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In this study, data on the types and density of abalone attached organisms were provided
in marine net cage of the southern coast. In addition, the effect of the removal of attached
organisms was evaluated. In marine net cage, oysters, bryozoa, and barnacles were
dominated among the attached organisms, and their average area ratio was about 57.5%.
The growth rate and hepatopancreas condition were better in removal group of attached
organisms than control group. Therefore, it is judged that the removal of attached organisms
from abalone is necessary for the growth of individuals and improvement of value.
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Fig. 1. The attached organisms of abalone, Haliotis discus hannai

Table 1. Sampling area and morphometric characteristics of
abalone, Haliotis discus hannai

Shell length  Shell width

Sample area (26) Number () ()
Sinji (3) 88 769+087  5.25+0.66
Geumil (3) 89 788+080  5.27+0.52
Geumdang (1) 30 922+1.08  6.06+0.86
Yaksan (3) 90 805+064  539+0.46
2’1";‘)”0'0 Cheongsan 3) 88  810+060  548+0.40
Bogil (3) 79 826071  539+0.48
Soan (1) 53 875+0.75  573+0.54
Nohwa (2) 60 767065  511+043
Total 577 809+0.85  540+0.58
Jindo (5) 150 7.13+046 4721038
Tongyeong (2) 60 821+0.55  558+0.38
Total / Mean 787 790+086  5.28+0.60
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Table 2. Attached organisms of abalone, Haliotis discus hannai

Phylum Attached organisms
Porifera Sponge
Cnidaria Hydrozoa, Sea anaemone
Bryzoa Bryozoa
Annelida Serpulid worm
Mollusca Oyster, Saddle oyster, Mussel, Limpet
Arthropoda Barnacle
Chordata Sea squirt, Ghost sea squirt, Warty sea squirt
Cholorophyta Green algae
Rhodophyta Red algae, Coralline algae, Crustose coralline

algae
EREET
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Fig. 2. Microscopic image analysis of the attached organisms area in abalone, Haliotis discus hannai (A) area of shell, (B) area of attached
organisms, (C) analysis of area ratio with attached organisms.

Fig. 3. Process of removing attached organisms from abalone using an attached organisms removal device. (A) attachment organisms
removal device, (B) removing the attached organisms, (C) attached organisms-removed abalone.

SYUXE0| mjZ EHO| FASH 2AME0| HE2 JIHEE

EAMHEZ Adobe Photoshop CS6
Z 2 d(-solution, IMT Inc, USA)S
o AUCHFig. 2). FAMME HXH|= ofZfet 22 42

Area ratio of attached  Area of attached organisms (cm?)

. o - % 100
organisms (ARAO) (%) Area of shell (cm?)
3) REUE HAH UE WE2FE
(1) 48 a2 U ¥
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AAAEOIA 2020 11EFE 370 F7|2 HAISIRICE HH
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TEAYES A SYHE FL2SIACL FHLEE HA=
Fig. 4. The marine net cages for the biolgical effect with attached N L - - N )
organisms-removed abalone, Haliotis discus hannai: SHRTBUAM MBSt FHAE NAH7IS OI8SHATHFg. 3). 2
A8 THFE|24 m*24 m*3 m)ofl 5507HK| LW 2l(ZHE 63+1.1 cm)
£ #8910 23| HETOM =JSHRACHFig. 4).
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Table 3. Area ratio of attached organisms (ARAO) to shell of
Haliotis discus hannai in Wando, Jindo and Tongyeong

Haliotis discus hannaiR| S-EH4S

Mo mE d=sty gt 157

Table 4. Area ratio of attached organisms (ARAO) to shell of
Haliotis discus hannai in Wando

