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Abstract

Streptococcus parauberis, Edwardsiella piscicida, and scuticociliate are major
pathogen diseases in associated with high economic losses in aquaculture.
This study were determined whether occurrence of these three major
pathogens infections in olive flounder (Paralichthys olivaceus) correspond with
changes in water temperature on fish farms in Jeju island. During 2018 to
2021, investigated the different culturing water temperature conditions by
region of fish farms that divided in to 4 locations. The average annual water
temperature for each region in 2018 was 18.28°C in Daejung, 18.46°C in
Namwon, 17.83°C in Sungsan, and 17.57°C in Gujwa. In 2019, it was 18.78°C
in Daejung, 18.65°C in Namwon, 18.2°C in Sungsan, and 17.63°C in Gujwa. In
2020, it was 18.1°C in Daejung, 18.1°C in Namwon, 17.8°C in Sungsan, and
174°C in Gujwa. In 2021, it was 18.9°C in Daejung, 18.2°C in Namwon,
18.2°C in Sungsan, and 17.7°C in Gujwa. The result of Pearson’s correlation
analysis showed culturing water temperature and pathogen detection rate have
no significant but confirmed Daejung and Gujwa have big difference in
culturing water temperature fluctuation and this caused pathogen detection
rate difference specially with E. piscicida. In conclusion, the results of S.
parauberis detection rate have no significant correlation with culturing water
temperature and growth period of olive flounder size. FE. piscicida, detection
rate have significant correlation with culturing water temperature and
scuticociliate detection rate have significant correlation with growth period of
olive flounder size. Additionally, even if the fish farms use similar culturing
water temperature, occurrence of pathogenic diseases will occur different by
various causes. In the other hand, this result showed that necessity of

customized hazard disease control program for each fish farm.
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QX (Paralicithys olivaceus)™= =X FEHE oF T 19 FEFHo=2

2021 ol &= &30l 164.9=0]a, oF 360 &

THKOSIS, 2023b). 2022 7] A= WX A2 4617142

Gebe 22827 AFEC 948t YUHKOSIS, 20232). AFEE Ul Hu)
x

SAEA G2 AR 1980d ] 2 9A FA Ve dHoer FA4sA ¢4
HAl kel FdiE 7] Ao 20229 Ve A HA A4S AN
54,202 =0l AL, AFE AR 22,050F2 AFA FATHKOSIS, 2023c). ¥4

G2 AR AFEes Astales AFgshe SAEY Vel HE5d datE
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FAAE S ZEFAAN, ek 5 ALk ALY FHE 98 s 1l
T AbE Y R Tor st AW BAlS st THO et al, 1998).

G2 JAxe WHstE Fo AldA dHoRe AT TS, dEdESE, HEE
235 5] AtH(Lee and Ha, 1991; Oh et al., 1998; Heo et al., 2001; Kim et al.,
2001; Kim and Kim, 2003; Baeck et al, 2006). Streptococcus parauberis<}
Edwardsiella tarda= 9 * 2 @3] A&2A 7493 dAAF & 2 A4 &
AE 2t 78 AT Ao dEA Ath(eg., Baeck et al, 2006; Kim
et al., 2006).
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FaAde O 24 AlTeE AF ofFdd #AHE AR deEA Jon, F=2
ALF27U AbSae o] v =2 74

Sakai et al, 1994; Rashid et al., 1994). T3t + wlgF2%7F 15°C & o Hrt}
20025°C ¢ W o =& WHddES Jehdoa 48 A dth(Zheng et al, 2004).
E. tarda®) #ZdE ol79 tiiAQ STHeEE A 4AF 9FHE, TR
1gh Hddk el HA A A, R A7l S R 3 Rld ol v
(Plumb, 1999; Satoshi and Nobuhiro, 2000). = 7o WEW E. tarda &%

