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Opening Address
Dear Distinguished Participants, Ladies and Gentlemen,
It is a great pleasure to welcome you to Busan, Korea for the 2018 KOFFST International
Conference and thank you for joining to this meeting. We have been delighted by the response
from so many individuals and groups around the world, and warmly welcome our 800 delegates
representing at least 20 countries.
First of all, I wholeheartedly appreciate the presence of KIM Young-Seup, President of Pukyong
National University, YOO Jae-soo, Vice Mayor for Economic Affairs at Busan Metropolitan City, SEO
Jang Woo, President of the National Institute of Fisheries Science (NIFS), PARK Hee-ok,
Commissoner of Busan Regional Office of Food and Drug Safety, and a great many respected
members of the KOFFST (Korean Federation of Fisheries Science & Technology).
I would like to acknowledge outstanding keynote speakers, Dr. Alexei M. Orlov from Russian
Academy of Sciences, Russia, and Dr. Ten-Tsao Wong from University of Maryland, USA, whose
presentations, in connection with the theme, will be for a great benefit for fisheries science and
fishery industries. I also would like to express my appreciation to invited speakers, Dr. Shin-Ichi
Kitamura, Ehime University, Japan, and Dr. Eduardo Grimaldo, SINTEF Ocean, Norway. They will
be presenting at each session during the conference.
In particular, we would like to thank Busan Metropolitan City and BEXCO (Busan Exhibition &
Convention Center), Korean Federation of Science & Technology Societies (KOFST), and National
Marine Biodiversity Institute of Korea (MABIK) for financially supporting this conference. We also
thank Korea Institute of Ocean Science & Technology (KIOST), Busan Regional Office of Food and
Drug Safety, National Institute of Fisheries Science (NIFS), and Research Institute of Midium&small
Shipbuiliding (RIMS) for supporting various souvenirs, etc.
I would like to thank the experts at home and abroad for accepting this presentation on a busy
schedule for the research and work of this symposium.
This conference was organized in conjuction with the 2018 Busan International Seafood and
Fisheries EXPO (BISFE), which is held every November and attracted a historic record number
of visitor time after time. Almost 800 participants, including researchers, scientists, students, visiting
scientists and policy makers from around 20 countries, who are involved in the five member
academic societies, attend the conference. A total number of approximately 400 oral and poster
presentations will be given.
As you well know, the theme of this year's conference is “Fisheries Science and The Future of
Fisheries”. While fisheries science is a multidisciplinary and applied science, fisheries science has
been used to manage fisheries without the necessary understanding of the various processes for
too long time. I hope that future fisheries resources will be enriched and fisheries industry will be
developed through active researches of fisheries science. We hope to find the great ways of
managing fisheries resources sustainably and permanently.
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The role of the KOFFST in the development of fisheries science and fisheries industry in Korea
is more important than ever in many respects. There are borders to human beings on land, but
aquatic creatures in the sea and river, many fishes, cephalopods, crustaceans and birds are freely
migrating between north and south Koreas as a spawning ground, nursery and habitat without
borders. I also think it is necessary to prepare for academic exchanges in the fields of fisheries
for the unification of the two Koreas. We believe that the KOFFST should continue to lead the
fisheries science and fisheries industry in the Korean peninsula. This meeting will be provide a
helpful, valuable and integrated information and data about the fisheries science and the future of
fishery industries. I hope you find some opportunities to discuss and exchange ideas and
experiences with other colleagues as much as possible.
On behalf of the Organizing committees of KOFFST International Conference, I would like to deeply
appreciate your participation and hoping you all the best for your continued development.
I am pleased now to declare open the 2018 KOFFST International Conference!

Choong-Hoon Jeong
President of KOFFST
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Welcome Address
Distinguished guests,
I am Yoo Jae-soo, Vice Mayor for Economic Affairs at Busan Metropolitan City, Northeast Asia's
maritime capital, full of happy citizens.
It is indeed a wonderful opportunity to be hosting the KOFFST International Conference 2018 once
again in Busan, an event that has contributed to developing fisheries and science for quite some
time.
I’d like to extend my deepest congratulations on the opening of the conference.
Many have put their efforts into successfully hosting this event, so I’d like to thank Chairman
Choong-Hoon Jeong of the KOFFST, the presidents from the 5 prominent fishery institutes and
all experts from home and abroad.
This year, we also have many renowned guests from across the globe joining us. I’d like to welcome
all the participants, including Dr. Eduardo Grimaldo from Norway, Dr. Ten-Tsao WONG from USA,
Dr. Alexei Orlov from Russia and Dr. Shin-Ichi KITAMURA from Japan for sparing your valuable
time to attend this year’s event.
The theme of this year is“Fisheries Science and the Future of Fisheries”. The event aims to highlight
converging technologies in relevant industries, which will create new value.
This year is even more special because the Busan International Seafood & Fisheries EXPO is also
being held during the conference. This will be a great opportunity to learn more about academic
and industry trends.
Renowned scholars are set to present their studies, while the EXPO will present the latest industrial
trends. I hope these two major events benefit each other and grow together.
Last but not least, I’d like to thank all the participants. I hope you will have a fruitful time, not only
during the conference, but also at the EXPO.
Busan is blessed with many beautiful natural, historic and tourist sites. Haeundae Beach, Jagalchi
Fish Market, a temple on the sea, the list goes on and on. I hope you can enjoy the beauty of
Busan to its fullest during this wonderful autumn season.
Thank you.

Jae Soo Ryu
Vice Mayor for Economic Affairs, Busan Metropolitan City
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Congratulatory Address
Dear Distinguished Guests,
Ladies and Gentlemen
I sincerely congratulate the Korean Federation of Fisheries Science and Technologies on its 2018
annual meeting which is being held here in BEXCO for two days.
Needless to say, the KOFFST is the most prestigious and prominent academic body related to
fisheries in Korea. It is a great honor for me to meet at this meaningful international conference,
Dr. Choong-hoon Jeong, President of the KOFFST, Mr. Yoo Jae-soo, Vice-Mayor for Economic
Affairs of Busan Metropolitan city, Jang Woo SEO, President of the National Institute of Fisheries
Science, PH.D. Hee-ok Park, Commissoner of Busan Regional Office of Food and Drug Safety,
honorable guests, experts and researchers come from all over the world.
As everyone acknowledges, with the Fourth industrial revolution, the role of fisheries science
continues to grow and becomes increasingly important to the world at a time when global climate
change, environmental pollution, overfishing of fisheries resources, and the fisheries technical
support for developing coastal nations worsens.
In response to these global issues, I deeply believe that it is an appropriate time for scientists and
experts from prominent organizations such as ISK, KSFP, KSFOT, and MSK to gather today to
discuss the future of the fishery with the theme 'Fisheries Science and the Future of Fisheries'.
In order to cope with these new demands of the times, Pukyong National University is introducing
a new way of establishing a World Fisheries University affiliated with UN FAO to share our past
successful experiences that have led to the economic development of Korea based on fisheries
science. I would like to ask for your sustainable efforts and contributions to open up a new future
for fisheries.
I sincerely hope that this annual meeting 2018 will be a valuable opportunity to exchange latest
research results and information with each other, to set out the current status of fisheries science,
and to propose an international policy direction for further development of fisheries science.
In conclusion, I would like to deliver my appreciation to all of attendees for participating in the
International Conference 2018, and to wish you and the Korean Federation of Fisheries Science
and Technologies a great success.
Thank you for your attention.

Young-Seup Kim
President of Pukyong National University
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Congratulatory Address
Distinguished Guests
Ladies and gentlemen
Good morning. I am SEO Jang Woo, President of the National Institute of Fisheries Science.
First of all, I would like to extend my sincere congratulation on the opening of the Korean Federation
of Fisheries Science and Technology Societies (KOFFST) International Conference 2018 in BEXCO,
Busan. Also, I would like to convey my sincere thanks to the KOFFST for its significant contributions
to the development of the fisheries science of Korea.
In particular, today’s conference is held in collaboration with the “Busan International Seafood &
Fisheries EXPO”, showing seafood, fisheries equipments, Marine Bio-Industry, and Smart fish farm.
In this regard, today’s conference is very meaningful.
My special thanks go to Chairman JEONG Choong-Hoon, who has led the KOFFST, all chairpersons
and members from each Society for all of your contributions.
Distinguished members of the KOFFST
Distinguished guest,
The ocean has been a vital source for human beings as well as of sustenance and prosperity.
Most countries have made their efforts to secure new fisheries resources. In this context, Korea,
surrounded by sea on three sides, has many advantages.
Since its inauguration in 2017, the new administration has strengthened fisheries resource
management to achieve the national policy on “Clean & Resource-abundant seas”, as well as
actively pursued fisheries policy for the future such as reviving seas, advancing aquaculture
technology, scaling-up aquaculture, supplying safe fisheries products and building an integrated
management system for marine space to implement fisheries policy for marine ecosystem.
Although the fisheries industry has faced many challenges such as the aged population, its small
scale, the fishery products export rose 7.4% year-on-year, which is a remarkable achievement of
this year.
Now in its 6th year, this year’s conference is held under the theme of “Fisheries Science and The
Future of Fisheries”. The theme is in alignment with “Rebuilding a Robust Ocean and Fisheries
Industry”, which the Ministry of Oceans and Fisheries (MOF) has focused on to establish the
scientific foundation and to secure a future growth engine.
As this conference brings together fisheries scientists from many countries, I hope that you will
share your insights on healthy marine ecosystems and the conservation and sustainable use of
fisheries resources to bring new solutions to combat our common challenges.
When the crisis occurred, such as the natural disaster, the government promoted policy reform and
investment or made new policy to overcome the crisis, however, I believe that fisheries science
technologies all of you developed have played a pivot role in tackling the problems.
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Ladies and gentlemen,
The fisheries science technology has served as a momentum to enhance traditional fisheries values
including fisheries resources, fishing, aquaculture, processing industry, as well as to create new
value such as Marine and Fisheries Bio-Industry.
As you know, science technology has led us from the farm to the factory to the internet, and now
the Fourth Industrial Revolution driven by convergence technologies such as IoT, 3D printing and
drone is already happening.
I am also confident that the KOFFST and its members will play a leading role in adopting the fourth
industrial revolution technologies to the fisheries industry. I believe that the future of fisheries
industry of Korean depends on your hope, enthusiasm, and efforts.
Once again, I would like to congratulate you on the opening of the 6th KOFFST International
Conference, and I truly hope that fisheries science will pave the way for the next 100 years of
the fisheries industry.

Jang Woo Seo
President of the National Institute of Fisheries Science
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Congratulatory Address
Good morning Ladies and Gentlemen,
It is an honor for me to be here giving a speech to all distinguished guests and participants,
especially, Mr. Jeong, Chairman of KOFFST. I would like to extend my gratitude to the participants
who are working for the development of fisheries science.
Since 2013, Busan Regional Office of the Ministry of Food and Drug Safety has participated in
the Busan International Seafood & Fisheries EXPO. Particularly this year, we are glad to be part
of the international conference organized by KOFFST as an EXPO sponsoring organization.
As you are well aware, due to pollution in marine environment caused by drastic climate change
and micro-plastics, we are facing with many serious problems. Marine and aquatic species that may
be the last resource of food for mankind are depleting. In addition, risk factors in fisheries that we
intake is causing concerns over safe food. It is the task and obligation that we, together with you
who do research on ocean science, need to take on without any delay. Of course we will face
with difficulties, however, if we join forces and do our best, I believe we can solve the problems
one by one that look like mission impossible. Ministry of Food and Drug Safety(MFDS) will fulfill
our duties, and take the lead to do what we can do for the future of fisheries science and fisheries.
As an important organization responsible for food and medicine that the public eat and drink, under
the vision of Safe food and medicine, Healthy people, Happy society, MFDS is making best efforts
to maintain the safety of all the foods, medicines, cosmetics and medical equipment which are in
daily use by the public.
Particularly, as the hub of food safety management in Busan, Ul-san, south province of
Gyeongsang, Busan Regional Office of the Ministry of Food and Drug Safety is taking the primary
responsibility for maintaining the food safety and promoting the quality of medical products, as well
as raising awareness of the importance of food and medicine safety among the society, of which
the Bottom-Up safety management campaign is an example.
Since the threat from seafood contamination is posed regardless of seasons, we need to be vigilant
throughout the year. In cooperation with the Ministry of Oceans and Fisheries and local authorities,
we are strengthening preemptive management to prevent seasonal risk factors, such as shellfish
poisoning in the spring, Vibrio vulnificus in the summer and Norovirus in the winter. As a center
for fisheries industry, Busan is paying a core role in producing and supplying fisheries products.
Therefore, Busan Regional Office of the Ministry of Food and Drug Safety located in Busan, is taking
the job seriously as a guardian of safety of fisheries product and making its utmost efforts.
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Distinguished guests,
Your efforts in taking lead in fisheries science and the future of fisheries are now found especially
important for the safety management of fisheries by MFDA. For example, we can take the Vibrio
vulnificus occurrence forecast system. It is the system that MFDS has established in 2017 based
on the marine environment information provided by the Institute of Fisheries Science and Korea
Hydrographic and Oceanographic Agency. The system predicts sea areas highly prone to Vibrio
vulnificus occurrence so that we can protect the public health by taking a preemptive action and
informing the related information to consumers.
As such, when the steps taken by those who continuously conduct studies for the development
of fisheries science gathered, it will light up the future of fisheries. The outcome of those efforts
will lead to the advancement of fisheries industry, which results in satisfaction of various demands
by the public and the increase in consumption of fisheries products. I believe that will be the
beginning of virtuous cycle. In order for the public to feel assured about fisheries product, beyond
feeling safe, the MFDS will listen carefully to the desires of the public and do our best to make
vivid voice in the field reflected in policy through two-way communication and cooperation.
I would like to thank you once again for inviting me to the event and hope this gathering to grow
into an international event that contributes to the development of international trade of fisheries
products and related industries, based on the foundation of fisheries product safety.
Thank you very much.

Hee-ok Park
Commissoner of Busan Regional Office of Food and Drug Safety
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◎ Officers and Board Members in 2018 KOFFST
President : Jeong, Choong-Hoon (ISK. Inha University)
Vice-Presidents : Kim, Pyong-Kih (KOSFAS. Gangwon State University)
Park, Kwan Ha (KSFP. Kunsan National University)
Lee, Chun-Woo (KSFOT. Pukyong National University)
Lee, Jung-Sick (MSK. Chonnam National University)
◎ Planning committee chair and members
Chair : Gwak, Woo-Seok (ISK. Gyeongsang National University)
Members : Park, Jeong Hwan (KOSFAS. Pukyong National University)
Nam, Ki-Mun (ISK. Pukyong Marine Life Research Institute)
Kang, Ju-Chan (KSFP. Pukyong National University)
Cha, Bong-Jin (KSFOT. National Institute of Fisheries Science)
Cho, Sang Man (MSK. Kunsan National University)
* KOFFST, Korean Federation of Fisheries Science and Technology Societies. ISK,
The Ichthyological Society of Korea. KOSFAS, The Korean Society of Fisheries and
Aquatic Science. KSFP, The Korean Society of Fish Pathology. KSFOT, The Korean
Society of Fisheries and Ocean Technology. MSK, The Malacological Society of Korea.
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◎

Program Schedule ◎

“Fisheries Science and The Future of Fisheries”

○ November 1st 2018 (Thursday)
TIME

ACTIVITIES

09:00 10:00 - 18:00

Registration
Oral Presentation, Symposium & Workshop

○ November 2nd, 2018 (Friday)
TIME

ACTIVITIES

09:00 -

Registration
Opening Ceremony : W.S. Gwak (Secretary General, KOFFST)
Opening address: C.H. Jeong (President, KOFFST)
Welcome address: J.S. Ryu (Vice-Mayor, Busan Metropolitan City)

10:00 - 10:40 Congratulatory address:
Y.S. Kim (President, Pukyong National University)
J.W. Seo (President, National Institute of Fisheries Science)
H.O. Park (Commissoner, Busan Reg. Office of Food & Drug Safety)

Group photo
10:40 - 12:00

Plenary Session : Chairman C.B. Song (Jeju Natl. Univ.)

10:40 - 11:20 Ⅰ: Dr. Alexei Orlov, Russian Academy of Sciences, Russia
11:20 - 12:00 Ⅱ: Dr. Ten-Tsao Wong, University of Maryland, USA
12:00 - 13:00

Break Time & Lunch

13:00 - 18:00

Annual Meeting and Conference
Invited Presentation, Oral and Poster Presentation

18:00 - 20:00

KOFFST Reception
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<각 학회별 행사 일정표>
November 1st, 2018 (Thursday)
(1) 한국수산과학회(KOSFAS) #314∼317
내용 및 사회자/좌장
ACTIVITIES & CHAIR

시간
TIME

수산이용가공 317호

양식∙생물공학 314호

자원∙해양환경 316호

Fisheries Processing/Uses

Aquaculture

Fisheries Resources •
Ocean Environment

구두발표
Oral presentation

좌장: 이승형(수과원)
Seunghyung Lee

10:00 - 12:00

임성률(GPMFRI)
Seong Ryul Lim

오승용(KIOST)
Sung-Yong Oh

Part I 구두발표

Part I 심포지움 발표

Oral presentation Part Ⅰ

좌장: 정원교(부경대)

한국양식기술워크숍2018

Won-Kyo Jung

The Korean Aquaculture

13:00 - 18:00

좌장: 이해원(수과원)
Hae Won Lee

Workshop 2018

Part Ⅱ 구두발표

좌장: 강석중(경상대)

Oral presentation Part Ⅱ

Seok-Jung Kang

좌장: 엄성환(동의대)

Part Ⅱ 심포지움 발표
좌장: 최정화(수과원)
Jung Hwa CHOI

Sung-Hwan Eom
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(2) 한국수산해양기술학회(KSFOT) #313
2018 년도 수산 R&D 사업 성과워크숍
2018 Year fisheries R&D result workshop
시간

내용

사회자/좌장

TIME

ACTIVITIES

CHAIR

13:30 - 13:50

공식행사

정준형(KIMST)

Opening Ceremony

Joon-Hyung Jeong

차세대한국형어선개발 및 실증화
Next Generation Korea-model Fishing Vessel Development

13:50 - 14:20

& Test-bed Application

발표 : 진송한(중소조선연구원)
Song-han Jin (RIMS)

어구 자동식별 모니터링 시스템 개발
Development of Automatic Identification Monitoring

14:20 - 14:50

System for Fishing Gears

발표 : 김기선(광주과학기술원)
Ki-sun Kim (GIST)

15:10 - 15:40

친환경 생분해성 어구 성능향상 및 표준화 연구

차봉진

Performance improvement of Biodegradable fishing

(국립수산과학원)

net and standardization

Bong-Jin Cha

발표 : 김현영(국립수산과학원)
Hyun-young Kim (NIFS)

80kgf 급 Water Thruster 적용 자율 운항 제어가
가능한 김 양식장 관리선 개발
15:40 - 16:10

Development of laver farm management ship capable of
autonomous operation control with 80kgf Water Thruster

발표 : 김재규(㈜태우산업)
Jae-kyu Kim (TAEWOO)

16:10 - 17:10

종합토론
Overall Discussion
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November 2nd, 2018 (Friday)
(1) 한국수산과학회(KOSFAS) #314∼317
내용 및 사회자/좌장
ACTIVITIES & CHAIR

시간
TIME

수산이용가공 317호

양식∙생물공학 314호

자원∙해양환경 316호

Fisheries Processing/ Uses

Aquaculture

Fisheries Resources •
Ocean Environment

평의회 및 총회
Annual & council meeting

(안건토의, 재무보고, 회장단 선출 등)

13:00-14:00

간사장 임한규(목포대)
Han Kyu Lim

초청특강
Special lecture

좌장: 이은우(동의대)
Eun-Woo Lee

<천일염연구센터>

한일증양식심포지움

한국산천일염의위생

13th Korea-Japan,

안전성 및 우수성

Japan-Korea Joint

Food Safety and Beneficial
Health Effets of Korea

Symposium on
Aquaculture 2018

Solar Sea Salt

14:00-18:00

좌장: 함경식(목포대)
Kyung-Sik Ham

좌장: 강석중(경상대)
Seok-Jung Kang

Makoto Osada(도호쿠대)
국가 수산식품클러스터
구축을 위한 전문가
토론회
Expert’s Discussion for

Makoto Osada

홍수희(강릉원주대)
Su Hee Hong

이상민(강릉원주대)
Sang-Min Lee

Establishment of Korean
National Fisheries Food
Cluster

좌장: 양지영(부경대)
Ji-Young Yang
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구두발표
Oral presentation

좌장: 김희용(수과원)
Heeyong Kim

이정훈(독도수산연구소)
Jeong Hoon Lee

김도훈(부경대)
Do-Hoon Kim

(2) 한국어류학회(ISK) #311
시간

내용

사회자/좌장

TIME

ACTIVITIES

CHAIR

총회 및 평의회

남기문(총무간사)

Annual & council meeting

Ki-Mun Nam

13:00-13:30

특강1

13:30-14:10

14:10-14:50

Special lecture 1

박종영(전북대학교)

특강2

Jong-Young Park

Special lecture 2

14:50-15:00
15:00~16:00

Coffee Break
PartⅠ 구두발표

임양재(국립수산과학원)

Oral presentation Part Ⅰ

Yang Jae Im

16:00~16:10
16:10~17:25

Coffee Break
Part Ⅱ 구두발표

김진구(부경대학교)

Oral presentation Part Ⅱ

Jin-Koo Kim

김성(한국해양과학기술원)
17:25~18:00

포스터발표

Sung Kim

Poster presentation

변화근(서원대학교)
Hwa Keun Byeon

(3) 한국어병학회(KSFP) #312
시간

내용

사회자/좌장

TIME

ACTIVITIES

CHAIR

총회

강예재(선문대학교)

General assembly

Yue Jai Kang

초청특강

박경일(군산대학교)

Invited Speaker

Kyung-II Park

Part Ⅰ 구두발표

정준기(부경대학교)

Oral presentation Part Ⅰ

Joon-Ki Chung

Part Ⅱ 구두발표

김기홍(부경대학교)

Oral presentation Part Ⅱ

Kim, Ki Hong

13:00-14:00

14:00-14:40

15:00-16:00

16:00-17:00
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(4) 한국수산해양기술학회(KSFOT) #313
시간

내용

사회자/좌장

TIME

ACTIVITIES

CHAIR

총회

차봉진(국립수산과학원)

General assembly

Bong-Jin Cha

초청특강

강명희(경상대학교)

Special lecture

Myounghee Kang

Part Ⅰ 구두발표

안영수(경상대학교)

Oral presentation Part Ⅰ

Young-Su An

Part Ⅱ 구두발표

신현옥(부경대학교)

Oral presentation Part Ⅱ

Hyeon-Ok Shin

Part Ⅲ 구두발표

김민선(군산대학교)

Oral presentation Part Ⅲ

Min-son Kim

Part Ⅳ 구두발표

김도훈(부경대학교)

Oral presentation Part Ⅳ

Do-Hoon Kim

12:00-12:50

13:00-13:40

13:40-14:40

14:50-15:50

16:00-17:00

17:00-17:45
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◎

Venue Info. (학술대회 장소안내) ◎
: BEXCO 제 1 전시장 2F, 3F

• 국제학술대회 개회식, 공동초청특강, 간친회 : 벡스코 제 1 전시장 2 층 214 호
• 학회별 총회 및 구두 발표 : 벡스코 제 1 전시장 3 층 (311 호~317 호)
• 포스터 발표 : 벡스코 제 1 전시장 2 층 (211 호~213 호)
- 포스터 규격: 가로 80 cm, 세로 110 cm
- 부착 및 철거시간 : 11 월 2 일(금) 09 시 30 분까지 부착, 17 시 이후 철거

- 발표자 본인께서 부착, 회수하십니다.

(1) 개회식, 공동초청특강, 간친회, 214호; 포스터발표 211~213호

(2) 구두발표 학술대회장 : 311∼317호
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분야별 구두발표회장

학회별 총회장

Venue of Oral presentation

Venue of Annual meeting

어류분류ㆍ생태ㆍ유전
Fish Taxonomy • Ecology • Genetics

어병
Fish Diseases

어업기술
Fisheries and Ocean Technology

311 호

312 호

313 호

양식ㆍ생물공학

314 호

Aquaculture

315 호

자원ㆍ 해양ㆍ환경
Fisheries Resources • Ocean Environment

수산이용가공
Fisheries Processing/Uses

316 호

한국어류학회
ISK

한국어병학회
KSFP

한국수산해양기술학회
KSFOT

한국수산과학회
KOSFAS

311 호

312 호

313 호

214 호

317 호

* 개회식 Opening Ceremony
* 공동초청특강 Plenary Session (Invited Presentation)

214호

* 간친회 KOFFST Reception

* 포스터 전시 Poster presentation

211호∼213호

* ISK, The Ichthyological Society of Korea. KOSFAS, The Korean Society of Fisheries
and Aquatic Science. KSFP, The Korean Society of Fish Pathology. KSFOT, The
Korean Society of Fisheries and Ocean Technology.
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Registration Info.◎

◎

등록장소

1 일 (목) - 벡스코 제 1 전시장 3 층 로비 등록데스크

Registration venue

2 일 (금) - 벡스코 제 1 전시장 2 층 로비 등록데스크

일반
등록비
Registration fee

Regular

학생
Student

￦100,000
간친회비 포함
Included reception fee
￦30,000

Traffic Info. ◎

◎

☆ 버스 : 5, 5-1, 31, 36, 39, 40, 63, 100, 100-1, 115-1, 139, 141, 155, 181, 200-1,
1001, 1002번 이용 – 센텀시티역(벡스코) 하차

☆ 지하철 : 2호선 센텀시티역 하차

☆ 주차안내
- 주차비는 한국수산과학총연합회에서 지원하지 않습니다.
- 주차권 발급을 받으실 때, 1일용으로 받으셔야 편리합니다. (1일 15,000원)
단, 수시로 출입하면 매번 주차비는 별도로 지불하셔야 합니다. (10분마다
소형: 300원, 대형: 600원)
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Plenary Session (PS-1 ~ PS-2)
G

November 2nd, 2018 (Friday)
G

214, Exhibition Center 1, BEXCO
Chair: Choon Bok Song (Jeju National University)

10:40-11:20 PS-1
Deep-sea fisheries: yesterday, today, and tomorrow
Alexei M. Orlov
A.N. Severtsov Institute of Ecology and Evolution of the Russian Academy of Sciences, Moscow, Russia
Dagestan State University, Makhachkala, Russia
Caspian Institute of Biological Resources, Dagestan Scientific Center of the Russian Academy of Sciences,
Makhachkala, Russia
Tomsk State University, Tomsk, Russia

11:20-12:00 PS-2
Production of reproductively sterile fish to maximize cost-effective aquaculture
practice, safeguard intellectual property and genetically contain farmed fish

Ten-Tsao Wong* and Yonathan Zohar
Department of Marine Biotechnology and Institute of Marine and Environmental Technology, University of
Maryland Baltimore County, Maryland, USA

-1-

Invited Speaker Session (IS-1 ~ IS-2)
November 2nd, 2018 (Friday)

312, Exhibition Center 1, BEXCO
Chair: Kyung-Il Park (Kunsan National University)

14:00-14:40 IS-1
Common dreadful fish and shellfish diseases in Korea and JapanG
-scuticociliatosis in fishes and soft tunic syndrome in ascidiansShin-Ichi Kitamura
Centre for Marine Environmental Studies; Ehime University; Matsuyama 790-8577; Japan

313, Exhibition Center 1, BEXCO
Chair: Myounghee Kang (Gyeongsang National University)

13:00~13:40 IS-2
Use of technical measures in resource management and conservation in north-east
Atlantic fisheries.
Eduardo Grimaldo, PhD
SINTEF Ocean, Brattørkaia 17C, 7010 Trondheim, Norway.

-2-

Oral Presentation (OU-1 ~ OT-15)
ඟ Fisheries Processing/Uses (317, Exhibition Center 1, BEXCO)

November 1st, 2018 (Thursday)
Chair: Won-Kyo Jung (Pukyong National University)

13:30-13:45 OU-1
Inhibition of bacterial growth (Listeria monocytogenes & Staphylococcus aureus) by Nisin Z, NaCl and
their combination during fish storage
M. K. Sarker1, Won Je Jang2 and In-Soo Kong2
1

Assistant Director, Department of Fisheries, Ministry of Fisheries & Livestock, Bangladesh

2

Department of Biotechnology, Pukyong National University, Busan, 608-737, Republic of Korea



13:45-14:00 OU-2
Salmonellosis and Food poisoning in Sub-Saharan Countries
Alice Chato Munga
National Center for Animal Husbandry Veterinary and Halieutic studies Jakiri, MINEPIA, Cameroon



14:00-14:15 OU-3
Biodegradation of Nile perch wastewater by Bacillus anthracis and Bacillus fusiformis
consortium: potency for ecofriendly treatment and reutilization

Changoma Fransis1, Ja Young Cho2 and Joong Kyun Kim2*
1

Department of Livestock and Fisheries Development, Mtwara District Council, Tanzania

2

Department of Biotechnology, Pukyong National University, Korea
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14:15-14:30 OU-4
Characterization and Functionality of Enzymatic Extract of root of Undaria
pinnatifidaUsing Crude Enzyme from Shewanella oneidensis PKA 1008

Xiaotong Xu1*, Gong-Hyeon Lee2, Jun-Seob Lee1, Byeong Jun Joo1, Kwang-wook Kim3, Eui-Hong
Byun3 and Dong-Hyun Ahn1
1

Department of Food Science and Technology, Pukyong National University, Korea

2

Institute of Fisheries Sciences, Pukyong Nation University, Korea

3

Department of Food Science and Technology, Kongju National University, Korea

14:30-14:45 OU-5
Manufacturing Process of Deep Ocean water (DOW) Mineral Extracts and Status of
Domestic and Foreign Industries
Deok Soo Moon1*, Ho Saeng Lee1, Hyeon Ju Kim1 and Sung Jin Baek2
1

Seawater Energy Plant Research Center, Korea Research Institute of Ships and Ocean Engineering, Goseong,

Korea
2

Croen Coporation., Suwon, Korea

14:45-15:00 OU-6
Effects of dietary processed sulfur (Immuno-F) supplementation as the antibiotic replacer in juvenile
olive flounder, Paralichthys olivaceus
Minhye Park*, Seonghun Won and Sungchul C. Bai
Department of Marine Bio-materials and Aquaculture/ Feeds and Foods Nutrition Research Center (FFNRC),
Pukyong National University, Busan 48513, Republic of Korea

15:00-15:15 OU-7
Seasonal and regional changes of food nutrient values in raw laver Pyropia spp.

Min-Gyun Kang1, Min-Chul Jeong1, Seul-Ki Park1, Du-Min Jo1, Jeung-Hyung Cho2, Sung-Hwan Eom3,
Man-Kyu Huh3 and Young-Mog Kim1*
1

Department of Food Science and Technology, Pukyong National University, Busan 48513, Korea

2

Department of Industrial Design, Pukyong University, Busan 48513, Korea

3

Department of Food Science and Technology, Dongeui University, Busan 47340, Korea

15:15-15:30 Coffee Break
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Chair: Sung-Hwan Eom (Dong-Eui University)

15:30-15:45 OU-8
Quality Evaluation of Lobster(Nephropidae) and Swimming crab(Portunus
trituberculatus) using Sensory Evaluation and Chemical Analyses
So-Hyun Kim1*, Dong-Lee Hong1, Eun-Ju Jung1, Seon-Bong Kim1 and Yang-Bong Lee1
1

Department of Food Science and Technology, Pukyong National University, Busan, Korea

15:45-16:00 OU-9
Quality assessment by sensory evaluation and physicochemical analysis
on the type or kind of shirmp
Eun-Ju Jung1 and Yang-Bong Lee
1

Department of Food Science and Technology, Pukyung National University, Korea

16:00-16:15 OU-10
Optimization natural emulsifier in fish by-products for microemulsion formation
G
Dong-Lee Hong1*, Jeon-Wan Yu1, Hyun-Jae Kim1, So-Hyun Kim1, Eun-Ju Jung1, Yong-Mog Kim1,
Seon-Bong Kim1 and Yang-Bong Lee1
1

Department of Food Science and Technology, Pukyong National University, Busan, Korea

16:15-16:30 OU-11
Effects of preparation conditions on physical properties of calcium alginate gel beads:
A modeling study by response surface methodology
Chungeun Jeong*, Suengmok Cho and Seon-Bong Kim
Department of Food Science and Technology, Pukyong National University, Busan, Korea

16:30-16:45 OU-12
Characterization of Hydrolysate and Spray Dried Powder from Laver
(Porphyra Tenera) Using Subcritical Hydrolysis

Jin-Seok Park1, Jun-Ho Kim1, Yu-Rin Jeong1 and Byung-Soo Chun1*
1

Department of Food Science and Technology, Pukyong National University, Busan, Republic of Korea

-5-

16:45-17:00 OU-13
Changes in Physicochemical Properties of Undaria Pinnatifida Sporophyll Extract
by Lactic acid Bacterial Fermentation. 

Yoon Ji Yang1*, Ji Young Shin1, Ji In Park1, Ji Eun Kim1 Jae Yeon Jeong1, Jin Woo Hwang1
and Ji Young Yang1
1

Department of Food Science & Technology, Pukyong National university, Busan, Korea
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November 2nd, 2018 (Friday)

Chair: Eun-Woo Lee (Dong-Eui University)

14:00-14:10 Opening ceremony
Hee-Guk Byun
Gangneung-Wonju National University

14:10-14:40 SU-1
Current Status of Seafood Safety Control in Korea

Jaeho Woon*, Hyun Jin Oh and Hee Ok Park
Busan Regional Office of Food and Drug Safety, the Ministry of Food and Drug Safety, Busan, Korea

<Solar Salt Research Center, Food Safety and Beneficial Health Effects
of Korea Solar Sea Salt>
Chair: Kyung-Sik Ham (Mokpo National University)

14:40-15:10
Recent facility trends related to sanitary safety in the production process of solar sea
saltG
Jeong-Mok Kim1* and Jong-Lak Cho2
1

Department of Food Engineering, Mokpo National University

2

MNU Solar Salt Research Center

15:10-15:40
Mineral-rich solar sea salt and its roasted salt give less the risk of oxidative stress
and mitochondrial dysfunction compared with mineral-deficient salt in animal studies
Jeong-Yong Cho1* and Kyung-Sik Ham2
1

Division of Food Science and Biotechnology, Chonnam National University

2

Department of Food Science and Technology, Mokpo National University
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15:40-16:10
Antiobesity and Anticancer Effects of Korean Solar Salt and Bamboo Salt
Kun-Young Park
Department of Food Science and Biotechnology, Cha University

16:10-16:40
Properties of fermented foods prepared with solar salts
Jeong A Kim1, Zhuang Yao1 and Jeong Hwan Kim1,2*
1

2

Division of Applied Life Science (BK21 Plus), Graduate School, Institute of Agriculture and Life Science,

Gyeongsang National University, Jinju 52828

<Expert’s Discussion for Establishment of Korean National Fisheries
Food Cluster>
Chair: Ji-Young Yang (Pukyong National University)

17:00-17:20
Korean National Fisheries Food Cluster Master Plan
Kil-Bo Shim
National Institute of Fisheries Science

17:20-17:50 Overall Discussion
Invited panels
Jung-Hoon Jee (Ministry of Oceans and Fisheries)
Kwang-Tae Son (National Institute of Fisheries Science)
Hyo-Geun Kang (Busan Metropolitan City)
Seong-Ho Jin (Korea Industrial Complex Corporation)
Seung-Mok Cho (Pukyong National University)
Su-Hwan Lee (Kookje Daily News Co., Ltd. Company)

-8-

ඟ Aquaculture (314, Exhibition Center 1, BEXCO)
November 1st, 2018 (Thursday)
Chair: Seunghyung Lee (National Institute of Fisheries Science)

10:00-10:10 OA-1
Effects of dietary carbohydrate sources on growth and body composition of juvenile
abalone (Haliotis discus, Reeve)

Ki Wook Lee1, Hae Seung Jung1 and Sung Hwoan Cho2
1

Department of Convergence Study on the Ocean Science and Technology, Korea Maritime and Ocean

University, Busan, Korea 
2

Division of Marine Bioscience, Korea Maritime and Ocean University, Busan, Korea

10:10-10:20 OA-2
Effect of dietary substitution of Undaria pinnatifida powder with the onion extract byproduct on growth and body composition of juvenile abalone (Haliotis discus, Reeve
1846)
Hae Seung Jeong1*, Ki Wook Lee1 and Sung Hwoan Cho2
1

Department of Convergence Study on the Ocean Science and Technology, Korea Maritime and Ocean

University, Busan 49112, Korea
2

Division of Marine Bioscience, Korea Maritime and Ocean University, Busan 49112, Korea

10:20-10:30 OA-3
Substituting fish meal with dietary plant and animal protein sources in
sub-adult olive flounder Paralichthys olivaceus
G
Wonsuk Choi1, Seonghun Won1, Jinho Bae1, Ail hamidoghli1
Kang-Woong Kim2, Bong-Joo Lee2, Hyon-Sob Han3 and Sungchul C. Bai1*,
1

Pukyong National University, Busan 48513 Republic of korea

2

Aquafeed Research Center, National Fisheries Research & Development Institute, Pohang 791-923 korea

3

Kunsan National University, Kunsan 54150, korea
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10:30-10:40 OA-4
The necessity of adding inosine monophosphate (IMP) to fishmeal reduction
aquafeed.

Yang-Su, Kim*1 and Soo Hee, Han1
1

CJ Cheiljedang, BIO) Technical marketing team

10:40-10:50 OA-5
Evaluation of yellow mealworm (Tenebrio molitor), black soldier fly (Hermetia illucens)
and cricket (Gryllus bimaculatus) meals as dietary protein sources for juvenile olive
flounder (Paralichthys olivaceus)
Seong-Mok Jeong1, Sanaz Khosravi1, Esther Kim1, Bong-Joo Lee2, Kang-Woong Kim2, Sung-Hwoan
Cho3 and Sang-Min Lee1*
1

Department of Marine Biotechnology, Gangneung-Wonju National University, Gangneung 25457, South Korea

2

Aquafeed Research Center, National Institute of Fisheries Science, Pohang 37517, Korea

3

Division of Marine Bioscience, Korea Maritime and Ocean University, Busan 49112, South Korea

Chair: Seong Ryul Lim (GPMFRI)

10:50-11:00 OA-6
Virucidal efficacy of blue light- 405 nm against viral hemorrhagic septicemia virus
Tho Diem Ho*, HeyongJin Roh and Do-Hyung Kim
Department of Aquatic Life Medicine, Pukyong National University

11:00-11:10 OA-7
Genomic and transcriptomic insights into pathogenesis of Streptococcus parauberis
using its culture in the serum of olive flounder (Paralichthys olivaceus)

Yoonhang Lee1* and Do-hyung Kim1
1

Department of Aquatic Life Medicine, Pukyong National University, Busan, Korea
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11:10-11:20 OA-8
Plasma estradiol-17ȕand estrogen receptor increased during the artificial induce
sexual maturation and it influence choriocapillary layer of eye in Japanese eel,
Anguilla japonica
Ji-Yeon Hyeon1*, Sung-Pyo Hur1, Jun-Hwan Byun2, Eun-Su Kim3, Shin-Kwon Kim4,Han-Jun Kim6, SeJae Kim5 and Akihiro Takemura2
1

Jeju International Marine Science Research & Logistics Center, Korea Institute of Ocean Science & Technology

2

Department of Chemistry, Biology and Marine Science, Faculty of Science, University of the Ryukyus

3

Solforto Co. Ltd.

