR E g B 2714

o=

ol A7k Fastilch

Abs UE7E S7Hp R of ¥l AEES 31 AKX E fREF
W Aol Alabe ], i == 7R A )
stal Ho|7kx| o] HEAE fraelA THEThHXiaolong et al.,
2018). E5F QFAloA o] W= Holet T+ 25 A F
of AHA g o] = nE
(Hucethte et al., 2003b). &2 A g o A= Hrof wE o] 5EY
ol A] Aol A Al D7} ol F 2|99 o] 5-E0]
oAl = A3 HAl o] 23t Ak A5l FAUE 54
o] o] AIRIAIZ| AL T HIAIA S AAAI
th=(Wu et al., 2009) o] A2k} o] 74| =7} Sold
of w2 o] WA et A= HAE B0l Hefatler
AP Ao ® wekE Auf 2471o] SRS FA5lE
o 7} AR o] 5 4+ Sl FAte] Wol AEAl
=221 vhdol] A A o7 Uwrt =2 AAFoA = ol s
4= Q= FAto] &SIl o] 5B Wkth I U Tt =S
Aol A= ANA7E ol s wf thE Al B=E 7k
A AU AR A Qo B R = tE A 9Eo] gl |
%0 = ofgole HHS Bk AE2 AR o whet i+t
20| ARHAIE B8] %= 5h o] = QI3 Holol 37t ShEe
o] B o] At of Aol daFe A= Aoz AtE:
(Shepherd, 1986; Douros, 1987; McShane and Naylor, 1995;
Lloyd and Bates, 2008; Lee et al., 2015).

olF £=0] A= o] FE, olF A AR 23S EY
AREARS: We7E 7Hg w2 100mte] A e to] Hlsl A A o
2 UE7hEE 150m A7 fod R w2 ol s S E
Hleh o] 83t Auh= SEolehe -2 &4 Azt 72t =2
gl lo] Agte g2 AlQEl dolE 7t ol7] wfiZe] A os I
E7F RS ARE Abooll A Zpol7h vehd Ao & ke m,
A Ashe] Wizof uE wo] AFo] the 27HAl A7t B
a35H

5 A= 27] 2717F o AeE AlelollA Aol 1+

olulgl kS £t A# A th(Mgaya and Mercer, 1995).
3 B e 277 S-S Aol el Aol
urtbar B s o] 9Jrk(Nie et al., 1996). & A& o 4] 27|17} 2+
A 3 emQl A (large)2t 2 1.5 em?l A&@ G (small)of| A
o[5BT} o5 ARE B 2, AYTE AololA] 24
21 30| 5 Rol 7| 93gket. o]z 21| T B2kl Lol 717}
2 o] 212 Bt go] o] E5}x] gherhs A ojulat
t}. Endemann et al. (1997) 120 2J5hH o] HE-2] A2
A Q1 291 Bk i 2Ql GFo] v A7) wjizoll 7] Zpo]
of| P A =rhal sHRiTE ERE 2 Aol M= A 22
2718 Mg v A e U= JAEGIch whepa] =270
o2 Qolojut F1F HFH0 2 1% H]s| & BHA] ¢¥ok7| wio
ol g &l oA ANA A Q] Zpol7} YA 9b2 A=
hehE] ], o] of Zhe- Q1S g es] AFsl] flef U 2

= o

1o



gejst A7t bR Was Jow nelt,
AR FF T AL E AR AL A Aol o FEL &
o2l ApolZ Mol gleteh. et 7|7k 2 s AR
ABe e Szo] 3 YABAL woliz 27)7 2L )
A5 o 58T} ol A, o Swrt 2 ARG} vlmsh
AL ) fojom wopr). olefat ATk Ho] 5 ALl
o4 FAAOIL AN
o

[e]
T °
717} o]z e o F&FS 2 Q7= 22 F37)7)
Z1 0]
2

i

o
of 4
ok

] A
2] HEZ ASSh= Ao A4l 34 & L, AE
Ato]2] 7] ato] &2 I A& 2|9 9] Eg A5k Ho] g
P T ol= AT 2ol S Xtk g A ok
(Mgaya and Mercer, 1995). GAEA Ao e E HAEZ2
o|F ot B T AEES WE 21E do|7HAY ZobA
7he T BEA G ol 5she EAS Btk olst AR B
= o] o w Rt Aol g o] ofgt A EO| e W WS
S Ho]FEa thA E A F-skal QIth(Vogl et al., 1999; Brewer et
al., 2001). weba] F% Lol A= AL o] F 54& ¥
afelsial ofsfisto] M Eof| Al ghi= A4 ARS e W o] A

o] H st

Al AL

2 = 2020 oiehele SRl b A A TH(NRF-
2020S1A6A3A01109908) 2 oks=Abi sjokseatalelr] %
218920220572, gAY HAEEA 7))o A
H& who =3 A+ Tt
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