2oz dud dd WAoA HAHHE o=t YRiol Edwardsiella

AS HAtH(Woo et al, 2011;

piscicida® ATEFE o AFLoA LA = A==t It E piscicida
2 AEF HAG(Bujan et al., 2018; Dubey et al. 2019).
AFA S Gx Fa el A Aoj7led Azkgk HAF FeE sk Fa 714
A Aol AFEIEES AFE FHE(Scuticociliates) o] ¢ & el $HEL
Miamiensis avidus® JA9 A%, 5, ol7tv], ¥, Fdd FdHE Aoz &
A dtF(Mizuno 1993; Lee et al., 2001; Jin et al., 2007, Song et al., 2009). 2=
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II. Als 2 4349

b Aatare] v &l wet AlFEE 4 AHow
Twstel YAE FRAT AAA] FAAGS AASF A AQAFE A
of AP AstalaE 77 30%750% HlE&Z E3HEte] Al
o] A HHL Al =S 50%70% B]& 2 EgtEto] AEEIH,
TFHA G FAAFL e FE 70%7100%2] vE 2 ALEEa vk 24 A
k|

A M Ee] mE ALS Feo] Aolsh AW WA @] vhste] EALE

12

)

gtk 2018d = 1670 (HA: 34, E9: 574, A2k 574, 3 37
2, 20199l 16702 ( A 3704, P 574, sk Ui, b 374,
20201300 = 1970 (A A7l &, F9 2704, Ak A, 3 6714), 20219
= 207K A (A8 374, Ee 2704, AR TRA, b 8/ A9 A d el A
A& Fdste. (Fig. 1)



A Daejung: 4 locations

A Namwon: 6 locations
33.6°N /4 8ungsan: 9 locations

A Gujwa: 8 locations

Namwon

33.2°N

; Ocean Data View

33°N ———, — — S . —
126.2°E 126.4°E 126.6°E 126.8°E 127°E

Fig. 1. A map of sampling fish farms in Jeju.



1-3. FA A AT

2018 AlFIoll A= 163ke] FojelA 3473m HAE FHsR oW, HA 9
A M= 5cm T 69 cm, AT W= 45 ¢ T 4,000 gol At} 20199 += 16
Jre] GFoliol A 40667 HAE FHEAeH, A W= 8 ecm T 65 cm, A
ZT W= 6 g 7 3500 golAth 20200l = 193k oyl A 37017 HAE
FHsF e, A MW= 78 ecm T 685 cm, Al W= 4 g T 3,983 gol 3Tt
20210l = 20329 FolFdell A 36527 HAE FHskR AL, A WA= 6 cm T

65 cm, Ao W= 2 g ™ 2804 golAtt. (Table 1)



Table 1. A number of sampled olive flounder 2018 to 2021

Weight Daejung | Namwon | Sungsan Gujwa Total

0g~200g 206 482 403 213 1,304

2018 201g7500¢g 199 516 287 184 1,186
501g71kg 160 328 300 195 983

Total 565 1,326 990 592 3,473

0g~200g 305 453 458 9 1,310

2019 201g7500g 319 991 462 146 1,518

501g~1kg 255 348 390 235 1,228

Total 879 1,392 1,310 475 4,056

0g~200g 435 170 406 374 1,385

2090 201g™500¢g 320 221 435 242 1,218

501g~1kg 258 43 482 315 1,098

Total 1,013 434 1,323 931 3,701

0g~200g 292 255 516 328 1,391

201g7500¢g 276 161 404 400 1,241

2021 501g~1kg 181 113 492 234 1,020

Total 749 529 1,412 962 3,652




HUAlE BT Td3st xAdstddA] alFstd o, MatAd ZW (S parauberis, E.
piscicida)S AZ3t7] 98] & A4 05 cm®E AAg 7S dHuj A columbia

agar containing 5% sheep blood (BANDIO, Korea)®t Salmonella-Shigella(SS)
247y stampste] = 30°ColA 48A17F ¥l th(Han et al, 2017). S
parauberist= 1x4 o2 dAnjx]o] &HWS-S Qlgt & catalase test= 2%
SRR, E. piscicidai= SSWIA A FAleo] A2 ko] YEY= colony
= AL sty #¢l9 colony:= Hir NaCl 1.5%-Brain heart
infusion agar (BHIA; Difco, USA)ol @< #]%(30°C, 24A17H3kd L, S
parauberisc AXE¥ 33 E Q8] Wit tubeol wFE AFHse] A7 Fo -
20°C YA s