4

Aquaculture Research Division, National Institute of Fisheries Science

5

Department of Biology, Jeju National University

6

Marine Ecosystem Research Center, Korea Institute of Ocean Science & Technology

11:20-11:30 OA-9
Physiological processes during the silvering in nocturnal eel, Anguilla japonica:
environmental influence of dopamine and melatonin
Jun-Hwan Byun1*, Ji-Yeon Hyeon2, Eun-su Kim3, Han-Jun Kim4, Sung-Pyo Hur2 and Akihiro
Takemura1
1

Department of Chemistry, Biology and Marine Science, University of the Ryukyus; Okinawa; Japan

2

Jeju International Marine Science Research & Logistics Center, Korea Institute of Ocean Science & Technology

(KIOST); Jeju; Korea
3

Solforto Co. Ltd.

4

Marine Ecosystem Research Center, Korea Institute of Ocean Science & Technology

Chair: Sung-Yong Oh (Korea Institute of Ocean Science & Technology)

11:30-11:40 OA-10
Study of Antarctic fish and marine biology of KOREA

Jin-Hyoung Kim, Dong-Won Han, IL-Chan Kim and Hyun Park
1

Unit of Polar Genomics, Korea Polar Research Institute, 26, Sondomirae-ro, Yeonsu-gu, Incheon, 21990,

Republic of Korea
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11:40-11:50 OA-11
Improving the Body Pigmentation of Red-spotted Grouper(Epinephelus akaara)
Using a Pigment-producing Marine Bacterium and Lactobacillus

Jung Yeol Park, Hyun Seok Jang, Dae Woon Kim, Jin Young Park, Min Young Lee, Beom Chang Son,
Hong Tae Im, Dong Hyeok Bang and Han Kyu Lim
Department of Marine and Fisheries Resources, Mokpo National University, Mokpo, Korea

11:50-12:00 OA-12
Batch test for determining optimal S/N ratio and initial pH using thiosulfate as an
electron donor in seawater

Jaehyun Bae1 and Jeonghwan Park1*
1

Department of Marine Bio-material and Aquaculture, Pukyoung National University, Busan 48513, Korea

12:00-12:10 OA-13
The effect of hydraulic loading rate on nitrification of trickling biofilter with polystyrene
foam bead media in recirculating aquaculture system
Taegun Choi1 and Jeonghwan Park1*
1

Department of Marine Bio-materials and Aquaculture Pukyoung National University, Busan 48513, Korea
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13th Korea-Japan, Japan-Korea Joint Symposium on Aquaculture 2018
November 1-2, 2018
Busan Exhibition & Convention Center (BEXCO), Busan, Korea
Organized by
Aquaculture Chapter of the Korean Society of Fisheries and Aquatic
Science (KOSFAS) & Japanese Society for Aquaculture Science (JSAS)

November 1st, 2018 (Thursday)
10:00-12:00 Oral presentation
13:00-18:00 Industry-academy Symposium
18:00-20:00 Welcoming party for Joint Symposium on Aquaculture

November 2nd, 2018 (Friday)
14:00-14:20 Opening ceremony
Opening address: Dr. Sang-Min Lee (Gangneung-Wonju National University)
Welcome address: Dr. Makoto Osada (Tohoku University)

14:20-15:20 Invited Speaker Session
Chair: Seok-Jung Kang (Gyeongsang National University)

14:20-14:50 OA-0-1

Breeding of red sea bream (Pagrus major) - application of classical mass selection
and latest genome editing technique
Keitaro Kato1*, Youhei Washio1, Mitsuki Ohama1, Osamu Murata1, Kenta Kishimoto2,
Atsushi Toyoda3, Yasutoshi Yoshiura4, and Masato Kinoshita2
1

Aquaculture Research Institute, Kindai University, Shirahama, Wakayama 649-2211, Japan

2

Division of Applied Bioscience, Graduate School of Agriculture Kyoto University, Sakyo-ku, Kyoto 606-8502,

Japan
3

Center for Information Biology, National Institute of Genetics, Yata, Shizuoka 411-8540, Japan

4

National Research Institute of Fisheries and Enhancement of Inland Sea, Fisheries Research Agency,

Takamatsu, Kagawa 761-0111, Japan
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14:50-15:20 OA-0-2

Application of Recirculating Aquaculture Systems for Sustainable Production
Jeonghwan Park1* and Pyong-Kih Kim2
Department of Marine Bio-Materials and Aquaculture, Pukyong National University, 45 Yongso-Ro, Nam-gu,
Busan, 48513, South Korea
Department of Aquaculture and Seafood, Gangwon State University, 270 Yeonju-ro, Jumunjin-eup, Ganneung-si,
25425, South Korean

15:20-15:30 Coffee Break Time

15:30-16:30 Oral Presentation I
Chair: Makoto Osada (Tohoku University)

15:30-15:45 OA-1-1

Attractiveness of various feed protein sources to juvenile olive flounder
(Paralichthys olivaceus) and its practical application for aquaculture
Sung Hwoan Cho1*, Ki Wook Lee1 and Hee Sung Kim2
1

Division of Marine Bioscience, Korea Maritime and Ocean University, Busan 49112, Korea

2

East Sea Fisheries Research Institute, National Institute of Fisheries Science, Gangwon-do 25435, Korea

15:45-16:00 OA-1-2

Physiological function of tetrodotoxin in juvenile tiger puffer Takifugu rubripes
Yoshitaka Sakakura
Graduate School of Fisheries and Environmental Sciences, Nagasaki University, Japen

16:00-16:15 OA-1-3

Osmoregulation and gene expression of ion transport proteins in the gill of chum
salmon (Oncorhynchus keta) at different salinities
Sang Yoon Lee and Yi Kyung Kim
Department of Marine Biotechnology, Gangneung-Wonju National University, Gangneung, Korea
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16:15-16:30 OA-1-4

Aquaculture practice for new high-quality Pacific oysters in Tohoku region of Japan
after the 2011 tsunami
Takashi Kamiyama1, Hiroyuki Yamauchi2, Hiroshi Nakaie3, Ryuichi Miwa4 and Yuko Murata5
1

National Research Institute of Fisheries and Environment of Inland Sea, Fisheries Research and Education
2

3

Agency, Miyagi Prefectural Government, Kesennuma Miyagi Prefectural Fisheries Experimental Station, Miyagi
4

5

Prefectural Fisheries Technology Institute, Kaiyo Engineering Co., LTD., National Research Institute of
Fisheries Science, Fisheries Research and Education Agency

16:30-16:40 Coffee Break Time

16:40-17:25 Oral Presentation II
Chair: Su Hee Hong (Gangneung-Wonju National University)

16:40-16:55 OA-2-1

Probiotic effects of Lactococcus lactis WFLU12 on fish
Do-Hyung Kim
Department of Aquatic Life Medicine, Pukyong National University, Korea

16:55-17:10 OA-2-2

Fisheries-based evaluation of carrying capacity for scallops in Ogatsu Bay
Makoto Osada
Graduate School of Agricultural Science, Tohoku University, Japan

17:10-17:25 OA-2-3

Feeding efficiency of Juvenile Geoduck Panopea japonica in terms of Water
temperature and Marine algae
Saebom Sohn1, Ki Tae Kim1, Myong-Mo Nam2, Chae Sung Lee1
and Hyun-Jeong Lim1
1

East Sea Fisheries Research Institute NIFS

2

Inland Fisheries Research Institute NIFS

17:25-17:55 Oral Presentation III
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Chair: Sang-Min Lee (Gangneung-Wonju National University)

17:25-17:35 OA-3-1

Effects of singular administration of six different probiotics on growth performance,
feed utilization, whole body composition and hematological parameters of juvenile
olive flounder (Paralichthys olivaceus)
Intan Riski Mauliasari1, Kye-Yoon Yoon2, Sanaz Khosravi1, Seong-Mok Jeong1 and Sang-Min Lee1*
1

Department of Marine Biotechnology, Gangneung-Wonju National University, Gangneung 25457, South Korea

2

Biotechnology Research Center, Korean Institute of Science and Technology (KIST), Gangneung 25451, South

Korea

17:35-17:45 OA-3-2

Substitution effect of Undaria pinnatifida with Sargassum horneri in formulated diet
on growth and body composition of juvenile abalone (Haliotis discus, Reeve 1846)
Most. Waheda Rahman Ansary1*, Hae Seung Jeong1, Ki Wook Lee1 and Sung Hwoan Cho2
1

Department of Convergence Study on the Ocean Science and Technology, Korea Maritime and Ocean

University, Busan 49112, Korea
2

Division of Marine Bioscience, Korea Maritime and Ocean University, Busan 49112, Korea

17:45-17:55 OA-3-3

Effects of the different dietary Ȗ-aminobutyric acid (GABA) levels in juvenile Nile
tilapia, Oreochromis niloticus
Temu Verynice1, Haham Kim2, Minhye Park2, Mihyang Oh3, Jong-Kwon Han3 and Sungchul C. Bai2*
1

Department of Livestock and Fisheries Development Mbogwe DC. Tanzania

2

Department of Marine Bio-materials and Aquaculture/Feeds and Foods Nutrition Research Center, Pukyong

National University, Busan 608-737, Republic of Korea
3

Department of Research and Development Center, Milae Resource ML Co. Ltd., Republic of Korea

18:00-20:00 Banquet
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ඟ Fisheries ResourcesG ˍG Ocean Environment
(316, Exhibition Center 1, BEXCO)
November 1st, 2018 (Thursday)

6JGEWTTGPVUVCVGQHICFQKFTGUQWTEGUCTQWPFVJG-QTGCPYCVGTU 

Chair: Hae Won Lee (National Institute of Fisheries Science)

13:00-13:15 SU-2
Migration and the catch fluctuation of Pacific cod, Gadus macrocephalus,
in the Yellow Sea

Heeyong Kim* and Maeng Jin Kim
National Institute of Fisheries Science, Busan, Korea

13:15-13:30 SU-3
Genetic diversity and population structure of Pacific cod, Gadus macrocephalus in
Korean waters

Wooseok Gwak1* and Nakayama Kouji2
1

Deptartment of Marine Biology and Aquaculture, Gyeongsang National University, Tongyeong, Korea

2

Division of Applied Biosciences, Graduate School of Agriculture, Kyoto University, Kyoto, Japan

13:30-13:45 SU-4
Fishing ground and ecological characteristics of the Pacific cod, Gadus
macrocephalus in the East Sea
Jae Hyeong Yang, Jong Bin Kim and soo jeong Lee
Fisheries Resources and Environment Division; East Sea Fisheries Research Institute; National Fisheries
Research and Development Institute; Korea
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13:45-14:00 SU-5
A study on life history traits of Pacific cod
Gadus microcephalus population off southeastern Korea


Jeong-Hoon Lee1*, Kwang-Ho Choi1, Kang-Seok Hwang2, Jung-nyun Kim3, Seong-yong Moon3,
Jun-su Park3, Doo-nam Kim4, Jung-Hwa Choi3 and Hyung-Kee Cha5
1

Dokdo Research Center, National Institute of Fisheries Science, Pohang, Korea

2

Jeju Fisheries Research Institute, National Institute of Fisheries Science, Jeju, Korea

3

Fisheries Resources Research Center, National Institute of Fisheries Science, Tongyeong, KoreaG

4

Distant Water Fisheries Resources Research Division, National Institute of Fisheries Science, Busan, Korea

5

Coastal Water Fisheries Resource Research Division, National Institute of Fisheries Science, Busan, Korea

14:00-14:15 SU-6
Feeding Habits of Pacific Cod (Gadus macrocephalus) and Walleye Pollock
(Theragra chalcogramma) in Coastal Waters of Korea

Gun Wook Baeck 1*, A Reum Ko1, Yang-Jae Im2, Junghwa Choi2, Jung Nyun Kim2, Joon-Taek Yoo2
and Jae Mook Jeong2 
1

Department of Marine Biology & Aquaculture / Institute of Marine Industry, College of Marine Science,

Gyeongsang National University, Tongyeong, Korea
2

Fisheries Resources Research Center, National Institute of Fisheries Science, Tongyeong , Korea

14:15-14:40 Overall Discusstion
G

7PFGTUVCPFKPIQHVJGHKUJGTKGUGEQNQIKECNEJCTCEVGTKUVKECTQWPFVJG
-QTGCPYCVGUVJTQWIJVJGFGVCKNGFUWTXG[UHQTHKUJGTKGUTGUQWTEGU 

Chair : Jung Hwa CHOI (National Institute of Fisheries Science)

15:00-15:20 SU-7
Korean Sea Fisheries Resources Fundamental Survey Project -Bottom Trawl and
Recruitment Process
Yangje Im and Jung Hwa CHOI
Division of Fisheries Resources Research Center, NIFS, Tongyoung, Korea
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15:20-15:40 SU-8
New insights into spatiotemporal variations of ichthyoplankton in Korean waters

Jin-Koo Kim*
Department of Marine Biology, Pukyong National University, Busan, 48513, Republic of Korea

15:40-16:00 SU-9
Spatio-temporal distribution of Zooplankton around Korean waters
Wongyu Park1*, JunghwaChoi2, Jungnyun Kim2, Sungyong Moon and, Boram Lee2
1

Dept. of Marine Biology, Pukyong National University

2

Fisheries Resource Research Center, National Institute of Fisheries Science

16:00-16:20 SU-10
Estimation of Density and Abundance of Euphausiids and Copepods using multifrequency method
Kyounghoon Lee1, Junghwa Choi2, Wooseok Oh2*, Euna Yoon1, Geunchang Park2, Inwoo Han2
and Yangjae Im1
1

Department of Marine Technology, Chonnam National University, Yeosu 59626, Korea

2

Fisheries Resources Research Center, National Institute of Fisheries Science, Tongyeong 53064, Korea

2

Department of Fisheries Science, Chonnam National University, Yeosu 59626, Korea

16:20-16:40 Coffee Break
16:40-17:00 SU-11
Feeding Habits of Major Fishes in Coastal Waters of Korea 

Gun Wook Baeck1*, A Reum Ko1, Yang-Jae Im2, Junghwa Choi2, Jung Nyun Kim2, Joon-Taek Yoo2
and Jae Mook Jeong2 
1

Department of Marine Biology & Aquaculture / Institute of Marine Industry, College of Marine Science,

Gyeongsang National University, Tongyeong, Korea
2

Fisheries Resources Research Center, National Institute of Fisheries Science, Tongyeong, Korea 

17:00-17:30 Overall Discusstion
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November 2nd, 2018 (Friday)
Chair : Heeyong Kim (National Institute of Fisheries Science)

14:00-14:15 OR-1
Feeding Habits of Chub Mackerel (Scomber japonicus) in Coastal Waters of KoreaG
G
A Reum Ko1*, Yang-Jae Im2, Junghwa Choi2, Jung Nyun Kim2, Joon-Taek Yoo2, G
Jae Mook Jeong2 and Gun Wook Baeck1
1

Department of Marine Biology & Aquaculture / Institute of Marine Industry, College of Marine Science,

Gyeongsang National University, Tongyeong, KoreaG
2

Fisheries Resources Research Center, National Institute of Fisheries Science, Tongyeong , Korea G

14:15-14:30 OR-2
Estimated seasonal migration of Walleye Pollock (Gadus chalcogrammus) juveniles
and zooplankton using fisheries acoustics
Eunho KIM*
National Institute of Fisheries Science, Cetacean Research Institute, Ulsan, Korea

14:30-14:45 OR-3
Age and growth of the crucian carp, Carassius carassius
in Lake Cheongpyeong.
Seoung Young Kim, Ari Shin, Mi-Yong Song and Heewon Park *,
Inland Fisheries Research institute, NIFS, Gapyeong 12353, Republic of Korea

14:45-15:00 OR-4
Diet composition and feeding strategy of Antarctic toothfish, Dissostichus mawsoni
in the research blocks 58, Antarctica
Gi Chang Seong1*, Seok Gwan Choi2, Sang Deok Chung2, Doo Hae An2 and Gun Wook Baeck1
1

Department of Marine Biology & Aquaculture / Institute of Marine Industry, College of Marine Science,

Gyeongsang National University, Tongyeong, Korea
2

Distant Water Fisheries Resources Research Division, National Institute of Fisheries Science, Busan 46083,

Korea
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15:00-15:15 OR-5
Estimation of biomass for crucian carp, Carassius carassius in Lake Yedang

Heewon Park*, Seoung Yong Kim, Ari Shin and Mi-Yong Song
Inland Fisheries Research institute, NIFS, Gapyeong 12353, Republic of Korea

15:15-15:25

Coffee Break
Chair : Jeong Hoon Lee (Dokdo Fish. Res. Center)

15:25-15:40 OR-6
Copepod Species as Potential Indicators of Water Masses in the Korean Water
An-Thanh Do, Won-Gyu Park and Boram-Lee
Department of Marine Biology, Pukyong National University

15:40-15:55 OR-7
A Study on the Safety Operations of and Fishery Resources Monitoring by Small
Coastal Fishing Vessels

Kwangbok Kim1, Yongbeom Pyeon1,Jeongsam Lee2, Dohoon Kim3, Wooseok Oh1, Inwoo Han1 and
Kyounghoon LEE4
1

Division of Fisheries Science, Chonnam National University, Yeosu 59626, Korea

2

Division of Fisheries Resources Research, Korea Maritime Institute, Busan 49111, Korea

3

Department of Marine & Fisheries Business and Economics, Pukyong National University, Busan 48513, Korea

4

Department of Marine Technology, Chonnam National University, Yeosu 59626, Korea

15:55-16:10 OR-8
The distributed characteristics of fish schools on the Marine Ranching Area around
the Ulleung-do
Wooseok Oh1, Geunchang Park1, Euna Yoon2, Yongseok Choi3, Byungho Lee3, Sungho Suh3, Inwoo
Han1,GDoojin Hwang2 and Kyounghoon Lee2*
1

Department of Fisheries Science, Chonnam National University

2

Department of Marine Technology, Chonnam National University, Yeosu 59626, Korea

2

Resources Enhancement Division, Korea Fisheries Resources Agency, Busan 46041, Korea
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16:10-16:25 OR-9
Comparing stock assessment models for analyzing potential yield of fishery
resources in West Sea, Republic of Korea

Do-Hoon Kim·Min-Je Choi1·Ji-Hoon Choi2
1

Department of Marine & Fisheries Business and Economics, Pukyong National University;

2

National Institute of Fisheries Science

16:25-16:40 OR-10
A Basic Study on Flow Visualization of Fish Aggregation Device to Reduce Bycatch
and Behavior of Fish School

Yongbeom Pyeon1,Sungil Lee2, Doonam Kim2, Doohae An2, Wooseok Oh1, Dohoon Kim4, Inwoo
Han1 and Kyounghoon Lee3
1

Division of Fisheries Science, Chonnam National University, Yeosu 59626, Korea

2

Distant Water Fisheries Resources Division, National Institute of Fisheries Science, Busan 46083, Korea

3

Department of Marine Technology, Chonnam National University, Yeosu 59626, Korea

3

Department of Marine & Fisheries Business and Economics, Pukyong National University, Busan 48513, Korea

16:40-16:50

Coffee Break
Chair : Do-Hoon Kim (Pukyong National University)

16:50-17:05 OR-11
Distribution and Seasonal Changes of Fishery Resources in the Gwangyang bay

Inwoo Han1,Heung-Yun Kim2, Wooseok Oh1, Geunchang Park1, Ihn-sil Kwak3
and Kyounghoon Lee3*
1

Division of Fisheries Science, Chonnam National University, Yeosu 59626, Korea

2

Department of Aqualife Medicine, Chonnam National University, Yeosu 59626, Korea

3

Department of Marine Technology, Chonnam National University, Yeosu 59626, Korea
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17:05-17:20 OR-12
Statistical Analysis of Harmful Algal Blooms (Cochlodinium polykrikoides)
Occurrence in the South Sea of Korea
Mechekkef Youssouf1, Su-Ho Bak2 and Hoon-Joo Yoon2*
1

Department of fisheries and fishery resources of JIJEL, Algeria

2

Department of Spatial Information Engineering, Pukyong National University, Korea

17:20-17:35 OR-13
Application of a bioeconomic model to Egyptian coastal fisheries in the
Mediterranean Sea
Marwa Mamdouh1 and Jongoh NAM2
1

Fisheries Department, Marine Fishery Resources of GAFRD, EGYPT

2

Division of Economics, Pukyong National University, Korea

17:35-17:50 OR-14
The economic performance of fishing vessels in Lake Kivu of Rwanda and its implications for fisheries
management
Robert Gatare1, Yong Min Shin2* and Do-Hoon Kim3*
1

Rwanda Agriculture Board (RAB), P. O Box 5016, Kicukiro District, Kigali-Rwanda

2

Division of Economics, College of Humanities and Social Sciences

3

Department of Marine & Fisheries Business and Economics, College of Fisheries Science, Pukyong National

University

17:50-18:05 OR-15
Mitogenomes of Two African Indigenous Fish species, Cynoglossus senegalensis
and Chrysichthys nigrodigitatus, collected from Cameroon
Fantong Zealous Gietbong1, Nack-Keun Kim2, Sapto Andriyono2, 3 and Hyun-Woo Kim2,4*
1

Ministry of Livestock, Fisheries and Animal Industries, Department of Fisheries, Aquaculture and Fisheries
Industries, PO BOX MINEPIA, Yaounde, Cameroon

2

Interdisciplinary Program of Biomedical, Mechanical and Electrical Engineering, Pukyong National University,
Busan, 48513, Republic of Korea

3

Department of Marine, Fisheries and Marine Faculty, Universitas Airlangga C Campus Jl. Mulyorejo Surabaya
East Java, 60115, Indonesia

4

Department of Marine Biology, Pukyong National University, Busan 48513, Republic of Korea
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November 2nd, 2018 (Friday)
ൡ Fish Taxonomy, Ecology & Genetics (311, Exhibition Center 1, BEXCO)

Chair: Jong-Young Park (Chonbuk National University)

13:30~14:10 [Special Lecture]
Current status and management of Inland fisheries resources in Korea
Wan-Ok Lee
Fisheries Science Institute, Chonnam National University, Yeosu, Korea

14:10~14:50 [Special Lecture]
Identification of Massive Fish Eggs for Spawning Ecology and eDNA Analysis for
Macro Aquatic Fauna
Sung Kim
Marine Ecosystem Research Center, Korea Institute of Ocean Science & Technology, Busan, Korea
Marine Biology, Korea University of Science & Technology, Daejeon, Korea

Chair: Yang Jae Im (National Institute of Fisheries Science)

15:00~15:15 OF-1
New insights into spatiotemporal variations of large (giant) fish in Korean waters
inferred from daily observer reports
Jin-Koo Kim1*, Jung-Hwa Ryu1, Ji-Suk Ahn2, and Hyung Chul Kim2
1

Department of Marine Biology, Pukyong National University, Busan, 48513, Republic of Korea

2

National Institute of Fisheries Science, Busan 46083, Republic of Korea

14:50~15:00 Coffee break
15:15~15:30 OF-2
Macro Aquatic Fauna of the Seomjin River Estuary from the eDNA Analysis
Sung Kim and Hae-Young Choi
Marine Ecosystem Research Center, Korea Institute of Ocean Science & Technology, Busan, Korea
Marine biology, Korea University of Science & Technology, Daejeon, Korea
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15:30~15:45 OF-3
Comparison of dermersal fish community between South Korea and southern Russia
in the East Sea, with assumption about North Korea’ status
Jeong-Ho Park1*, Byoung-Sun Yoon2, Sergey Solomatov3, Vladimir Panchenko3, Jin-Koo Kim4
Myoung Ho Sohn5 and Young-Min Choi6
1

Fisheries Resource Research Division, National Institute of Fisheries Science, Busan, Korea

2

South Sea Fisheries Research Institute, National Institute of Fisheries Science, Yeosu, Korea

3

Pacific Fisheries Research Center (TINRO-Centre), Vladivostok, Russia

4

Department of Marine Biology, Pukyong National University, Busan, Koreaa

5

West Sea Fisheries Research Institute, National Institute of Fisheries Science, Incheon, Korea

6

(formerly) National Institute of Fisheries Science, Korea

15:45~16:00 OF-4
Study on the Specimens of Coreoleuciscus aeruginos and Coreoperca kawamebari
from Geoje Island of the National Science Museum, South Korea (NSMK)
Yang Ki Hong1*, Young Pyo Hong2
1

Department of Scientific Heritage Conservation, National Science Museum, Daejeon, Korea

2

Korean Association for Conservation of Freshwater Fish, Seoul, Korea

16:00~16:10 Coffee break
Chair: Jin-Koo Kim (Pukyong National University)

16:10~16:25 OF-5
The spawning information of teleost fishes in Korean Peninsula and Indo-Pacific
from massive fish eggs
Hae-Young Choi1,2, Yo-soon Jang1,3,4 and Sung Kim1,2,4
1

Marine biology, Korea University of Science & Technology, Daejeon, Korea

2

Marine Ecosystem Research Center, Korea Institute of Ocean Science & Technology, Busan, Korea

3

East Sea Environment Research Center, Korea Institute of Ocean Science & Technology, Uljin, Korea

4

Department of Convergence Study on the Ocean Science and Technology, Ocean Science & Technology

School, Busan, Korea
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16:25~16:40 OF-6
Genomic reevaluation of the Pungitius kaibarae population structure
Dong-Young Kim1, Junghwa An2 and Ho Young Suk5
1

Department of Life Sciences, Yeungnam University, Gyeongsan, Gyeongsangbuk-do 38541, South Korea

2

National Institute of Biological Resources, Incheon 22689, South Korea

16:40~16:55 OF-7
Distribution of fish egg and larvae in the fisheries resource protected area
of Gyeongsangnam-do, Korea
JeongIk Baek, Hwan-Sung Ji, Seong Yong Moon*, Junsu Park, Yang Jae Im,
Jung Hwa Choi and Joon-Taek Yoo
Fisheries Resources Research Center, National Fisheries Institute of Fisheries Science, Korea

16:55~17:10 OF-8
Diet Composition of Juvenile blue-spotted stargazer, Xenocephalus elongatus in the
coastal waters of Sacheon, Korea
Jae Mook Jeong1*, Yang-Jae Im1, Se-Hyun Song1, Junghwa Choi1, Hyun-Ji Kim2
1

Fisheries Resources Research Center, National Institute of Fisheries Science, Tongyeong 56034,

Korea
2

Fisheries Resource Management Division, National Institute of Fisheries Science, Busan 46083, Korea

17:10~17:25 OF-9
Assessment of fish fauna in the southeast coast of Korea using environmental DNA
and scuba diving observation
Yong-Deuk Lee, Gang-Min Lee, Jong-Yul Park and Woo-Seok Gwak*
Marine Bio-Education and Research Center, The Institute of Marine Industry, Gyeongsang National University,
Tongyeong 53064, Republic of Korea
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November 2nd, 2018 (Friday)
ඟ Fish Diseases (312, Exhibition Center 1, BEXCO)
G
Chair: Joon-Ki Chung (Pukyong National University)

15:00~15:20 OD-1
Isolation and characterization of a new bacteriophage infecting fish pathogenic
Aeromonas hydrophila
Muhammad Akmal1*, Aryan Rahimi-Madini2 and Tae Jin-Choi2
1

Department of Fisheries and Aquaculture, University of Veterinary and Animal Sciences, Pakistan

2

Department of Microbiology, Pukyong National University, South Korea

15:20~15:40 OD-2
An emerging disease characterized by ascites and proliferative kidney in cultured
olive flounder Paralichthys olivaceus in Korea
Kyoung-Mi Won*, Miyoung Cho, Kwang-il Kim, Myoung-Suk Kim, Ji-Hyun Yu, Yeongjun Choi, SungHee Jung and Nam-sil Lee
Pathology Research Division, National Institute of Fisheries Science, Busan 46083, Korea

15:40~16:00 OD-3
Complete genome sequencing and virulence test of spring viremia of carp virus
isolated from common carp Cyprinus carpio carpio, leather carp Cyprinus carpio
nudus, and largemouth bass Micropterus salmoides in Korea
Seongdo Lee*, Chaehyeon Lim, Thanthrige Thiunuwan Priyathilaka, Myoung-Jin Kim, Hyerim Yang,
Hyukjae Kwon, Jeongeun Kim, Seong Don Hwang and Jehee Lee
Department of Marine Life Science, Jeju National University, Jeju special Self-Goverming province 63243,
Republic of Korea
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Chair: Ki Hong Kim (Pukyong National University)

16:00~16:20 OD-4
Treatment with carbonate buffer decreases antigenicity of
nervous necrosis virus (NNV)
Hyun Jung Gye* and Toyohiko Nishizawa
Department of Aqualife Medicine, Chonnam National University, Yeosu, Korea

16:20~16:40 OD-5
Efficacies of pilot-scale extracts from Rhus verniciflua Stokes against edwardsiellosis
and scuticociliatosis in olive flounder (Paralichthys olivaceus)
Jae-Woong Lim*, Su-Mi Shin, Sung-Ju Jung and So Young Kang
Department of Aqualife Medicine, Chonnam National University, Yeosu, 59626, Republic of Korea

16:40~17:00 OD-6
Challenge test and quantification of Enteromyxum leei (Myxozoa: Myxosporea) in
cultured olive flounder Paralichthys olivaceus
Sang Phil Shin*, Han Chang Sohn, Chang Nam Jin and Jehee Lee
The Department of Marine Life Science & Fish Vaccine Research Center, Jeju National University,
Jeju Self-Governing Province 63243, Republic of Korea
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November 2nd, 2018 (Friday)

ඟ Fisheries and Ocean Technology
(313, Exhibition Center 1, BEXCO)
Chair: Myounghee Kang (Gyeongsang National University)

13:00~13:40 IS-2
Use of technical measures in resource management and conservation in north-east
Atlantic fisheries.
Eduardo Grimaldo, PhD
SINTEF Ocean, Brattørkaia 17C, 7010 Trondheim, Norway.

Chair: Young-Su An (Gyeongsang National University)

13:40~13:55 OT-1
Mesh size selectivity of the net trap for common octopus, Octopus minor
Inyeong Kwon1, Seong-Hun Kim2 and Taeho Kim1*
1

Division of Marine Technology, Chonnam National University, Yeosu, Korea

2

Fisheries Resources and Environment Division, East Sea Research institute, Gangwon, Korea

13:55~14:10 OT-2
A study on the hydrodynamic coefficients and current velocity reduction of copper
ally net
Ahrim Kang¹ and Jihoon Lee²*
¹Department of Fisheries Science, Graduate School, Chonnam National University, Yeosu, Korea
²Division of Marine Technology, Chonnam National University, Yeosu, Korea
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14:10~14:25 OT-3
Maturity and spawning of Daggertooth pike conger Muraenesox cinereus in the
Southern Sea of Korea
Eun Hye Koh, Dae-Hyeon Kwon*, Jeong-Ho Park and Yeonghye Kim
Fisheries Resource Management Division, National Institute of Fisheries Science, Busan, Korea

14:25~14:40 OT-4
Behavioral characteristics of gray rockfish (Sebastes schlegeli) and flounder
(Paralicthys olivaceus) by acoustic telemetry in Byeonsan Peninsular, Korea
Hyeon-Ok Shin1*, Gyeom Heo2, Min-A Heo2 and Doo-Jin Hwang3
1

Division of Marine Production System Management, Pukyong National University, Busan 48513, Korea

2

Department of Fisheries Physics, Graduate School, Pukyong National University,Busan 48513, Korea

3

School of Marine Technology, Chonnam National University,Yeosu 59626, Korea

14:40~14:50 Coffee Break
Chair: Hyeon-Ok Shin (Pukyong National University)

14:50~15:05 OT-5
Acoustic monitoring of fish behavior around artificial reefs in Korea
Doo-Jin Hwang1*, Eun-A Yoon1, Eunbi Min2, Yoo-Won Lee3, Young-Jae Shin4, Yong-Suk Choi4 and
Byung-Ho Yi4
1

Department of Marine Technology, Chonnam National University, Yeosu, Korea

2

Division of Fisheries Science, Chonnam National University, Yeosu, Korea

3

College of Fisheries Sciences, Pukyong University, Busan, Korea

4

Resoureces Enhancement Division, Korea Fisheries Resources Agency, Busan, Korea

15:05~15:20 OT-6
Acoustical estimation of fish distribution in Chilam Bay, Korea

Evarist Nduwayesu1, Hyeon-Ok Shin2, Bo-Kyu Hwang3, Dae-Jae Lee2 and Kyoungmi Kang4
1

National Fisheries Resources Research Institute, NaFIRRI, P.O. Box 343 Jinja-Uganda

2

Division of Marine Production System Management, Pukyong National University, Busan 48513, Korea

3

Department of Marine Science and Production, Kunsan National University, Korea

4

KOICA-PKNU International Graduate Program of Fisheries Science, Pukyong National University, Korea
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15:20~15:35 OT-7
A pilot study on seabed classification using a scientific echosounder
Myounghee Kang* and Rina Fajaryanti
Department of Maritime Police and Production System/ Institute of Marine Industry, Gyeongsang National
University

15:35~15:50 OT-8
Evaluating shucking performance of an ultra-high-pressure shucking machine and
changes in the sensory, biological, and chemical properties of raw oysters
(Crassostrea gigas) shucked by ultra-high-pressure
Eun-Bi Min1*, Doo-Jin Hwang2, Eun-A Yoon2, Ok-Sam Kim3 and Geum-Bum Yoo 4
1

Division of Fisheries Science, Chonnam National University, Yeosu, Korea

2

Department of Marine Production Management, Chonnam National University, Yeosu, Korea

3

Division of Marine Technology, Chonnam National University, Yeosu, Korea

4

Yuil Industry Company, Yangsan, Korea

15:50~16:00 Coffee Break
Chair: Min-son Kim (Kunsan National University)

16:00~16:15 OT-9
A study on the opening pressure of oyster shell
Ok-Sam Kim1*, Doo-Jin Hwang1 , Eun-A Yoon1 and Eun-bi Min2
1

Division of Marine Technology, Chonnam National University

2

Division of Fisheries Science, Graduate School of Chonnam National University

16:15~16:30 OT-10
A study on the development of multi-purpose fishery training ship
Kyung-Jin Ryu1, Tae-Geon Park2, Tae-Sun Park2, Yoo-Won Lee3 and Hyung-Seok Kim4*
1

Ship Operation Team, Korea Institute of Maritime and Fisheries Technology, Busan, Korea

2

Education Operation Team, Korea Institute of Maritime and Fisheries Technology, Busan, Korea

3

Training Ship, Pukyong National University, Busan, Korea

4

Division of Marine Production System Management, Pukyung National University, Busan, Korea
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16:30~16:45 OT-11
A study on the characteristics of manoeuvrability of fishing vessel
Chun-Ki Lee1, Su-Hyung Kim1*, Jong-Gun Lee2, Sang-Min Lee3 and Min-Sun Kim3
1

Div. of Navigation Science, Korea Maritime and Ocean University, Busan 49112, Korea

2

Pukyong National University, Busan 48547, Korea

3

Dep. of Marine Science & Production, Kunsan National University, Gunsan 54150, Korea

16:45~17:00 OT-12
On the evaluation of holding power by tension meter for anchoring
Jang-Young Ahn1, Min-Son Kim2 and Chang-Heon Lee1
1

Division College of Ocean Science, Jeju National University, Korea

2

Department of Marine Science& Production, Kunsan National University ,Korea

Chair: Do-Hoon Kim (Pukyong National University)

17:00~17:15 OT-13
Assess accident frequency and hazard assessment for the fishermen's safety in
offshore large powered purse seiner using insurance proceeds payment of NFFC in
2015-2017
Jun-Ik Chol1, Chun-Woo Lee2, Hyung-Seok Kim2, Su-Bong Park3, Jong-Gun Lee4,
Tae-Young Jeong4 and Yoo-Won Lee4*
1

Dep. of Fishery Production, Graduate School of Global Fisheries, Pukyong National University, Busan 48513,

Korea
2

Division of Marine Production System Management, Pukyong National University, Busan 48513, Korea

3

Institute of Low-Carbon Marine Production Technology, Pukyong National University, Busan 48513, Korea

4

Training Ship, Pukyong National University, Busan 48513, Korea

17:15~17:30 OT-14
The challenges of managing artisanal fisheries in Ghana- A case study of the tema
fishing community in the greater region of Ghana
Shamira Abdulai Yakubu1 and Hee-dong Pyo2
1

Ministry of Fisheries and Aquaculture Development, Ghana

2

Department of Marine Business and Economics, Pukyong National University, Korea
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17:30~17:45 OT-15
Bioeconomic analysis of yellow croaker in Korea using the State-space model’
Min-Je Choi* and Do-Hoon Kim
Department of Marine & Fisheries Business and Economics, Pukyong National University
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November 2nd, 2018 (Friday)

Poster Presentation (PU-1 ~ PT-24)
ඟ Fisheries Processing/Uses (PU-1 ~ PU-57)

PU-1
Development of non-destructive mackerel freshness evaluation process using
sensor gas chromatography (SGC) system

Bong-Suk Park1, Jeong-Wook Choi2, Min-Kyeong Lee2, Koth-Bong-Woo-Ri Kim3, Xiaotong Xu3, DongHyun Ahn3 and Taek-Jeong Nam1,2*
1

Department of Food science and Nutrition, Pukyong National University, Busan, Korea

2

Institute of Fisheries Sciences, Pukyong National University, Busan, Korea

3
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Eun Jeong Kim, Chanhee Kim and Yoon Kwon Nam
Department of Fisheries Biology, Pukyong National University, Busan, Korea

PA-78
Optimization of an anesthetic protocol for the larval microinjection-related handling of
Siberian sturgeon (Acipenser baerii)
Eun Jeong Kim and Yoon Kwon Nam
Department of Fisheries Biology, Pukyong National University, Busan, Korea
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PA-79
Behavioral responses of Acipenser baerii prelarvae to an experimental
photoperiodicity under semi-hatchery conditions
Eun Jeong Kim1, Chulhong Park2 and Yoon Kwon Nam1
1

Department of Fisheries Biology, Pukyong National University, Busan, Korea

2

Dinoville AquaFarm, Kyoung-nam, Korea

PA-80
Ontogenetic behavioral modifications of Russian sturgeon Acipenser gueldenstaedtii
during prelarval intervals in response to light intensity
Eun Jeong Kim1, Jin Woo Park1, Hyeon Jong Jeong1, Chulhong Park2 and Yoon Kwon Nam1
1

Department of Fisheries Biology, Pukyong National University, Busan, Korea

2

Dinoville AquaFarm, Kyoung-nam , Korea

PA-81
Technical optimization of cold-shock treatment for blocking polar bodies in Pacific
abalone Haliotis discus hannai
Eun Jeong Kim1, Min-Su Kwon2, Jin Woo Park1, Chul Ji Park2 and Yoon Kwon Nam1
1

Department of Fisheries Biology, Pukyong National University, Busan, Korea

2

Genetics and Breeding Research Center of National Institute of Fisheries Science, Geoje, Korea

PA-82
Chondrostean sturgeon hepcidin: An evolutionary link between tetrapod hepcidins
and fish hepcidins
Chan-Hee Kim, Eun Jeong Kim and Yoon Kwon Nam
Department of Marine Bio-Materials and Aquaculture, College of Fisheries Sciences, Pukyong National University,
45 Yongso-ro, Nam-gu, Busan, 48513, Korea
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PA-83
Optimal water-tank shapes and water-current control systems for larval Longtooth
grouper (Epinephelus bruneus)
Hiroki Ikeda 1 and Yasunori Ishibashi1
1

Faculty of Agriculture, Department of Fisheries, Kindai University

PA-84
Evaluation of rice flour formulated feed for coho salmon aquaculture
Satoshi Katayama1*, Hideki Nikaido2, Yoshio Masuda3, Nasumi Tomikawa3, Tomohiko Koshi-ishi2,
Akira Yamauchi2, Takashi Yamashita2, Shuichi Sato2 and Minoru Sato1,
1

GGraduate School of Agricultural Science, Tohoku University, 2GNational Research Institute of Fisheries Science,

3

GMiyagi Prefecture Fisheries Technology Institute, 4GMarubeni Nisshin Feed Co.,Ltd., 5GNosan Corporation, 6G

Miyagi Prefectural Fisheries Cooperative Association, 7GTokyo University of Marine Science and Technology

PA-85
A C-type lectin was identified as a C1q-like protein 4 occurred in plasma of the
hemolymph of the Pacific oyster Crassostrea gigas
Yusuke Tsumuraya1, Akifumi Nakamura-Matsumoto1, and Keisuke G. Takahashi1
1

Laboratory of Aquacultural Biology, Graduate School of Agricultural Sciences,

Tohoku University, Aoba-ku, Sendai 980-8572, JAPAN

PA-86
Epidemiological cut-off values for disk diffusion data generated by standard test
protocols from Streptococcus parauberis
Won-kyong Chun* and Do-hyung Ki
Department of Fisheries Science, Aquatic Life Medicine, Pukyong National University, Korea

PA-87
Complete genome analysis of virulent Aeromonas salmonicida subsp. masoucida
strain RFAS1
Ahran Kim1 and Do-Hyung Kim1
1

Department of Aquatic Life Medicine, Pukyong National University, Busan, Republic of Korea
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PA-88
Gene co-expression analysis and integrated analysis with metabolome in rock bream
(Oplegnathus fasciatus) infected with rock bream iridovirus (RBIV)
Ahran Kim1, Dahye Yoon2, Suhkmann Kim2 and Do-Hyung Kim1,
1
2

Department of Aquatic Life Medicine, Pukyong National University, Busan, Republic of Korea
Department of Chemistry, College of Natural Sciences, Pusan National University, Busan 46241, Republic of

Korea.
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ඟ Fisheries ResourcesG ˍG 1EGCP'PXKTQPOGPV 24`24 
PR-1
Antioxidant responses and physiological changes of pacific abalone,
Haliotis discus hannai due to toxic effects of ammonia exposure

Soo-Yeon Choi, Hee-Ju Park, Hyeok-Chan Jung, Hye-Dong Ko, Tea-Jun Won,
Sang-Mok Lee, Hee-Su Lee, Young-Bin Yu Jung-Sick Lee1 and Ju-Chan Kang*
Department of Aquatic Life Medicine, Pukyoung National University
1

Department of Aquatic Life Medicine, Chonnam National University

PR-2
Extraction and analysis of Toxic materials isolated from Harmful Red tide
Dinoflagellate, Karenia mikimotoi by Solid Phase Extraction
Ji-Won Kim1Q, Yukihiko Matsuyama2, Daekyung Kim1QQ and Tatsuya Oda3
1

Daegu Center, Korea Basic Science Institute (KBSI), Kyungpook National University, Daegu, Korea, Republic Of

2

Seikai National Fisheries Research Institute, Fisheries Research and Education Agency, Nagasaki, Japan

3

Graduate School of Fisheries Science & Environmental Studies, Nagasaki University, Nagasaki, Japan

Q3UHVHQWDWLRQDXWKRUQQ&RUUHVSRQGLQJ$XWKRUGNLP#NEVLUHNU



PR-3
Physiological Response of Olive Flounder to the Attachment Position of Pop-up
Satellite Archival Tag (PSAT)

Jin Woo Park and Sung-Yong Oh*
Marine Bio-Resources Research Unit, Korea Institute of Ocean Science & Technology, Busan, Korea

PR-4
New record of a marine algal species, Membranoptera alata (Delesseriaceae), in
Korea
Pil Joon Kang, Jae Woo An and Ki Wan Nam
Department of Marine Biology, Pukyong National University
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PR-5
Note on a marine algal species, Cryptonemia lomation (Halymeniaceae) in Korea
Pil Joon Kang, Jae Woo An and Ki Wan Nam
Department of Marine Biology, Pukyong National University

PR-6
Introduce of the Marine Global Earth Observatory (MarineGEO) project in Korea

Hyun-Sung Yang and Do-Hyung Kang
Jeju Marine Research Section, Korea Institute of Ocean Science & Technology, Jeju, Korea

PR-7
Preliminary study for the Mirror self-recognition test in a captive beluga whale
(Delphinapterus leucas)
Seulgi Choi 1, Min Ju Kim1, Jeongrack Koh2, Ji Yun Jung2, Jee Yeon Park2, Soo Youn Choi2 and
Hawsun Sohn1 *
1

Cetacean Research Institute, National Institute of Fisheries Science ; Lotte World Aquarium

2

PR-8
Case of Erysipelothrix rhusiopathiae diagnosis in a stranded rough-toothed dolphin
(Steno bredanensis)

Yuna Cho1*, Seon Young Park2*, Kyunglee Lee1, Hawsun Sohn1, Hyungjun Yook3 and Won Min Han3
1

Cetacean Research Institute, National Institute of Fisheries Science, Ulsan, Korea

2

Infectious Disease Research Center, Korea Research Institute of Bioscience and Biotechnology, Daejeon, Korea

3

Hanwha Hotels & Resorts, Odongdo-ro, Yeosu-si, Korea

PR-9
Effect of Cryoprotective agents (CPAs) on Marine Diatom Nitzschia sp.