Phylum Attached organisms AEAO Phylum Attached organisms AEAO
(%) (%)
Porifera Sponge 1.95 Porifera Sponge 122
- Hydrozoa (0.12), - Hydrozoa (0.16),
Cnidaria Sea anaemone (0.04) 0.17 Cnidaria Sea anaemone (0.070) 0.23
Bryozoa Bryozoa 12.93 Bryozoa Bryozoa 14.33
Annelida Serpulid worm 1.61 Annelida Serpulid worm 194
Oyster (34.12), Saddle oyster (0.04) Oyster (36.68), Saddle oyster (0.05)
Mollusca Mussel (1.31), Limpet (0.016) 3554 Mollusca Mussel (0.189), Limpet (0.022) 3694
Arthropoda Barnacle 499 Arthropoda Barnacle 3.69
Sea squirt (0.18), Ghost sea squirt Sea squirt (0.24), Ghost sea squirt
Chordata (0.09), Warty sea squirt (0.029) 030 Chordata (0.11), Warty sea squirt (0.039) 039
Cholorophyta ~ Green algae 0.001 Rhodophyta Coraliine algae‘ (0.025) 007
Coraliine algae (0018) Crustose coralline algae (0.041)
Rhodophyta Crustose coralline algae (0.030) 005 Total 58.81
Total 57.54
o uzg REMT, IR, 320l 2H2 QIS YO SIRiCt
HedEo Y2 SERIL ge HNel FEMYES 510 Z 1
YESZ S5t LIENCT
H XFA 2 ~
®) ngxl- 1. ¥58= E-lul
g2 dEd =0t 588 1S 2 250 ety ERa o, T, SYOM SYHF Tj2fo| Fod FAYE HAH =
H(i-solution, IMT Inc, USA)S 0|8d}0] ZHSACE Of 57.5% UL FAME JHRH 29| XYY ¥ K98 &
sjgo oxloion EHIAME Tzt H ot
(4) _%‘_’Sli”&' xli_:l'. |_E|_ 1OOI_% (26/26) ‘I‘l:lol')\i—ui,l oS qu:A_Oio%m -
& BHHE o 341%ACh HESE XHE EWE2 923%
NS REE 24 7B N0 ZNELS A (2426200, 4 BHH|E o 129%3ACk TPHH|O| XY 5
Of 2MSAUCE SYM=0| 7HE Yol YRE HESH0 10% HEE 769% (20/26)A 20, £& HAH|= oF 50%%ACHTable 3,
SYZELRO| 4AIZE DD T 48A[2H SO FMOHAULE A= Fig. 5)
= ok ZHEYo| et £ 4~6 ym2| ZHE2S MESIY SO EAMFo| HAH| = 2 588%RUCHTables 4 and 5, Fig.
Ch MZHE ZEHEE2 Mayer's hematoxylin-eosin (H-E) 0= &4 6). HAME = Zo| X|dYd £JHEL 100% (19/19)F M, HA
= S =AU Hl= oF 367%=2 7td RESIALE 20 0|9 BES=E2 XY
=5 HAH|= oF LIEFC o =]
(5) MBHEHY xA %_EOI 895% (17192 HYH|= & 1i.3%§ FEbS hﬁ i |
£ KOE EHE 947% (18/19), HHH|E °f 37%SICHFig. 6).
et 22 AOAC (Association of Official Analytical Chemists) 20 oM ExME0| HYH|E o 575%2UCHTable 6, Fig. 7).
me S22 105°C HRY, 322 550°C BBtz M3t RHYE T =22 X[9E EVE2 100% (5/5)U20, 74 HY
RACH =X Z=X|HFZET|(SER 158/6, VELP Scientifica Sri, Italy) H= 2 301%2 7} =H XZALL[QUCE Ef¥sE0| X|9Y =3
£ 0|85t0] 2AMston], ZEHMAHL AAEMT|vario MACRO 82 100% (5/5), TEH|= & 135%% 20, A3 224X Hol= X|
cube, DKSH, New Zealand)E 0| 83t0 HMEAYES HESID Ha g8 =580] 80.0% (4/5), F& HEH[E % 02%ACHFig. 7).
A== 6258 S510f ZEMMAR SIUCE E3tE2 10000M =2, SZ0M FAMEO| HHH|= oF 71.3%RUCH(Table 7, Fig. 8).
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Table 5. Area ratio of attached organisms to shell of abalone, Halotis discus hannaiin Wando