s

Olr

=
=

O.u.,

3

% PCR(Polymerase chain reaction) MZ %= A}-&3}%
th(Figs. 3, 5) W3t ¥+ ExgeneTM Tissue SV mini (GeneAll) kit
(GeneAll® Biotechnology, KOREA)E °]&3}e] DNAE #2] ¥ Standard PCR
S AYstdt. S parauberis AN 59 Z7-E initial denaturation (95°C, 5 min),
denaturation (95°C, 1 min), annealing (54°C, 30 sec), extension (72°C, 1 min),
final extension (72°C, 5 min)e] ZA S 2 40 cycles W3t} E. piscicida=
initial denaturation (95°C, 10 min), denaturation (95°C, 1 min), annealing

(50°C, 1min 30 sec), extension (72°C, 1 min), final extension (72°C, 5 min)2]



Z7AS0ZE 40 cycles HHE3FAth. AF-€3F Primer sequence®t bp sizei= Table 29+
2. ~2FEH7 5 HE 5+ Kang et al. (2015)2] ®Widel] whel 10074008 & 2
Fordn G Al GXol A AHAT olrtv], A%, H WES AHSe YHoeE A

st (Fig. 7)

Table 2. Primer sequence used for detect Streptococcus parauberis and Edwardsiella

piscicida

) ) . .. | Target

Primer | Nucleotide sequence (5'-3") . Pathogen Reference

region

Spa2152 | TTTCGTCTGAGGCAATGTTG 718b S beri Baeck et al.,

Spa2870 | GCTTCATATATCGCTATACT P | > parauberis 2006
EPF CTTTGATCATGGTTGCGGAA 130b B piscicid Griffin et al.,
EPR CGGCGTTTTCTTTTCTCG p - prsciciaa 2014




Fig. 2. (a): Internal symptoms, enlarged spleen, enlarged kidney, etc., of olive flounder
infected to Streptococcus parauberis. (b): Gill hemorrhagic symptom of olive flounder

infected to S. parauberis.

Fig. 3. (a): Streptococcus parauberis colonies cultured on columbia agar containing
5% sheep blood. (b): DNA band of S parauberis colony analyzed with
standard PCR. M: Master mix, (1): Sample, (2): Positive control, (3): Negative

control.



Fig. 4. (a): External symptoms, abdominal extension, rectal hernia, etc., of olive
flounder infected to Edwardsiella piscicida. (b): Internal symptoms, ascite, liver

cirrhosis, etc., of olive flounder infected to E. piscicida.

Fig. 5. (a): Edwardsiella piscicida colonies cultured on Salmonella-Shigella(SS)
agar. (b): DNA band of E. piscicida colony analyzed with standard PCR
(Right). M: Master mix, (1): Sample, (2): Positive control, (3): Negative

control.



<

Fig. 6. (a): External symptoms, skin ulcer, muscle ulcer, etc., of olive flounder
infected to scuticociliate. (b): External symptoms, fin ulcer, etc., of olive flounder

infected to scuticociliate.

[¥]

Fig. 7. Microscope site of scuticociliate (X100).
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Table 3. Pearson’s correlation estimation culturing water temperature with

pathogen detection rate in 2018 (x:p-value(<0.05) no significant)

Region S. parauberis E. piscicida Scuticociliate
Daejung 0.534 0.615% -0.755%
Namwon -0.225 0.555 -0.495
Sungsan -0.279 0.438 -0.472
Gujwa 0.858% 0.332 -0.472
Culturing water temperature in 2018
25 -
22 -
(%)
oL 19 - A
g - ' o
E 16 " [ N
T
|—
13 -
10
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Daejung 13.2 13.7 13.9 15.4 16.6 19.1 22 23.7 23.2 20.8 19.8 17.9
Namwon| 16.4 15.9 15.7 15.9 17.4 19.6 19.5 22.2 20.7 20.2 19.5 18.5
Sungsan 15.8 15 15.5 16.3 17 18.4 19.8 20.5 19.6 194 18.8 17.8
= GUjWA 16.4 16 16.3 16.8 17.2 18 18.7 20.1 18.5 18 17.6 17.2

Fig. 12. Monthly average culturing water temperature of Daejung, Namwon, Sungan, Gujwa in 2018.