Ji Young Jeon1, In Hye Lee1, Kyoung Mi Kim1 and Myung Suk Kang1*
1

National Institute of Biological Resources, Incheon, Korea
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PR-10
Effects of temperature, salinity, and light intensity on seed germination
of a halophyte Triglochin maritimum

Jae Kwon Yu1*, Sin-Jung Ong1, Soo-Gun Jo1, Wonho Yih1 and Hyung Seop Kim1
1

School of Marine Applied Biosciences, Kunsan National University, Gunsan, Korea

PR-11
Laboratory Larviculture of a marine protected species,
sesarmine crab Chasmagnathus convexus
Woo-Yong Choi1*, Jimin Kim1, Mi Ryoung Oh1, Sin-Jung Ong1, So-Yeon Kim1, Sung-Kook Choi1,
Keon Gang Jang1, Jung-Rae Rho1, Wonho Yih1 and Hyung Seop Kim1
1

School of Marine Applied Biosciences, Kunsan National University, Gunsan, Korea

PR-12
Diet of common dolphin, Delphinus delphis, in East Sea from stomach content
analysis
Dasom Lee, Seulhee Lee, Hyun Woo Kim* and Hawsun Sohn
Cetacean Research Institute, National Institute of Fisheries Science, Ulsan 44780, Korea

PR-13
Comparison of species composition and assemblage structure of ichthyoplankton in
Korea during winter season between 2017 and 2018
Jung-Hwa Ryu1*, Jin-Koo Kim2, Jae Mook Jeong3 and Haewon Lee3
1

Ryujunghwa Marine Research Institute, Busan, Korea

2

Pukyong National University, Busan, Korea

3

Fisheries Resources Research Center, NIFS, Tongyeong, Korea
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PR-14
Larvae and juvenile of Acanthaphritis unoorum (Percophidae, Pisces), new to
Korean fish fauna

Sung-Hyun Heo1, Tae Woo Ban1, Jin-Koo Kim2*, Hwang-Sung Ji3 and Seong Yong Moon3
1

Institute of Marine Biological Resources, Busan, 48510, Republic of Korea

2

Department of Marine Biology, Pukyong National University, Busan, 48513, Republic of Korea

3

Fisheries Resources Research Center, National Institute of Fisheries Science, Tongyeong, Korea

PR-15
Irgarol induced changes of the genomic transcriptome on mud crab Macrophthalmus
japonicus
Kiyun ParkP, Won-Seok Kim and Ihn-Sil Kwak*
Faculty of Marine Technology, Chonnam National University, Yeosu 550-749, Korea

PR-16
Transcriptional expression of chitinase 1 and heavy metal distributions on mud crab
Macrophthalmus japonicus from South coastal region in Korea
Kiyun ParkPa, Tae-Soo Kwakb and Ihn-Sil Kwak*a
a

Faculty of Marine Technology, Chonnam National University, Chonnam 550-749, Korea.

b

Department of Mechanical Engineering, GNTECH, Gyeongnam 660-758, Korea.

PR-17
Distribution of fish egg and larvae in the fisheries resource protected area of
Gyeongsangnam-do

JeongIk Baek*, YangJae Im, JungHwa Choi, JoonTaek Yoo, SeHyun Song, and SeongYong Moon
Fisheries Resources Research Center, National Institute of Fisheries Science, Tongyeong, Korea
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PR-18
Community structure of macrobenthos at winter and spring
in intertidal zone of Taean, Chungcheongnam-do, Korea
Sang-Hyeok Park, Da-Ye Kim, Dae-Sun Son and Chae-Woo Ma†
Department of Life Science and Biotechnology, College of Natural Sciences,
Soonchunhyang University, Asan, Chungnam 31538, Korea

PR-19
Three new species of benthopelagic copepods, Stephos (Copepoda, Calanoida,
Stephidae) from the Jeju Isaland, Korea

Seong Yong Moon1*, Ho Young Soh2 and Dae Hyun Cho2
1

Fisheries Resources Research Center, National Fisheries Institute of Fisheries Science, Korea

2

Faculty of Marine Technology, College of Fisheries Ocean Science, Chonam National University, Korea

PR-20
Change in Interannual variability of zooplankton community in northern
Gamak Bay of Korea, from 2001 to 2004
Seong Yong Moon1*, Ho Young Soh2 and Sang Duck Choi2, Jung-Hwa Choi1 and Yang Jae Im1
1

Fisheries Resources Research Center, National Fisheries Institute of Fisheries Science, Korea

2

Faculty of Marine Technology, College of Fisheries Ocean Science, Chonam National University, Korea

PR-21
Responses of zooplankton to long-term climate change around Uleung basin in
East/Japan Sea

Seung Chan Baek1* and Wongyu Park1
1

Department of Marine biology, Pukyong National University, Busan, Korea
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PR-22
Species composition and community structure of shrimp collected in Southern Coast
of Korea by shrimp beam trawl
Jong Hak Kim*, Seong Yong Moon, Jung Hwa Choi, Jun Taek Yoo,Jung Nyun Kim,
Se Hyun Song, Jung Hyun Heo and Moon Joo Yoon
1

National Institute of Fisheries Science Fisheries Resources Research Center, Tongyeong, Korea

PR-23
Age and growth of the largemouth bass, Micropterus salmoides
in Lake Cheongpyeong
Sujung Kwon, Ari Shin, Mi-Yong Song and Heewon Park *,
Inland Fisheries Research institute, NIFS, Gapyeong 12353, Republic of Korea

PR- 24
Comparison of surplus production models for assessing potential yield of East Sea
Min-Je Choi1* and Do-Hoon Kim1,
1

Department of Marine & Fisheries Business and Economics, Pukyong National University

PR-25
Spawning and larval development of domestic mussel Mytilus coruscus

Sung-Jin Yoon*, Hee-Jung Choi and Yong-Gyu Ju
1

Korea institute of Ocean Science & Technology, Ulleung-gun, Gyeongsangbuk-do, Korea

PR-26
Machine Learning Application to Pattern Recognition of Water Quality and Sediment
Conditions in Coastal Areas: Case Study of Gwangyang Bay, Korea

Dong-Kyun Kim1, Hyunbin Jo1, Wan-Ok Lee1, Kiyun Park1 and Ihn-Kwak1*
1

Fisheries Science Institute, Chonnam National University, Yeosu, Korea
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PR-27
Effects of temperature and irradiance on the zoospore release and germling growth of
green alga Chaetomorpha moniligera

Ji Hyo Lee1, Young Sik Kim1*, Han Gil Choi2 and Ki Wan Nam3
1

Department of Marine Biotechnology, Kunsan National University, Gunsan, Korea

2

Division of Biological Science, Wonkwang University, Iksan, Korea

3

Department of Marine Biology, Pukyong National University, Busan, KoreaG

PR-28
Correlation between Pyropia yezoensis chlorosis and periphytic diatom
Licmophora sp. at low dissolved inorganic nitrogen concentration

Soung Youn Choi, Yong Yi Kim, Hyeon Jeong Lee,
Kwan Hyuk Kwak, Ji Hyo Lee and Young Sik Kim*,
Department of Marine Biotechnology, Kunsan National University, Gunsan, Korea

PR-29
Underwater Acoustic Survey in the wind plant of the Western sea of Korea
Geunchang Park1, Wooseok Oh1, Soonyoung Wang2, Inwoo Han1 and Kyounghoon Lee3*
1

Department of Fisheries Sciences, Chonnam National University

2

ENC Technology Ltd.

3

Department of Maritime Technology, Chonnam National University

PR-30
Correlation analysis between fish and zooplankton in cold water mass using acoustic
survey
In-Sung Han1, Wooseok Oh2*, Geunchang Park2, Inwoo Han2 and Kyounghoon Lee3
1

Climate Change Response Division, National Institute of Fisheries Science, Busan 46083, Korea

2

Department of Fisheries Science, Chonnam National University, Yeosu 59626, Korea

3

Department of Marine Technology, Chonnam National University, Yeosu 59626, Korea
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PR-31
Target strength of black seabream (Acanthopagrus schlegeli) in Republic of Korea
Jung-Kwan Lee1, Wooseok Oh1, Geunchang Park1, Inwoo Han1and Kyounghoon Lee2
1

Division of Fisheries Science, Chonnam National University, Yeosu 59626, Korea

2

Department of Marine Technology, Chonnam National University, Yeosu 59626, Korea

PR-32
Evaluation of health of tidal flat on the west coast using biomarker genes and manila
clam, Ruditapes Philippinarum

Yoon Seok Choi1* and Han Seung Kang2
1

West Sea Fisheries Research Institute, NIFS, Incheon. Korea

2

MS BioLab, Daejeon, KoreaG

PR-33
Temporal and Spatial Distribution of Benthic Polychaete Community in the Jeju
Northern Sea Areas

Kwang-Bae Kim1*, Chae-Woo Ma2
1

Gyeonggi Province Maritime

2

Department of Life Science and Biotechnology, Soonchunhyang University

Fisheries Research Institute

PR-34
High levels of dietary selenomethionine induced neurotoxicity and hepatic oxidative
stress in juvenile steelhead trout Oncorhynchus mykiss
Jinsu Lee1*, Tran Thi Cam Van1, Youngshik Choe2, Hyun-Jin Jung2 and Jang-Won Lee1
1

Department of Integrated Bio-industry; Sejong University; Seoul 05006; Korea

2

Department of Neural Development and Disease; Korea Brain Research Institute; 41068 Daegu; Republic of

Korea.
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PR-35
Development of extermination device for the migratory bird’s flock using the
directional acoustic system
Yongbeom Pyeon1, Jaemyoung Kim2, Wooseok Oh1, Inwoo Han1, Geunchang Park1, and
Kyounghoon Lee3
1

Division of Fisheries Science, Chonnam National University, Yeosu 59626, Korea

2

Jeonnam Sea Grant Center, Mokpo Maritime National University, Mokpo 58628, Korea

3

Department of Marine Technology, Chonnam National University, Yeosu 59626, Korea
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ൡ Fish Taxonomy, Ecology & Genetics (PF-1૫PF-34)
PF-1
Review and new suggestion of English common name in Korea:
Endangered freshwater fish
Wan-Ok Lee
Fisheries Science Institute, Chonmam National University, Yeosu, Korea

PF-2
Great White Shark, Carcharodon carcharias (Chondrichthyes: Lamniformes: Lamnidae)
from the Yellow Sea, Korea
G

Choong-Hoon Jeong1*, Ki-Mun Nam2, Kyung-Nam Han3 and Youn Choi4
1

Institute of Maritime & Fisheries, Inha University, Incheon 22212, Korea G

2

Pukyong Marine Life Research Institute, Sacheon 52540, Korea G

3

Department of Ocean Science, Inha University, Incheon 22212, Korea G

4

Department of Marine Biotechnology, Kunsan National University, Kunsan 54150, Korea G

PF-3
Spinner Shark, Carcharhinus brevipinna (Chondrichthyes: Carcharhiniformes:
Carcharhinidae) from the Yellow Sea, KoreaG
G

Choong-Hoon Jeong1*, Ki-Mun Nam2 and Kyung-Nam Han3
1

Institute of Maritime & Fisheries, Inha University, Incheon 22212, Korea; G

2

Pukyong Marine Life Research Institute, Sacheon 52540, Korea; G

3

Department of Ocean Science, Inha University, Incheon 22212, Korea; G

PF-4
Morphological description of Urocampus nanus (Gasterosteiformes: Syngnathidae)
larvae
Jae Hwan Lee and Jin-Koo Kim*
Department of Marine Biology, Pukyong National University, Busan, 48513, Republic of Korea
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PF-5
Early life history of Scyliorhinus torazame (Scyliorhinidae, Chondrichthyes)
in Korean waters
Min-Soo Kim and Jin-Koo Kim*
Department of Marine Biology, Pukyong National University, Busan, 48513, Republic of Korea

PF-6
Color variation of tiger puffer, Takifugu rubripes (Temminck & Schlegel, 1850)
in Korean waters
Jin Seok Kim1, Eun Mi Kim2, Jung Yeon Park2, Jung-Ha Kang3, Jae Koo Noh2, Yeon Jung Park2 and
Jin-Koo Kim1*
1

Department of Marine Biology, Pukyong National University, Busan 48513, Korea

2

Biotechnology Research Division, National Institute of Fisheries Science, Busan 46083, Korea

3

Research and Development Planning Division, National Institute of Fisheries Science, Busan 46083, Korea

PF-7
A juvenile Stereolepis doederleini (Polyprionidae) from a tidal pool at Jeju Island,
Korea
Hyuck Joon Kwun1*,Jinsoon Park2, Hye Seon Kim1, Ju-Hee Kim1 and Hyo-Seon Park1
1

National Marine Biodiversity Institute of Korea, Seocheon-gun, Korea

2

Korea Maritime and Ocean University, Busan, Korea

PF-8
Food and feeding habits of three larval gobies occurred in late spring and summer in
Nakdong River estuary of Korea
Hee Chan Choi1*, Sung-Hoi Huh2, Joo Myun Park3 and Jung Hyun Cho1
1

Fisheries Resources and Environment Division, East Sea Fisheries Research Institute, Gangneung, Korea

2

Department of Oceanography, Pukyong National University, Busan, Korea

3

Department of Marine Bioscience, Gangneung-Wonju National University, Gangneung, Korea
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PF-9
Variation of Fish Community by Reduced the Amount of Water in
Cheonggye Stream, Korea
Hwa Keun Byeon
Seowon University, Cheongju, Korea

PF-10
Species Composition of Fishes in Eelgrass Bed of Yeonpo coast on Taean, Korea
Eui Min Baek, Jun Hyoung Lee and Yoon Choi*
Department of Fisheries Science, Kunsan National University, Korea

PF-11
Species Composition and Seasonal Variation of Shallow Water Fishes
in Gomso Bay
Jun Hyoung Lee, Mu Seong Kim, Do Yeon Kim, Min Jeong Kim and Yoon Choi*
Department of Fisheries Science, Kunsan National University, Korea

PF-12
A taxonomic review of the genus Hemiculter in Korea(Cypriniformes: Cyprinidae)
Hyun-Geun Cho1*, Byung-Jik Kim2, Chang-Rae Lee1, Youn Choi3
1

Marine Research Center, National Park Research Institute, Korea

2

Biological and Genetic Resources Utilization Division, National Institute of Biological Resources, Korea

3

Department of Marine Biotechnology, Kunsan National University, Korea

PF-13
Morphology and distribution of Acheilonathus somjinensis
Minki Oh1*, Heungheon Lee2 and Seabom Jeon1,3
1

Saebom Institute of Ecology; Environment and Ecology Research Cooprative;

2

3

HACCP Research Center, Chonbuk National University
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PF-14
Seasonal changes in the sperm motility of Korean bullhead
(Pseudobagrus fulvidraco)
Yun Jeong Cho1, Seo Jun Choi1 and Jong Young Park1
1

Department of Biological Science and Institute for biodiversity, College of Natural sciences,

Chonbuk National University, Jeollabuk-do, Korea

PF-15
The mitochondria-rich cell of the olfactory organ in Korean blue spotted mudskipper
Boleophthalmus pectinirostris
Hyun-Tae Kim*, Yong-Joo Lee1 and Jong-Young Park
Department of Biological Sciences, College of Natural Sciences, and Institute for Biodiversity Research, Chonbuk
National University, Jeonju 561-756, Korea; 1Jeonju National University of Education, Jeonju 560-757, Korea

PF-16
Comparative study of sperm motility in Cobitis hankugensis – Iksookimia longicorpa
hybrid with their parental species
Seung-Woon YUN, Jong-Young PARK
Department of biological science, College of natural sciences, Chonbuk National University, Jeollabuk-do, Korea

PF-17
Early life history of Carassius cuvieri Introducted species
in the main stream of the Nakdong River
Jae Min Park*, Hu Sun Yim, Doo Cheur Kim, Dong Geon Lee, Jun Hyeok Son and Kyeong Ho Han1
Gyeongsangbuk-do Native Fish Business Center, Uiseong, Korea
1

Marine Technology Undergraduate, Chonnam National University, Yeosu, Korea

PF-18
The Eggs Development process and Morphological Development of the Larvae in
the Korean Paradise goby, Rhinogobius giurinus
Jae Min Park*, Hye In Jo, Hyo Sang Nam, Doo Cheur Kim, Dong Geon Lee,
Jun Hyeok Son and Kyeong Ho Han1
Gyeongsangbuk-do Native Fish Business Center, Uiseong, Korea
1

Marine Technology Undergraduate, Chonnam National University, Yeosu, Korea
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PF-19
Distribution Aspect and Extinction Threat Evaluation of the Endangered Species,
Cottus hangiongensis (Pisces: Cottidae) in Korea
Myeong-Hun Ko1*, Mee-Sook Han1 and Sun-Man Kwan2
1

Division of Ecoscience, EwhaWomans University, Seoul, Korea

2

National Institute of Biological Resources, Incheon, Korea

PF-20
Population Genetic Structure of the Korean Endemic Species, Cobitis hankugensis

(Pisces: Cobitidae) using cytochrome b
Ra-yeon Myung1*, Hyo-jin Kim2, Myeong-hun Ko3, and Yong-jin Won4
1, 2, 3, 4

Division of EcoScience, Ewha Womans University, Seoul, 120-750, Korea

PF-21
Species composition and seasonal variation of fish larvae caught by ring net
(Ø 160 cm) in Korean waters
Seo Ha Jang1, Eun Hye Koh1, Jeong-Ho Park1, GyungRyul Kim1, Dae-Hyeon Kwon1, Yeonghye Kim1,
Jin-Koo Kim2
1

Fisheries Resource Research Division, National Institute of Fisheries Science, Busan, Korea

2

Department of Marine Biology, Pukyong National University, Busan, Korea

PF-22
Impacts of comprehensive large-scale weir construction on fish community structure
in a large river ecosystem (Nakdong River, South Korea).
Hyunbin Jo1, Wan-Ok Lee1, Dong-Kyun Kim1, Kiyun Park1, Gea-Jae Joo2 and Ihn-Sil Kwak1*
1

Fisheries Science Institute, Chonnam National University, 59626 Yeosu, Korea

2

Department of Integrated Biological Science, Pusan National University, 46241 Busan, Korea
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PF-23
Application of Self-Organizing Map to characterization of fish communities in
Seomjin River, Korea
Dong-Kyun Kim1, Wan-Ok Lee1, Hyunbin Jo1, Kiyun Park1, Ihn-Sil Kwak1*
1

Fisheries Science Institute, Chonnam National University, Yeosu, Korea

PF-24
Diet shift during the ontogenesis of the largemouth bass Micropterus salmoides
(Lacepede, 1802) in the Nakdong River and Upo Wetlands, South Korea.
Hyunbin Jo1, Wan-Ok Lee1, Dong-Kyun Kim1, Kiyun Park1, Gea-Jae Joo2 and Ihn-Sil Kwak1*
1

Fisheries Science Institute, Chonnam National University, 59626 Yeosu, Korea

2

Department of Integrated Biological Science, Pusan National University, 46241 Busan, Korea

PF-25
Biological characteristics of pond smelt, Hypomesus nipponensis in Daecheong and
Hwacheon lakes, Korea
Sunhwa Song, Ari Shin, Heewon Park, Hyoung-Joo Jeon and Mi-Young Song*
Inland Fisheries Research Institute, National Institute of Fisheries Science, Gapyeong, Korea

PF-26
Estimation of Water quality and Trophic States in the Namyang Lake
Hyoung-Joo Jeon1*, Jong-gun Shin1, Jong-sung Ji1, Wan-Ok Lee2
1

Inland Fisheries Research Institute, NFRDI, Korea

2

The Fisheries Science Institute, Chonnam national university, Yeosu, Korea

PF-27
Growth and survival rate of juvenile Rhynchocypris kumgangensis at different water
temperature
Dae-hee Kim*, Jae-Hwang Cho, Myung-mo Nam, Si-woo Lee and Hyung-Kyu Hwang
*Inland Fisheries research Institute, NIFS, Gapyeong-gun, Korea
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PF-28
Growth and body color of Rhynchocypris kumgangensis with fed different type
Jae-Hwang Cho*, Myung-mo Nam, Dae-hee Kim, Si-woo Lee and Hyung-Kyu Hwang
*Inland Fisheries research Institute, NIFS, Gapyeong-gun, Korea

PF-29
Characteristics in the species composition and annual change of set-net catches in
the coastal waters off Tongyoung, Korea
Jung-Hyun Heo, Seong Yong Moon*, Junsu Park, Joon-Taek Yoo,
Jung Hwa Choi, Jung Nyun Kim and Yang Jae Im
Fisheries Resources Research Center, National Fisheries Institute of Fisheries Science, Korea

PF-30
Effect of nitrogenous compounds on Acute Toxicity and Survival in the Catfish
(Silurus asotus)
Na Na Kim, Heoungsu Kim, Joo-Yong Lee, Jun Seong Park, Young-Sik Lee and Jeong-Ho Lee*
Inland Aquaculture Research Center, National Institute of Fisheries Science, Changwon 51688, Korea

PF-31
The Effect of pH on the Acute Toxicity of Ammonia and Nitrite in the Juveniles Israeli
Carp (Cyprinus carpio), raised in BFT system
Na Na Kim, Hyeongsu Kim, Joo-Yong Lee, Jun Seong Park, Jun-Young Song and Jeong-Ho Lee *
Inland Aquaculture Research Center, National Institute of Fisheries Science, Changwon 51688, Korea

PF-32
Effect of Biofloc system on growth and water quality in Korean bullhead
(Pseudobagrus fulvidraco)
Hyeongsu Kim1, Wongwan Jeong, Jongsung Park, Na Na Kim and Jeong-Ho Lee*
Inland Aquaculture Research Center, National Institute of Fisheries Science, Changwon 51688, Korea
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PF-33
Growth characteristics of juvenile Pungitius sinensis with fed different type
Chan-woo Kim*, Si-woo Lee, Myung-mo Nam, Dae-hee Kim, Ba-ro Kim,
Young-Sim Han, Hyung-Kyu Hwang
*Inland Fisheries research Institute, NIFS, Gapyeong-gun, 12451, Korea

PF-34
Regional Growth and Hematological characteristic of Rainbow trout (Oncorhynchus
mykiss)
Chan-Woo Kim, Si-Woo Lee*, Dae-Hee Kim, Myung-Mo Nam, Ba-Ro Kim,
Hyung-Kyu Hwang
Inland fisheries research institute, NIFS, Gapyeong-gun, Korea
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ඟ Fish Diseases (PD-1 ~ PD-65)
PD-1
Characteristics of Streptococcus and Edwardsiella spp. isolated from olive flounder
in Jeju Island in summer 2018
Bong Jo Kang*, Yeong Hwan Jang, Eun Ho Yoo, Kyeong Wook Kim and Ji Hak Oh
Jeju Special Self-Governing Province, Ocean and Fisheries Research Institute, Jeju, Korea

PD-2
Introduction of infectious hematopoietic necrosis virus (IHNV) from land-based
freshwater-culture system to marine-culture system by contaminated salmonid fish
in Korea
Kyoung Hui Kong*, Myung Joo Oh and Wi Sik Kim
Department of Aqualife Medicine, Chonnam National University, Yeosu 59626, Republic of Korea

PD-3
Acquired resistance against VHSV infection in live VHSV immersed olive flounder
at 17°C
Soo-Jin Kim*, Jae-Ok Kim, Syed Shariq Nazir Qadiri, Rahul Krishnan and Myung-Joo Oh
Department of Aqualife Medicine, Chonnam National University, Yeosu, 550-749, Republic of Korea

PD-4
Investigation of nervous necrosis virus (NNV) replication status using double labeling
RNA in situ hybridization method
Jae-Ok Kim*, Soo-Jin Kim, Rahul Krishnan, Syed Shariq Nazir Qadiri and Myung-Joo Oh
Department of Aqualife Medicine, Chonnam National University, Yeosu, Republic of Korea
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PD-5
Investigation of reportable communicable disease for aquatic organisms in Nakdong
and Youngsan river
Jin Hui Kim1*, Seoung Hee Mun1, Hyeon Ji Oh1, Min Soo Sohn1, Seong Don Hwang2, Jun-Young
Song3 and Joon Yeong Kwon1
1

Dept. of Aquatic Life Medical Sciences, Sunmoon University, Asan 31460, Korea

2

Aquatic Disease Control Division, National Institute of Fisheries Sciences, Busan 46083, Korea

3

Inland Aquaculture Research Center, National Institute of Fisheries Sciences, Busan 51688, Korea

PD-6
Comparative transcriptome analysis of the 2 sibling anisakid nematode species,
Anisakis simplex and Anisakis pegreffii third stage larvae
U-Hwa Nam1,2*, Jong-Oh Kim3, Jun-Hyung Park4,$ and Jeong-Ho Kim1
1

Dept. of Marine Bioscience, Gangneung-Wonju National University, Gangneung, Korea

2

The East Coast Research Institute of Life Science, Gangneung-Wonju National University, Gangneung, Korea

3

Institute of Marine Biotechnology, Pukyoung National University, Busan, Korea

4

Theragen ETEX Bio Institute, Theragen Etex Inc., Suwon, Korea

$

3 bigs, Hwaseong, Korea

PD-7
Effect of bio-silica additive diets on physiological response of
olive flounder (Paralichthys olivaceus)
Yun Hye Noh1*, Ki-hyuk Kim1, Hye-na Moon1 and In-Kyu Yeo1,2
1

Department of Marine Life Science, Jeju National University, Korea

2

Marine Science Institute, Jeju National University, Korea

PD-8
Description of Lysobacter sp. nov., isolated from marine starfish Certonardoa
semiregularis
So-Hyun Park*, Ji Hyun Kim, Kyung Mi Moon, Yonug Soo Ryu, Won Sun Choi and Moon Soo Heo
Department of Marine Life Science, Jeju National University, Korea
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PD-9
Detection of Koi herpesvirus (KHV) from crucian carp in
a domestic natural water system
Jeong Su Park 1*, Sang Woo Jeon1, Young hun Ju1, Bo Young Jee2, Jeong Ho Lee3
and Joon Yeong Kwon1
1

Dept. of Aquatic Life Medical Sciences, Sunmoon University, Asan 31460, Korea

2

Aquatic Disease Control Division, National Institute of Fisheries Sciences, Busan 46083, Korea

3

Inland Aquaculture Research Center, National Institute of Fisheries Sciences, Busan 51688, Korea

PD-10
Anti-scuticociliates effect of fish complements
Seok Jin Bang*, Tae Yoon Kang, In Sung Kang, Su Min Lee, Sang Mok Jung, Jae Hyeok Choi,
Kwan Ha Park and Sang Hoon Choi
Department of Aquatic Life Medicine, Kunsan National University, Kunsan, 558-8, Korea

PD-11
Vibrio species isolated from Asian hard clam (Meretrix lusoria) larvae
Hyun-Joon Seo1*, Si-Yeong Lee1, O-Nam Kwon2 and Jeong-Ho Kim1,3
1

Department of Marine Bioscience, Gangneung-Wonju National University, Gangneung, Korea

2

GABI Co. Ltd., Gangneung, Korea

3

The East Coast Research Institute of Life Science, Gangneung-Wonju National University, Gangneung, Korea

PD-12
Monitoring survey focused on Vibrio species throughout olive flounder Paralichthys
olivaceus farms in Jeju, South Korea
Hanchang Sohn1,2*, Jeongeun Kim1, Changnam Jin2 and Jehee Lee1, 2
1

Department of Marine Life Sciences, Jeju National University, Jeju Self-Governing Province 63243, Republic of

Korea
2

Fish Vaccine Research Center, Jeju National University, Jeju Self-Governing Province 63243, Republic of Korea
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PD-13
The influence of water temperature variations on bacterial protecting effect in the
olive flounder (Paralichthys olivaceus), immunized with formalin killed Streptococcus
parauberius vaccine
Min-Soon Choi*
Dep. of Aquatic Life medicine Kunsan National University, Kunsan, 573-400, Korea

PD-14
Identification and characterization of a novel reflectin in Octopus minor
Ilson Whang*
Department of Genetic Resources Research, National Marine Biodiversity Institute of Korea (MABIK), Janghangeup, Seochun-gun, Chungchungnam-do, 33662, South Korea

PD-15
Cathepsin D from So-iny mullet (Planiliza haematocheila); characterization and
innate immune responses
D.S. Liyanage*, W.K.M. Omeka and Jehee Lee
Department of Marine Life Sciences & Fish Vaccine Research Center, Jeju National University, Jeju Self
Governing Province 63243, Republic of Korea

PD-16
Moderate expression of viperin against different immune challenges in
rock fish (Sebastes schlegelii)
K.A.S.N Shanaka*, Thanthrige Thiunuwan Priyathilaka and Jehee Lee
Department of Marine Life Sciences & Fish Vaccine Research Center, Jeju National University, Jeju SelfGoverning Province, Republic of Korea
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PD-17
Expression profile under immune stresses of big belly seahorse (Hippocampus
abdominalis) interleukin- 10 and its anti-inflammatory capacities on LPS stimulatedmacrophage RAW 264.7
M.D.Neranjan Tharuka* and Jehee Lee
Department of Marine Life Sciences & Fish Vaccine Research Center, Jeju National University, Jeju SelfGoverning Province, Republic of Korea

PD-18
Insights into the anti-inflammatory potential and associated molecular mechanisms
of macrophage migration inhibitory factor from Sebastes schlegelii
N. C. N. Perera*, G.I. Godahewa, and Jehee Lee
Department of Marine Life Sciences, School of Marine Biomedical Sciences, Jeju National University, Jeju SelfGoverning Province 690-756, Republic of Korea

PD-19
Bactericidal activity and non-specific immune responses of mixture of Pedicoccus sp.
PKS and hot water extract of Glycyrrhiza uralensis fischer in Paralchthys olivaceus
Kyung-Mi Moon*, So-Hyun Park, Ji-Hyun Kim, Young-Soo Ry, Won-Sun Choi and Moon-Soo Heo
Major of Aquatic Life Medicine, Faculty of Marine Biomedical Sciences, Jeju National University, Jeju 690-756,
Korea

PD-20
Cloning of secretory and membrane-bound IgM
in rock bream (Oplegnathus fasciatus)
Jinhwan Park* and Suhee Hong
Department of Wellness Bio-Industrial, Gangneung Wonju National University, South Korea
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PD-21
Effects of probiotic microorganisms on water quality, growth and innate immunity of
Pacific whiteleg shrimp Litopenaeus vannamei
Jun Sung Bae1*, Ji-Hoon Lee1, Jun Ho Choi1, Jung-Jin Park1, Chae Won Lee1, Eun Jin kim1,
Eun Ha Jeoung1, Young Hee Kim2 and Kwan Ha Park1
1

Department of Aquatic Life Medicine, Kunsan National University

2

R & D Center, Cheil-Bio Co., 452-1 Moknae-dong, Danwon-gu, Ansan-si, Gyeonggi-do, Korea

PD-22
Effect of bacterial RNA on the innate immunity of olive flounder (Paralichthys
olivaceus)
Su Yeon Baek* and Ki Hong Kim
Department of Aquatic Life Medicine, Pukyong National University, Busan, Korea

PD-23
Characterization and relative mRNA expression of chemokine CCL10 from red lip
mullet (Liza haematocheilus)
Hyerim Yang1,2*, Hyukjae Kwon1,2 and Jehee Lee1,2
1

Department of Marine Life Sciences & Fish Vaccine Research Center, Jeju National University, Jeju Self-

Governing Province 63243, Republic of Korea
2

Fish Vaccine Research Center, Jeju National University, Jeju Special Self-Governing Province 63243, Republic

of Korea

PD-24
Isolation and characterization of thrombospondins (TSPs)
from chum salmon (Oncorhynchus keta)
Sang Yoon Lee*, Min Jeung Jang, Min Jae Bang, Soo Hwan Kim and Yi Kyung Kim
Department of Marine Biotechnology, Gangneung-Wonju National University, Gangneung, Korea
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PD-25
Protective effect of DNA vaccines against scuticociliatosis
in olive flounder (Paralichthys olivaceus)
Hyun Ju Lim* and Ki Hong Kim
Department of Aquatic Life Medicine, Pukyong National University, Busan, Korea

PD-26
An enzyme-linked immunosorbent assay (ELISA) for detection of olive flounder
antibodies to viral hemorrhagic septicemia virus (VHSV) using two Novirhabdovirus
antigens
Min-Seok Jang*, Myung-Joo Oh and Wi-Sik Kim
Department of Aqualife Medicine, Chonnam National University, Yeosu 59626, Republic of Korea

PD-27
Establishment of specific antibodies against viral hemorrhagic septicemia virus in
infected olive flounder (Paralichthys olivaceus) diagnostic method using enzymelinked immunosorbent assay
Jin Hyeon Jang*, Jee Youn Hwang, Dong jun Kim, Tae hyeong Kim, Mun Gyeong Kwon, Jung Soo
Seo, Seong Don Hwang and Bo-Young Jee
Aquatic Disease Control Division, National Institute of Fisheries Science (NIFS), 216 Gijanghaean-Ro, Gijang-up,
Gijang-Gun, Busan 46083, Korea

PD-28
DNA vaccine encoding myristoylated membrane protein (MMP) of rock bream
iridovirus (RBIV) induces protective immunity in rock bream (Oplegnathus fasciatus)
Myung-Hwa Jung* and Sung-Ju Jung
Department of Aqualife Medicine, Chonnam National University, Chonnam 550-749 Republic of Korea
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PD-29
Effect of a medicinal herb extract composed of
Artemisia iwayomogi and Angelica gigas in olive flounder
Jun Ho Choi*, Ji-Hoon Lee, Jung Jin Park, Ga Won Kim, Min Sun Lee, Jun Sung Bae,
Kwan Ha Park
Department of Aquatic Life Medicine, Kunsan National University