ARAO (%)
Phylum Attached organisms } _
Sinji Geumil Gdeum Yaksan Cheong Bogil Soan  Nohwa
ang san
1.22
Porifera Sponge
0.16 0.70 0.25 0.07 0.00 0.04 0.01 -
L Hydrozoa (0.16) 0.23
Cnidaria S 0,070
ea anaemone (0.070) 0.0603 0.02 0.09 0.01 0.0002 0.04 - 0.001
14.33
Bryozoa Bryozoa
4.54 115 0.09 1.69 207 243 1.16 119
194
Annelida Serpulid worm
0.73 0.18 0.10 0.17 0.15 037 0.14 0.10
Oyster (36.68) 36.94
Mollusca Saddle oyster (0.05)
Mussel (0.189), Limpet (0.022) 46 4289 472 5.775 7.952 4982 1.594 3.033
3.69
Arthropoda Barnacle
0.64 094 044 0.51 0.70 0.20 0.18 0.10
Sea squirt (0.24) 039
Chordata Ghost sea squirt (0.11)
Warty sea squirt (0.039) 0.115 0.024 - 0.1 0.01 0.062 0.021 0.067
Coraliine algae (0.025) 007
Rhodophyta Crustose coralline algae (0.041) _ 0,066 _ _ _ _ _ _
Total 58.81
Chordata Porifera Chordata Porifera
0.5% 3.4% 0.7% 2.1%
Arth d
al:;;o g L |_‘ Arthropoda |—| l_, Cnidaria
/ 6.3% 0.4%
Bryozoa
22.5%
Annelida
2.8% "
1 Annelida
IViollusca IViollusca’ 3.3%
61.870 62.870

Fig. 5. Area ratio by Phylum of attached organisms to shell of
Haliotis discus hannaiin Wando, Jindo and Tongyeong.

Fig. 6. Area ratio by Phylum of attached organisms to shell of
Haliotis discus hannai in Wando.
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Table 6. Area ratio of attached organisms (ARAO) to shell of
Haliotis discus hannaiin Jindo

Phylum Attached organisms ARAO (%)
. Bryozoa
Porif S 0.05
orifera ponge e
Cnidaria Hydrozoa 0.02
Bryozoa Bryozoa 13,51 IViollusca Annelida
Annelida Serpulid worm 0.17 68.77 04%

Mollusca Oyster (30.13), Saddle oyster (0.01) 30.14

Total 57.54

Fig. 7. Area ratio by Phylum of attached organisms to shell of
Haliotis dliscus hannai in Jindo.

Table 7. Area ratio of attached organisms (ARAO) to shell of

Haliotis dliscus hannai in Tongyeong

Phylum Attached organisms ARAO (%) Bryozoa
Porifera Sponge 11.11
N Annelida
Cnidaria Hydrozoa 0.01 2.1%
Bryozoa Bryozoa 065 Arthropoda
Annelida Serpulid worm 152 24097
Mollusca Oyster (20.60), Mussel (13.19) 33.79
Arthropoda Barnacle 24.22 Voliusca
47.876
Total 71.30
Fig. 8. Area ratio by Phylum of attached organisms to shell of
2HUE T ORH[O X9 FAE2 100% (2/2), F2 HAH| Haliotis discus hannai in Tongyeong.
= Of 242%%{Ct. 22| XYE EWE2 100% (2/2), T4 HHH|
= % 206%A20, HXIRO XAE EHE2 100% (2/2), HH
Hl&= OF 132%2 ZALE|QICHFig. 8). 100 o 28
9 :
2. RHME HAHo E HEFHE %0
T 70
;— e | g 56.5 55.8 55.2
1) 4E8 '_E 50 | °
g i -s-Cont. -©-R et e '1
NP 4E8S ADIZRE PY F o 3B ojE B P - we
20
97.7%, SAME H2T 985%FO0, SHOlE CIERRL £ @ |
W2 HAHT 22t 940% 95.8%= FEYE HAHTFOM Cta & 0
QUCE BIRIT 20214 BHOlE CHET 712% FAYE HAT oo ks Ml - B T
66.8%, 1TH0|= HHET 565%, FAYE MAT 461%2 YZ&
2 £ MET 05 2021 8URE FAS UAS HYUCKFg. 9). Fig. 9. Survival rate with remove the attached organisms on

shell of abalone, Haliotis discus hannai. Cont; control group, Rg,
removal group of attached organisms.
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Fig. 10. Shell length (A) and growth rate (B) with remove the attached organisms on shell of abalone, Haliotis discus hannai. Cont,; control

group, Rg, removal group of attached organisms.

Fig. 11. Histology of foot (A and B) and hepatopancreas (C and
D) with remove the attached organisms on shell of abalone,
Haliotis dliscus hannai. A and C; control group, B and D; removal
group of attached organisms. H-E stain. Bpc; basophilic cell, Dt;
digestive tubule, Ec; epithelial cell, El; epithelial layer, MIl; muscle
layer, Sb; striated border.
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Fig. 12. Whole-body biochemical composition with remove the
attached organisms of abalone, Haliotis discus hannai. Cont;
control group, Rg.; removal group of attached organisms.
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