Streptococcus parauberis detection rate of olive flounder
raised in Jeju fish farm during 2018
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Fig. 13. Monthly Streptococcus parauberis detection rate of olive flounder cultured at

Daejung, Namwon, Sungsan, Gujwa in 2018.



40%

30%

20%

10%

0%

40%

30%

20%

10%

0%

Detection rate

40%

30%

20%

10%

0%

40%

30%

10%

0%

Fig. 14. Monthly Edwardsiella piscicida detection rate

Edwardsiella piscicida detection rate of olive flounder

raised in Jeju fish farm during 2018

n=565
|
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
H Daejung
n=1,326
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
® Namwon
n=990
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
W Sungsan
n=592
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Gujwa

Daejung, Namwon, Sungsan, Gujwa in 2018.

of olive flounder cultured

at



Scuticociliates detection rate of olive flounder
raised in Jeju fish farm during 2018
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Fig. 15. Monthly scuticociliate detection rate of olive flounder cultured at Daejung,

Namwon, Sungsan, Gujwa in 2018.
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Table 4. Pearson’s correlation estimation culturing water temperature with

pathogen detection rate in 2019 (x:p-value(<0.05) no significant)

Region S. parauberis E. piscicida Scuticociliate
Daejung -0.047 0.662* -0.570
Namwon 0.711% -0.166 -0.058
Sungsan 0.806% -0.483 0.292
Gujwa 0.095 0.102 0.349
Culturing water temperature in 2019
25 -
22 -
o §
< 19 [CE :
r) p
£ 16 o - : B
(J]
=
13 -
10
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Daejung 15.7 14.5 14.9 15.7 17.2 18.2 19.8 23.8 23.8 23.2 20.3 18.2
Namwon 17.2 16.6 16.3 16.6 17.4 18.6 19.5 21.6 21.2 20.7 19.5 18.6
Sungsan 16.6 15.6 16.4 16.5 17.5 18.9 20.5 20.1 19.3 19.3 18.7 17.8
== GUjWA 16.8 16.7 16.6 17 17.3 17.7 18.3 19.2 18.5 18.6 17.9 17

Fig. 16. Monthly average culturing water temperature of Daejung, Namwon, Sungan,

28 —

Gujwa in 2019.




Streptococcus parauberis detection rate of olive flounder
raised in Jeju fish farm during 2019
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Fig. 17. Monthly Streptococcus parauberis detection rate of olive flounder cultured at

Daejung, Namwon, Sungsan, Gujwa in 2019.



Edwardsiella piscicida detection rate of olive flounder
raised in Jeju fish farm during 2019
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Fig. 18. Monthly Edwardsiella piscicida detection rate of olive flounder cultured

Daejung, Namwon, Sungsan, Gujwa in 2019.



Scuticociliates detection rate of olive flounder raised
in Jeju fish farm during 2019
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Fig. 19. Monthly scuticociliate detection rate of olive flounder cultured at Daejung,

Namwon, Sungsan, Gujwa in 2019.
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Table 5. Pearson’s correlation estimation culturing water temperature with

pathogen detection rate in 2020 (x:p-value(<0.05) no significant)

Region S. parauberis E. piscicida Scuticociliate
Daejung 0.399 -0.010 -0.097
Namwon 0.313 -0.320 0.726%
Sungsan -0.365 -0.363 0.605%*
Gujwa 0.526 -0.339 0.488
Culturing water temperature in 2020
25.0
22.0
o !
< 19.0 ——— .
[t
13.0
10.0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Daejung 15.9 15.2 15.1 15.6 16.2 17.8 19.2 23.0 22.2 21.3 19.1 17.1
Namwon| 15.7 16.5 16.2 16.3 16.6 18.2 19.0 20.5 20.2 20.5 19.4 17.6
Sungsan 17.0 16.2 16.2 16.5 16.8 18.3 18.7 20.2 18.9 18.9 18.0 17.4
s GUjWA 16.8 16.1 16.7 16.7 17.0 17.5 17.9 19.0 18.5 18.3 17.8 16.6

Fig. 20. Monthly average culturing water temperature of Daejung, Namwon, Sungan, Gujwa in 2020.