PD-30
Temperature-dependent immune response of olive flounder (Paralichthys olivaceus)
infected with viral hemorrhagic septicemia virus (VHSV)
Jee Youn Hwang1*, Jin Hyeon Jang1, Mun Gyeoung Kwon1, Jung soo Seo1, Seong Don Hwang1,
Kesavan Markkandan2 and Bo-young Jee1
1

Aquatic Disease Control Division, National Institute of Fisheries Science (NIFS), 216 Gijanghaean-Ro,

Gijang-up, Gijang-Gun, Busan 46083
2

TheragenETEX Bio Institute, TheragenETEX Inc., Suwon 16229, Republic of Korea

PD-31
Molecular insights of glutathione S-Transferase alpha in mullet Liza haemotocheila
D.M.K.P. Sirisena*, G.I. Godahewa, N.C.N. Perera and Jehee Lee
Department of Marine Life Sciences & Fish Vaccine Research Center, Jeju National University, Jeju 63243,
Republic of Korea

PD-32
Molecular profiling, transcriptional analysis and functional insight of collagen
containing C-type lectins, in red lip mullet (Liza haematocheila)
Nimod Dilushan Janson1,2*, Thanthrige Thiunuwan Priyathilaka1,2, Su-Mi Jung1,2, Rajamanthrilage
Kasun Madusanka1,2 and Jehee Lee1,2
1

Department of Marine Life Sciences & Fish Vaccine Research Center, Jeju National University, Jeju Self-

Governing Province 63243, Rea public of Korea
2

Marine Science Institute, Jeju National University, Jeju Self-Governing Province 63333, Republic of Korea
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PD-33
Occurrence of anisakid nematodes in walleye pollock (Gadus chalcogrammus)
caught off the East Sea of Korea: their molecular identification and biological
implication
Septianto Wikan Nurhidayat1*, U-Hwa Nam1,2 and Jeong-Ho Kim1
1

Department of Marine Bioscience, College of Life Science, Gangneung-Wonju National University,

Gangneung, Korea
2

The East Coast Research Institute of Life Science, Gangneung-Wonju National University, Gangneung, Korea

PD-34
Molecular characterization, transcriptional analysis of interleukin-11 (IL-11)
orthologue from led lip mullet Liza haematocheila
T. D. W, Kasthuriarachchi1,2*, R. K. Madhusanka1,2, G. I. Godahewa1,2,Qiang Wan1 and Jehee Lee1,2.
1

Department of Marine Life Sciences, School of Marine Biomedical Sciences, Jeju National University, Jeju Self-

Governing Province 63243, Republic of Korea
2

Fish Vaccine Research Center, Jeju National University, Jeju Self-Governing Province 63243, Republic of Korea

PD-35
Molecular and transcriptional insight into glutaredoxin 1 from big belly seahorse
(Hippocampus abdominalis)
W.K.M. Omeka*, D.S. Liyanage, and Jehee Lee
Department of Marine Life Sciences, Fish Vaccine Research Center Jeju National University,
Jeju Self Governing Province 690-756, Republic of Korea

PD-36
Molecular characterization of Cu/Zn superoxide dismutase from mullet (Liza
haematocheila) and expression analysis upon immune stress
W.M.Gayashani Sandamalika*, Thanthrige Thiunuwan Priyathilaka, Jehee Lee
Department of Marine Life Sciences & Fish Vaccine Research Center, Jeju National University, Jeju SelfGoverning Province, Republic of Korea
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PD-37
Functional characterization of Kazal type protease inhibitor from Hippocampus
abdominalis: molecular insight into hepatic immune defense mechanism
Hyukjae Kwon*, Hyerim Yang, Seungdo Lee and Jehee Lee
Department of Marine Life Sciences & Fish Vaccine Research Center Jeju National University Jeju SelfGoverning Province 63243, Republic of Korea

PD-38
Localization of nervous necrosis virus (NNV) in brain tissue of sevenband grouper
(Hyporthodus septemfasciatus) using RNA in situ hybridization method
Jae-Ok Kim*, Soo-Jin Kim, Rahul Krishnan, Syed Shariq Nazir Qadiri and Myung-Joo Oh
Department of Aqualife Medicine, Chonnam National University, Yeosu, Republic of Korea

PD-39
Molecular identification and phylogeny of Aliivibrio species on the basis of
Multilocus Sequence Analysis
U-Hwa Nam1,2*, Mi-Ri Kim1, Joo-Young Seo3, O-Nam Kwon4 and Jeong-Ho Kim1,2
1

Department of Marine Bioscience, Gangneung-Wonju National University, Gangneung, Korea

2

The East Coast Research Institute of Life Science, Gangneung-Wonju National University, Gangneung, Korea

3

Gangwon cold sea Fisheries Resources Center, Goseong, Korea

4

GABI Co. Ltd., Gangneung, Korea

PD-40
Molecular characterization and expression analysis of peptidoglycan-recognition
protein SC2 from rockfish (Sebastes schlegelii)
Chaehyeon Lim*, Seongdo Lee, Thanthrige Thiunuwan Priyathilaka, Minyoung Oh, Sukkyoung Lee
and Jehee Lee
Department of Marine Life Science, Jeju National University, Jeju special Self-Goverming province 63243,
Republic of Korea
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PD-41
Analysis of genetic diversity, population structure, parentage and genetic breeding of
Haliotis spp. using microsatellite markers in South Korea
G. I. Godahewa1,2*, N. C. N. Perera1,2, Sukkyoung Lee1,2 and Jehee Lee1,2
1

Department of Marine Life Sciences, School of Marine Biomedical Sciences, Jeju National University, Jeju Self-

Governing Province 63243, Republic of Korea
2

Fish Vaccine Research Center, Jeju National University, Jeju Self-Governing Province 63243, Republic of Korea

PD-42
Microcarrier-based fish cell culture system for mass production of megalocytivirus
Woo-Ju Kwon*, Joon-Gyu Min and Hyun-Do Jeong
Department of Aquatic Life Medicine, Pukyong National University

PD-43
Detection of the Vibrio genus and ten Vibrio species by multiplex PCR developed
using the housekeeping genes
Kwang Il Kim*, Myoung Sug Kim, Kyoung Mi Won, Hyun Ja Han, Eun Young Min, Na Young Kim,
Mi Young Cho and Sung Hee Jung
Pathology Research Division, National Institute of Fisheries Science, Busan, Republic of Korea

PD-44
Comparisons of major capsid protein (MCP) and DNA polymerase (DPOL) gene
sequence of megalocytiviruses from diseased fishes in marine aquaculture in Korea
Young Chul Kim*, Hae Ryeon Jeon, Won Joo Chun, Da won Lee, Jee Youn Hwang,
Jung Soo Seo, Moon-Gyeong Kwon, Bo Young Jee and Seong Don Hwang
Aquatic Disease Control Division, National Institute of Fisheries Science, Busan, Korea

PD-45
Suppression of HIF-1Į gene expression level in Epithelioma papulosum cyprini cells
using a CRISPR interference vector system
Minjun Shin* and Ki Hong Kim
Division of Fisheries Science, Pukyong National University, Busan, Korea
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PD-46
Construction of chimeric recombinant SHRV and VHSV expressing heterologous
glycoproteins
Kyung Min Lee* and Ki Hong Kim
Department of Aquatic Life Medicine, Pukyong National University, Busan 48513, South Korea

PD-47
De-novo transcriptome sequencing and analysis of a freshwater snail
(Semisulcospira coreana) and identification of gene expression profiles fed with
Chlorella powder supplement
Sang Yoon Lee*, Sang-Min Lee, Hwa Jin Lee, Yi Kyung Kim
Department of Marine Biotechnology, Gangneung-Wonju National University, Gangneung, Korea

PD-48
Whole genome sequence of acute hepatopancreatic necrosis (AHPND)
isolated from Korea
Seong Don Hwang1*, Jee Youn Hwang1, Byeong Chul Kang2, Hae Ryeon Jeon1, Won Joo Chun1, Da
won Lee1, Sae bom Sohn3, Su Mi Kim4, Seok Ryel Kim5, Kyoo Yeol Lee2, Myung Hee Jung2, Jung
Soo Seo1, Mun-Gyeong Kwon1 and Bo Young Jee1
1

Aquatic Disease Control Division, National Institute of Fisheries Science, Busan, Korea

2

InSilicogen, Yongin, Korea

3

Aquaculture Industry Division, East Sea Fisheries Research Institute, Gangneung, Korea

4

Aquaculture Industry Division, West Sea Fisheries Research Institute, Inchon, Korea

5

Southeast Sea Fisheries Research Institute, Tongyoung, Korea

PD-49
Identification and evaluation of reference genes for expression studies by RT-PCR
during embryonic development of Octopus minor
Ilson Whang1*, Yucheol Kim1, Yong-Hee Han2, Kyoung-Bin Ryu2 and Sung-Jin Cho2
1

Department of Genetic Resources Research, National Marine Biodiversity Institute of Korea (MABIK),

Janghang-eup, Seochun-gun, Chungchungnam-do, 33662, South Korea
2

School of Biological Sciences, College of Natural Sciences, Chungbuk National University, Cheongju,

Chungbuk 28644, Republic of Korea
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PD-50
Increased nitric oxide concentration in failure to thrive (FTT) spats of Manila clam
Ruditapes philippinarum when exposed to a pro-inflammatory drug
Seung Hyeon Kim* and Kyung Il Park
Major of Aquatic Life Medicine, College of Ocean Science and Technology, Kunsan National University, Gunsan
54150, Republic of Korea

PD-51
The pharmacokinetic characterization of erythromycin thiocynate in cultured olive
flounder by single intramuscular administration
Jung Soo Seo*, Sung-Hee Jung, Bo-Young Jee and Mun-Gyeong Kwon
National Institute of Fisheries Science

PD-52
Acute toxicity of TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin)
on survival rate and histological change of Carassius auratus
So Ryung Shin1*, Hyeon Jin Kim1, Jung Jun Park2 and Jung Sick Lee1
1

Department of Aqualife Medicine, Chonnam National University, Yeosu, Korea

2

Division of Aquaculture Management, National Institute of Fisheries Science (NIFS), Busan, Korea

PD-53
Detection of virulence factors and characterization of antimicrobial resistance of
Vibrio parahaemolyticus isolated from commercial fisheries products
Ye-Ji Lee*, Gil-Hyeon Chung, Hyun-A Park, Ji-Hyeok Kim and Eunheui Kim
Department of Aqualife Medicine, Chonnam National University

PD-54
Antimicrobial resistance and histamine production of Morganella morganii isolated
from commercial fisheries products
Ye-Ji Lee*, Gil-Hyeon Chung, Hyun-A Park, Ji-Hyeok Kim and Eunheui Kim
Department of Aqualife Medicine, Chonnam National University
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PD-55
Differential expression of cytochrome P450 1A in eel, Anguilla japonica
Eun-Ji Jeon*, Na-Young Kim, Myoung-Sug Kim, Mi-Young Joe and Sung-Hee Jung
Pathology Research Division, National Institute of Fisheries Science (NIFS), Busan 46083, Korea

PD-56
Combined effects of antibiotics and sesquiterpene lactones from
bay leaf (Laurus nobilis L.) on fish pathogenic bacteria
Ji Seok Choi1*, Ayman Turk2, Jae-Woong Lim1, Mi Kyeong Lee2, Do-Hyung Kim3 and So Young
Kang1
1

Department of Aqualife Medicine, Chonnam National University, Yeosu, 59626, Republic of Korea

2

College of Pharmacy, Chungbuk National University, Cheongju, 28160, Republic of Korea

3

Department of Aquatic Life Medicine, Pukyong National University, Busan, 48513, Republic of Korea

PD-57
Establishment and characterization of a new cell line derived from the fin
of olive flounder (Paralichthys olivaceus)
Hee Jae Choi1*, In Yeub Kim1, Jong Seong Lee1, Ji Hoon Lee2, Kwan Ha Park 2 and Yue Jai Kang1
1

Department of Aquatic Life Medical Sciences, Sunmoon University

2

Department of Aquatic Life Medicine, Kunsan National University

PD-58
Comparison of three inoculation routes of artificial infection of Streptococcus
parauberis in the olive flounder Paralichthys olivaceus

Hyun-Ja Han*, Nam-Sil Lee, Hye-Jin Chun, Tae Ho Kim, Kwang Il Kim, Mi Young Cho
and Sung-Hee Jung
Pathology Research Division, National Institute of Fisheries Science, Busan, Korea
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PD-59
Immunomodulatory effects of Spirulina (Spirulina maxima) pectin nanoparticles
supplemented diet in zebrafish (Danio rerio) against Aeromonas hydrophila
S.L.Edirisinghe1, S.H.S. Dananjaya1, H.P.S.U. Chandrarathna1, Chulhong Oh1,3, Kyoungah Lee1,3,
Do-Hyung Kang1,3 and Mahanama De Zoysa1*
1

College of Veterinary Medicine, Chungnam National University, Daejeon 34134

2

Korea Institute of Ocean Science and Technology, Jeju Special Self-Governing Province 63349

3

Department of Marine Biology (KIOST Campus), University of Science and Technology (UST), Jeju Special Self-

Governing Province 63349

PD-60
Disease resistance of zebrafish larvae against Edwardsiella piscicida upon
exposure of Spirulina (Spirulina maxima) pectin nanoparticles
S.L.Edirisinghe1, S.H.S. Dananjaya1, Kyoungah Lee2, Do-Hyung Kang2 and Mahanama De Zoysa1*,
1

College of Veterinary Medicine, Chungnam National University, Yuseongu 34134, Daejeon,

2

Korea Institute of Ocean Science and Technology, Jeju Special Self-Governing Province 63349

PD-61
Encapsulation and characterization of miRNA-24 mimics
loaded chitosan nanoparticles
S.H.S. Dananjaya and Mahanama De Zoysa
College of Veterinary Medicine, Chungnam National University, Yuseong-gu 34134, Daejeon

PD-62
Spatiotemporal localization of viral hemorrhagic septicemia virus (VHSV) using RNAISH assay in an in-vitro model
Syed Shariq Nazir Qadiri*, Soo-Jin Kim, Rahul Krishnan, Jae-Ok Kim, Wi-Sik Kim and Myung-Joo Oh
Department of Aqualife Medicine, College of Fisheries and Ocean Science,
Chonnam National University, Yeosu 550-749,

Republic of Korea
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PD-63
Immunocytochemical detection of viral hemorrhagic septicemia virus (VHSV) in
infected FHM cells
Syed Shariq Nazir Qadiri*, Soo-Jin Kim, Rahul Krishnan, Jae-Ok Kim, Wi-Sik Kim and Myung-Joo Oh
Department of Aqualife Medicine, College of Fisheries and Ocean Science,
Chonnam National University, Yeosu 550-749, Republic of Korea

PD-64
Evaluation of candidate reference genes for quantitative expression studies in seven
band grouper (Hyporthodus septemfasciatus) tissues following nervous necrosis
virus infection
Rahul Krishnan1*, Jong-Oh Kim2, Jae-Ok Kim1, Syed Shariq Nazir Qadiri1, Soo-Jin Kim1
and Myung-Joo Oh1
1

Department of Aqualife Medicine, Chonnam National University, Yeosu, Republic of Korea

2

Institiute of Marine Biotechnology, Pukyong National University, Busan, Republic of Korea

PD-65
Characterization of nectin-4; A potential cell adhesion molecule for pathogenesis of
nervous necrosis virus in seven-band grouper
Rahul Krishnan1*, Jong-Oh Kim2, Jae-Ok Kim1, Syed Shariq Nazir Qadiri1, Soo-Jin Kim1
and Myung-Joo Oh1
1

Department of Aqualife Medicine, Chonnam National University, Yeosu, Republic of Korea

2

Institiute of Marine Biotechnology, Pukyong National University, Busan, Republic of Korea
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ඟ Fisheries and Ocean Technology (PT-1 ~ PT-24)
PT-1
Measures to improve fishing systems used in offshore pot (Conger eel) fishery
Young-Su An 1, Young-su Back 2, Song-han Jin 2, Choong-Sik Jang1*, Youn-Hyoung Cho1 and
Bo-Yeon Kim1
1

Institute of Marine Industry, College of Marine Science, Gyeongsang National University

2

Green-ship research division, Research institute of medium&smail shipbuilding

PT-2
Retention probability comparison between diamond mesh codend and T90 codend in
the towed trawl gear
Pyungkwan Kim*, Chang-Doo Park and In-Ok Kim
Fisheries Engineering Research Division, National Institute of Fisheries Science, Busan, Korea

G
PT-3
A study on the attachment position and optimal quantity of fishing gear automatic
identification buoys
Suk-Jong Kim 1*, Nam-Hee Heo1, Kyoung-Bum Kang2 ,Keun-Hyoung-Kim1, Jong-Bum Kim3,
Myung-Sung Koo4 and Byuong-Yeob Kim1
Jeju National University, Jeju, Korea

1
2

JEONG ANSWER consulting, seoul, Korea

3

Korea Fisheries Infrastructure Promotion Association, Seoul, Korea

4

National Institute of Fisheries Science, Busan, Korea

G
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PT-4
A study on promotion of fishing boats in seawaters of Jeju pilot marine ranch – 3
(survey on current status of fishing boats and users)
Suk-Jong Kim 1*, Keun-Hyoung-Kim1, Myung-Sung Koo2, Kyoung-Bum Kang 3, Jong-Bum Kim4,
Nam-Hee Heo1 and Byuong-Yeob Kim1
1

Jeju National University, Jeju, Korea

2

National Institute of Fisheries Science, Busan, Korea

3

JEONG ANSWER consulting, seoul, Korea

4

Korea Fisheries Infrastructure Promotion Association, Seoul, Korea

PT-5
Analysis of physical properties of four new biodegradable resins
Hyun-young Kim1*, Yong-su Yang1, Yoon Cho2, Jea-Hyun Bae1 and Da-young Kang1
1

Division of Fisheries Engineering, NIFS, Busan, Korea

2

TLC Korea, Wonju, Korea

PT-6
Change of relative fishing power index by technological development in the anchovy boat
seine fishery
Yoo-Won Lee1*, Young-Il Seo2, Taeg-Yun Oh2, Hyun-Su Jo3 and Young-Su An4
1

Training Ship, Pukyong National University, Busan, Korea

2

Fisheries Resources Management Division, National Institute of Fisheries Science, Busan, Korea

3

Department of Marine Industry and Shipping Science and Technology, Kunsan National University, Kunsan, Korea

4

Training Ship, Gyeongsang National University, Tongyeong, Korea

PT-7
Change of relative fishing power index by technological development in the small yellow
croaker drift gillnet fishery
Yoo-Won Lee1*, Young-Il Seo2, Taeg-Yun Oh2, Hyun-Su Jo3 and Byung-Yeob Kim4
1
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Numerical analysis for effect of the characteristics of buoy on the holding power of
trapnet
Gun-Ho Lee1*, Sam-Kwang Cho2, In-Ok Kim3, Bong-Jin Cha4 and Seong-Jae Jung5
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Analysis of fishing operation accidents of coastal purse seine using 4M, 3E method
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PT-10
Maturity and spawning of the Pointhead flounder, Hippoglossoides pinetorum in the
coastal waters off Gangwon-do, East Sea
Jae Hyeong Yang1*, Jong Bin Kim1, Jeong Ho Park2, Soo Jeong Lee1, Byoung Sun Yoon3,
Jung Hyun Cho1, Nan Geun Kim1, Dan Jung Jin1 and Hay Kyung Seo1
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PT-11
Fluctuations of water temperature and its effects on marine culturing farms along the
eastern coast of Korea
JeongHee Shim1*, Jeong-Min Shim1, Sang-Woo Kim, Bong-Sung Bae1 and Yong-Hwa Lee2
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PT-12
Seasonal variations of pH and aragonite saturation at the oyster-farming bays in the
southeast coast of Korea
JeongHee Shim1*, Jeong-Min Shim1 and Jung-No Kwon
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PT-13
Design and performance characteristics of a 50 kHz dual-beam acoustic transducer
Dae-Jae Lee
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PT-14
Design and performance characteristics of a 200 kHz sidescan sonar transducer
Dae-Jae Lee
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- 108 -

PT-15
Classifying seafloor sediments using a probabilistic neural network
Dae-Jae Lee
Division of Marine Production System Management, Pukyong National University

PT-16
A study on the coefficient of friction between mud-ship and tidal flats
Ok-Sam Kim1, Doo-Jin Hwang1, Hyun-Chool Shin1 and Hwa-Seong Yun2
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Automated oyster shucking machine using ultra high pressure
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PT-18
A study on appearance frequencies and fishing ground exploration of low-run fishing
vessels obtained by analyzing AIS data of vessels in the sea around Jeju Island
– Focusing on 3~5 knots speed fishing vessel –
Seung Hi Lee1, Kwang Il Kim2, Jang Young Ahn3 and Chang Heon Lee3
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The effect of LED light wavelength on the survival of flounder larvae (Paralichthys
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Field survey on operating status of coastal composite fishing boats in Jeju province,
South Korea
Ho-Young Chang, Bo-Kyu Hwang and Min-son Kim
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Study on the improvement of performance of sea squirt separation device
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Analysis of the Greenhouse gases emission from the major offshore fisheries using
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PT-24
Develoment of aquaculture cage system for Pacific abalone, Haliotis discus hannai
grow-out in the discharge channel of a power plant
Taeho Kim* and Inyeong Kwon
Division of Marine Technology, Chonnam National University, Yeosu, Korea

- 111 -

Abstracts

Plenary & Invited Speaker Sessions
(PS-1 ~ IS-2)

PS-1

Deep-sea fisheries: yesterday, today, and tomorrow
Alexei M. Orlov
A.N. Severtsov Institute of Ecology and Evolution of the Russian Academy of Sciences, Moscow, Russia
Dagestan State University, Makhachkala, Russia
Caspian Institute of Biological Resources, Dagestan Scientific Center of the Russian Academy of Sciences,
Makhachkala, Russia
Tomsk State University, Tomsk, Russia

In recent years, the intensive study of deep-sea ecosystems (continental slopes, seamounts,
depressions and troughs) of the world ocean has received increased attention due to the high level of
endemism of their biota and extreme vulnerability to any impacts, especially from humans. While in
the past researchers aimed to obtain knowledge, mainly on the qualitative and quantitative
composition of the population of deep-sea ecosystems, at the present stage it is becoming
increasingly important to assess the human impact on them, to ensure the conservation of biological
and genetic diversity, the safe and sustainable use of biological resources and their protection from
destruction in the course of human economic activities (fishing, mining, extraction of oil and gas,
shipping, etc.).
Deep-sea fishing is currently one of the most significant impacts of human activities on deep-sea
ecosystems, which occurs on the continental slope (toothfishes Dissostichus spp., grenadiers
Macrouridae, rockfishes Sebastes spp., Greenland halibut Reinhardtius hippoglossoides, thornyheads
Sebastolobus spp., sablefish Anoplopoma fimbria, threadfin codling Laemonema longipes, skates
Rajidae, Arhynchobatidae, etc.), seamounts (pelagic armorhead Pseudopentaceros wheeleri, orange
roughy Hoplostethus atlanticus, alfonsinos Beryx spp., etc.) and in high seas (blue whitings
Micromesistius spp., beaked redfish Sebastes mentella, etc.). The reduction of stocks of traditional
fishery targets on the shelf of the world ocean in the middle of the last century was a powerful impetus
for the development of deep-sea fishing on the continental slope and in remote ocean areas, which
allowed to catch 0.8-1.0 million tons annually since the mid-1960s. Between 1950 and 2015, about 25
million tons were caught in deep-sea fisheries, accounting for only about 0.5% of the total catch. The
number of species involved in deep-sea fisheries has been growing steadily from year to year. Thus, if
in 1950 there were about 30 of them, now it is more than 60. It should noted that deep-sea fishery
targets, despite their relative scarcity, have great demand and high market value, which makes their
fishery attractive and highly profitable.
However, deep-sea fishing also has a "reverse side". By the beginning of the new century, most
deep-sea fish resources were overfished or depleted, which is related to the biology of most deep-sea
fish species, such as late maturation, slow growth, low fecundity and long lifespan. Such specific life
history traits of deep-sea fishes define the rapid depletion of stocks under the impact of fishing with
the subsequent very slow recovery, which often requires decades.
The distribution of global catches of deep-sea fisheries between 1950 and 2015 shows that there
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are four major areas: the North-East Atlantic (8.86 million mt), the North-West Pacific (5.64 million mt),
the South-West Pacific (4.28 million mt) and the North-West Atlantic (3.75 million mt), which account
for 90.5% (Victorero et al., 2018). In the North-East Atlantic prior to the mid 1980s, the catches were
dominated by Greenland halibut, which subsequently began to be replaced by beaked redfish
amounting in recent years the bulk of the catches. In the North-West Atlantic prior to 1980, a
significant proportion of catches consisted of different grenadiers; at present, deep-sea fishing in this
area completely dominated by Greenland halibut. In the North-West Pacific in the late 1960s - early
1970s, the catches were dominated by pelagic armorhead, which overfishing off the Emperor
Seamounts led to a complete cessation of its fishery in the mid-1970s. From the mid-1970s to the
mid-1990s, the catches were dominated by threadfin codling. From 1977 to 2008, a significant
proportion of the catches were represented by Kamchatka flounder Atheresthes evermanni. Since the
early 1980s the development of fisheries for grenadier began; along with Greenland halibut they
currently constitute the basis of deep-sea catches in the area.
Deep-sea fishing on seamounts dates back several decades and began to develop rapidly in the
1970s. The main targets were pelagic armorhead, orange roughy, roundnose grenadier
Coryphaenoides rupestris and alfonsinos. Currently, this type of fishing has a very limited prospects
for a number of reasons: seamounts are quite far from the coasts and in conditions of rising fuel cost,
the profitability of fishing on the seamounts is greatly reduced; fishes inhabiting seamounts tend to
have long lifespan and low productivity making their stocks greatly affected by fishing, they are rapidly
overfishing and very slow recovering; ecosystems of seamounts have a high degree of endemism,
marine protected areas are often created with around them, where fishing activities are strictly
regulated.
At present, stocks of mesopelagic fishes (lanternfishes Myctophidae, black smelts Bathylagidae,
pearlsides Maurolicus spp., lightfishes Vinciguerria spp. etc.), which biomass, according recent
estimates, exceed 1 billion tons, have the greatest prospect for deep-sea fisheries in the high seas.
The development of this colossal resource is of undoubted interest due to the growing volume of
aquaculture, which requires an increase of feed production. However, large-scale industrial
exploitation of resources of mesopelagic fishes requires the development of effective methods of their
fishery and technological research aimed at obtaining, first of all, high-quality feed for aquaculture.
Another problem on the way of exploitation of mesopelagic resources may be the climatic changes. If
until recently the greatest stocks of mesopelagic resources were concentrated in the North Atlantic,
the Mediterranean, the North-West Pacific and the North-West Indian Ocean, by 2100 in connection
with climate change, the most of the biomass in the mesopelagial will be concentrated in the CentralEastern Pacific, the Sub-Antarctic, the South-East Atlantic and the North-West Pacific. Prospects for
the development of deep-sea fishing are seen in the full use of by-catch, which is currently being
mostly discarded (for example, Antimora spp. with high abundance in many areas), the development
of resource-saving technologies for processing fish raw materials, the search for new and promising
fishery targets, the development of new fishing and processing technologies. The preparation of this
review was partially supported by the RFBR research (grant No. 16-04-00516).


- 118 -

PS-2

Production of reproductively sterile fish to maximize cost-effective aquaculture
practice, safeguard intellectual property and genetically contain farmed fish
Ten-Tsao Wong* and Yonathan Zohar
Department of Marine Biotechnology and Institute of Marine and Environmental Technology, University of
Maryland Baltimore County, Maryland, USA

Aquaculture is becoming increasingly important to resolve the current and projected shortfalls
in aquatic food production. Optimization of aquaculture methods will be necessary to maximize
cost-effective seafood production and minimize ecological impacts. One of many crucial approac
hes to increase aquaculture production is using selectively bred (non-native species in some ca
ses) and, eventually, genetically-modified fish that exhibit enhanced growth characteristics and/or
disease resistance (Du, Gong et al. 1992, Chen, Vrolijk et al. 1996, Dunham 2009). However, t
hese fish may escape from captivity, propagate and/or interbreed with wild stocks, subsequently
changing the genetic composition of wild populations and displacing and endangering native sp
ecies (Muir and Howard 1999, Stigebrandt, Aure et al. 2004). It is imperative that highly effecti
ve containment methods are developed to prevent aquaculture escapees from propagating in th
e natural environment. The most effective and cost-efficient genetic-containment strategy for lar
ge-scale commercial operations is the use of infertile/sterile farmed fish. Sterility carries environ
mental significance, as the escaped infertile fish are not able to propagate and/or interbreed wi
th wild stocks. In addition, many farmed fish attain sexual maturity before reaching market size.
Sexual and early maturation is associated with a substantial decrease in somatic growth due to
the diversion of energy into development of the massive gonads. The period of intensive gonad
al growth also results in deterioration of flesh quality and an increase in susceptibility to stress
and disease. Sterilization minimizes energy input toward gonadal growth while enhancing muscl
e (flesh) development and promoting fish health (Manzoor Ali and Satyanarayana Rao 1989, Z
ohar 1989). Furthermore, sterility is a means for producers to protect their valuable, genetically
selected strains from unauthorized propagation. We have developed both transgenic (Wong and
Collodi 2013) and non-transgenic (Wong and Zohar 2015)methods to produce infertile fish by
disrupting the normal migration and development patterns of primordial germ cells (PGCs), a
population of cells in the embryo that give rise to the eggs and sperm of the adults. Transgenic
disruption of the stromal-derived growth factor 1 (Sdf1, a chemokine that guides PGC migration)
signaling pathway effectively caused PGC mis-migration and prevented PGCs from reaching gonads,
which resulted in the production of infertile fish that possessed minimally-developed gonads without
any gametes. The major downside of this transgenic approach is that it requires the generation
of transgenic fish in each species, thus introducing genetic modification into the fish and leadin
g to long delays for regulatory approval, as well as consumer resistance (Ledford 2013). To ov
ercome the disadvantages and hurdles existing in transgenic approaches, we established a bathimmersion method to execute a transient gene-silencing approach that doesn’t introduce any genetic
modification into fish. Of particular interest, we discovered that a molecular transporter, Vivo, can
effectively carry the Morpholino oligomer (MO) across the chorion, enter the embryos and reach the
target cells. Vivo-conjugated MO against Deadend (dnd, an RNA-binding protein that plays a critical
role in germ cell development) effectively disrupted PGC development and resulted in the
development of reproductively sterile fish. The technology was first developed in zebrafish and
promisingly, also been shown to induce sterility in tilapia, sablefish, rainbow trout and Atlantic salmon.
Currently, we are optimizing this sterilization technology in several species and studying its impacts on
growth related traits by comparing growth performance and fillet yield among the sterilized diploid fish,
normal fertile diploid fish, and triploid fish.
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Common dreadful fish and shellfish diseases in Korea and JapanG
-scuticociliatosis in fishes and soft tunic syndrome in ascidiansShin-Ichi Kitamura
Centre for Marine Environmental Studies; Ehime University; Matsuyama 790-8577; Japan

In Korea and Japan, common fish and shellfish are cultured because of similar dietary culture.
Infectious diseases in cultured organisms are almost same due to spreading of pathogens by export
and import of live fish and shellfish between the both countries. In this presentation, our research
progress on scuticociliatosis and soft tunic syndrome, representative common dreadful diseases in
the both countries, will be introduced.
ૺScuticociliatosisૻScuticociliatosis is one of the most important parasitic diseases in aquaculture
farms. The causative agent of the disease is Miamiensis avidus, and there are at least three
serotypes in the ciliate in Japan. To control the disease, it is reported that vaccination is effective way
in Korea, Japan and Spain. Vaccines containing either of two serotypes have provided no crossprotection in vaccinated fish challenged with heterologous serotypes. Therefore, surveillance of the
epidemic serotypes is very important for development and use of effective vaccine. We recently
developed species-specific and serotype-specific PCR primer sets, and applied to Japanese isolates.
Twenty of 21 isolates from cultured fishes were classified as either serotype I or II, and one isolate
was undistinguishable. The combination of PCR could be useful for identifying, serotyping, and
surveillance for occurrences of new serotypes of M. avidus. Since serotype I and II have evenly
distributed in cultured fishes, polyvalent vaccine (serotype I and II) would be effective for prevention of
the disease. In addition to serotype distribution, minimum requirements for development of
scuticociliatosis vaccine will be discussed in this presentation.
ૺSoft tunic syndromeૻMass mortalities of edible ascidian Halocynthia roretzi have damaged the
aquaculture in Korea since 1995 and in Japan since 2007. We isolated a causative flagellate from the
tunic of diseased ascidian, and described it as a new species, Azumiobodo hoyamushi belonging to
the order Neobodonida (Euglenozoa: Kinetoplastea). Since there is no effective treatment method for
the disease, rapid diagnosis is important to avoid spreading of the disease. Recently, we therefore
developed a diagnosis method of the disease using microscopy. The microscopic observation could
detect the flagellate from asymptomatic ascidians as well as diseased samples although the detection
sensitivity was lower than that of PCR. The method is fully useful for simple diagnosis in the field.
Also, we analyzed a haplotype network in 11 Japanese and Korean isolates using nucleotide
sequence of Glucose-6-phosphate isomerase gene to investigate transmission route of the parasite.
There are six haplotype diversities, and they were largely divided into two groups. One is Japanese
group, and the other is Korean group and group formed by isolates from both countries. The results
suggested existence of Japanese population and the population transmitted from Korea to Japan.
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Use of technical measures in resource management and conservation
in north-east Atlantic fisheries.
Eduardo Grimaldo, PhD
SINTEF Ocean, Brattørkaia 17C, 7010 Trondheim, Norway.

The overall objective of the Ecosystem Approach to Fisheries Management (EAFM), adopted by
many governments and international organizations and included in agreements since the 1990s, is
to sustain healthy marine ecosystems and the fisheries they support. EAFM should (i) avoid
degradation of ecosystems; (ii) minimize the risk of irreversible change to natural assemblages of
species and ecosystem processes; (iii) obtain and maintain long-term socioeconomic benefits
without compromising the ecosystem; and (iv) generate knowledge of ecosystem processes
enough to understand the likely consequences of human actions. Over the last decades, there has
been a dramatic change in the management of the economically most important marine fisheries
resources in the northeast Atlantic Ocean (North Sea, Norwegian Sea and Barents Sea). Most of
these stocks (mackerel, herring, sardine, cod, shrimps) are transboundary, it means that countries
share their management responsibilities with other countries. The International Council for the
Exploration of the Sea (ICES) provides annual advice on Total Allowable Catch (TAC), based on
extensive effort in fish stock monitoring and stock assessments. Based on long-term framework
agreements, the relevant coastal states – bilaterally or multilaterally as appropriate – conduct
annual negotiations where issues like next year's TACs, access to waters, sharing and exchange of
quotas, technical regulations to fishery, reporting and control, and joint research programs are on
the agenda. EAFM includes different management measures. Among these are the technical
regulations on fishing gears aimed at improving sustainable fisheries. This presentation will focus
on the technical regulations on fishing gears currently used in the pelagic and demersal fisheries in
the north-east Atlantic Ocean. In recent years there has been a growing focus on "ecosystem
effects of fisheries", addressing the impact of fishing operations not only on the target species, but
also on bycatch of or other effects on non-commercial species or habitats. Energy efficiency,
reduced pollution and improved quality of the catch are also important issues related to fishing
gears and fishing operations.
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OU-1

Inhibition of bacterial growth (Listeria monocytogenes & Staphylococcus aureus)
by Nisin Z, NaCl and their combination during fish storage
M. K. Sarker1, Won Je Jang2 and In-Soo Kong2
1
2

Assistant Director, Department of Fisheries, Ministry of Fisheries & Livestock, Bangladesh

Department of Biotechnology, Pukyong National University, Busan, 608-737, Republic of Korea

To identify and quantify the effects of nisin Z and its combinations with different percentages of
NaCl on the storage and shelf life of olive flounder (Paralichthys olivaceus) through antimicrobial
activities against Listeria monocytogenes and Staphylococcus aureus. These antimicrobial activities
were carried out through the agar disk diffusion and time-kill techniques. Nisin Z was isolated and
purified from our laboratory identified Lactococcus lactis subsp. lactis I2. The combinations of
treatments are as follows: nisin Z, NaCl, nisin Z + 3% NaCl, nisin Z + 5% NaCl, and nisin Z + 7% NaCl,
and 0.02 M HCl (- control). In the agar disk diffusion method, individual nisin Z and NaCl showed very
little antimicrobial activities against the L. monocytogenes and S. aureus. However, antimicrobial
effects of the combinations of two antimicrobial compounds (nisin Z + NaCl) were significantly
higher (P < 0.05) than the control and individual components. Moreover, clear zone formation by nisin
Z with 3, 5, and 7% NaCl were significantly higher than control, whereas nisin Z + 7% NaCl
demonstrated the maximum clear zone (9-11 mm) against these two foodborne pathogens. Minced
olive flounder inoculated with log 5.57 CFU/g of L. monocytogenes and S. aureus, and treated with
nisin Z + 7% NaCl reduced the bacterial load below log 3 and 2 respectively after 12 days storage at
4°C. These results were remarkably better (P < 0.05) than the other treatments and control, which
provides a clear indication of NaCl stimulating property of nisin Z against the foodborne pathogens.
Therefore, these good combinations of nisin Z and NaCl play a vital antimicrobial role to increase the
fish storage time as well as shelf-life.
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Salmonellosis and Food poisoning in Sub-Saharan Countries
Alice Chato Munga
National Center for Animal Husbandry Veterinary and Halieutic studies Jakiri, MINEPIA, Cameroon

Salmonella infection is a major health problem worldwide. Salmonella pathogens affect various
species of domestic animals and classes of human beings. The immunocompromised individuals, with
concomitant illness and the malnourished are especially at risk of Salmonella infection. There is also
great risk with people traveling to visit endemic countries. Thyroid and Paratyphoid fever will continue
to be the major cause of illness and death threat, amongst children in particular and adolescence in
the Sub-Saharan countries. The disease is a life threat to the people of Cameroon, Nigeria, Gabon,
Congo, Burkina Faso and many others countries in the Sub-Saharan zone. As like other poor highly
populated countries, Nigeria had been described as endemic zone for typhoid fever in 2008. In SubSaharan Africa, enteric fever is associated with poor sanitation and impure drinking water. Some
infected individuals harbor the organism in their gall bladder, biliary tract, liver, spleen, and lymph
nodes as well as in the intestines and urinary tract, resulting in permanent carriers. There is a fast
trend of unknown serotype developing in some areas, as people adopt new eating habits. The most
predominant serotypes are S. Typhimurium, S. Enteritidi, S. Choleraesius, S. New port, S. Infantis, S.
Panama and S. Heidelberg. Salmonella species. There is the emergence of S. typhimurium ST313.
All these show high resistance to the commonly used antibiotics, which indicate serious problems in
antimicrobial therapy globally, especially in developing countries Salmonella infection poses a
negative impact on the economic due to the high cost of surveillance, investigation, treatment and
prevention Salmonella spp. reached the infective dose within 4-24 h of inoculation, respectively in
various food samples. Thus, there is need for health education, frequent monitory and evaluation
system of microbiological and antimicrobial surveillance so as to plan intervention strategies for at risk
population in the area of water sanitation and hygienic food handling practice to minimize the burden
posed by the disease Salmonellosis.
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Biodegradation of Nile perch wastewater by Bacillus anthracis and Bacillus fusiformis
consortium: potency for ecofriendly treatment and reutilization

Changoma Fransis1, Ja Young Cho2 and Joong Kyun Kim2*
1

Department of Livestock and Fisheries Development, Mtwara District Council, Tanzania
2

Department of Biotechnology, Pukyong National University, Korea

Approximately 2billion liters of Nile perch wastewater containing organic nutrients are produced from
the fish processing industries annually. They are then chemically treated and discharged to the lake,
rivers, and streams and contributing to the pollution that may threaten aquatic life and environment. To
date, there is no any report about the treatment of this wastewater by biological methods to prevent
pollution and to produce high value bioactive compounds for reutilization. In order to assess ecofriendly treatment of these fisheries wastewater by biodegradation; an aerobic biodegradation of 200
ml of characterized Nile perch wastewater using a Bacillus fusiformis and Bacillus anthracis strains
was carried out in a 0.5L flask under optimal conditions. During biodegradation, active removal of the
COD concentration occurred at 48 h of the experimentation followed by the decrease in the fishy
smell of the biodegraded Nile perch wastewater. The microbial consortium reduced the COD and the
TN by 51.35% and 37.04% respectively with the C/N ratio in the range of 5.2 to 7.2 showing effective
and stable biodegradation process. The 60 h culture supernatant showed high antioxidant activity
determined by DPPH and ABTS assays which were 80.1% and 93.1% respectively. This implies that
the microbial consortium was actively utilizing wastewater to produce low molecular weight
compounds. The high antioxidant activity of culture supernatant was due to the presence of specific
amino acids as examined by the 2D-TLC. Moreover, the culture supernatant displayed significant
potency on antimicrobial (bactericidal and bacteriostatic) activity at 1170μg/ml and 585μg/ml against a
common fish and human causing disease bacteria Vibrio vulnificus, depicting the reutilization potential
of the biodegraded wastewater as the potential source of antioxidants and antimicrobial substances
for food and medical applications. This is the first demonstration of the biological treatment of Nile
perch waste.
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Characterization and Functionality of Enzymatic Extract of root of Undaria
pinnatifidaUsing Crude Enzyme from Shewanella oneidensis PKA 1008
Xiaotong Xu1*, Gong-Hyeon Lee2, Jun-Seob Lee1, Byeong Jun Joo1, Kwang-wook Kim3, Eui-Hong
Byun3 and Dong-Hyun Ahn1
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Department of Food Science and Technology, Pukyong National University, Korea
2
3

Institute of Fisheries Sciences, Pukyong Nation University, Korea

Department of Food Science and Technology, Kongju National University, Korea

Algae polysaccharide is a biologically active substance extracted from algae. A large number of
studies have shown that algae polysaccharides have many biological activities such as antiviral,
immune regulation, antitumor and antioxidant. However, their industrial applications have been limited
due to high viscosity. Alginate degradation using alginate lyases have attracted much attention as
biocatalysts and widely used in many applications by preparing functional oligosaccharides from
alginate. This study was conducted to investigate the characterization and functionalities of enzymatic
extract of root of Undaria pinnatifida(TUP) using polysaccharides-degrading enzyme. In order to
obtain the optimum degrading condition for the TUP, the TUP were mixed with crude enzymes from
Shewanella oneidensis PKA 1008 and incubated at ratio of 1:1 (v/v) for 0-48 h. The change in pH,
reducing sugar, viscosity and color of enzymatic extract were measured. As the incubation time
increased, the pH value and viscosity were decreased. The highest reducing sugar content of TUP is
250.68 ȝg/mL at 24 h. These results indicated that crude enzyme from Shewanella oneidensis PKA
1008 can be used to enhance the polysaccharide degradation of TUP, and 24 h was effective to
produce alginate oligosaccharide.
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Manufacturing Process of Deep Ocean water (DOW) Mineral Extracts
and Status of Domestic and Foreign Industries
Deok Soo Moon1*, Ho Saeng Lee1, Hyeon Ju Kim1 and Sung Jin Baek2
1

Seawater Energy Plant Research Center, Korea Research Institute of Ships and Ocean Engineering, Goseong,
Korea
2

Croen Coporation., Suwon, Korea

Minerals, one of the top five nutrients, are insufficient for modern people due to the lack of minerals
in the soil due to continuous farming and the loss that occurs during processing of food. Active
minerals extracted from deep ocean water can be taken in high concentrations and used for various
purposes to provide quality minerals to modern people. In order to promote the use of deep ocean
water minerals as supplements to healthy foods and to generate high value added, securing safety
through scientific verification is paramount.
To ensure safety, the animal toxicity test was conducted at the GLP authority in accordance with the
guidelines set by the Food and Drug Administration. The items for the animal toxicity test were single
administration (Mice, Non-mice (Beagle dog)) and four weeks repeated oral administration (capacity
estimation), reinstatement mutation test, chromosomal aberration test, micro nuclear test. Single oral
administration (Mice, Non-mice (Beagle dog)), four-week repeated oral administration (capacity
calculation), mutation testing, chromosomal aberration testing, and small nuclear tests showed no
adverse reaction and toxicity results. In a 13-week Oral administration test, mineral extract was
administered to 10 female/male populations at 0, 1250, 2500, and 5000 mg/kg respectively.In the
groups of 1,250 mg / kg and 2,500 mg / kg male and female, there were persistent weak diarrhea and
mucus in some populations, but no biochemical and long term weighing results were found. In the
female/male 5,000 mg/kg dose group, the cartilage, mucus, diarrhea and death improvement
occurred. Therefore, the non-toxic intake (NOAEL) of the mineral extract of the deep ocean water was
assessed at 2,500 mg/kg BW/day.
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Effects of dietary processed sulfur (Immuno-F) supplementation as the
antibiotic replacer in juvenile olive flounder, Paralichthys olivaceus
Minhye Park*, Seonghun Won and Sungchul C. Bai
Department of Marine Bio-materials and Aquaculture/ Feeds and Foods Nutrition Research Center (FFNRC),
Pukyong National University, Busan 48513, Republic of Korea

An 8-week feeding trial was conducted to evaluate the effects of dietary processed sulfur (Immuno-F)
as the antibiotic replacer on growth performance, hematology, and disease resistance in juvenile olive
flounder. Each of 20 fish averaging 12.6 ± 0.17g (mean±SD) were randomly allocated into 8 groups of
three tanks, and fed one of the eight experimental diets formulated by supplementing Immuno-F at 0
ppm (Cont), 25 ppm (F25), 50 ppm (F50), 250 ppm (F250), 500 ppm (F500), 1000 ppm (F1000) and 2000
ppm (F2000), or oxytetracycline 4000 ppm (OTC4000). Weight gain and specific growth rate of fish fed
OTC4000 diet were significantly higher than those of fish fed Cont, F25, F500, F1000, and F2000 diets
(P<0.05). However, there were no significant differences among fish fed F50, F250, and OTC4000 diets
(P>0.05), and among fish fed Cont, F25, F500, F1000, and F2000 diets (P>0.05). Feed efficiency and
protein efficiency ratio of fish fed OTC4000 diet were significantly higher than those of fish fed F500,
F1000, and F2000 diets (P<0.05). However, there were no significant differences among fish fed Cont,
F25, F50, F250, and OTC4000 diets (P>0.05). Serum triglyceride levels of fish fed F25, F50, F250, and F500
diets were significantly lower than those of fish fed F1000 diet (P<0.05). However, there were no
significant differences among fish fed F25, F50, F250, F500, and OTC4000 diets (P>0.05). For challenge
test with Edwardsiella tarda at the 6th day, cumulative survival rate of fish fed F50 diet were
significantly higher than those of fish fed F2000 diet (P<0.05). However, there were no significant
differences among fish fed Cont, F25, F50, F250, F500, F1000, and OTC4000 diets (P<0.05). Therefore,
results may indicate that 50 ppm of dietary Immuno-F could replace oxytetracycline in juvenile olive
flounder.
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Seasonal and regional changes of food nutrient values in raw laver Pyropia spp.
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Due to increasing demand for the consumption and export of laver Pyropia spp. in Asian
countries, its production in domestic industry is increasing rapidly. The export of laver reaches
approximately 500 million dollars annually. In the past, the dried laver is seasoned and processed
in many industries. In July 2017, the "Regional Standard for Laver Products" (proposed by Korea)
was adopted as the Asian standard of the International Food Standards Committee (CODEX),
which is involved in the foundation for the globalization of domestic laver processing industry.
Most of the research focus on the processed products of dried as well as seasoned laver.
However, research on raw laver is limited and no analysis has been conducted on the raw laver
by region or production period. In the present study, we have collected raw laver from four
regions Gangseo-gu (Busan), Seochon-gun (Chungnam), Wando-gun (Jeonnam) and Goheunggun (Jeonnam) in the month of December to March. The collected were analyzed for general
components, trace elements, total phenolic compounds and antioxidant activity. Results showed
that the raw laver contained large amount of amino acids, minerals, phenolic compounds and
also has antioxidant activity. The average contents of general components and total phenolic
compounds from the sample collected in December were found to be high. The maximum
production of laver started to decrease gradually from the month of December to the month of
March. No significant correlation was found between antioxidant activity and total phenolic
compound content in raw laver, indicating that instead of phenolic compounds, other substances
affect the antioxidant activity. Thus, further research is required in the future. The results obtained
from this study on nutrient components and antioxidant activity of raw laver were expected to
provide basic data for the development of new laver processing product.
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Quality Evaluation of Lobster(Nephropidae) and Swimming crab(Portunus
trituberculatus) using Sensory Evaluation and Chemical Analyses
So-Hyun Kim1*, Dong-Lee Hong1, Eun-Ju Jung1, Seon-Bong Kim1 and Yang-Bong Lee1
1

Department of Food Science and Technology, Pukyong National University, Busan, Korea

Lobster(Nephropidae) and swimming crab(Portunus trituberculatus) are widely used as a side dish
in the world. However, their safeties are low because of rotten problems related to freshness during
import process or storage. The objective of this study is to provide chemical data in order to support
subjective discrimination guideline against sensory evaluation occurred during storage of lobsters and
swimming crabs. The samples used in this study were whole and meat of lobster, whole and cut body
of swimming crab. Color difference, drip loss, pH, total volatile basic nitrogen(TVBN),
trimethylamine(TMA), dimethylamine(DMA), ammonia, volatile nitrogen compounds and volatile sulfur
compounds were measured. Their freshness was judged into 5 grades, so 5 point is the freshest one
and 1 point is the least. As freshness was decreased, the pH values tended to increase to the highest
values of pH 7.8 and pH 8.2 for lobster and swimming crab, respectively. TMA, DMA, and ammonia
were measured with the maximum values of 6.63±0.26 mg%, 5.48±0.15 mg% and 2.65±0.01 mg% in
the lobster, respectively. Swimming crab had their maximum values of 4.60±0.12 mg%, 4.42±0.16 mg%
and 2.29±0.01 mg%, respectively. Volatile sulfur compounds such as hydrogen sulfide, methyl
mercaptan, dimethyl sulfide and dimethyl disulfide were analyzed. The amount of volatile sulfur
compounds in the lobsters and swimming crabs were so low not to be measured in the 5-4 point
range, and their values were increased when sensory scores were 3 to 1 point. These results can
provide the basic information to support the scientific data for sensory evaluation used in the
freshness of lobsters and swimming crabs.
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Quality assessment by sensory evaluation and physicochemical
analysis on the type or kind of shirmp
Eun-Ju Jung1 and Yang-Bong Lee
1

Department of Food Science and Technology, Pukyung National University, Korea

Shrimp freshness is very important in distribution and supply processes. The objective of this study
is to evaluate shrimp quality. Shrimp was purchased in live condition, stored for 7 days in a frozen
state (-20°C), and thawed by water. Sensory and physicochemical tests were performed for each type
such as alive, frozen whole and meat, and pickled shrimp. The sensory evaluation was carried out by
selecting items such as appearance damage, selection, smell, bonding strength, vitality, appearance
color, meat elasticity, color change with internal organs, drying, oil discoloration, and sponge
phenomenon of meat. Based on the results of the sensory evaluation, we measured the elapsed time
of each score and prepared samples to conduct physicochemical experiments. Color difference, drip
loss, pH, K-values, volatile nitrogen compound, total volatile basic nitrogen, volatile sulfur compound
and further viable cell count were measured. Sensory evaluation revealed that smell and discoloration
were the most prominent in the thorax, trunk, and tail, and staining or black color was observed as the
degree of decay increased. As a result of the decay of shrimp, its whole part began exceeding the
initial corruption of 3.53 mg% trimethylamine (TMA) at 1 point of sensory evaluation. As sensory score
of shrimp meat was changed from 3 to 2 point, its TMA was increased 0.76mg% to 2.65 mg%, and its
dimethylamine content was increased 1.69 mg% to 1.04 mg%, and its ammonia content was
increased 0.05 mg% to 0.98 mg%. Changes in volatile sulfur compounds of whole and meat were
increased in proportion to HǾS, CHǿSH and (CHǿ)ǾSǾ as the sensory score decreased. The above
data can be used as a scientific basis for the quality evaluation of shrimp by sensory evaluation.

- 133 -

OU-10

Optimization natural emulsifier in fish by-products for microemulsion formation

Dong-Lee Hong1*, Jeon-Wan Yu1, Hyun-Jae Kim1, So-Hyun Kim1, Eun-Ju Jung1, Yong-Mog Kim1,
Seon-Bong Kim1 and Yang-Bong Lee1
1
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Consumption of aquatic products has been continuously increased and also their byproducts
produce environmental problems due to easy decomposition and rapid decay. In addition, a large
amount of byproducts is generated because there are many non-edible parts in the aquatic products
such as fish bone, fins, internal organs, shellfish and shells of crustaceans. In order to improve the
utilization of these byproducts, nutritional value and emulsification property of fish byproducts
including fish eggs were investigated. General composition of carbohydrate, crude protein, lipid, ash
and moisture were measured and the ratio of polar lipids, glycolipids, phospholipids, amino acids,
minerals (calcium, phosphorus, selenium), contents of vitamins (A, C, E) and fatty acid and
phospholipid contents were measured as minor components. Crude protein contents of the aquatic
samples ranged 53% to 77%, showing high nutritional values. The ranges of crude fat content for high
six samples 15 to 55% showing high lipid and phospholipid contents. Based on the results obtained
from the analyses of these components, the other objective of this study is to investigate whether the
byproducts of high phospholipids contents can be used as a natural emulsifier. The formation and
stability of emulsion was determined in order to confirm the use as a natural emulsifier depending on
the content and composition of phospholipids by using the lipid extracted from the marine byproducts.
In the case of emulsion stability, the degree of retention at the emulsion form with time was measured
and compared. It is intended to use as the natural emulsifier of the mircoemulsion by using the
phospholipids extracted from the marine byproduct.
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Effects of preparation conditions on physical properties of calcium alginate gel beads:
A modeling study by response surface methodology
Chungeun Jeong*, Suengmok Cho and Seon-Bong Kim
Department of Food Science and Technology, Pukyong National University, Busan, Korea

Calcium alginate gel (CAG) has been widely used in the pharmaceutical and food industries.
Especially, it has been importantly considered in encapsulation technology. However, there are few
studies showing changes in physical properties of CAG beads at various preparation conditions.
Therefore, aim of this study was to investigate effects of preparation conditions on physical properties
of CAG beads. Response surface methodology was adopted for this modeling study. Independent
variables were sodium alginate concentration (X1, 1.2 ~ 3.6%, w/v), calcium lactate concentration (X2,
0.5 ~ 4.5%, w/v), gelation temperature (X3, 5 ~ 85°C) and gelation time (X4, 6 ~ 30 min). Rupture
strength (Y1, kPa), diameter (Y2, ȝm) and sphericity (Y3, %) were selected as the dependent variables.
Estimated values of the dependent variables were 177 ~ 6664 kPa (rupture strength, Y1), 2323 ~
3393 ȝm (diameter, Y2), 79.1 ~ 99.4% (sphericity, Y3). Rupture strength was increased as alginate
concentration increased or gelation temperature decreased. Diameter was diminished as gelation
temperature or time went up. The maximum estimated value of sphericity was 99.4% (independent
variables: X1 = 3.14%, X2 = 0.5%, X3 = 21.16°C, X4 = 6 min). Our findings suggest significant
information for industrial application of CAG beads.
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Characterization of Hydrolysate and Spray Dried Powder from Laver
(Porphyra Tenera) Using Subcritical Hydrolysis

Jin-Seok Park1, Jun-Ho Kim1, Yu-Rin Jeong1 and Byung-Soo Chun1*
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Department of Food Science and Technology, Pukyong National University, Busan, Republic of Korea


Laver (Porphyra tenera) is a marine plant belonging to the red algae that are widely distributed in
the Pacific coast of Korea, Japan and others. As a representative of seaweeds, it exports more than
$ 350 million annually (as of 2016) and is a representative marine product in the export of Korean
seafood. The common ingredients of Laver are 10% moisture, 1% lipid, 36% protein, 46%
carbohydrates and 7% ash. The amino acid composition of the protein has a high content of alanine
and glutamic acid, a large amount of taurine that regulates liver function, and Alzheimer's disease.
Low molecularization is essential because the active physiologic material contained in seaweed is
large enough to be used as a health food consumed through the oral or cosmetics absorbed through
the skin. However, the hydrolysis method using chemical methods or enzymes that are used in the
past is often caused by recovery rate, environmental pollution and economic problems, so the
development of high-quality and safe value-added products is necessary through the application of
the new separation process. The subcritical hydrolysis technique was used for the purpose of
enhancing the functionality of the food and improving the yield as well as safety, economical efficiency
and environmental friendliness. Thus, subcritical hydrolysis was carried out in this study. Samples of
1:20 were fixed in proportion to water, followed by different experiments such as temperature
conditions (120°C-230°C) and heat water extraction (100°C) and solvent extraction (ethanol). There
have been many studies on the quality and physiological activity of laver which contains various
functions. However, there have been almost no studies on the characteristics of the extract according
to the drying process. It is necessary. There have been reported about 10 methods of pulverizing or
finely pulverizing liquid foods including hot-air drying, vacuum drying, spray drying and freeze drying,
but spray drying using a spray dryer is the most common and economically advantageous for
industrialization Do. In this study, as a basic study on the powdering of hydrolysates of laver
hydrolysates, we investigated the possibility of the fine powder coating material of carrier which is
suitable for each characteristic of Gelatin, Whey protein, Starch (potato) and Dextrin Powder was
prepared according to each carrier using spray drying method which is easy to industrialize and its
characteristics were investigated.
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Changes in Physicochemical Properties of Undaria Pinnatifida Sporophyll
Extract by Lactic acid Bacterial Fermentation. 
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Undaria Pinnatifida is a species of seaweed. Its sprophyll is a reproductive organ that produces
spore. It has a lot thicker and mucous than stem so sprophyll has low value as a food. This study was
investigated to the physiochemical properties of fermented Undaria Pinnatifida sporophyll extract for
the availability of discarded seaweed. After sporophyll was grinded, it was added to water at a ratio of
1:15 (w/w) and 0, 1, 2, 3% (w/w) of D-glucose and yeast extract combination. Lactic acid bacteria
culture broth was added to the solution at a concentration of 1%(v/v) and incubated at 35°C. L. brevis
KCTC3102 was used as a starter of lactic acid bacterial fermentation, and samples were taken every
12 hours. Viable cells and pH were more affected by content of nitrogen source than carbon source.
Also, total polyphenol content was increased with high rate of nitrogen source. Over 35 ȝg/mL of total
polyphenol was determined in solution with 3% of yeast extract after 24 hour fermentation. Antioxidant
activity was determined by assaying levels of radical scavenging activity against 1,1-diphenyl-2picrylhydrazyl (DPPH). It showed similar tendency to total polyphenol content in all samples. Over
60% of radical scavenging activity was determined. From these results, fermented Undaria Pinnatifida
sporophyll by lactic acid bacteria could be used for a useful ingredient as nutraceuticals and
cosmetics.
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Current Status of Seafood Safety Control in Korea

Jaeho Woon*, Hyun Jin Oh and Hee Ok Park
Busan Regional Office of Food and Drug Safety, the Ministry of Food and Drug Safety, Busan, Korea


In February 2013, the Korea Food and Drug Administration (KFDA) was promoted to the Ministry of
Food and Drug Safety (MFDS), which is directly under the Prime Minister's Office, in order to unify
food safety management. In addition, MFDS takes responsibility for the inspection work of imported
seafood products and food safety control of domestic seafood processing products, which are
previously performed by the Ministry of Oceans and Fisheries (MOF).
MFDS has enacted the Special Act on Imported Food Safety Management in 2016, strengthening
the safety management of exporting countries and the import process, including import and
distribution of imported food stuff. In order to construct a legal system for monitoring of residual survey
and for scientific risk assessments in seafood production area, the Agricultural and Fishery Products
Quality Control Act was revised in 2018. These activities have resulted in the paradigm shift from the
reactive food safety management system controlling in seafood distribution stages to the preventive
management system controlling in seafood production stages.
Despite changes and improvements, seafood safety management systems in Korea remain
fundamental problems. In the case of Norway, which is a European Union country, in 2014, the
Norwegian Food Safety Authority took authority over seafood safety management from its production
stage such as aquaculture and fishing to its distribution accordingly to the reorganization of the
reorganization of government authority.
In contrast to Norway, the seafood safety management in Korea is conducted by two government
authorities, MOF and MFDS. In the stages of seafood production, the safety management is
performed by MOF although MFDS has established a plan for seafood safety management. This is
the reason for a blind spot on seafood safety management due to the less cooperation between the
two authorities.
Norway, a developed country in fishery industry, presents a model to develop a fishery industry
based on production of worry-free seafood.
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< Solar Salt Research Center >

Food Safety and Beneficial Health Effets
of Korea Solar Sea Salt

본 session에서 발표된 연구내용은 “해양수산부” 및 “해양수산과학기술진흥원”
으로부터 지원받은 과제의 내용 및 결과물임
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G
Solar sea salt (Sun-dried salt) is formed by evaporating brine under the sun with wind. Once
categorized as minerals, salt has been considered a food product since 2008 in Korea. Therefore,
sanitary safety has become more important in the salt production process. Salt fields are divided
into reservoirs, evaporation, and crystallized areas. A reservoir is a space where seawater is
stored, and an evaporator is a space that uses solar heat to increase salinity, composed of
“Nanchi” and “Nute”. When the salt concentration of the brine water becomes about 25% NaCl,
the water is introduced into the crystallizing ground to crystallize the salt. The types of flooring
materials used in the crystallizing areas include PVC vinyl sheets, ceramic tiles, and earthenware.
Especially, PVC sheets are now being replaced by eco-friendly ones due to the possibility of
leakage of DEHP materials. Materials used in push sticks using waste tires are being replaced
with polypropylene and silicone. As another small tools used in solar salt pan, plastic products
are also being replaced with durable and safe products. By using the filter system to pump the
brine from concentrated brine reservoir to the crystallization ground, the foreign substances are
removed and consequently clean, high-quality salts are produced. Filters were developed with
durable stainless steel materials, not fiber filters. Such a filter is expected to remove microplastics
that are becoming a problem these days. Another advantage was the quick crystallization of salt,
which resulted in a production increase of more than 10 percent. Recently, research is underway
to automate the entire process of producing solar salts to minimize pollution from nature and
humans.

- 141 -

Mineral-rich solar sea salt and its roasted salt give less the risk of oxidative stress
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G
Salt is an essential nutrient in animals and humans that plays an important role in physiological
functions such as maintenance and regulation of fluid balance in the body. There are various dietary
salts such as rock, purified, solar sea, and processed salts produced in the world. Most of the salts
contain above 99% of sodium chloride (NaCl). However, some solar sea salts contain various
minerals such as magnesium, calcium, potassium, etc. We previously reported that mineral-rich solar
sea salt (MRS) generates less oxidative stress compared to mineral-deficient salt (MDS) in rats.
Additionally, MRS roasted with bamboo (bamboo salt, BS), a Korean traditional processed salt, was
more effective on amelioration of oxidative stress than MRS. In this study, we compared the effects of
three different salts (MDS, MRS, and BS) on mitochondrial dysfunction (MD) and endoplasmic
reticulum (ER) stress in Sprague Dawley (SD) rats with high salt diet (8% NaCl, w/w). The MRS and
BS groups showed enhanced mitochondrial membrane potential, ATP production, and mitochondrial
mass, and reduced ROS production in skeletal muscle than the MDS group. In addition, the MRS and
BS groups exhibited raised expressions of cytochrome c and cytochrome c oxidase subunit III than
the MDS group. Furthermore, the MRS and BS groups suppressed the expression of ER stressrelated proteins, such as glucose-regulated protein, C/EBP homologous protein, and spliced X boxbinding protein 1 than the MDS group. The ameliorated effects of MRS and BS on MD were also
exhibited in D-galactose (150 mg/kg)-induced aging SD rats. That is, MRS and BS reduced increase
of brain MD-related factors compared to MDS. Also, the MRS and BS-fed rats were found to be
relatively higher expression levels of mitochondrial complex I (CI) assembly and CI subunit (NDUFS8)
than the MDS-fed rats. We also investigated effects of MRS and its aged salts on oxidative stress in
SD rats. The aged MRSs showed lower levels of lipid oxidation and protein oxidation, higher
expressions of DNA repair-related factors (APE1, PCNA, and PEN1) and antioxidant-related factor
(Nrf2) than the fresh MRS, in which the bittern was removed for three months after harvesting.
Mineral contents decreased in the MRS aged for one year and then did not change significantly.
However, the MRS aged for four years was more effective on amelioration of oxidative stress than the
MRS aged for one year. These results indicate that MRS intake give less the risk of oxidative stress
via amelioration of MD compared with MDS. Minerals might play a role in the reduction of oxidative
stress in MRS. In particular, the balanced mineral composition seems to be an important factor in the
reduction of oxidative stress of the MRS group. In this study, we also demonstrated that BS intake
reduced oxidative stress via amelioration of MD and ER stress compared with MRS. Although the
major mineral (Ca, Mg, K) contents in BS are lower than those in MRS, BS efficiently suppressed
increase of MD induced by a high salt diet in the animal models compared with MRS. BS seems to
contain bioactive compounds that prevent MD. Therefore, MRS and BS are expected to be excellent
dietary salts that can reduce oxidative stress via prevention of MD induced by excessive sodium
intake.
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Antiobesity and Anticancer Effects of Korean Solar Salt and Bamboo Salt
Kun-Young Park
Department of Food Science and Biotechnology, Cha University

Korean solar salts reduced obesity and alter its related markers in diet-induced obese mouse,
and also ameliorates colon carcinogenesis in AOM/DSS induced C57BL/6 mouse. They reduced
colon length, tumor numbers and activated NK cells, etc. The solar salts reduced adipogenesis
and lipogenesis related gene expressions. Especially, S3 solar salt prepared with new
concentrated sea water showed strong antiobesity effect in the mice. S3 solar salt significantly
reduced body weight (P<0.05) though NaCl(pure salt) increased body weight during 17 weeks on
HFD-induced mice. The adipo-/lipogenesis related gene expressions also significantly reduced in
the liver and epididymal fat tissues. S3 solar salt contained less amounts of Mg and S. The solar
salt that washing and dehydration by centrifusing also showed strong antiobesitic effect. They
also contained less amounts of Mg and S. The kimchi prepared with 3 year ripened solar salt and
washing and dehydrated salt also showed antiobesity effect in 3T3-L1 differentiated adipocytes.
They also showed anticancer effect in HT-29 human colon cancer cells. Bamboo salt (1×, 3×, 9×)
exhibited anticancer effect on AGS human gastric cancer cells, HepG2 human liver cancer cells
and HT-29 human colon cancer cells. The bamboo salt also showed strong anticancer effects on
various in vivo studies. The kimchi and doenjang prepared with bamboo salt increased anticancer
effects.

- 143 -

Properties of fermented foods prepared with solar salts
Jeong A Kim1, Zhuang Yao1 and Jeong Hwan Kim1,2*
1

2

Division of Applied Life Science (BK21 Plus), Graduate School, Institute of Agriculture and Life Science,
Gyeongsang National University, Jinju 52828

Various Korean fermented foods were prepared using solar salt, and their properties were
compared with foods prepared with pure salt. Kimchi (NaCl, 2.05%, w/w) prepared with solar salt
showed higher ratio of Leuconostoc/Lactobacillus than kimchi prepared with pure salt. Leuconostoc
species, heterolactic fermenter, are considered desirable for Kimchi fermentation. Kimchi prepared
with solar salt showed significantly less yeast counts than kimchi with pure salt. Yeasts deteriorate
kimchi quality by softening kimchi texture and generating bad odors. The results indicate that some
components in solar salt seem to encourage the growth of heterolactic fermenter such as
Leuconostoc sp. and at the same time discourage the growth of yeasts, thus affecting positively for
kimchi quality. Similar results were observed in doenjang samples (12% NaCl, w/w) prepared with
solar salt. Doenjang prepared with solar salts showed significantly less yeast counts than doenjang
with pure salt. Doenjang prepared with solar salt had higher amino acid nitrogen content than
doenjang with pure salt. For saeu jeotgal (SJ, 25% NaCl, w/w), the effect of solar salt on yeast counts
was less obvious, and this was probably due to high salinity of SJ. Bacilli counts of SJ with solar salt
were higher than those from SJ with pure salt, and amino acid content was also higher in SJ with
solar salt than SJ with pure salt. These results again confirm the fact that changes in mineral contents
among different types of salts might cause significant changes in microbial communities in a
fermented food.

ٻ
ٻ
ٻ
ٻ

- 144 -

OA-1

Effects of dietary carbohydrate sources on growth and body composition
of juvenile abalone (Haliotis discus, Reeve)

Ki Wook Lee1, Hae Seung Jung1 and Sung Hwoan Cho2
1

Department of Convergence Study on the Ocean Science and Technology, Korea Maritime and Ocean
University, Busan, Korea
2

Division of Marine Bioscience, Korea Maritime and Ocean University, Busan, Korea


A 16 week feeding trial was conducted to assess the effects of different types of dietary
carbohydrate on growth and body composition of juvenile abalone (Haliotis discus). A total of 1,680
abalone were randomly distributed among 24 containers (70 per container) and fed one of eight
diets, including seven experimental diets containing different types of carbohydrates, including dextrin
(DT), glucose (GC), corn starch (CS), Į-cellulose (CL), maltose (MT), sucrose (SC), and wheat flour
(WF), and Undaria to compare effect of experimental diets. Water stability of the diets was measured
12, 24, and 48 h after seawater immersion. Water stability of the diets was different over all periods of
time and their significant interaction was also observed. Survival was not significantly affected by diet.
Weight gain and specific growth rate were greatest in abalone fed on the CL diet. Shell length, width,
height, and soft body weight were greatest in abalone fed the CL diet, followed by the WF, DT, SC, CS,
GC, and MT diets and Undaria. Weight gain, specific growth rate, crude protein, and crude lipid
contents of the soft body of abalone fed on the experimental diets were greater than those fed on
Undaria. This study shows that CL is the most effective carbohydrate source for improving growth of
this species of juvenile abalone and practically applicable in formulating abalone feed.
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Effect of dietary substitution of Undaria pinnatifida powder with the onion extract by-product
(OEB) on growth performance and carcass composition of juvenile abalone was determined. One
thousand eighty juvenile abalone were randomly distributed into 18 100-L net cages (sixty
abalone per cage). Five formulated diets were prepared in triplicate. The 20% Undaria powder
was included into the control (Con) diet. The 25%, 50%, 75% and 100% Undaria powder were
substituted with the OEB, referred to as the OEB 25, OEB 50, OEB 75 and OEB 100 diets,
respectively. Finally, dry Undaria was prepared to compare the formulated diets on growth
performance of abalone. Abalone were fed to satiation once a day with little leftover. Cages were
bottom-cleaned once every other day. The feeding trial lasted for 16 weeks. Weight gain and
specific growth rate (SGR) of abalone fed all formulated diets were significantly greater than
those of abalone fed the Undaria. Weight gain and SGR of abalone fed the OEB50 diet were
significantly greater than those of abalone fed all other diets. Weight gain and SGR of abalone
fed the OEB25 and OEB75 diets were also greater than those of abalone fed the Con diet.
Weight gain and SGR of abalone fed the OEB100 diet and Undaria were significantly lower than
those of abalone fed the Con diet. Shell length, shell width, shell height and soft body weight of
the abalone tended to agree with growth rate of abalone. Proximate of soft body of abalone was
not significantly affected by the experimental diets. In conclusion, Undaria powder up to 75%
could be replaced with OEB without retardation in growth of abalone. The best growth was
obtained in abalone fed the OEB50 diet.G
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Substituting fish meal with dietary plant and animal protein sources in
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Two experiments were conducted to evaluate the optimum level of animal and plant protein mixtures
as the fish meal (FM) replacer in sub-adult olive flounder Paralichthys olivaceus. In the first
experiment, three diets were formulated to replace FM at 0% (control), 10% with animal protein (AP10),
and 20% with animal and plant protein mixture (APP10). Triplicate groups of 90 fish averaging
327±9.3g (mean±SD) were fed one of three experimental diets for 14 weeks. After the feeding trial,
growth performance, non-specific immune responses, and intestinal villi length were not significantly
different among fish fed all the experimental diets (P > 0.05). In the second experiment, four diets
were formulated to replace FM with dietary animal and plant protein mixtures at 0 (control), 20
(APP20), 30 (APP30), and 40% (APP40). Triplicate groups of 90 fish averaging 478±4.7g (mean±SD)
were fed one of four experimental diets for 16 weeks. After the feeding trial, weight gain, specific
growth rate, and protein efficiency ratio were not significantly different among fish fed all the
experimental diets (P > 0.05). However, feed efficiency of fish fed APP40 diet were significantly lower
than those of fish fed the other diets (P < 0.05). Survival rate, whole-body proximate composition,
hematological parameters, and non-specific immune responses were not significantly affected by the
experimental diets. Therefore, based on growth performance and non-specific immune responses,
dietary animal and plant protein mixtures could replace up to 30% of fish meal in sub-adult olive
flounder.

G
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The necessity of adding inosine monophosphate (IMP) to
fishmeal reduction aquafeed.