Streptococcus parauberis detection rate of olive
flounder raised in Jeju fish farm during 2020
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Fig. 21. Monthly Streptococcus parauberis detection rate of olive flounder cultured at

Daejung, Namwon, Sungsan, Gujwa in 2020.



Edwardsiella piscicida detection rate of olive
flounder raised in Jeju fish farm during 2020
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Fig. 22. Monthly FEdwadsiella piscicida detection rate of olive flounder cultured

Daejung, Namwon, Sungsan, Gujwa in 2020.



Scuticociliates detection rate of olive flounder raised
in Jeju fish farm during 2020
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Fig. 23. Monthly scuticociliate detection rate of olive flounder cultured at Daejung,

Namwon, Sungsan, Gujwa in 2020.
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Table 6. Pearson’s correlation estimation culturing water temperature with

pathogen detection rate in 2021 (*:p-value(<0.05) no significant)

Region S. parauberis E. piscicida Scuticociliate
Daejung -0.473 0.429 -0.593
Namwon 0.577* 0.440 -0.126
Sungsan 0.051 0.548 -0.713%
Gujwa 0.649+* 0.199 0.282
Culturing water temperature in 2021
28.0
25.0
SL.'). 22.0
g 19.0 e a .y
13.0
10.0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Daejung 15.7 15.4 15.1 16.0 16.5 18.4 21.9 23.1 25.0 22.8 194 17.2
Namwon 16.9 16.1 16.4 16.8 17.3 20.0 18.6 19.3 20.1 20.4 18.7 17.7
Sungsan 16.7 15.9 16.3 16.6 17.1 19.1 19.1 19.7 20 19.3 18.5 17.6
=== GUjWA 16.4 16.1 16.4 16.8 17.2 18.7 194 19.7 18.8 18.6 17.8 16.6

Fig. 24. Monthly average culturing water temperature of Daejung, Namwon, Sungan, Gujwa in 2021.
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Streptococcus parauberis detection rate of olive
flounder raised in Jeju fish farm during 2021
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Fig. 25. Monthly Streptococcus parauberis detection rate of olive flounder cultured at

Daejung, Namwon, Sungsan, Gujwa in 2021.
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Fig. 26.

Daejung,

Edwardsiella piscicida detection rate of olive
flounder raised in Jeju fish farm during 2021
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Monthly Edwardsiella piscicida detection rate of olive flounder cultured

Namwon, Sungsan, Gujwa in 2021.
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Scuticociliates detection rate of olive flounder
raised in Jeju fish farm during 2021
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Fig. 27. Monthly Scuticociliate detection rate of olive flounder cultured at Daejung,

Namwon, Sungsan, Gujwa in 2021.
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Average culturing water temperature in Daejung

30 ~
. 25 4
s
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Fig. 28. Monthly average culturing water temperature in Daejung fish farms during 201872021.




Monthly average detection rate of Streptococcus parauberis in Daejung
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Fig. 29. Monthly average detection rate of Streptococcus parauberis, Edwardsiella

piscicida, and scuticociliate detected from olive flounder in Daejung.
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Average culturing water temperature in Namwon
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Fig. 30. Monthly average culturing water temperature in Namwon fish farms during 2018 2021.




Monthly average detection rate of Streptococcus parauberis in Namwon
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Fig. 31. Monthly average detection rate of Streptococcus parauberis, Edwardsiella

piscicida, and scuticociliate detected from olive flounder in Namwon.
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Average culturing water temperature in Sungsan
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Fig. 32. Monthly average culturing water temperature in Sungsan fish farms during 201872021.




Monthly average detection rate of Streptococcus parauberis in Sungsan
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Fig. 33. Monthly average detection rate of Streptococcus parauberis, Edwardsiella

piscicida, and scuticociliate detected from olive flounder in Sungsan.
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Average culturing water temperature in Gujwa
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Fig. 34. Monthly average culturing water temperature in Gujwa fish farms during 201872021.




Monthly average detection rate of Streptococcus parauberis in Gujwa
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Fig. 35. Monthly average detection rate of Streptococcus parauberis, Edwardsiella

piscicida, and scuticociliate detected from olive flounder in Gujwa.
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Average culturing water temperature of 4 fish farms in 2018
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Fig. 36. Monthly average culturing water temperature of D1, N1, S1, G1 fish farms in 2018.



Average culturing water temperature of 4 fish farms in 2019

30 -

25 +
o
o 20 -
£
[¢)]
|_

15 -

10

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

e=@==D1| 155 14.5 14.7 15.6 17.0 17.7 19.8 23.8 24.2 22.8 20.3 18.0

N1| 15.9 15.5 15.3 15.8 17.2 19.2 21.7 22.8 21.3 21.2 19.6 17.9
=S 1 16.8 16.2 16.0 16.4 17.3 19.1 20.4 23.9 22.9 20.7 20.3 18.6
—@—G1l| 159 16.0 16.1 16.6 17.0 174 18.1 19.7 19.1 19.1 17.9 164

Fig. 37 Monthly average culturing water temperature of D1, N1, S1, G1 fish farms in 2019.



Average culturing water temperature of 4 fish farms in 2020
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Fig. 38. Monthly average culturing water temperature of D1, N1, S1, G1 fish farms in 2020.




Average culturing water temperature of 4 fish farms in 2021
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Fig. 39. Monthly average culturing water temperature of D1, N1, S1, G1 fish farms in 2021.
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Fig. 40. Monthly detection rate of Streptococcus parauberis detected from olive flounder of D1, N1, S1, G1 fish farms during 201872021.
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Fig. 41. Monthly detection rate of Edwardsiella piscicida detected from olive flounder of D1, N1, S1, G1 fish farms during 201872021.
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Fig. 42. Monthly detection rate of scuticociliate detected from olive flounder of D1, N1, S1, G1 fish farms during 2018 2021.
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Fig. 43. Monthly detection rate of Streptococcus parauberis, Edwardsiella piscicida,

and scuticociliate detected from olive flounder of D1 fish farm during 20187 2021.
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Fig. 44. Monthly detection rate of Streptococcus parauberis, Edwardsiella piscicida,
and scuticociliate detected from olive flounder of N1 fish farm during 201872021.
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Fig. 47. Detection rate divided by olive flounder weight (Juvenile fish weight 1 g~200
g: 5,390 olive flounders, Sub-adult fish weight 201 g 500 g: 5,163 olive flounders,
Adult fish weight over 500 g: 4,329 olive flounders; SP: S. parauberis, EP: E.
piscicida, Scu: Scuticociliate). Complex infection data is included in each pathogen

detection rate data.



Fom sto] Ao, FA], Fojrt AAsk= Hles RIS S parauberis
AL FAAAAA 371%=2 7V =A JGENSIL, E. piscicidat 38%= /d o] ol A
7F4 =9ktl. Scuticociliate™ 46% & | olo| A 71 =& AEES B Ao
A= AHo =2 13% AEES BAT. S parauberis®t E. piscicida =374
A= 4% =2 ool HEEo| 7V =3O, S parauberis®t scuticociliate
B hdel e 45%=E Y HAE:ECl MY =kt E piscicida®t
scuticociliate EZAoNAE 41%E oo HEEHo JE =T S
parauberis®t E. piscicida = W &oll= A7 Aol7) gl Aoz HAust o
1, scuticociliate A& dojBEth Aojgp FA7E & HTE AA AL, S
parauberis®t E. piscicida 5339 4017 & HlFS AA st S Eelstsl

o},



SP S.parauberis+E.piscicida

m Juvenile = Sub-adult = Adult m Juvenile = Sub-adult = Adult

EP S.parauberis+Scuticociliate

m Juvenile = Sub-adult = Adult m Juvenile = Sub-adult = Adult

Scuticociliate E.piscicida+Scuticociliate

m Juvenile = Sub-adult = Adult m Juvenile = Sub-adult = Adult

Fig. 48. The rate of Streptococcus parauberis, Edwardsiella piscicida, scuticociliate
and co-infection sorted by weight of olive flounder (Juvenile fish weight 1 g~200 g,
sub—adult fish weight 201 g500 g, adult fish weight over 500 g).
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