Yang-Su, Kim*1 and Soo Hee, Han1
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Fish meal (FM) has been used as a major protein source of aquafeed because of its optimal amino
acid balance and high digestibility. However, a lot of researches on protein sources replacing FM are
on-going with an increase in FM consumption and a decrease in the main ingredient of FM, fishery
resources along with the continually increasing trend of aquaculture production. In addition, a lowpalatability of plant raw ingredients replacing FM is becoming an important factor limiting the use of
plant protein ingredients. Nucleotide (NT) is used as a flavor enhancer in food. It is known that NT is
improving palatability not only in humans but also in livestock and aquatic animals. Inosine
monophosphate (IMP) is very well-known as the most effective in improving palatability of aquafeed
among 15 NTs. In fact, there are numerous studies published about enhancing feed palatability and
improving feed intake by adding IMP in plant protein diets. On the other hand, recent studies have
shown that IMP supplementation promotes a trypsin secretion by stimulating cholecystokinin hormone
secretion. This suggests that IMP may improve digestibility of plant protein sources in response to the
anti-nutritional factors such as trypsin inhibitor. Also, it was verified that NT affects a microbiome as
probiotics, increasing beneficial bacteria and inhibiting harmful bacteria by supplementing IMP.
Despite of observed positive effects of dietary NT, it was unable to calculate the exact
supplementation level because of a lack of accurate information. Feed formulation based on the
results of NT analysis in various feed ingre3dients implied us that only IMP was significantly
decreased in a general FM feed. These findings suggest that IMP may be an essential in a feed with
high amounts of plant proteins.
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The present shortage of fish meal (FM) motivates researchers to seek new protein sources with
nutritional values similar to FM. Worms and insect larvae always have been a part of fish natural diet.
They have several appealing attributes that make them potential candidates for reducing the amount
of expensive and finite conventional feed ingredients such as FM in animal feed. The aim of the
present study was to assess and compare the effects of dietary inclusion of three different types of
insect meals in a practical diet on the performance of juvenile olive flounder. Four experimental diets
were formulated to be iso-nitrogenous (50% crude protein) and iso-caloric (20 MJ kg-1). A FM-based
diet was regarded as a control diet and 3 other experimental diets were prepared by partial
replacement of FM with either yellow mealworm meal, black soldier fly pre-pupae meal, or cricket
meal at dietary inclusion level of 15% (designated as Con, TM, HM and GB, respectively). Triplicate
groups of fish (initial average weight of 15.2 ± 0.04 g) were fed one of the experimental diets to
apparent satiation twice daily for 8 weeks. At the end of 8 weeks, weight gain and specific growth rate
of fish fed diets containing TM and GB was not significantly different compared to fish fed the Con diet;
however, fish fed the diet containing HM were significantly smaller than fish fed the Con diet. Results
showed that dietary inclusion of HM significantly enhanced cumulative feed intake of flounder over the
8-week feeding trial. Also, fish fed HM diet exhibited significantly higher feed conversion ratio and
lower protein efficiency ratio than the other dietary groups. These findings suggested that yellow
mealworm meal and/or cricket meal might prove to be more suitable replacement for FM in practical
diets for juvenile flounder than black soldier fly meal.
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Virucidal efficacy of blue light- 405 nm against viral hemorrhagic septicemia virus
Tho Diem Ho*, HeyongJin Roh and Do-Hyung Kim
Department of Aquatic Life Medicine, Pukyong National University

Although antimicrobial activity of blue light has been proved in several studies, there is little
information on virucidal efficacy of the light. In this study, two experiments were carried out to
determine the effects of 405 nm on viral hemorrhagic septicemia virus (VHSV) inactivation. In in
vitro experiment, T-25 flasks containing VHSV at a concentration of 105 PFU/mL were exposed to
405 nm light emitting diode (LED) with intensity of 40, 20 and 10 μmol˱m-2˱s-1 at 15°C. Ambient
light was used for control. In vivo experiment was performed twice to assess the efficacy of 405
nm LED with the same light intensity (LED-40, LED-20 and LED-10, respectively) on 8 healthy
cohabitant fish and 8 artificially infected fish (i.p. injected with 100 μL of 108 PFU/mL of VHSV) in
each tank containing 4×104 PFU/mL of VHSV. Results of in vitro experiment showed that 40
μmol˱m-2˱s-1 of LED required the shortest time (7 days) to complete virus inactivation, followed by
20 μmol˱m-2˱s-1 (9 days) and 10 μmol˱m-2˱s-1 (12 days) while virus titer in the control group
reduced approximately one log10 during 13 days. In vivo experiment revealed that cohabitant fish
in LED-40 group showed the lower mortality (0 %) in the first trial and 12.5 % in the second trial,
compared to those (37.5 % and 50 %, respectively) of the control group. Virus concentration in
rearing water decreased depending on LED light intensity. At 1 dpe, VHSV concentration in LED40, LED-20, LED-10 and the control group was 2, 4, 1.5×101 and 1.7×102 and 1, 1, 5.0×101, and
2.1×102 PFU/mL in the first and second trial, respectively. In conclusion, this study presents that
LED could be potentially alternative therapy for treating VHS. To the best of our knowledge, this
is the first study demonstrate the virucidal of 405 nm on virus in both in vitro and in vivo.G
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Genomic and transcriptomic insights into pathogenesis of Streptococcus parauberis
using its culture in the serum of olive flounder (Paralichthys olivaceus)
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This study attempted to understand immune evasion mechanism of Streptococcus parauberis by
performing comparative genome and transcriptomic analysis. Fifteen S. parauberis strains originated
from diseased fish were used to challenge in olive flounder for the determination of their pathogenicity.
Whole genome sequencing of five selected strains was conducted using PacBio RSII (Pacific
Biosciences) single-molecule real-time (SMRT) technology. Genome sequences of S. parauberis
publically available were retrieved and used for the comparative analysis. Total RNA was extracted
from samples of S. parauberis SPOF3K cultured in the serum and BHIB (+1%NaCl) for 1, 2 and 4 h,
and RNA sequencing was performed with Illumina hiseq 2500 platform. The transcripts were mapped
onto SPOF3K genome, and differential gene expression (DEG) was analyzed using Limma/Voom
package by comparing normalized read counts of two groups at each sampling time point. The
genome sequences of serotype Ia strains contained a 12 Kbp–sized plasmid harboring tetracycline
resistance and Internalin J gene, a virulence factor responsible for internalization of bacteria into host
tissue. Based on KEGG pathway analysis, only serotype Ia strains were found to contain bacterial
cellulose synthase, which would be of importance in bacterial biofilm formation. This gene and
neighboring genomic loci were found to be up-regulated in our transcriptomic analysis (at 2_, 4_hpi).
From DGE analysis, 737 (33%), 685 (30.7%) and 652 (29.2%) genes were significantly up-regulated,
and 843 (37.8%), 609 (27.3%) and 666 (29.8%) genes significantly down-regulated in 1_, 2_, 4_hpi
sample, respectively. Genes in defense mechanism category from clusters of orthologous groups
(COG) analysis were over-represented at 2 and 4_hr. The majority of them are components of ATPbinding cassette (ABC) transport system that is very essential factor for bacterial survival by
regulating physiological balance in hostile environment. Eleven important virulence- and 9 stressrelated genes in the serum samples were found to be significantly up-regulated, indicating those
genes might be very crucial in adapting hostile environment and becoming pathogenic. In conclusion,
this study provides a comprehensive view toward adaptive strategy and pathogenesis of S.
parauberis based on high-throughput sequencing technology, which would contribute to a better
understanding and development of control measures for this pathogen in the future.
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Plasma estradiol-17ȕand estrogen receptor increased during the artificial
induce sexual maturation and it influence choriocapillary layer of eye
in Japanese eel, Anguilla japonica
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G
Japanese eel, Anguilla japonica, begin to sexual mature and morphological change (eye size
increase, change of body color and weight gain etc.) while they migrate to ocean. However, the
reproductive functions and correlations of ERs within the peripheral tissue are unclear during
spawning migration. This study aimed investigating plasma levels of E2 (estradiol-17ȕ),
morphological change (gonadosomatic index, eye index and oocyte diameter) and change of
ERĮ and ȕ transcripts in SPE treated female Japanese eel during artificially induce sexual
maturation. Ovarian development stage was classified into five stages based on morphometric
parameters and ovarian development. Morphometric parameters and ERs mRNA in eye, brain
and ovary significantly increased with the sexual maturation stage except ERȕ mRNA in pituitary.
We observed location of ERĮ and ȕ expression in the eye by conducting Florescence In-situ
hybridization. Both ERĮ and ȕ mRNA were detected in the CCL and PRL, and weak labeling in
eye of immature eel than mature eel. These results reveal endocrine E2 affects oocyte
development which is related to change of eye size directly or indirectly during the spawning
migration.
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Physiological processes during the silvering in nocturnal eel, Anguilla japonica:
environmental influence of dopamine and melatonin
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Japanese eel, the catadromous fish, inhabit in river and stream during the most of life and migrate
to the sea for spawning. The physiological process of eel during the migration was still unknown.
Generally, in teleost fish, the reproductive system is controlled by neuro-hormonal control that is
stimulatory by GnRH and inhibitory by dopamine (DA). The present study was aimed to study
possible roles of neuropeptide hormones and receptor (GnRH, GtH and D2B) in neural and peripheral
tissues (brain, pituitary, retina and gonad) of the Japanese eel during sexual maturation, because
these genes and receptor are involved in the onsets of puberty and sexual maturation. Gonadal
development of the male Japanese eel (n = 41) were induced by peritoneal injections of human
chorionic gonadotropin (hCG) and histologically classified into 4 stages, which are immature (S1),
primary sexual maturation (S2), sexual maturation stage (S3) and final sexual maturation (S4). Neural
and peripheral tissues (fore-brain, mid-brain, hind-brain, pituitary, retina and gonad) were collected at
24:00. Real-time quantitative PCR analyses revealed that mRNA abundance of GnRH2 in the forebrain was higher at S2 than S3, and mRNA abundance of D2B receptor in the fore-brain and midbrain was lower at S2 and S3, respectively, than S1. On the other hand, mRNA abundance of D2B
receptor in the gonad increased at S2. In the pituitary, mRNA abundance of FSHȕ was much higher at
S1 than S2, S3 and S4, and mRNA abundance of LHȕ increased at S3 and S4. No significant
changes in transcript levels in these genes are evident in the hind-brain, retina. These results suggest
that the system of neuropeptide hormones and receptor plays important roles in controlling the
reproduction processes of the male Japanese eel.
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Potential impacts and risks on global climate change and warming are more highlighted. In teleost,
Notothenioids have evolved successfully to adapt to specific Antarctic marine ecosystems. Those fish
are at the front of the impacts, and are useful in monitoring the impacts as a sentinel species. In order
to study of the Antarctic fish, specialized facilities are required essentially including capturing gears,
transportations, and an aquarium. Thus KOPRI have captured 100 specimens of this hardy fish and
have transported them from the South Shetland Islands in the Antarctic Peninsula to their laboratory
aquarium in KOPRI via their ice breaker the ARAON to Korea. Almost all survived the 6 week trip and
are now housed in aquaria in a cold room at KOPRI maintained at 0 OC. This is the first transport of
Antarctic fishes as large as a kilogram that have been transported to the northern hemisphere. Using
the Antarctic fishes maintaining in the domestic aquarium, many various research projects would be
carried out. In particular, reproduction of the Antarctic fishes would be most interesting if this species
could be induced to spawn and obtain fertilized eggs. They would provide interesting results that
would be useful not only to Antarctic fish biologists but to all fish biologists
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Improving the Body Pigmentation of Red-spotted Grouper(Epinephelus akaara)
Using a Pigment-producing Marine Bacterium and Lactobacillus
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The red-spotted grouper (Epinephelus akaara) is a highly preferred and expensive fish species in
markets of Korea, China and Hong Kong. As a clearer pigmentation on fish body means a higher fish
price in the live fish market, fish farmers make various attempts to improve fish pigmentation. Fish
pigmentation is generally regulated by carotenoid pigments, which are reported not to be naturally
synthesized in fish but accumulated in fish body through feed consumption. This study investigated
the effect of the combined addition of astaxanthin and lactobacillus in fish feed on pigmentation and
growth of the red-spotted grouper to enhance the market value of the species. For this study, we
isolated astaxanthin biosynthesized with a marine bacterium, Paracoccus haeundaensis. Astaxanthin
culture solution was freeze-dried and then a calculated amount of the dried material was taken to be
mixed with feed ingredients and then used for experiments. We also investigated the combined
effectiveness of lactobacillus and astaxanthin by adding 10% lactobacillus [Lactobacillus helveticus
(L.h)] culture solution (2.2×108CFU/ml) to experimental feeds in various concentrations of astaxanthin.
Two experiments were carried out, with one using red-spotted grouper juveniles (27.2±0.5 g in
weight) and the other using immature adults(115.9±0.8 g in weight). In the both experiments, the
combined addition of astaxanthin and lactobacillus in fish feed did not affect the growth, the fatness,
and the survival of the fish. The addition also did not cause changes in physiological parameters like
total plasma protein, glucose, GOT, etc. It was also found that the experimental feed additives had no
effect on muscle pigmentation of the immature adults, while the treatments with astaxanthin showed
higher values of ‘a’ in muscle pigmentation of the juveniles (the increasing values of ‘a’ means
stronger red pigmentation). In the case of skin pigmentation, the astaxanthin treatment resulted in
higher values of ‘a’ both in juveniles and immature adults compared to the control. In conclusion, the
addition of astaxanthin and lactobacillus in fish feed has no effect on growth and survival of redspotted grouper (Epinephelus akaara), but it has a positive effect on improving body pigmentation of
the species.
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Recirculating aquaculture systems (RAS) are uniquely poised to produce highly desirable and
valuable food products while also maintaining a small environmental effect. However, while most RAS
are designed to remove solids and recycle water back to the fish culture tanks, the inability of these
systems to remove nitrate–nitrogen from the water significantly arrests this industry’s ultimate economic and environmental sustainability. The most common wastewater denitrification treatment
systems utilize methanol-fueled heterotrophs, but autotrophic denitrification using thiosulfate has
some advantages than heterotrophic denitrification such as easier sludge treatment and cheaper cost
of electron donor. The studies about denitrification using thiosulfate in seawater were very scare and
there is a need to investigate experimental condition to reduce nitrate–nitrogen from seawater
recirculating aquaculture systems. The purpose of this study was to investigate the effects of
sulfur/nitrogen (S/N) ratio and initial pH on the denitrification rate of nitrate. The tanks composed of
three replications(0.64X0.49mX0.25m, 77L) were filled with media(Kaldenes media, 950േ50m2/m3)
and were supplied nutrients composed of differential S/N ratio of 0.2, 0.7, 1.2, 1.7, 2.2 and 2.7(same
nitrate concentration, 100mg-N/L). The S/N ratio of 1.7 was just enough for complete denitrication and
100mg-NO3-N/L was removed in 14hr. In order to investigate effect of initial pH values, this ratio was
used and experimental Initial pH values were 5, 6, 7, 8 and 9. A maximum denitrification rate was
observed at pH 8 with complete denitrification occurring 14hr. In case of pH 7 and 9, the rate
decreased and the reactors consumed 23hr for complete denitrification. The others were required
time more than 23hr.
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The effect of hydraulic loading rate on nitrification of trickling biofilter with polystyrene
foam bead media in recirculating aquaculture system
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The elimination of TAN using biological filtration is an important factor in designing and operating a
recirculating aquaculture system. The efficiency of biological filtration depends greatly on the type of
filtration media. The filtration media should have a large specific surface area unless disturbing the
water flow. In this study, the efficiency of nitrification was evaluated for 7 days according to the
hydraulic load rate in a trickling biofilter using a relatively inexpensive and high specific surface area
polystyrene foam bead as a media. A total of five independent systems were used and each
experimental set was set to a hydraulic load rate of 100, 200, 300, 400, 500 L / hr. The ammonia
loading rate was 0.5 g TAN² · m·² baed · day·¹, and water quality analysis was conducted three times
daily. The result, ammonia nitrogen(NH3-N) concentration in the trickling filter influx tended to
decrease with increasing hydraulic load, but increased at 500 L / hr and lowest at 400 L / hr (0.84 ±
0.54 mg / L). The concentration of nitrite nitrogen(NO2-N) in influent was also kept lowest at 400 L / hr
(1.30 ± 0.53 mg / L). The daily ammonia nitrogen removal rate tended to increase to 0.40 ± 0.15, 0.42
± 0.17, 0.43 ± 0.22, 0.44 ± 0.28 and 0.54 ± 0.23 g /m² · day·¹ respectively, and the highest removal
rate was observed at 500 L / hr. The daily nitrite nitrogen removal rate were 0.98 ± 1.54, 0.64 ± 1.63,
0.25 ± 0.57, 0.55 ± 0.38 and 0.60 ± 0.35 g /m² · day·¹ respectively, and the highest removal rate was
observed at 100 L / hr and the lowest level in 300 L / hr. As a result of this study, it is expected that it
will be used as basic data for design and management of filtration system of recirculating aquaculture
system through nitrification efficiency by hydraulic loading rate in trickling biofilter using polystyrene
bead as media.
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Red sea bream (Pagrus major) is one of the most important marine finfish aquaculture species

in Japan. The annual aquaculture production is the second highest, and the annual production
number of aquaculture seedlings (juveniles) is the highest, mostly 50 million. We attempted to
improve the breed of red sea bream by means of selective breeding (mass selection) in order to
establish red sea bream seedling for aquaculture capable of growing more quickly than wild red
sea bream (Murata et al., 1996; Kato et al., 1998). In about 1964, wild young fish were reared
into adult, and the fish growing quickly were selected and used as broodfish to produce next
generations. This selective breeding has been repeatedly carried out for more than 50 years. The
following results were obtained. (1) As the selective breeding was repeated, the body weight of
broodfish aged 4 years showed an increase. (2) The selected red sea bream seedling grew at an
obviously elevated rate as the selective breeding was repeated. Namely, the time (days) required
for attaining a commercially available fish size (about 1kg) was shortenedGnearly half. Because
the generation of selective breeding is increasing (more than 10 generations), measures to
prevent the inbreeding depression are necessary. We have maintained several strains separately
and have repeated each selection. For the production of juveniles shipping to commercial farms
is conducted by crossing between different strains. Advantages of mass selection are simple,
inexpensive, effective, irrespective of species of fish, and the disadvantage is that it takes time.
Therefore, we challenged the application of genome editing technology which can shorten the
breeding period. The proportion of edible part of the red sea bream is lower (less than 40 %) than
most of other cultured species, and this is one of the problems to be solved in this species.
Myostatin (MSTN) is a member of the transforming growth factor-ȕ (TGF-ȕ) superfamily, and
functions as a negative regulator of skeletal muscle mass (McPherron et al., 1997). In fish,
Chisada et al. (2011) reported that MSTN mutant medaka shows a body weight gain with
hyperplasia and hypertrophy during posthatch growth. Thus, we attempt to induce MSTN mutant
by CRISPR/Cas9 genome editing system to improve the processing yield of red sea bream. Two
target regions in the putative first exon of MSTN gene from the genome sequence of red sea
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bream were selected and synthesized sgRNAs for each region. The respective sgRNA (sgRNA1
and 2) was injected with Cas9 RNA to the eggs 3-10 min after insemination by microinjection
method (Kato et al. 2007). On 165 and 183 days after hatching (DAH), pit tags (Biomark, Inc,
USA) were introduced into abdominal cavity of all survived fish and were measured body weight
and fork length and then taken fin samples. DNA extracted from the fin samples were used for
Heteroduplex Mobility Assay (HMA) to estimate the mutation level in the genomic DNA and
condition factors of the fish were compared among different mutation levels. In both target
regions of MSTN gene, the fish with high mutation level showed significantly higher condition
factors and the body weight was also improved in the fish with higher mutation level. This fact
suggests that the MSTN has functions as a negative
regulator of skeletal muscle mass in red sea bream
as

known

in

the

other

animals

and

the

CRISPR/Cas9 genome editing system was effective
in this species to introduce mutation and to analyze
functions of a specific gene. In 2 years old fish, the
body weight of higher mutation level fish was 1.17
times higher than the fish with lower mutation level.
The fish of the first generation (G0) spontaneously
spawned in a tank during the spawning period of 2
years old, and we could get the second generation
(F1). In some F1 fish, the MSTN gene was
completely knocked out, obviously the muscle mass
increased. Thus, we established the homozygous
MSTN homo KO (F1)

Wild type

gene disrupted red sea bream in 2 years, which is
far shorter than the conventional breeding method.
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FAO has reported that the total aquaculture production is 74 million MT in 2014, which is equivalent
to 160 billion dollars in value. Aquaculture increases annually by 4-6% in production and is recognized
as a fastest growing sector in the world. UN also heighted the important role of aquaculture industry in
keeping future food security and urged the sustainable development of aquaculture.
However, conventional aquaculture is practiced in open systems that are rely on natural carrying
capacity and are influenced by natural environments. Controlling culture conditions are not
economically feasible in these systems so that farmers undergo extended culture period and
unplanned production. Also, conventional aquaculture industry has been labor intensive and
experience dependent. Under this situation, young workforce likely evade this primary industry and
their inflow to the industry has dwindled.
It is imperative to urge the development of technology-intensive/knowledge-oriented industry
allowing for advancing aquaculture systems, implementing planned production, and attracting young
generations. In the future, environment-independent, and environment-friendly closed aquaculture
systems such as recirculating aquaculture systems will take an initiating role in aquaculture paradigm
shift. In this context, various developed countries are investing in developing practical recirculating
aquaculture systems and nurturing skilled manpower to take the advantageous position in the market.
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Attractiveness of various feed protein sources to juvenile olive flounder
(Paralichthys olivaceus) and its practical application for aquaculture
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The attractiveness of various protein sources of 16 feed ingredients was determined in juvenile
olive flounder (Paralichthys olivaceus) by using reinforced acrylic tank composed of three equally
divided rectangular attracting chambers and an acclimatization chamber. The attractiveness of feed
ingredient to olive flounder was determined by randomly selecting three kinds of feed ingredients at a
time. The similar sizes of thirty fish were held in the acclimatization chamber and tournament
comparison of feed ingredients was applied to evaluate attractiveness. Twenty gram of various
protein source wrapped in micromesh gauze was placed into three attracting chambers, each 20 cm
in depth under the water surface. Then, the shutter was raised to allow fish free access to each feed
ingredient in the attracting chambers for 30 min. The number of fish moved towards aquatic extracts
of the ingredient in each attracting chamber was counted after 30 min video recording to evaluate the
attractiveness of each feed ingredient to olive flounder in the preliminary test without replication.
Determination of the top 4 feed ingredients showing high feeding attractiveness to olive flounder was
made in triplicate. Finally, feed consumption and relative feeding activity of olive flounder (the initial
weight of 5.8 g) fed the extruded pellet (EP) containing 5% of top 3 feeding attractiveness to olive
flounder for 7 days were determined and compared to the control diet showing a moderate feeding
attractiveness (anchovy meal) in 15 replications. Anchovy (36.7%), Pollack (PM) (46.7%), jack
mackerel (JM) (40.0%), sardine (SM) (43.3%) and hydrolyzed fish meals (HFM) (53.3%) achieved the
st
th
highest feeding attractiveness to olive flounder in the 1 through 5 preliminary test, respectively. PM

(50.0%), JM (40.0%), shrimp meal (SHM) (40.0%) and JM (40.0%) achieved the highest feeding
attractiveness to olive flounder in the 6th through 9th preliminary test, respectively. Among the final top
4 feed ingredients (HFM, JM, SM and PM) showing high attractiveness to olive flounder, JM (40.7 ±
1.2%) achieved higher attractiveness than HFM (20.0 ± 1.1%) and SM (26.7 ± 1.1%) in the 1st trial. In
the 2nd trial, attractiveness of SM (38.7 ± 1.7%) to olive flounder was higher than HFM (32.7 ± 1.2%)
and PM (16.7 ± 1.8%). The top 3 strong feeding attractant response of olive flounder was observed in
JM, followed by SM and HFM in order among various feed ingredients. The highest feed consumption
(0.80 ± 0.010 g/fish) and relative feeding activity (125.1%) were obtained in olive flounder fed the EP
containing JM, and followed by SM (0.68 ± 0.011 g; 107.3%), HFM (0.66 ± 0.010 g; 104.0%) and
anchovy meal (0.63 ± 0.010 g; 100%) in the control diet. Feed consumption and relative feeding
activity of olive flounder were well reflected from feeding attractiveness of feed ingredients to olive
flounder. This could be very simple technique to improve feed consumption of fish based on feeding
behavior (olfactory response) of fish without monitoring electroneurophysiology of fish.
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Physiological function of tetrodotoxin in juvenile tiger puffer Takifugu rubripes
Yoshitaka Sakakura
Graduate School of Fisheries and Environmental Sciences, Nagasaki University, Japan

G
Tetrodotoxin (TTX) is one of the most potent nonproteinaceous toxins, responsible for
numerous fish poisonings, and is especially known in pufferfishes in the order Tetradontiformes.
The main ecological function of TTX in pufferfishes is as the chemical for the predator avoidance
(Itoi et al. 2014 Toxicon). Wild tiger puffer Takifugu rubripes juveniles are known to be toxic by
bearing tetrodotoxin (TTX) and show settlement behavior at the new environment as fear
response, while artificially-raised juveniles are non-toxic, inferior in fear response and often show
agonistic interactions (Shimizu et al. 2008 Reviews in Fisheries Science). Since we found that
non-toxic T. rubripes juvenile senses TTX by olfaction and TTX is accumulated in the brain (Okita
et al. 2013 Toxicon, Okita et al. 2013 Ichthyological Research), we hypothesized that TTX may
have physiological functions as well as predator defense. Artificial pellets containing 3 different
concentrations of TTX (0 as control, 7, 14 MU/g·diet) were fed to non-toxic artificially-raised T.
rubripes juveniles for 10 days. TTX accumulation in the various tissues of fish was detected
except for control diet group, and TTX administration did not affect survival or growth of the fish.
Then, a hundred fish from each diet group were released together into a salt-pond mesocosm
2
(2,650 m ) with predators (Lateolabrax sp.) for 5 days. Survival after release was significantly

higher in the fish fed with TTX both 7 MU/g·diet (62 %) and 14 MU/g·diet (74 %) than the control
fish (32 %). We also found that the degree of loss of caudal fin (DLCF) was significantly smaller
in the fish fed with TTX, indicating that TTX reduced stress because agonistic interaction by
stress causes high DLCF in T. rubripes (Sakakura et al. 2017 Fisheries Science). We further
conducted transcriptome analysis by next-generation sequencing for the olfactory and the brain
of non-toxic cultured juveniles which were sensed and administered TTX (Okita et al. 2017
Fisheries Science). Results showed that the expression of 21 and 81 known genes significantly
changed in TTX-sensed and TTX-administered juveniles in comparison with control juveniles,
respectively. These genes included those related to feeding regulation and reward system,
indicating that TTX ingestion of T. rubripes juveniles is controlled at feeding center in brain and T.
rubripes may sense TTX as a reward, and accumulated TTX will directly act on central nervous
system to adjust TTX ingestion.
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Osmoregulation and gene expression of ion transport proteins in the gill of
chum salmon (Oncorhynchus keta) at different salinities
Sang Yoon Lee and Yi Kyung Kim
Department of Marine Biotechnology, Gangneung-Wonju National University, Gangneung, Korea

G
Chum salmon (Oncorhynchus keta) is a reverberant cold water fish that is widely distributed in the
North Pacific ocean, the Arctic ocean and the rivers. In particular, chum salmon belongs to the shorter
period of reaching the smolt stage than other salmon species and is known to be about one month.
So juvenile chum salmon are generally born in freshwater and then move directly to estuaries and the
sea. Based on these characteristics, we investigated the expression characteristics of ion transport
proteins involved in homeostasis through osmotic pressure control during the seawater acclimation
period of chum salmon.
In teleost fish, osmotic pressure control is accomplished by the general movement of water and
ions in the gills, intestines and kidneys, thereby maintaining a balance of water and ions. Particularly
in the case of gill tissue, it is the most important organ in the control of osmosis in the body by the
discharge of representative salts and absorption of the organ.
Therefore, in this study, whole transcriptome NGS analysis was performed using juvenile chum
salmon after salinity acclimation. And we investigated the expression of osmotic regulatory genes of
chum salmon in fresh water, brackish water, and sea water. As a transport protein distributed in the
plasma membrane of animal cells, sodium/potassium pump, sodium/potassium ATPase (Na-K
ATPase) and sodium/potassium cotransporter family (Na-K-Cl cotransporter) showed different
expression pattern according to isoforms.In addition, the expression of various osmotic control genes
such as cystic fibrosis transmembrane regulator (CFTR) and voltage gated potassium channel gene
(KCNH4)
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G
The tsunami caused by the 2011 Great East Japan Earthquake hugely damaged to oyster
aquaculture facilities in Miyagi Prefecture, which is one of the main oyster production areas in
Japan. Regardless of recover of the facilities, Miyagi’s oyster production in 2016 was only half
that before the tsunami, mainly due to decreased numbers of aquaculture farmers and workers.
The low production and the labor shortage could further reduce farm activity and market value of
Miyagi’s oysters. To address this issue, an empirical research project (A Scheme to Revitalize
Agriculture and Fisheries in Disaster Area through Deploying Highly Advanced Technology) had
been performed for 5 years since 2013. Here, we introduce the challenges to establish
production systems for two new types of high-quality Pacific oysters. One type is unspawned
oysters, shipped within one year of setting, cultivated in cage-culture systems using natural single
seed oysters collected on plastic spat collectors. The commercial name “Amakoro-kaki” oyster
from with a clear sweet taste was born in Shizugawa Bay (central Miyagi). Production of this
oyster in 2017 reached to be 100,000 individuals, based on an improved method for collecting
natural single seed oyster, and culturing systems using cages treated with “non-stick” material.
The other oyster type has the characteristics of a smooth white shell and condensed umami taste
through temporary exposure to air on tidal flats. In shallow areas of Matsushima Bay (the south of
Miyagi), oysters with the commercial name “Atamakko-kaki” are cultivated in mesh bags placed
on wooden racks in the intertidal zone. Both oyster types indicated high grade in a tasty standard
expressed by combination parameters based on total free amino acid, serine and glycogen
contents. They had been served in oyster bars and seafood restaurants throughout Japan in
2017. We expect that these systems producing these new oyster varieties will become
established in the target areas and improve the profitability of local aquaculture.
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Probiotic effects of Lactococcus lactis WFLU12 on fish
Do-Hyung Kim
Department of Aquatic Life Medicine, Pukyong National University

Our previous study has shown that dietary supplementation with Lactococcus lactis WFLU12
can enhance the growth of olive flounder and its resistance against streptococcal infection.
Comparative genome analysis using 20 Lactococcus lactis strains was performed to investigate
genomic characteristics of strain WFLU12. Analysis of gut and serum metabolome using capillary
electrophoresis mass spectrometry with time-of flight (CE-TOFMS) was conducted to understand
the mode of action of probiotics in terms of growth promotion. Dispensable and singleton genes
of strain WFLU12 were found to be more enriched in genes associated with metabolism than
pooled dispensable and singleton genes in other L. lactis strains, reflecting WFLU12 strainspecific ecosystem origin and its ability to metabolize different energy sources. Strain WFLU12
produced antimicrobial compounds that could inhibit several bacterial fish pathogens. Only this
strain possessed the nisin gene cluster and genes encoding lysozyme and colicin V. Also, L.
lactis WFLU12 possessed many other important functional genes to support the probiotic action.
Concentrations of metabolites such as citrulline, tricarboxylic acid cycle (TCA) intermediates,
short chain fatty acids, vitamins, and taurine were significantly higher in the probiotic-fed group
than those in the control group. The probiotic strain WFLU12 also possesses genes encoding
enzymes to help produce these metabolites. Therefore, it is highly likely that these increased
metabolites linked to growth promotion in olive flounder are due to supplementation of the
probiotic strain. Findings of the present study may reveal important implications for maximizing
the efficiency of using dietary additives to optimize fish health and growth.
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Fisheries-based evaluation of carrying capacity for scallops in Ogatsu Bay
Makoto Osada
Graduate School of Agricultural Science, Tohoku University

G
Scallop farming is one of major aquaculture industries in the Sanriku coast of northern Japan.
The earthquake and tsunami on March 11 in 2011 brought devastating losses in the scallop
culture as well as oyster, sea squirt and marine alga etc. In the process of recovering and
reconstructing the aquaculture farm lost by the natural disasters, evaluation of environmental
carrying capacity in each farming site is an essential task to guarantee a sustainable production
of filter feeders like a scallop in the future. We focused on a transition of scallop farming by earhanging method after the disaster in Ogatsu Bay where scallops are predominantly produced and
recovering began first in the coast of Miyagi prefecture. Therefore, we investigated productivity
based on the number of facility and annual production in the bay and growth state (e.g., size,
weight and indices of organ) compared to pre-quake state. The carrying capacity is considered
by food availability based on a primary production.
The number of facilities for scallop farming and the annual production of the farmed scallop in
Ogatsu Bay recovered to about 66% and 76% in 2014, respectively, compared to the data in
2010 (before the earthquake disaster). The productivity of scallop, which was calculated as an
amount of production per rope where scallops were ear-hanged, showed at 23.7 kg per rope in
2014 lower than 30.9 kg per rope shown in 2013, even though the annual productions in 2013
and 2014 were almost the same. Total amount of chlorophyll a (above 20 m depth) throughout a
year did not differ between 2014 and 2013 suggesting the same fluctuation level of the primary
production as past. In 2014, the low-growth scallops (i.e., shell size, soft body weight) cultured in
deeper layer was observed at two different farming sites as previously found before the
earthquake in 2010. The adductor muscle index (adductor muscle weight (g)/whole soft body
weight without gonad (g) *100) was kept at about 38 in both layers higher than previous level
before the earthquake.G A food availability for good growth of scallop was not sufficient for the
scallops farmed in deeper layer in Ogatsu Bay in 2014.GIt may be a time that the farmers need to
reconsider and regulate the amount of production to accomplish a sustainable and efficient
production of scallop as a filter feeder on the basis of environmental carrying capacity estimated
in Ogatsu Bay.
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Feeding efficiency of Juvenile Geoduck Panopea japonica in terms of
Water temperature and Marine algae
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This study was performed to determine the effect of marine algae and water temperature on dietary
feeding of juvenile geoduck (Panopea jaonica). There was a significant difference on daily feeding
efficiency of geoduck depend on temperature. In particular, it was shown that an ingested algal
concentration was higher at 10, 15, and 20ଇ than 5 and 25ଇ for 24 hours. Clearance rate and
ingestion rate of geoduck was relatively high at 15ଇ, showing 30.19±1.06 L/hr/g, 21.83±2.04×105
cells/mL, respectively. When two marine algae, Isochrysis galbana and Tetraselmis suecica, were
provided to geoduck, there were no significant differences on clearance rate (CR), absorption rate
(AR), absorption efficiency (AE) (p > 0.05). However, filtration rate (FR) was high when feeding on T.
suecica compare to I. galbana.
In conclusion, this study suggests that feeding activity of geoduck is considered to be high at 15.
In addition, both I. galbana and T. suecica are necessary for geoduck though there was no difference
between feeding efficiencies except filtration rate.
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Effects of singular administration of six different probiotics on growth performance,
feed utilization, whole body composition and hematological parameters
of juvenile olive flounder (Paralichthys olivaceus)
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Probiotics have shown a number of beneficial impacts, including improved growth, survival,
immunological responses, and enhanced general well-being of the host. The present study was aimed
to evaluate the possible effects of singular administration of six different probiotics on growth
performance, feed utilization, whole body composition and several hematological parameters of
juvenile olive flounder. Six iso-nitrogenous (45% crude protein) and iso-lipidic (8% crude fat) diets
supplemented with one of the following probiotic strains: Bifidobacterium lactis, Lactobacillus casei, L.
paracasei, L. curvatus, L. plantarum, and L. lactis at 3 × 1010 cell forming units (CFU)/kg, containing
fish meal (FM) as the only protein source, were fed to flounders (initial body weight 15.3 ± 0.03 g)
over 6 weeks. A non-supplemented FM diet was used as a control diet. Results showed that fish fed
the probiotic-supplemented diets, except those fed the diet containing L. casei, had significantly
higher growth rates than fish fed the control diet. Fish fed the diets containing B. lactis or L. paracasei
had significantly higher protein efficiency ratio than fish fed the control diet or the ones supplemented
with L. casei, L. curvatus, L. plantarum, or L. lactis. Whole-body proximate composition, condition
factor, viscerosomatic and hepatosomatic indices remained unaffected by probiotic supplementation.
Fish fed the L. curvatus, L. plantarum, and L. lactis-supplemented diets tended to have significantly
lower plasma cholesterol levels than the control group. Significantly higher plasma aspartate
aminotransferase activities were recorded in the control, B. lactis, and L. paracasei groups than in the
L. plantarum group. A significant decline in plasma total protein level was observed in fish fed the
control, B. lactis, L. casei and L. paracasei diets as compared to fish fed diets containing L. curvatus,
L. plantarum, or L. lactis. These findings suggest that B. lactis, L. paracasei, L. curvatus, L. plantarum,
and/or L. lactis can be considered as promising dietary supplements for improving juvenile olive
flounder growth performance and nutrient utilization.
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Dietary substitution effect of Undaria pinnatifida with Sargassum horneri on growth and chemical
composition of abalone was investigated. Juvenile abalone (n=1260) were distributed in 21 net cages
(60 abalone/cage). Six formulated diets were prepared. Twenty percent U. pinnatifida was included in
the control (SH0) diet. The 20, 40, 60, 80 and 100 % U. pinnatifida were substituted with equal
amount of S. horneri, referred to as the SH20, SH40, SH60, SH80 and SH100 diets, respectively.
Finally, dry Undaria was prepared to compare the effect of diets on abalone growth. Abalone were fed
for 16 weeks. Water stability of nutrient content in all formulated diets were changed with time. Higher
dry matter, crude protein, crude lipid and ash content were retained in all diets than the Undaria at all
periods of observation, except for crude lipid content at 12 h and ash content in the SH40 diet at 48 h
after seawater immersion. Survival of abalone fed all formulated diets was higher than Undaria.
Abalone fed the SH0, SH20, SH40, SH60 and SH80 diets achieved greater weight gain and specific
growth rate (SGR) than those of abalone fed SH100 diet and Undaria. The greatest weight gain and
SGR were obtained in abalone fed SH60 diet. Shell length, width and height of abalone fed all
formulated diets were higher than Undaria. The proximate composition of the soft body of abalone,
except for crude protein was not affected by the experimental diets. In conclusion, U. pinnatifida up to
80% could be replaced with S. horneri when 20% U. pinnatifida was included in abalone feed.
Abalone fed SH60 diet achieved the best growth performance.
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The present experiment was conducted to evaluate the effects of different dietary GABA levels in
Nile tilapia. Triplicates of six groups of fish averaging 3.03 ± 0.07g (mean±SD) were randomly
distributed in 18 rectangular 40 L volume tanks. A basal diet without GABA supplement was used as
a control (CON, 96mg/kg), and the other five diets were prepared by adding 75 mg GABA (GABA75,
144mg/kg), 75 mg GABA + 50 ppm heat killed lactobacillus (GABA75L, 189mg/kg), 150 mg GABA
(GABA150, 197mg/kg), 150 mg GABA + 50 heat killed lactobacillus, (GABA150L, 242mg/kg), and 600
mg GABA (GABA600, 507mg/kg) of diet for six experimental diets. After 8 weeks of feeding trial,
weight gain and specific growth rate of fish fed GABA75, GABA75L, GABA150, and GABA150L diets were
significantly higher than those of fish fed CON diet (p<0.05), however, there were no significant
differences among fish fed CON and GABA600 also among fish fed GABA75 and GABA600 diets
(p>0.05). Superoxide dismutase activity of fish fed GABA75L, GABA150L and GABA600 were
significantly higher than those fish fed the CON, GABA75 and GABA150 diets, however, there were no
significant differences among fish fed GABA75LGABA150 and GABA600 and among fish fed GABA75 and
GABA150 diets. Based on broken line linear regression analysis for weight gain, the optimum dietary Ȗaminobutyric acid level could be 158.7 mg kg-1 diet for juvenile Nile Tilapia (Oreochromis niloticus).
Therefore these results demonstrated that lower dietary Ȗ-aminobutyric acid with additional dietary
heat- killed lactobacillus offered potential effects in growth performance, non- specific immune in
juvenile Nile Tilapia (Oreochromis niloticus), however, there are no synergistic effects with optimum
dietary GABA.
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Migration and the catch fluctuation of Pacific cod, Gadus macrocephalus,
in the Yellow Sea

Heeyong Kim* and Maeng Jin Kim
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Pacific cod data collected by the bottom trawl of the research vessels and by the commercial gill
nets in the Yellow Sea are analyzed to understand its distribution and migration characteristics.
Through the distribution characteristics of the Pacific cod in the Yellow Sea, it was revealed that their
migration pattern is dominated by the seasonal expansion and contraction of the YSBCW. The catch
fluctuation of Pacific cod in the Yellow Sea was also influenced by changes in hydrographic conditions
due to the Siberian High (SH). The cold surface waters by SH in winter form the Yellow Sea Bottom
Cold Water (YSBCW) that exists at the bottom of the Yellow Sea throughout the year. The cooling
period of surface waters corresponds to the main spawning season of the Pacific cod in Korean
waters. The water temperature changes impacted on the early survival of the Pacific cod in the
Korean waters. The water temperature where the Pacific cod were caught ranged 6 to 10oC. In early
1990’s when Pacific cod catches were lowest, YSBCW was restricted to the center of the Yellow Sea,
but in 2007 when the catches were at highest level, YSBCW ranged over the entire Yellow Sea.
However, the scenario by SH variation could not explain the influence by a global warming. The
increase of the water temperature by global warming will affect the spawning area and spawning
period of Pacific cod in the Yellow Sea.
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To investigate the extent of genetic differentiation among populations, genetic polymorphism in
Pacific cod, collected from wild populations of five locations (Boryeong in the West Sea (WC-BR);
Jinhae Bay in the South Sea (SC-JH); Jumunjin (EC-JM), Jukbyeon (EC-JB), and Bangeojin (EC-BJ)
off the eastern coast of Korea), were examined using mitochondrial DNA (mtDNA) control region and
microsatellite DNA (msDNA) markers. Nucleotide sequence analysis of 584 bp in the variable portion
of the 5’ end of the mtDNA control region revealed 27 variable nucleotide sites among 184 individuals,
which de¿ned eight, three, and 11 haplotypes in the western, southern, and eastern coast populations,
respectively. The mtDNA analysis revealed a low variability but signi¿cant local differentiation among
populations from these three areas within Korean waters. msDNA analysis also revealed moderate
polymorphism in the wild populations, with a mean of 13.8–22.6 alleles per locus for the ¿ve msDNA
markers and observed (and expected) heterozygosities of 0.755 (0.825) for the WCBR, 0.793 (0.810)
for the SC-JH, 0.920 (0.905) for the ECBJ, 0.783 (0.865) for the EC-JB, and 0.804 (0.812) for the ECJM populations. Analysis of msDNA loci indicated that Paci¿c cod sampled at the WC-BR, SC-JH, and
EC-JB sites belong to genetically distinct populations. However, no signi¿cant difference was found
between the Paci¿c cod population from SC-JH and that from EC-BJ. Consequently, three genetically
distinct populations, namely, WC-BR, SC-JH and EC-BJ, and EC-JB, were identi¿ed using msDNA
analysis. These results indicate that genetically distinct populations of Paci¿c cod are present in
Korean coastal waters where spawning aggregations occur. The results of additional analysis such as
msDNA with increased number of loci and RAD sequencing reconfirmed the above-mentioned genetic
structure of Pacific cod around Korean waters, and these results will be discussed in the present
presentation.
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G
This study was conducted to analyze the fishing and ecological characteristics of Gadus
macrocephalus in the East Sea. Distribution pattern and fishing conditions of G. macrocephalus in the
East Sea were explored using catch and catch per unit effort (CPUE) by eastern sea Danish seine,
coastal gill net and set net fisheries. G. macrocephalus was one of major target species for the
eastern sea Danish seine, coastal gill net and set net fisheries in the East Sea. The catch of G.
microcephalus in the East Sea from 2017 was 2,663 mt and it shows a tendency to increase recently.
The spawning grounds and nursery ground of G. macrocephalus were directly surveyed on the coast
of Sokcho using RN80 net and bottom net. In addition, indirect estimation of spawning ground was
obtained through the catch of set net. The feeding habits of G. macrocephalus in the East Sea were
studied by analyzing the stomach contents. Catch of G. microcephalus was significantly positively
correlated to catch of the three major Pisces prey species Clupea pallasii, Actoscopus japonicas and
Glyptocephalus stelleri. Maturation and spawning of G. macrocephalus was investigated based on the
samples captured in East Sea. Gonadosomatic index began to increase in November, and reached
maximum between December and January. After spawning it began to decrease from March.
Reproductive season was estimated to November-February, with peak in January. Fecundity was
proportional to the size of the female, with the clutch size varying from 753,985 eggs in the smallest
female(TL㸻58.6cm) to 9,311,520 eggs in the largest(TL㸻101.0cm). Size at 50% sexual
maturity(TL50%) determined from mature females was 56.3cm of TL.
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The Pacific cod Gadus microcephalus distributed in the North Pacific Ocean from the Yellow Sea of
Korea to California of America, and found mainly along the continental and upper slopes. This species
inhabiting in Korean coastal waters is regarded as three genetically differentiated populations. In
Korea, G. microcephalus is a representative species of the demersal fish ecosystem and is a highly
valued fish species exploited by commercial fishers. However, despite the importance of G.
microcephalus as a commercial resource, the commercial catch of the population inhabiting off
southeastern Korea has decreased since 2013. In this study, we examined the life history traits such
as reproduction, migration, feeding habits, and early life stage. Using obtained results, we discuss
appropriate resource management methods for the population.
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The feeding habits of Pacific cod (Gadus macrocephalus) and Walleye Pollock (Theragra
chalcogramma) were studied using 849 and 14 specimens collected from Spring, 2016 to Spring,
2018 in coastal waters of Korea. The stomachs of specimens to collected were fixed in 10% formalin
solution immediately after collection, and brought to laboratory of Gyeongsang National University.
Pacific cod mainly consumed fishes, euphausiids, shrimps, and amphipods. Its diet also included
small quantities of cephalopods, polychaetes, crabs, bivalves, and so on. The portion of fishes
increased with increasing body size. On the other hand, the portion of euphausiids, shrimps, and
amphipods decreased with increasing body size. Walleye pollock mainly consumed copepods. Its diet
also included small quantities of amphipods, mysids, shrimps, and so on.
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Korean Sea Fisheries Resources Fundamental Survey Project
-Bottom Trawl and Recruitment Process
Yangje Im and Jung Hwa CHOI
Division of Fisheries Resources Research Center, NIFS, Tongyoung, Korea


From 1995 to 1999 the NIFS carried out bottom trawl operations in the East Sea, West Sea, and
South Sea regions. These operations were characteristically exploratory and opportunistic in nature
providing scientists the ability to collect samples designed to answer specific questions pertaining to,
for example, species life history, regional species richness, seasonal distributions, etc. Investigations
were conducted by varied researchers at the different NIFS branch institutes, utilizing varied NIFS
research vessels and varied trawl gear. Later, NIFS realized the need to carry out a comprehensive
bottom trawl survey aimed to collect data for understanding the current status of demersal marine
resources within the Korean EEZ and provide estimates of stock abundance during both the spring
and autumn periods. In 2005, NIFS began conducting a bottom trawl survey at fixed sites, yet
continued to use multiple research vessels, varied procedures and varied trawl gear in the different
regions. Then in 2008, NIFS commissioned the Tamgu 20 to carry out bottom trawling in all regions in
order to improve the accuracy and precision of the survey. The Tamgu 20 was equipped with a
standard set of trawl doors and the now survey standard, NIFS 6-panel bottom trawl. From 2008 to
2009 the survey focused on tuning the trawl gear to optimize efficiency and establishing common
trawling procedures between the different branch institutes. Starting in 2010, the NIFS bottom trawl
survey standardized its methodology and practices as presented in this protocols document.
For the accurate understanding fisheries resources status, the Fisheries Resources Fundamental
Survey was launched since 2016. The project was based on the 2

nd

National Fisheries Management

Plan and researched in the Korean EEZ with provisional area. The research items included
ichthyoplankton, fish stomach contents, secondary production, scientific acoustic analysis and
research data management forced on National Management 45 Target Species.
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New insights into spatiotemporal variations of ichthyoplankton in Korean waters
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The aim of this study was to examine quantitatively the early life history stages of species sampled
in two ichthyoplankton surveys, one in winter (February) and the other in summer (July). We also
studied the quantitative relationships between (i) the abundances and compositions of
ichthyoplankton and (ii) variation in environmental factors (temperature and salinity). We aimed to
help predict how ichthyoplankton in the spawning and nursery grounds would react to changes in
environmental variables, such as rising seawater temperature. The information we provided might
also be used as baseline data in fisheries management protocols, for example, for estimating
spawning biomass. We used a bongo net to collect fish eggs and larvae from Korean waters in winter
(February) and summer (July) 2017. Eggs collected in February were classified into 30 taxa, including
22 species. Eggs collected in July were classified into 53 taxa, including 39 species. Among the
species, Trichiurus japonicus, Paralichthys olivaceus, Callanthias japonicus, and Champsodon
snyderi were present in both February and July. Among the larvae sampled, 61 taxa were identified in
February, including 35 species; 154 taxa were identified in July, including 65 species. Larvae of
Diaphus garmani, Trichiurus japonicus, Benthosema pterotum, Engraulis japonicus, Champsodon
snyderi, Maurolicus japonicus, Erisphex pottii, and Synagrops philippinensis were collected in both
February and July. Assemblage analyses divided the eggs into two and four groups in February and
July, respectively. The geographical separation of these groups was clearer in July than in February.
Assemblage analyses divided the larvae into three and four groups in February and July, respectively.
Our findings support the hypothesis that thermal fronts not only promote retention of ichthyoplankton,
but also further affect population structure. Assemblage analyses based on eggs and larvae showed
differences in number, size and shape of group, suggesting marine protected areas must be very
carefully designed.
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Spatio-temporal distribution of Zooplankton around Korean waters
Wongyu Park1*, JunghwaChoi2, Jungnyun Kim2, Sungyong Moon and, Boram Lee2
1
2

Dept. of Marine Biology, Pukyong National University

Fisheries Resource Research Center, National Institute of Fisheries Science

For the effective management of fisheries resources in Korean waters, marine ecosystems should be
understood. Zooplankton play an important role in linking primary producers with higher trophic levels
in marine ecosystem. Contrary to the importance of zooplankton in the ecosystem, there is a lack of
understanding of zooplankton related to fisheries resources and marine ecosystem around Korean
waters. With the construction of the Fisheries Resource Research Center of the National Institute of
Fisheries Sciences, systematic zooplankton survey has been underway as a part of a comprehensive
understanding of fisheries resources in Korean waters. Zooplankton has been surveyed since 2016
and is underway at present. In 2016, zooplankton was sampled with double oblique passion, using
Bongo net (80cm mesh, 330ȝm mesh), and from 2017 it was collected vertically using a Conical net
(60cm mesh, 200ȝm mesh). Zooplankton was divided to count about 500 individuals finally and
converted into the number per unit volume (ind.m-3). In addition, zooplankton was classified into four
size groups and their biomass and density were examined. Total zooplankton occurred during the
surveys was 379 taxa belonging to 12 phyla including unidentified upper taxa. The rate of occurrence
rate of arthropods was the highest, and the occurrence rate of copepods was more than 80% among
3
3
arthropods. Zooplankton densities ranged from 807 inds./m to 70,293 inds./m . Zooplankton group

larger than 2.0 mm were euphausiids, amphipods, and salps. The proportion of large zooplankton
increased in May when water temperature was relatively high, while the one of small zooplankton
decreased. The occurrence and distribution of zooplankton around Korean waters varied with season
and areas.
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Copepods using multi-frequency method
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In this study, we investigated the acoustic characteristics, density, and abundance of euphausiids
and copepods which are distributed in the East Sea and the South Sea in Korea using multifrequencies of 38, 70, 120, and 200 kHz. Acoustic survey was carried out in the East and South sea
areas by Tamgu 20th in the National Institute of Fisheries Science, June 16-29, 2017. The size
distribution of the euphausiids were collected from the survey area ranged in 12-17 mm and the mean
value was 14 mm. The size range of copepods was 1-5 mm and the average value was 3 mm. From
the frequency differences in this size range, the sound scattering characteristics of euphausiids
ranged from 11.0 to 17.8 dB at 200-38 kHz, from 3.3 to 8.8 dB at 200-70 kHz, from -0.9 to 2.9 dB at
200-120 kHz, from 11.9 to 14.9 at 120-38 kHz, from 4.2 to 5.9 dB at 120-70 kHz, from 7.8-9.0 dB at
70-38 kHz. And, those of copepods ranged in 25.3-28.7 dB at 200-38 kHz, 15.1-18.1 dB at 200-70
kHz, 6.7-8.8 dB at 200-120 kHz, 18.7-19.9 dB at 120-38 kHz, 8.4-9.3 dB at 120-70 kHz, and 10.210.6 dB at 70-38 kHz. The maximum density of euphausiids was 4.4 g/m2 at survey line 3rd, and
lowest was 0.4 g/m2 at survey line 13th, and the maximum density of copepods was at 8.3 g/m2, and
the lowest at 0.8 g/m2. The weighted mean densities of the euphausiids and copepods were 1.2 g/m2
(CV = 19.1%) and 2.8 g/m2 (CV = 23.5%), respectively, and the each abundance were estimated to
be 79,612 and 183,367 tons, respectively.

- 179 -

SU-11

Feeding Habits of Major Fishes in Coastal Waters of Korea 

Gun Wook Baeck1*, A Reum Ko1, Yang-Jae Im2, Junghwa Choi2, Jung Nyun Kim2, Joon-Taek Yoo2
and Jae Mook Jeong2 
1

Department of Marine Biology & Aquaculture / Institute of Marine Industry, College of Marine Science,
Gyeongsang National University, Tongyeong, Korea
2

Fisheries Resources Research Center, National Institute of Fisheries Science, Tongyeong, Korea 


Feeding habits of major fishes in coastal waters of Korea were studied from March, 2016 to
November, 2017 in East Sea, West Sea, South Sea, and Korea and China Sea. In the laboratory of
vessel, specimens were measured total length and the weight of 1 mm and 1 mg, respectively and
identified the lowest possible taxonomic level. The collected specimens were seven species in the
East Sea. Lophius litulon and Helicolenus hilgendorfii were fish feeder. Arctoscopus japonicus,
Glyptocephalus

stelleri,

Clupea

pallasii,

Gadus

macrocephalus

were

crustacean

feeder.

Gymnocanthus herzensteini was cephalopoda feeder. A total 21 species were collected in the West
Sea. Trichiurus lepturus, Scomber japonicus, Paralichthys olivaceus, Pampus echinogaster, Pampus
argenteus, Conger myriaster, S. niphonius, Raja pulchra, L. litulon were fish feeder. Liparis tanakai, G.
macrocephalus, Eopsetta grigorjewi, Argyrosomus argentatus, Trachurus japonicus, Larimichthys
polyactis were crustacean feeder. A total 28 species were collected in the South Sea. T. lepturus, M.
cinereus, Zeus faber, P. echinogaster, Pleuronichthys cornutus, E. japonicus, Zenopsis nebulosa, P.
argenteus, C. myriaster, S. niphonius, L. litulon were fish feeder. S. japonicus, G. stelleri, Doederleinia
berycoides, Psenopsis anomala, T. japonicus, Konosirus punctatus, Pagrus major, L. polyactis,
Dentex tumifrons were crustacean feeder. 
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G
The feeding habits of Chub Mackerel (Scomber japonicus) was studied using 708 specimens
collected by trawl from March to November, 2017 in the coastal waters Korea. In the laboratory of
vessel, specimens were measured total length and the weight of 1 mm and 1 mg, respectively and
identified the lowest possible taxonomic level. The stomachs of specimens to collected were fixed in
10% formalin solution immediately after collection, and brought to laboratory of Gyeongsang National
University. Chub mackerel mainly consumed fishes and shrimps in the West Sea and Jeju Sea and
amphipods and euphausiids in the South Sea, Korea and China Sea. G
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Estimated seasonal migration of Walleye Pollock (Gadus chalcogrammus)
juveniles and zooplankton using fisheries acoustics
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Walleye pollock, Gadus chalcogrammus is an important commercial fish, and also a key species in
the subarctic ecosystem. Funka Bay located in southwest of Hokkaido, Japan is one of the
major fishing ground and spawning area for walleye pollock. They migrate seasonally and their
spawning occur between December and March at the bay mouth and its adjacent waters. As the
juveniles grow, they migrate into deeper water in early summer and move towards the outside of the
bay.
This study focused on the seasonal distribution and movement of walleye pollock juveniles and
zooplankton using fisheries acoustics around Funka Bay in Hokkaido Japan.
Acoustic surveys were conducted around Funka Bay from April 2011 to June 2012 using the T/S
Ushio-maru with the quantitative echo sounder EK60 (Simrad) installed. The acoustic data were
collected at three frequencies of 38, 120 and 200 kHz. Biological samples were collected by ring net
(diameter of 80 cm with mesh size of 500ȝm) with vertical towing and frame middle water trawl (2×2
m, mesh size 500ȝm) with horizontal towing. Vertical distribution of the water temperature was also
monitored at each station using CTD (SBE-43).
The characteristics of the sound scattering layers vary according to the composition of organisms in
the layers. The scattering layer of walleye pollock juveniles strongly reacts to the low frequency of 38
kHz, while the scattering layer of zooplankton strongly reacts to the high frequencies of 120 kHz and
200 kHz. Oyashio water flowed into Funka Bay with walleye pollock juveniles in February, and the
phytoplankton bloom occurred in March. Walleye pollock juveniles disperse in the middle layer of the
inner bay. After the phytoplankton bloom, in May, they distributed at the surface of the inner bay and
the bay mouth. Then the Tsugaru warm water flowed in June, and the walleye pollock juveniles moved
to the bottom layer of the outside of the bay with large zooplankton. These results suggest that
seasonal repetition of the marine environmental change around Funka Bay and walleye pollock
migration were demonstrated with fisheries acoustics.
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Age and growth of the crucian carp, Carassius carassius
in Lake Cheongpyeong.
Seoung Young Kim, Ari Shin, Mi-Yong Song and Heewon Park *,
Inland Fisheries Research institute, NIFS, Gapyeong 12353, Republic of Korea

This study was conducted to estimate the age and growth of the crucian carp, Carassius carassius
which is the one of the important fisheries resources in fresh waters, using the sagittal otoliths. The
number of sample captured in Lake Cheongpyeong from December 2016 to January 2018 was 390.
Annual ring of Carassius carassius was counted with the major axis of the left hand side otolith,
identifying boundary of opaque to translucent zone. The total length(TL) of Carassius carassius
ranged with 105~384mm and mainly indicate in the range of 250~350mm. The relationships between
total length (TL) and body weight (BW) were BW=0.000009TL3.1418 (r2=0.9737). In the result of age
estimation of Carassius carassius, the most examined individuals were 4 and 5 years old, and the
maximum observed age was 6 years old. The mean distance of first ring(r1), second ring(r2), third
ring (r3), fourth ring (r4), fifth ring (r5) and sixth ring (r6) were 656.501 ໃ, 376.172 ໃ, 1294.966 ໃ,
1435.382 ໃ, 1979.994 ໃ and 2412.578 ໃ.
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The Antarctic toothfish, Dissostichus mawsoni, is endemic to the seas of Antarctica species which
belongs to the family Nototheniidae of the order Perciformes. It is generally distributed in waters with
subzero temperatures below the latitude of 60¶S. In addition D. mawsoni is an economically and
ecologically important fishery resource in the waters of Antarctic. Knowledges of the trophic of fish
species are very useful for understanding of biological and ecological aspects of targeted species to
manage the resource sustained. Thus, data on the trophic ecology of D. mawsoniare necessary for
both the understanding of ecosystem functions in the Antarctic Ocean and rational commercial uses
of the fish. The purpose of this study was to determine the trophic ecology of D. mawsoni in the
research blocks 58 from December 2016 to March 2017. Our specific objectives were to examine the
dietary composition and determine feeding strategy. The Antarctic toothfish samples used in this study
were collected from December 2016 to March 2017 at the depths of 946-1,660 m in the research
blocks 58 using bait of the Humboldt squid (Dosidicus gigas) and Pacific herring (Clupea pallasii). In
total, 960 D. mawsonispecimens ranging from 65-187 cm BL were collected during the study period
in the research blocks 58. Fishes were the most common prey item for D. mawsoni composed of 97.8%
of IRI. At least 9 fish families were identified. Among the nine fish families consumed by D. mawsoni,
Macrourusspp. of Macrouridae was dominant taxa making up 17.5% of IRI. Chionobathyscus dewitti
of Channichthyidae were the second largest dietary component consituting 1.2% of IRI, respectively.
Mollusks, Stones, Crustaceans, etc. accounted for only 1.9%, 0.1%, 0.1% and 0.1% of the diet by IRI,
respectively. According to the result of analyzed diet composition of Antarctic toothfish with sea depth
(600-1,000 m, 1,000-1,500 m, 1,500-2,000 m), Macrourusspp. of Macrouridae was the dominant prey
item in all depths. The proportion of Macrouridae increased, as body size of D. mawsoniincreased
whereas the consumption of Channichthyidae and Nototheniidae decreased.The mean wet weight of
prey per stomach (mW/ST, p<0.05) significantly increased with their body sizes whereas the mean
number of prey per stomach (mN/ST, p>0.05) was not significantly different. In this study, D. mawsoni
were specialized feeders with fishes (Macrouridae) as their dominant prey. According to the study
area, the main prey items (fish species) of D. mawsonishowed differently from the previous studies.
Therefore, D. mawsoni are considered opportunistic carnivores, feeding on preys selected on the
basis of their availability and geographic prey abundance.G
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This study was conducted to estimate the biomass of crucian carp, Carassius carassius which is
the one of the important fisheries resources in fresh water, using Length-cohort analysis (LCA). The
LCA was examined for its performance in estimating total stock biomass and fishing mortality (F) for a
population in equilibrium. The length data of C. carassius was collected in Lake Yedang from March
2017 to July 2018 by fishing gear (gillnet) and recreation fisheries. Since the national statistic catch
data in Inland fisheries was incorrect, the logbook data of fishery man and annual catch data were
also collected. In the result of analysis of LCA methods for C. Carassius, fishing mortality (F) was
0.597, which is the main length interval 225-250mm. We also compared with two methods, (1) CPUE
methods and (2) Length-cohort analysis for total biomass in Lake Yedang
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Copepod Species as Potential Indicators of Water Masses in the Korean Water
An-Thanh Do, Won-Gyu Park and Boram-Lee
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This paper presents the seasonal change of copepod indicator species and species assemblages
characterizing groups of water masses. Copepods have been seasonally sampled by a Bongo net
(80cm net mouth diameter, 330 μm mesh size) from near the bottom to the surface in the Korean
water in 2016. Water temperature and salinity were measured simultaneously during sampling.
Copepod species were grouped on the basis of their indicator values for each clustering level, the
heterogeneous nature of species assemblage observed in different water masses being well
preserved. Hydrographic characteristics showed clear seasonal changes both in vertical and
horizontal structures. Surface temperature was warmest in summer, coolest in winter. Based on the
BEST analysis of surface environmental factors, temperature and salinity were explained for the
distribution pattern of copepod indicator species. This study also assumed that Korean waters
separated to six water masses: North Korea Cold Current (NKCC), East Korea Warm Current
(EKWC), Jeju Warm Current (JWC), Yellow Sea Warm Current (YSWC), Yellow Sea Cold Bottom
Water, and mixed water. At those areas, copepod species are likely to be good indicators of watermass influence and changes.
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The Ministry of Oceans and Fisheries (MOF) regularly manages operations of domestic small
fishing vessels but the management of fishery resources is rarely carried out. The actual data often do
not match the statistics, as the statistics are based on data which were wirelessly and manually
reported by fishermen. Assessment and management of fisheries resources and management of
fishery require intuitive data that can predict the situation of fishing at sea. This study shows how the
fishery situation can be scientifically monitored by installing a sensor on a boat to collect locations of
fishing and to measure power consumption with these data stored in a black box type data storage
device for analysis. We installed a watt-hour meter on the GPS and auxiliary generators of our
research fishing vessel, a hair tail jigging fishing vessel (8.89 ton) from Seongsan Port, Jeju Island.
For 11 days, from 8 to18 May 2018, we analyzed the speed and the power consumption data every
10 minutes. Using the time and location data collected from the GPS, we obtained distance and
speed data of the vessel, which were used to predict boat conditions such as movements, preparation
for fishing and fishing activities. At the point of departure, the speed was faster than the period of
preparation for operation and the total power amount was spent by the main generator. During the
preparation of operations, the vessel speed came to zero and the power amount is used by the
auxiliary generator. During operations, the watt-hour meter measured a certain amount of power
consumption by the auxiliary generator due to the use of fish attracting lamps. On 10 May 2018, we
boarded the research vessel and investigated the fishing situations. As a result of analyzing the
collected data and fishery situation on an hourly basis, we found that the predictions from the
analyzed data and the practical fishing situations surveyed on board were nearly identical. A technical
method to predict the catch of fish is to use visual aid such as a camera which in reality would not be
supported by the fishermen and there is also a problem of storing, sending and managing the image
data. Before the electronic log system of fishing operation to report fishing performances, it would be
a practical way to carry out direct and indirect predictions of fish catches based on monitoring of the
fishery status. Since there is no scientifically researched data on the fishery status of small fishing
vessels, this study will contribute to providing preliminary data on coastal and offshore fishery’s
resources and data to be used for analysing causes of vessel accidents and preventing accidents by
analyzing the electronic fishing operation log.
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G
Average amount of fisheries catch is decreasing due to the environmental pollution and overfishing.
Many efforts to recover fishery resources are conducting with a customized strategy for each coastal
water since the sea ranch project started on trial basis in Tongyong region. East sea is the water with
various food creatures due to warm current from Tsushima and cold current from North Korea.
Biomass must be accurately estimated for effective management of sea ranches. There are different
methods for estimating biomass; acoustic method, survey fishing gear method, and plankton based
method. Using the method with fishing gear, the species can be clearly identified. However, it requires
much efforts and time. While it can survey wide waters with a short time using the method with
acoustic sound, it is unclear to recognize fish species. In this study, two methods were applied
alternately and conducted day and night survey in June, August, and October. Acoustic data were
collected using the frequency at 38 and 120 (EK60 Simrad, Norway). Gillnet and trap were
deployed to catch species in survey areas. The acoustic data were analyzed by the Echoview postprocessing software (ver. 8.0). The distribution pattern of fish in June was similar in day and night.
Most of fish were distributed in shallow waters of coastal waters. The strength of signal as a school
was also high. In August, the strength of signal was high as a school at the mesopelagic water in the
daytime. In nighttime, the fish were distributed as individuals at the mesopelagic water. In October,
fish were distributed as an individual at the same water. The distribution of NASC values was different.
In June, the NASC less than 50 m²/nmi² was 44% in the daytime and 37% in the night time. In August,
the NASC less than 50 m²/nmi² was 17% and less than 50 m²/nmi² was 38% in the nighttime. In
October, the NASC less than 500 m²/nmi² was 57% and less than 50 m²/nmi² was 49% in the
nighttime. The spices caught frequently by fishing gears were Tiny stinger (Hypodytes rubripinnis)
(29%) in June, Black scraper (Thamnaconus modestus) (42%) in August and Horse mackerel
(Trachurus japonicus) (30%) in October. The average density of fish was 9.1g/້ in daytime and 8.2
g/ m2 in nighttime in June. It was also 30.8 g/m2 in daytime and 18.1 g/ m2 in nighttime in August. In
October, the density was 35.5 g/ m2 in daytime and 29.8 g/ m2 in nighttime, respectively.
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This study is aimed to compare stock assessment models depending on how the models fit to
observed data. Specifically, process-error model, observation-error model, and state-space model
were conducted and compared for assessing potential yield in West Sea. The comparison analysis
was performed among models by calculating RMSE and R² values with estimated and observed
CPUEs.
The results showed that the observation-error model performed better than the process-error model.
However, it was difficult to compare the observation-error model and the maximum entrophy model
which one is better. The state-space model showed the least error between estimated and observed
CPUEs. The potential yield of fishery resources in Wes Sea was estimated to be 232,400 ton by the
space-state model. It was also found that the stock of fishery resources in West Sea might be
somewhat over exploited. That is, the current biomass was estimated to be approximately 36% of
optimal biomass. Therefore, effective management measures and policies should be considered and
suggested for recovering fishery resources in West Sea of Korea.
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Korean pelagic purse seine fishing vessels which fish in the Pacific and Indian Ocean are using
Fish Aggregating Devices (FADs) to effectively catch highly migratory fish species such as Bluefin
tuna. FAD is a floating matter which is used to lure and catch tuna that the surrounding net fishing
vessels are looking for., Small fish regard the floating matter as a hiding place and are attracted to
this device, and this subsequently attract big fish such as tuna in a food chain effect. However,
during this process, endangered sharks, stingrays, whales and sea turtles are incidentally caught.
Every year 200,000 tons of these marine organisms are dumped into the sea and thousands of
aggregation devices are discarded after use where they become garbage in the sea. The Republic of
Korea is a member of the Indian Ocean Tuna Commission (IOTC) and has an obligation to abide by
Resolution 15/08 [Procedures on a fish aggregating devices (FADs) management plan, including a
limitation on the number of FADs, more detailed specifications of catch reporting from FAD sets, and
the development of improved FAD designs to reduce the inside]. In addition, flag states which
possess the FAD fishing operation surrounding net fishing vessel must submit a FAD Management
Plan every year to the Commission. Based on the plan, they must investigate and research and report
the results. However, with the commercial echosounder installed on the fishery operation vessel, they
only collect continuously acoustic data from the sea, establish policies based on scientific data and
prepare countermeasures against international organizations. Internationally, there are active
research activities on theoretical FAD research trend as well as current situations of FAD future
development prospects, experimental research on producing various FADs to investigate aggregation
effect on fish, the behavior patterns of fish living near FAD and the migration depth of water. The tuna
which is one of the main fishes caught in the purse seine, has a characteristic of using its
thigmotaxic to aggregate on driftwood etc. In addition. highly migratory fish such as horse mackerel,
mackerel, and yellowtail etc. flock near artificial fish reef which have an orientation response to the
fluid stimulus that forms from the upper fish reef. In this study, a quantitative research is conducted on
fluid stimulus flow pattern based on FAD form using the PIV measurement system due to the fish
aggregating form based on the biological trait.
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Using the shrimp beam trawl fishing gear as a specific type of coastal fishing gear with a relatively
smaller mesh size, the survey was carried out at three stations around Yeosu and Namhae coastal
areas. The length of the beam used was 8m with a speed of about 2 knots; the net was hauled in after
30 minutes at each station. The collected data were classified into fish, crustacea, and cephalopoda.
A total of 77 species were found in this study: 52 species of fish, 17 species of crustacea, 5 species of
cephalopoda, and 3 other species. The catching ratio of each taxon in the total catching amount was
shown as below. As the number of individuals, the fish occupies 61.62% as being 11,278 individuals,
the crustacean was 5,868 individuals (38.06%), the cephalopod was 1,103 individuals (6.03%), and
the others were 54 individuals (0.30%). As the amount of individuals, the fish was the largest as
418.52 kg (84.47%), the crustacean 52.62 kg (10.62%), the cephalopod 20.81 kg (4.20%) and the
others were 3.48 kg (0.70%). In case of seasonal biomass and number of individuals, it was the
highest as 7,492 individuals (45%) and 206,840.11 g in summer 2016, while it was the lowest as
2,028 individuals (12%) and 36,607.33 g (9%) in winter 2017. In addition, it was the second highest as
4,834 individuals (29%) and 90,119.26 g (18%) in fall 2016. In spring 2016, the number of individuals
was 2,253 individuals (14%) and the biomass was 70,835.96 g (18%) and in spring 2017, the number
of individuals was 1,696 individuals (9%) and the biomass was 91,044.78 g (18%), respectively.
Therefore, monthly appearing species and biomass were the highest in August 2016. While the
density of fishery resources at each station was the highest as 5,607 kg/km2 at Station B in August
2016, it was the lowest as 167 kg/km2 at Station B in May 2016.
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The marine ichthyotoxic dinoÀagellate Cochlodinium polykrikoides Margalef is one of several taxa
responsible for the ecologically and economically important phenomenon known as harmful algal
blooms (HABs), commonly referred to as ‘‘red tides’’. First described from Puerto Rico in the
Caribbean by Margalef (1961). This HABs has caused major impacts on aquaculture and
socioeconomic in Korean waters, especially in the South Sea of Korea since 1982 until nowadays. It
annually occurred in summer season (July to August). Therefore, HABs can be named as “seasonal
disaster”. The purpose of this study was to elucidate the characteristics of the red tide caused by
Cochlodinium polykrikoides species in the South Sea of Korea from 2002 to 2015. The observed data
of Cochlodinium polykrikoides blooms were obtained from the National Institute of Fisheries Science
(NIFS) from July to October which encompassed cell density of Cochlodinium polykrikoides (cells.ml-1)
and seawater temperature (°C). Moreover, a database in excel form was produced and populated
with the attributes of cell density, seawater temperature ranges, time duration, total days and
occurrences number. The study area was divided into three zones; Wando, Yeosu and Tongyeong.
Then, we applied a comparative statistical analysis with each area data. The results were shown that
the most frequented area by the occurrence of Cochlodinium polykrikoides during this period was
Yeosu followed by Tongyeong and Wando, with a number of 61, 50 and 31 occurrences, respectively.
In 2005 and 2014, it was recorded the highest number of occurrences with a number of 18. Moreover,
the most important month where it was reported a large number of this phenomenon was August
followed by September, July and October. The highest value cell density was recorded in the
-1
-1
Tongyeong coastal area 34800 (cells.ml ) in August 06, 2013 followed by Yeosu 32000 (cells.ml ),

observed in August 19, 2015 and Wando 12220 (cells.ml-1), recorded in September 17, 2015.
Comparing with previous studies, we conclude that these studied periods shown the longest time
duration of Cochlodinium polykrikoides occurrence which reached 29 days (4 weeks). It was recorded
in Yeosu. Thus, it is recorded that the total number of the occurrence was the highest in Yeosu (61
occurrences) followed by Tongyeong (1~24 days, 50 occurrences) and Wando (1~21 days, 31
occurrences). The occurrences of Cochlodinium polykrikoides were under a temperature the ranges
of 20.1~31°C in Wando, 18.8~36.5°C in Yeosu and 18~32.9°C in Tongyeong.
Key words: Cochlodinium polykrikoides, Ecologically, Economically, HABs, Red tide, Cell density,
Seawater Temperature, Statistical Analysis.
* Corresponding Author.
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Egyptian traditional fisheries in the Mediterranean Sea have faced a very precarious situation over
the last few decades as a result of overexploitation of resources. In order to precisely understand the
situation of the Egyptian coastal fisheries in the Mediterranean Sea, this study provides a stock
assessment of the Egyptian coastal fisheries caught mostly by Egyptian trawl, purse seine, long line,
and polyvalent fisheries over the three decades (1985-2016). This study standardizes the fishing
efforts for the four fisheries by using a general linear model. This study also employs a surplus
production model, the Clarke–Yoshimoto–Pooley (CYP) model, based on the Gompertz growth
function. The CYP model estimates the maximum sustainable yield (MSY), the maximum economic
yield (MEY) and the open access yield (OAY) and associated respective fishing efforts. The results
show that the MSY, MEY, and OAY are 57,880.87 ton, 55,576.04 ton and 40,596.24 ton, and
associated fishing efforts are 243,768 (hp),180,716 (hp) and 510,352 (hp) respectively. In conclusion,
the study's findings suggest that fishing efforts to harvest fisheries resources of the Mediterranean
Sea should be reduced to maintain sustainable resources and gain economic benefits. Especially, it is
necessary to reduce the fishing efforts by revising and enforcing stronger fisheries regulations in case
of trawl fishing with less catch compared to input of fishing efforts.
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The fish fauna of Lake Kivu is limited, consisting of only 26 fish species. One of them, Limnothrissa
miodon, was introduced from Lake Tanganyika. This study reviewed the knowledge on fisheries in
Lake Kivu, with an emphasis on the socio-economic characteristics of the different vessel
operations. This study aimed to estimate the productive efficiency (economic and the technical
efficiency for fishing vessels. Specifically, the productive efficiency of fishing vessels of Rwanda
fisheries from 2002 to 2016 were estimated using a linear programming method (DEA) which is a
non-parametric method. The results showed that the total factor productivity change of the entire
fishing vessels was 0.02%.Changes in the technical efficiency and productivity level contributed
0.01% and 6.3%, respectively. If fishing capacity is not controlled in some ways, it will increase until
at best the fishery just breaks even economically and at worst the stock collapses through being
unable to reproduce itself.

Keywords productive efficiency Technical efficiency fishing vessels linear programming methods
(DEA)
*
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The complete mitogenomes of Cynoglossus senegalensis and Chrysichthys nigrodigitatus were
determined by the combination of high-throughput sequencing and the traditional PCR-based cloning.
The complete mitochondrial genomes was 16,519 bp for C. senegalensis and 16,514bp for C.
nigrodigitatus, respectively. Translocation of putative control region (D-Loop) and a tRNA gene was
identified in the mitochondrial genome of C. senegalensis resulting in locating them between ND1 and
tRNA-Gln genes. Phylogenetic analysis showed that C. senegalensis was most closely related to
Cynoglossus sinicus and Cynoglossus bilineatus, which were geographically distant and further study
should be made to understand the complicated evolution offish in Cynoglossidae. Different from C.
senegalensis, the mitogenome of C. nigrodigitatus showed a canonical genome organization which
contained the conserved 13 Protein-coding genes, 22 tRNA genes, 2 rRNA genes, and 2 noncoding
regions including the light-strand replication origin (OL) and a putative control region (CR). All tRNA
genes were predicted to fold into the typical cloverleaf secondary structures with the typical basepairing except for tRNA-Ser (AGC). The phylogenetic analysis with currently known complete
mitogenome sequences in Siluriformes showed that C. nigrodigitatus is most closely related to
Auchenoglanis occidentalis forming a family Claroteidae cluster.
Keywords: Mitochondrial genome, Cynoglossus senegalensis, tonguesole, Chrysichthys nigrodigitatus,
Cameroon, Africa.
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The number of fish species is 1085 with 213 families in Korea (Kim. et al., 2005). Recently,
however, with the increasing number of new species and newly recorded species, 1279 species have
been reported as "2017 National list of species of Korea" (National Institute of Biological Resources,
2018). Known freshwater fish are approximately 216 species, and 76 species of them are used as
food and ornamental by “Korea inland fisheries resources and environmental survey manual” (NFRDI,
2016). In the National Statistical Office, there are 22 species of freshwater fish classified as inland
water fisheries resources, and the rest of them are classified as “Other freshwater fishes”. Fisheries
resources of crustaceans are two freshwater crabs (Eriocheri spp) and “Freshwater shrimps”.
Shellfish are classified as two freshwater snails (Semisulcospira spp) and Asian clam (Corbicula
spp.). These inland water fisheries resources are classified into aquaculture and fishery, depending
on the method of production. In recent years, fishing fisheries have been stable and declined up to
around 8,000 tons, but the aquaculture production has increased to over 20,000-25,000 tons.
Therefore, in order to maintain sustainable indigenous fishery resources, it is necessary to
effectively manage the inland water resources, such as management of alien species, artificial
spawning ground composition, installation and renovation of the fish way, release of fishery
resources, and use of appropriate fishing gears. In order to increase the productivity of aquaculture, it
is necessary to develop new aquaculture species, selective breeding, modernization of breeding
facilities and methods, and feed development etc. In order to develop the inland water fisheries
industry, it is necessary to promote leisure activities in the inland water fishery space, to obtain safe
inland water fisheries production, to develop various products to increase consumption, and to
increase biological diversity.
G

G
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G
Metabarcoding is a very useful technique searching for species by comparing the high-throughput
DNA sequence reads obtained from NGS (next generation sequencing) to the DNA barcode
reference library. Using this method, it is not only possible to find spawning season and area of
various fishes from massive mixed fish eggs, but to study the species diversity of macro aquatic fauna
from environmental DNA (eDNA). Only the way to collect samples is different between the two kinds
of research fields, but the process of metacoding based on the NGS analysis is almost same. I will
introduce you representative research cases using metabarcoding tool in both fields.
For the spawning ecology of teleost fishes, it is very important to know the egg distribution identified
as species levels. This is because the egg is direct evidence of the spawning season and area of
various fishes in vast ocean. Most teleost fish eggs are spherical with a diameter of about 1.0 mm,
and are not able to be identified at species level except for some oceanic fishes. Therefore, the
research for the spawning ecology using the fish eggs is very limited worldwide. Recently, searching
for spawning sites using the fish eggs identified by molecular markers is increasing. A representative
example is the discovery of wild eel’s eggs analyzed by Sanger sequencing (SS). Nevertheless, there
are still very few cases of spawning ecology based on the fish eggs. This is because most of marine
fishes release massive eggs at similar time and space for breeding. Considering the spawning
strategy of fishes, metabarcoding based on NGS, which can analyze a large amount of mixed fish
eggs, would be one of the most suitable techniques. In recent years, about 200,000 pelagic fish eggs
collected in the Korean Peninsula and the Indo-Pacific were analyzed by metabarcoding, SS, PCRRFLP, and morphology. The fish eggs identified was 261 species from 98 families with 27 orders
including a few unidentified taxa. These fish eggs’ distribution would be very useful information for
searching spawning season and area and making policy for conservation of aquatic resources.
eDNA metabarcoding is possible tool for macro aquatic fauna. The eDNA is sort of nucleotide
fragmented in the water derived from feces, secretions, and scales of various macro aquatic fauna.
Recently, the eDNA analysis shows species diversity of macro invertebrates and fishes in lakes and
marine. In addition, it has been reported that eDNA can be used to estimate fish resources. Especially,
for detecting highly conserved species such as sharks or rare species, eDNA analysis is powerful tool
without sacrificing any specimens. In addition to, the more organisms, the more eDNAs. Therefore,
the eDNA analysis would be an useful tool for detecting for protected species, for quantifying aquatic
animals, and when it is difficult to collect live specimens.
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To elucidate the patterns of large and giant fish occurrences, which are highly important in the
marine ecosystem, we analyzed daily reports made by observers at 57 fishery landing sites around
the Korean peninsula [Gangwon, Gyeongbuk, Ulleung, Ulsan, and Busan on the eastern sea; Incheon,
Chungnam, Jeonbuk, and Jeonnam (part) on the western sea; Jeju, Gyeongnam (part) and Jeonnam
(part) on the southern sea] over 6 years, from 2011 to 2016. In total, 153 species were re-identified
based on photos and descriptions recorded by observers, of which 5 species were classified as giant
fish over 5.01 m in maximum total length (MTL) and 17 species as large fish between 3.01 and 5.0 m
MTL. Among the large and giant fish, Mola mola was the most abundant species, with 75 individuals
landed as by-catch. The second most abundant species was Isurus oxyrinchus (31), followed by
Mobula japonica (23), Lamna ditropis (17), Masturus lanceolatus (16), Sphyrna zygaena (14) and
Prionace glauca (12). Taxonomically, sharks comprised the largest group with 11 species, followed by
billfish with 5 species, and ocean sunfish with 2 species. In terms of region, 40 Mola mola individuals
were recorded in Gyeongbuk and 8 individuals in Jeju; 9 Isurus oxyrinchus individuals were reported
in Gyeongbuk and 6 in Gyeongnam; 16 Mobula japonica individuals were landed in Jeju and 3 in
Gangwon; 6 Lamna ditropis individuals were recorded in Gangwon and 4 in Gyeongbuk; 8 Masturus
lanceolatus individuals were observed in Gyeongbuk and 6 in Gyeongnam; 5 Sphyrna zygaena
individuals were landed in Gyeongnam and 4 in Chungnam; and 8 Prionace glauca individuals were
recorded in Gyeongbuk and 2 in Jeonnam. Based on these results, the large and giant fish occurred
most frequently on the eastern sea of Korea, probably because these fish prefer habitats that are
strongly affected by the Tsushima Warm Current, and/or because the eastern sea has good food
diversity. The number of individuals of Mola mola (for example) peaked in 2014 and 2016, accounting
for 64% of total individuals, and peaked in summer (June-August), accounting for 71% of total
individuals. In this period, the average year deviation of seawater temperature is the greatest for
positive values, and it is believed to have a high correlation between seawater temperature and the
emergence of large and giant fish. Our study firstly highlights distribution of large and giant fish
species in Korean waters, and can help to establish their conservation measures and management
strategies with relation to recent climatic change. G
G

G
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Environmental DNA (eDNA) is traces of various organisms left in soil, sea water, fresh water, or
even air. It is analyzed by metabarcoding based on the high-throughput DNA sequencing methods.
We tried to detect the macro aquatic fauna of the Seomjin river estuary, which do not have artificial
dike. eDNA samples of Seomjin river estuary from May to August was analyzed by metabarcoding.
Animal species detected was 74 species (fish, 26 species; invertebrate, 48 species) composed of
fresh water and oceanic species. Its macro aquatic fauna was divided into three groups according to
salinity: fresh water species, migrant species, and oceanic species. For finding the macro aquatic
animals, eDNA analysis do not need any sacrifice of macro invertebrates and fishes. Therefore, the
eDNA would be a useful tracer for monitoring protected species and biodiversityG
G

G
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G
The East Sea is surrounded by several countries; each country is interested in other nation˅s
fisheries resources. It˅s very important subject concerning investigation on the East Sea. For example,
management for migratory fisheries resources, cold-water species decline, and many tropical species
appearance. However, we do not have any information about the fish species composition of East
Sea of North Korea. Therefore, through fisheries cooperation of between Republic of Korea and
Russian Federation, we investigate fish community on the Peter the Great Bay of southern Russia
and assume about fisheries resources dynamics on North Korea˅s status in the East Sea. We
conducted bottom trawl survey on July or August from 2012 to 2015 in Peter the Great Bay. Sampling
areas and depths are various by year, with swallow depth (5-49m) in both 2012 and 2015 and more
various depth (15-535m) in 2013 and 2014. Total 108 fish species were collected. Dominant families
were Cottidae, Pleuronectidae, and Stichaetidae and dominant species by biomass were plain sculpin,
Alaska Pollock, and saffron. Some fishes, for example Hexagrmmos stelleri, Acantho- lumpenus
mackai, and Myoxocephalus brandti, do not distribute in Korean waters. In 2013, the average
biomass at swallow Ussuri Bay higher than them of offshore in Peter the Great Bay. In 2014, the
dominant species are Alaska Pollock, sculpin and sandfish at two stations of the nearest North Korea.
In Korean waters, firstly, we conducted otter trawl survey at swallow depth (10-40m) of Uljin at every
month from 2008 to 2009 in the Korean waters. Total 76 fish species were collected. Dominant
species by biomass were yellow goosefish, flounders, and mirror dory. Secondly, we carried out
bottom trawl survey at nine stations (97-335m depths) from 2010 to 2013. A total 29 families and 82
species were collected by bottom trawl. Taxonomic groups, such as Cottidae, Liparidae, and
Agonidae, had the abundant species. And dominant species of dermersal fish community was
sandfish and herring, such two species were influenced number of individuals and biomass at total
fish community.G
G

G
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We examined the specimens of Coreoleuciscus aeruginos and Coreoperca kawamebari from Geoje
Island preserved at the National Science Museum, South Korea (NSMK). The specimens NSMK
56233052-56233055, 56239847 and 56231384, 56283456, 56285298 were sampled from Sanyang
and Gucheon Stream on July 1, 1977, June 20, 1982 and June 20, 27, 1982, July 8, 1982
respectively. G
The specimens were decolorized as a whole, but available to distinguish morphological characters
and color patterns in the preservation condition. The number of later line scales was 40 ~ 42 (C.
aeruginos), 33 ~ 40 (C. kawamebari) respectively and the base of each fin rays was in good
agreement with the original aticle. The C. aeruginos inhabits in some waters flowing into the South
Sea of Korea. It is reported to be a new species in 2015, because it differs in body coloration, nuptial
coloration, shapes of black stripes on the dorsal, anal, and caudal fin rays and genetic difference from
the river that flows into the existing Yellow Sea of Korea. C. aeruginos is a Korean endemic species
that flows into the South Sea, while C. kawamebari is distributed only in the Tamjin River and nearby
waters in the category of Endangered Wildlife Category II.G
It is suggested that the Geoje Island group has been regionally extinct due to the absence of
records in the past 20 years after collecting Son and Kwon (1997) from the Sanyang stream.
Identification of these specimens from Geoje Island is of great value as a very important geological
data supporting the possibility of linking with the inland of the Korean peninsula. It is distributed in the
southwestern part of Japan, especially in the case of C. kawamebari, which is very important for
systematic taxonomy and biogeography. Based on the results of the present study, further studies
such as interspecific relationships and genetic group structure are needed through molecular
phylogenetic studies with the Korean Inland and Japan group based on Geoje Island samples. The
value of the specimens at the time of study on regionally extinct species is very important. The
National Science Museum of Korea has systematically managed a sample of 456,384 domestic
freshwater fish collected from various parts of the country through the database of scientific and
technical data standard management systems and used it for academic purposes using online
services.G
G
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Finding marine teleost fish eggs are keys to reveal spawning grounds and periods. Despite of these
values, it’s rare to use the eggs for studying fish spawning ecology because of their morphology that
is very similar among species and changes dramatically during development. To investigate teleost
fishes spawning ecology in Korean Peninsula and Indo-Pacific, we collected about 200,000 eggs and
analyzed those using molecular genetic markers and morphological characters. When analyzing the
eggs, we considered the spawning strategies of marine teleost fishes of which most species spawns
enormous pelagic eggs at similar spaces and times. Species of the eggs were identified by three
ways: 1) morphological characteristics to a few species; 2) Sanger sequencing on each single egg; 3)
metabarcoding based on Next-generation sequencing to the massive and mixed eggs. We also
collected occurrence information of eggs analyzed by molecular markers from the western Pacific.
The molecular markers were Cytb, 12S, 16S, COI, PCR-RFLP, etc. Total of 261 species from 98
families with 27 orders (including unidentified species) identified based on the molecular markers
were found in Korean Peninsula and Indo-Pacific. This spawning information based on the eggs
identified as species level would be crucial roles to figure out spawning activity and develop polices
for conservation fish resources.
G
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Pungitius kaibarae (Gasterosteidae) is a species with a historical imprint of the evolutionary
colonization process in freshwater ecosystems on the east coast of the Korean Peninsula. This
species is distributed in three separate areas: the northern (NE) and southern east coastal regions
(SE) of South Korea and a population of the Nakdong River that is remote from the east coast (ND).
In a previous study using neutral loci, the populations of these three regions were genetically distinct
from one another to be regarded as the same species. However, further research is needed on how
this species has become distributed and what evolutionary mechanisms have shaped the ecological
and morphological features of the individuals in these three regions. A wide range of genomic
approaches have been planned to perform and Genotype-By-Sequencing (GBS) analysis was
attempted to reevaluate the population genetic structure as one of the processes. The draft genome
of an individual from SE was constructed using Illumina Hiseq, and more than about 400,000 contigs
were generated. By GBS analysis of 288 individuals, an average of 4,514,321 reads were
demultiplexed and mapped to the contigs of the draft genome. The information obtained with our GBS
covered about 5.94% of the total genome. A total of 109,909 SNP loci were generated, and the
genetic structure detected was similar to that of the previous study. The SNPs obtained probably
contained genes related to the ecological and morphological characteristics and are expected to be
used to elucidate their adaptive evolutionary processes in the future.G
G

G
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Protected area is a concept introduced by the purpose of protecting the living creatures,
populations, ecosystems, etc. in a certain space from harmful acts of humans by restricting use to
specific spaces. The protected area of Korea has been designated and managed as a law for a
specific space, and the fishery resource protection area was designated for the first time in 1975. The
fishery resource protected zone is an institutional device designated for the purpose of maintaining
the ecosystem of fisheries resources by allowing the functions of the natural ecosystem to function
normally by prohibiting human activities, It is designated as 10 areas of sea and 20 areas of inland
area. In Gyeongsangnam-do, Jindong Bay, Hansan Bay, Namhae-Tongyeong I, Namhae-Tongyeong
II are designated as the fisheries resource protected area. In order to research the species
composition of eggs and larvae in the fisheries resource protected area of Gyeongsangnam-do, a
total of 6 surveys were conducted in August, October, December in 2016 and March, April, June in
2017. The samples were collected using RN80 net at 10 stations of Jindong bay and 4 stations of
remaining areas. The collected samples were fixed in 5% neutral formalin and transported to the
laboratory, The collected samples were identified to the possible species level by reference to Kim et
al. (2011) and Okiyama (1988). A total of 45 species observed during the survey period. The species
that appeared in the survey area were the most species of 33 species in Jindong Bay, and the least
species of 21 species appeared in Namhae- Tongyeong I. The number of individuals was the highest
at 18,771 inds. 1,000 m3 in Jindong Bay, and lowest at 8,635 inds. 1,000m3 in Namhae-Tongyoung II.
The highest in August 2016, the number of species appeared to be 23 species, and the number
species appeared to be 5 species the lowest in December 2016. Jindong Bay, Hansan Bay, NamhaeTongyoung II areas showed higher species composition than Namhae-Tongyoung I areas. The ratio
of the larvae of Clupea pallasii was higher in winter spawning season of Jindong Bay, Hansan Bay,
Namhae-Tongyoung I, and Namhae-Tongyoung II areas showed high rates of Liparis tanakai and
Sebastes thompsoni in spring and winter. The fisheries resource protected area of Gyeongsangnamdo is used as a main spawning area of the winter spawning group C. pallasii, L. tanakai,
Hexagrammos agrammus and spring spawning group S. thompsoni and S. inermis.G
G

G
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Diet Composition of Juvenile blue-spotted stargazer, Xenocephalus elongatus
in the coastal waters of Sacheon, Korea
Jae Mook Jeong1*, Yang-Jae Im1, Se-Hyun Song1, Junghwa Choi1and Hyun-Ji Kim2
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Fisheries Resources Research Center, National Institute of Fisheries Science, Tongyeong 56034,
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2
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The juvenile blue-spotted stargazer, Xenocephalus elongatus, is a benthic fish that occurs in the
coastal waters of the Korea, China and Japan. The aim of this study was the diet composition of
juvenile X. elongatus in the coastal waters of Sacheon, Korea. Specifically, our objectives: to examine
the diet of this species, to determine the size-related change in diet of X. elongatus. Fish specimens,
consisting of a total of 107 X. elongatus ranging from 5.3 to 8.7 cm in total length (TL), were collected
by shrimp beam trawl from October, 2015 in the coastal waters of Sacheon. All specimens collected
were fixed in 10% formalin solution immediately after collection. For each specimen, prey items from
the stomach were identified, and the numbers and wet weights of each prey item were measured
under a dissecting microscope. Diet was quantified by the frequency of occurrence (%F), numerical
percentage (%N), and weight percentage (%W), which were calculated. Then, the index of relative
importance (IRI) was calculated for each prey item. X. elongatus was carnivorous feeder that
consumed mainly teleostei, crab, and shrimp. Its diet also included small quantities of amphipods.
The dietary composition of Juvenile X. elongatus was not significantly different size classes.
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Assessment of fish fauna in the southeast coast of Korea using
environmental DNA and scuba diving observationG
G
Yong-Deuk Lee, Gang-Min Lee, Jong-Yul Park and Woo-Seok Gwak*
Marine Bio-Education and Research Center, The Institute of Marine Industry, Gyeongsang National University,
Tongyeong 53064, Republic of Korea

G
The southeast coast of Korea is influenced by Tsushima current flows, which is the tributary of the
Kuroshio Current. This area is enriched with diversified temperate and sub-tropical fish species.
Microhabitats such as coastal rocky shore and seagrass beds, in shallow coastal water zone of
southeast coast of Korea provides the shelter and breeding ground of various marine organisms.
However, studies on fish fauna are lacking because collection of fish in shallow coastal areas are
difficult compare to other areas due to presence of rocky beds. Now a days metabarcoding
environmental DNA (eDNA) is used as a sophisticated technique to assess the fish biodiversity of the
marine environment. This method is based on DNA analysis and allows accurate identification, and
can detect species with a low frequency of occurrence that is not caught by fishing. The objective of
this study was to investigate fish fauna in the coastal area of the southeast coast of Korea using
underwater visual census (UVC) and eDNA analysis. To observe fish fauna in the coasts of the
southeast (Tongyeong, Busan, and Ulsan) Korea, monthly UVC were conducted for one year from
October 2016 to September 2017. Samples for eDNA analysis were collected for two months from
June to July, 2018. A total of 5,358 individuals of 45 species were found in Tongyeong coast, 1,228
individuals of 24 species in Busan coast and 2,480 individuals of 31 species in Ulsan coast using
UVC during the survey period. Tongyeong, Busan and Ulsan were dominated by Pterogobius
zonoleucus, Trachurus japonicus and Siganus fuscescens which were 22.6%, 16.3% 20.2% of the
total number of individual respectively. eDNA analysis detected 32 species in Tongyeong, 15 species
in Busan, 13 species in Ulsan, 42 species in total. Although eDNA metabarcoding is still not using
sufficiently in different environmental condition but because of its specialized characters such as nondestructiveness, detection of fish quickly and easily, it will be a standard tool for surveying fish
communities. G
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Isolation and characterization of a new bacteriophage infecting
fish pathogenic Aeromonas hydrophila
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The expansion of aquaculture worldwide is under the persistent risk of large-scale diseases caused
by pathogenic bacteria. Aeromonas species are one of the main pathogens causing Motile
Aeromonas Septicemia (MAS) in fresh water fish species, coupled with poor prophylactic strategies
leading to heavy financial losses to aquaculture industry. Use of vaccines is not always feasible
through different stages of fish production, while efficiency of antibiotics is decreasing due to massive
administrations resulting in the emergence of more resistance strains of Aeromonas. Recently,
bacteriophages have attracted attention of fish pathologists to combat the menace of Aermonas
hydrophila mainly because of their target-oriented and environment friendly behavior. In this study, we
have isolated a phage designated as Akh-2 from the Geoje Island, Republic of Korea, found to inhibit
the growth of 4 out of 8 tested A. hydrophila strains while none of the other 5 bacterial species, were
found to be susceptible to this phage, confirming its more specificity towards A. hydrophila.
Transmission electron microscope result shows that Akh-2 is most probably belongs to the
Siphoviridae family, having the head and tail size 50 ±5 nm and 170 ±5 nm, respectively. One- step
growth curve of phage Akh-2 showed that this bacteriophage has a latent period of 50 ±5 minutes and
with a burst size of 139 ±5 PFU per infected cell. The phage is stable in pH range from 6 to 8 and the
o
o
temperature range from -80 C to 46 C. This preliminary study suggests the Akh-2, as potential

candidate for the phage therapy to control/prevent the MAS.
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An emerging disease characterized by ascites and proliferative kidney in
cultured olive flounder Paralichthys olivaceus in Korea
Kyoung-Mi Won*, Miyoung Cho, Kwang-il Kim, Myoung-Suk Kim, Ji-Hyun Yu, Yeongjun Choi, SungHee Jung and Nam-sil Lee
Pathology Research Division, National Institute of Fisheries Science, Busan 46083, Korea

In 2017, mortality by new disease occurred in cultured olive flounder, maintained in land-based
aquaculture system. The clinical disease is primarily observed in young-of-the year fish in summer
during high water temperatures. Mortality is chronic and extremely variable (130%). High mortalities
are often associated with secondary infections of Streptococcus parauberis or Edwardsiella tarda. The
major clinic-pathological manifestations were lateral body swelling, a distended abdomen, and pale
gills due to anemia. In some fish, the anus may protrude. Internal gross signs are ascites and
enlargement of the spleen and the posterior or entire kidney. As the condition develops the kidney
becomes swollen and grey in color with an irregular surface. A characteristic white chalky deposit
builds up within the kidney ureters. Nephrocalcinosis may also be associated with the presence of
large urinary cysts which contribute to a swelling of the abdominal cavity.
Histopathological examination shows the kidney interstitium to be the primary site of infection,
where certain pathogen evokes a chronic interstitial nephritis. Urogenital system was the major
degenerated portion. We observed serious necrosis and liquefaction at connective tissue and fibrous
tissue around urogenital ducts, and observed excessive appearance of macrophages in the
connective tissue also. We also observed degeneration of renal tubule epithelium and appearance of
protistan cells in renal ducts as predominant features in kidney. Fibrinoid necrosis was companied
around renal tubules, urinary ducts or arteries, and lamellar fibrosis appeared in occasion. Basophilic
deposits in collecting ducts of H&E stained posterior kidney tissue was stained with dip orange red at
Alizarin red staining, therefore the deposits are consist of calcium.
We propose provisionally this new emerging disease as “proliferative kidney disease of flounder”
and go on a research to reveal the causative agent.
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Complete genome sequencing and virulence test of spring viremia of carp virus
isolated from common carp Cyprinus carpio carpio, leather carp Cyprinus carpio
nudus, and largemouth bass Micropterus salmoides in Korea
Seongdo Lee*, Chaehyeon Lim, Thanthrige Thiunuwan Priyathilaka, Myoung-Jin Kim, Hyerim Yang,
Hyukjae Kwon, Jeongeun Kim, Seong Don Hwang and Jehee Lee
Department of Marine Life Science, Jeju National University, Jeju special Self-Goverming province 63243,
Republic of Korea

Spring viremia of carp (SVC) is listed as contagious viral disease by the World Organization for
Animal Health (OIE) and spring viremia of carp virus (SVCV) belonging to the genus Sprivivirus within
the family Rhabdovirida is single strand RNA virus which encode for nucleoprotein, N; phosphoprotein,
P; matrix protein, M; glycoprotein, G; and large protein, L. Herein, we analyzed the complete genome
of SVCV isolates from common carp, leather carp, and largemouth bass in South Korea. The genome
sequences of SVCV isolates were amplified using reverse transcription-PCR (RT-PCR) and cloned
into the pMD20-t vector (TaKaRa) according to the manufacturer's instructions. Thereafter, nucleotide
sequences of SVCV isolates from Korea were confirmed by sequencing. The complete genome
sequences of SVCV isolates were analyzed using CLC Main Workbench software (Version 7.7.1,
Qiagen). The phylogenetic trees were constructed using neighbor-joining methods and 1000
bootstrap replicates in MEGA (Version 7.0.20). To demonstrate pathogenesis of SVC isolated from
Korea, we performed challenge experiment with different temperature and infection methods. ADCSVC2016-1, -3, and -5 were isolated from common carp, leather carp, and largemouth bass,
respectively. The nucleotide sequences of ADC-SVC2016-1 and ADC-SVC2016-3 were completely
matched and genome size was 11,034bp. However, ADC-SVC2016-5 was different compared with
other Korean SVCVs and full genome length of ADC-SVC2016-5 was 11,029bp. The phylogenetic
tree showed all SVCV isolates from Korea were clustered in Asia clade of SVCV. After challenge
experiment with different temperature, ADC-SVC2016-1 and -5 showed the high cumulative mortality
(75~80%) at 15Ԩ, while the mortalities of ADC-SVC2016-1 and -5 at 25Ԩ were low (5~25%). In
challenge experiment with different infection methods, Intra-peritoneal injection of SVCVs (ADCSVC2016-1 and -5) showed high cumulative mortality (80~75%), while immersion method of SVCVs
exhibited moderate mortality (30~10%) in common carp. In cohabitation, infected fish showed 80~55%
of mortality, while the recipient fish did not show any mortality in common carp. These results were
contributed to the epidemiology of SVCV in South Korea.
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Treatment with carbonate buffer decreases antigenicity of
nervous necrosis virus (NNV)

Hyun Jung Gye* and Toyohiko Nishizawa
Department of Aqualife Medicine, Chonnam National University, Yeosu, Korea


Enzyme-linked immunosorbent assay (ELISA) is is an almost forgotten technique for detecting fish
pathogens including nervous necrosis virus (NNV, a member of the genus Betanodavirus). However,
ELISA has still potentials for analyzing conformational structures of fish viruses and/or detecting
specific antibodies in immunized fish serum. Generally, antigens are dissolved in carbonate buffer (pH
9.6) or phosphate-buffered saline (PBS) for immobilizing antigens onto surface of ELISA plate wells.
Some previous reports have described dry immobilization (at 37°C overnight) of antigens onto ELISA
plate wells. The most commonly used buffer for immobilization of ELISA antigens is carbonate buffer
(pH 9.6). However, little is known about its effect on antigenicity of NNV particles. The objective of this
study was to determine the effect of carbonate buffer on NNV antigens.
ELISA values of NNV antigens immobilized using 100 mM carbonate/bicarbonate buffer (pH 9.6)
were  0.23, significantly lower than those by dry immobilization (ELISA values of approximately 1.0).
NNV antigenicity was drastically decreased by treatment with carbonate/bicarbonate buffer (pH 9.6),
but not by treatment with 15 mM Tris-HCl buffers at pH 8.0 or pH 9.6. Thus, the decrease of NNV
antigenicity was due to carbonate/bicarbonate, not pH. NNV infectivity was also decreased after
treatment with the carbonate buffer (pH 9.6). The anti-NNV serum could recognize conformational
structures of NNV surface protrusions related to NNV infection. Therefore, NNV surface protrusions
might have been denatured by treatment with carbonate buffer (pH 9.6). Results of this study also
demonstrate that coating NNV antigens by buffer immobilization might be far from practical. However,
the sensitivity of ELISA detecting NNV antigens can be greatly improved by dry immobilization of
antigens.
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Efficacies of pilot-scale extracts from Rhus verniciflua Stokes against edwardsiellosis
and scuticociliatosis in olive flounder (Paralichthys olivaceus)
Jae-Woong Lim*, Su-Mi Shin, Sung-Ju Jung and So Young Kang
Department of Aqualife Medicine, Chonnam National University, Yeosu, 59626, Republic of Korea


We previously developed an optimized extract with antibacterial and antiscuticociliate activities from
lignum of Rhus verniciflua Stokes (RVS) using Box-Behnken design (Korean Patent Registration No.
10-1814175). The optimized extraction condition included 20% ethanol as solvent. However, for
commercialization of plant extracts as feed additives for fisheries, the production cost is very
important factor. Therefore, we attempted to mass-produce on pilot-scale a hot water (HW) and 20%
ethanolic extract (20E) of RVS and compare their efficacies on edwardsiellosis and scuticociliatosis in
olive flounder, Paralichthys olivaceus. In vitro antibacterial and antiscuticociliate activities of the pilotscale extracts from RVS (RVSEs) against Edwardsiella tarda and Miamiensis avidus were evaluated
by microdilution method. To investigate effects of RVSEs against E. tarda and M. avidus infection in
olive flounder, RVSEs were orally administered at doses of 10, 30, 100 and 300 mg/kg b.w./day for 2
and 4 weeks in laboratory, respectively and 100mg/kg b.w./day for 3 weeks in field. The urushiols, an
allergen of RVSEs were quantified by a LC-MS/MS and the method validation was performed. The
extraction yields of RVSEs were 5% (HW) and 6.3% (20E), respectively, and urushiols were not
detected. In vitro antibacterial and antiscuticociliate activities of RVSEs were minimum inhibitory or
lethal concentration of 500 (HW) and 250 (20E) ȝg/ml, respectively. Fish administered with RVSEs for
each 2 and 4 weeks in laboratory showed significant efficacies showing relative percent survival (RPS)
of 6.7 to 50.0% for E. tarda infection and 6.7 to 33.3% for M. avidus infection (P < 0.001). In field trial
tests, administered with RVSEs showed significant efficacies with RPS of 70 to 90% for E. tarda
infection and 42.9 to 71.4% for M. avidus infection (P < 0.0001). Histological changes of fish fed
RVSEs were similar to those of naïve control fish. Especially, HE showed similar efficacy to 20E,
indicating that it could be commercialized in aquaculture. In addition, in case of M. avidus infection
group, administration of RVSEs showed better excellent efficacy than formalin treatment. Taken
together, these results suggested that RVSEs may be used as safe and effective antibacterial and
antiscuticociliate alternatives in aquaculture.
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Challenge test and quantification of Enteromyxum leei (Myxozoa: Myxosporea) in
cultured olive flounder Paralichthys olivaceus

Sang Phil Shin*, Han Chang Sohn, Chang Nam Jin and Jehee Lee
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Enteromyxum leei has been reported to cause emaciation disease in various fish species. To
determine the effect of parasite intensity on cultured olive flounder Paralichthys olivaceus, we
investigated the relationship between the relative condition factor (rCF = CF / standard CF × 100) and
parasite load with quantitative polymerase chain reaction (qPCR) and the challenge test. A total of 57
cultured olive flounders were obtained from 11 fish farms and divided into 5 groups based on their rCF.
We investigated the parasite intensity in the posterior intestine of the fish. The parasite load was
closely matched to severe loss of body weight. In addition, olive flounders were inoculated either
orally or anally with intestinal scrapings of infected fish or phosphate buffered saline. The fish were
reared in natural water temperature and transferred to different tanks and the water temperature was
adjusted to 20 °C after 6 weeks post inoculation. When the water temperature was increased to 20 °C,
the rCF decreased in experimentally infected group. The results demonstrated that qPCR can be
utilized to determine the relative abundance of E. leei in olive flounders and water temperature is an
important factor to track the progress of the emaciation disease.
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Octopus minor is one of the most important fishery resources among Cephalopod, along with squid
and other octopus species in South Korea. However, recently fishery management of common
octopus net traps fisheries is getting worse because of marine pollution, increased the amount of
usage of the net traps, crab for their feed prices and unstable supply, and increased illegal fishing. For
this reason, fishermen have been request the revision of the mesh size regulation to government from
22 mm to more small size because the production of common octopus is decreased. Therefore, we
conducted a field survey to identify the actual conditions and improve problems of common octopus
net trap fishery. The filed experiments were carried out the total 6 times in the southern part of coastal
sea of Boseong, Jeollanam-do in Korea from 2017 to 2018 using net traps of three different mesh
sizes (18, 20, 22 mm). This research analyzed on their catchability using comparing the different
mesh sizes of coastal trap fishery for common octopus. The selectivity curve and relative fishing
efficiency were estimated with the SELECT model. The results showed that CPUE was 30 g/trap in
the mesh size of 22 mm, 44 g/trap in 20 mm, and 59 g/trap in 18 mm. 50% of individuals with a
mantle size of approximately 84.63 mm selected a mesh size of 22 mm. As the mesh size of the
octopus net trap increased, the amount of the production and catch efficiency decreased. As a result,
the fisheries management of the fishermen is getting worse and worse, it is considered necessary to
adjust the netting standards.

- 213 -

OT-2

A study on the hydrodynamic coefficients and current velocity
reduction of copper ally net
Ahrim Kang¹, Jihoon Lee²*
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The demand for seafood is increasing worldwide. Regulations for resource conservation and
environmental conservation are also steadily strengthening. Therefore, the efforts are needed to
provide a stable supply of fishery products. Among these efforts, many efforts to increase the supply
of marine products through the aquaculture have been actively carried out at Korea and abroad. Most
aquaculture facilities are mainly located in the inshore, and it causes environmental problems. To
solve this problem, a lot of efforts are being made to install aquaculture facilities in offshore areas.
However, the offshore area is exposed to very strong tides and waves compared to the inshore, and
aquaculture facilities capable of withstanding these environments are required. Therefore, some
studies were carried out that the copper alloy net was implemented in the aquaculture facilities to
overcome the harsh condition at the offshore. In this study, the hydrodynamic forces acting on the net
and the current reduction velocity after passing through the net were measured and analyzed using
copper alloy net with nine solidity ratios. The current reduction ratio was increased when the solidity
ratio was increased or the attack angle was decreased. The drag force coefficients increased as the
attack angle increased. The lift force coefficient peaked at an attack angle of 45° and subsequently
decreased as the attack angle increased to 90°.
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Maturity and spawning of Daggertooth pike conger Muraenesox cinereus
in the Southern Sea of Korea
Eun Hye Koh, Dae-Hyeon Kwon*, Jeong-Ho Park and Yeonghye Kim
Fisheries Resource Management Division, National Institute of Fisheries Science, Busan, Korea

Maturity and spawning of Muraenesox cinereus were investigated using samples collected in the
Southern Sea of Korea from August 2015 to December 2017. We analyzed monthly changes in
gonadal maturity stages and gonadosomatic index (GSI), Anal length at 50% group maturity (L50) and
sex ratio. Female at ripe, spawning and spent stage took place mainly from July to October.
Gonadosomatic index reached maximum between June and July, fell rapidly from September to
October. These results indicate that the spawning period was to be from June to October. During the
spawning season, The L50 was estimated to be 24.9 cm AL (63.5 cm TL), and sex ratio of female
(more than 25 cm AL) was greater than that of males.
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Behavioral characteristics of gray rockfish (Sebastes schlegeli) and flounder
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In order to collect basic information of migration of rockfish (Sebastes schlegeli) and flounder
(Paralicthys olivaceus), the behaviors of rockfish and flounder in Byeonsan Peninsular, Korea were
investigated with the acoustic telemetry techniques. Three cultured gray rockfish CGR1 to CGR3 [total
length (TL) 29.7±1.0 cm; body weight 397±59 g] and three cultured flounder CF1 to CF3 [TL 38.8±2.3
cm; body weight 543±97 g] were tagged with the acoustic tag. CGR1 to CGR3 were tagged with an
acoustic tag internally by surgical method. CF1 to CF3 were tagged externally with the acoustic tag.
The movement routes of the tagged fish were tracked within 2 hours approximately using VR100
receiver and a directional hydrophone. CGR1 to CGR3 and CF1 to CF3 were released during pilling
work as a group on the sea surface far away 997 m from a construction site of wind power in the
coastal of Byeonsan Peninsular on 18 July and 13 September 2018, respectively. CGR1 and CF1
were followed each track with a fishing vessel after release, respectively. The water depth of the sea
bed on the route of CGR1 and CF1 were commonly 10 to 12 m. CGR1 and CF1 were moved 2.11 and
1.47 km with the average swimming speed of 0.28 and 0.19 m/s (0.94 and 0.52 TL/s), approximately,
during 2.0 and 2.1 hours, respectively. The mean angle of the movement direction of CGR1 and CF1
were 119.6 and 123.3°, respectively. There were no significant correlationship (CGR1: Pearson’s
correlation= 0.381, p= 0.066, p>= 0.05; CF1: Pearson’s correlation = 0.165, p= 0.430,p>= 0.05)
between the tidal current direction and the movement direction of CGR1 and CF1.
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Acoustic monitoring of fish behavior around artificial reefs in Korea
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Artificial reefs have been constructed in numerous coastal areas off Korea to promote fishery
resources because it provides a habitat for marine life including fished in coastal region. To utilize the
artificial reefs effectively, it is important to constantly observe and evaluate the behavioral
characteristics, spatio-temporal distribution, and biomass of fish in nearby artificial reefs. Research on
artificial reefs using hydroacoustics involve transect and stationary methods. The transect method
was used to identify the density, grouping effects, behavioral patterns, and three-dimensional
visualization of the state of the artificial reef, including material and size. The stationary methods were
used to measure the distribution and density of fish by installing digital cameras and echo sounders,
and periodic evaluation of marine resources present near the artificial reef by placing multiple echo
sounders on the artificial reefs. The present study used hydroacoustics to evaluate the effects of
installing artificial reefs effectively by fish behavioral characteristics around the artificial reefs. The
prototype of the floating echo sounder consisted of a transceiver, a monitor, a GPS, a vibrator, and a
power source. The echo sounder is Samyoung E&C (NF560, Korea), and the frequency of use is
composed of two frequencies of 50 kHz and 200 kHz and a power supply (battery) part capable of
collecting acoustic data continuously for 72 hours. The acoustic measurements were conducted for 89 June and 19-20 September, 2018. In this study, we will discuss the behavior characteristics of fish
by time and location of artificial reefs.
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Acoustics is effective method in fisheries research studies involving direct fish biomass estimation
and fish distributions. Fish biomass, distributions seasonally change and fish populations dynamics
are attributed to underwater construction with habitat modification by artificial reefs in aquatic
ecosystem. This study estimated fish distributions, determined catch composition, fish target strength
and estimated seasonal fish biomass changes during day time and nighttime with the split beam echo
sounder in autumn and winter seasons. The nighttime fish distributions were higher than those of day
time and during nighttime many fish schools were aggregated in the pelagic zone while day time
2
2
fewer were scattered near the sea bottom. NASC values were between 1 to 50000 m /n.mile of fish

intensities for autumn and winter surveys. The gill net catch for each season had 15 fish species
identified and their estimated average TS were -43.97 dB and -44.38 dB for autumn and winter
pelagic species respectively. The estimated fish biomass were 7.7 tons and 26.0 tons during day time
and nighttime respectively for the autumn season. Winter season had 2.27 tons and 30.97 tons
estimated during day and night time respectively. Different fish species exhibit schooling behaviours,
movements and migrations patterns within different seasons and day time changes which influence
the biomass estimated. This explained the varying estimated biomass during autumn, winter and
survey time of the day around the artificial reefs. Fish species; Seriola lalandi and Scomber japonicus
had the highest estimated biomass in autumn whereas Ditrema temminckii and Thamnaconus
modestus species contributed the highest estimated biomass in winter season. The coefficient of
variation of nighttime surveys was higher than that of day time for both seasons, which explained the
schooling of some fishes during nighttime. Comprehensive studies on fish biometrics, biomass
estimation for demarsal species and continued fisheries acoustics data collection were recommended
in Chilam Bay.
Key words: Acoustical surveys, Chilam Bay, Catch composition, Target strength, Fish biomass
Corresponding author (e-mail): shinho@pknu.ac.kr
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A pilot study on seabed classification using a scientific echosounder
Myounghee Kang* and Rina Fajaryanti
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Acoustics is increasingly regarded as the remote-sensing tool that provides the basis for classifying
and mapping ocean resources including seabed classification. It has long been understood that
details about the character of the seabed (roughness, sediment type, grain-size distribution, porosity,
material density, tortuosity, etc.) are embedded in the acoustical echoes from the seabed. Sound may
penetrate into the sediments and the basement material, the echoes contain information about the
zone below the water–sediment interface. Considering that a high resolution echosounder system
provides high-quality of acoustic data, this research has been interested in shallow water
investigations, especially for seabed classification. Initial work on acoustic seabed classification was
done on the basis of a vertical pointing echosounder. The acoustic scattering signals can extract the
seabed hardness (E2) and roughness (E1) components as well as various bottom features. Bottom
features can be selected using the principal component analysis (PCA) and the bottom classification
can be done using the K-means clustering (K-means). In this study, using the PCA and K-means, the
acoustic bottom features were used to classify the seabed type in Echoview (ver. 9). The detailed
seabed classification method using the acoustic data was explicated in this study. The field survey for
the acoustic seabed classification was conducted in Tongyeong waters on 20 June 2018 with a
scientific echosounder Simrad EK60 (120 kHz). A Van Veen grab samplers in three sampling points
taken along the acoustic survey was used to ground truth. As a result, this study demonstrated three
different seabed types. The pilot study can be further developed for characterizing marine habitats on
a variety of spatial scales and studying the ecological characteristic of fish near the habitats.
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Currently, the shell and the inner meat are separated by hand after harvesting. Shucking separates
the oyster shells and the adductor muscles from the mollusk, resulting in oyster meat. Shucking of
oysters is done by hand, and most of the workforce is aging. There is a lack of new manpower to
replace workers in the future, so new processing methods are needed to shuck the oysters. Ultrahigh-pressure technology is a non heat food-processing technology that keeps the oysters mostly
unchanged, including the taste, flavor, color, and nutritional content of the food. It also sterilizes the
oysters, killing microorganisms. In this study, oyster-shucking machine using ultra-high-pressure was
developed and its performance was evaluated. The performance evaluation of the oyster-shucking
machine using ultra-high-pressure was conducted on May 3, 2018 by a company located in Gimhae,
South Gyeongsang Province, Korea. For each ultra-high-pressure treatment group, process variables
were set as pressure level and holding time of pressure, and environmental variables were set as
sampling sea area, growth condition, and growth stage. The test was carried out by injecting prepared
samples into the machine, pressurizing them at a set pressure, and treating them for the set holding
time. After ultra-high-pressure treatment, the samples were taken out to check the shuck of individual
oysters, and the performance was evaluated by the shucking ratio. Changes in temperature before
and after treatment were observed for each treatment group. Oysters were sampled for sensory
quality and general components, and there was a microbiological examination. Water quality was
collected for a heavy metals test. The shucking ratio of oysters tended to increase with higher
pressure or longer holding time of pressure. The highest sucking ratio of oysters was 93% in a
Tongyeong oyster set to a pressure of 220 MPa and a holding time of 10 minutes. The sensory test
showed that a Tongyeong oyster set to 200 MPa pressure and a holding time of 7 minutes was most
similar

to

oysters

shucked

by

hand.

No

significant

differences

were

seen

under

all

conditions(treatment groups). Moisture, ash, crude fat, and crude protein of the ultra-high-pressure
treated oysters were not significantly different from oysters shucked by hand. No significant difference
was detected in microbial counts including viable cell count, coliform group, Escherichia coli, and
Vibrio parahaemolyticus. No significant levels of heavy metals were detected in the water samples,
including copper, zinc, chromium, arsenic, and cadmium.
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It is already known that applying a very high pressure using Pascal principle to two shellfishes such
as oysters has the effect of spreading the shell while opening the shell. However, it is not known how
much pressure should be applied to make the oyster effective. This study examines the changes in
the opening rate of oysters produced in Tongyoung and Yeosu in early May 2018 as the oyster
opening rate changes and the operating pressure retention time. And how the opening rate changes
when the operating pressure changes at the same holding time. As the working pressure increased
from 200 MPa to 240 MPa, the percentage of Tongyoung oysters increased from 20% to 85% and
from Yeosu to 17% to 77 % in Fig.1. The Tongyoung and Yeosu oysters increased by 1.5 ~ 1.6% per
1 MPa, and the filling rate of raw oysters was slightly higher than that of Yeosu oysters. 220 MPa The
effect of the change of holding time on the oyster growth rate when the working pressure was applied
to the oyster was investigated. When there was no maintenance time, the Tongyoung and Yeosu
excavation rates were 48% and 40%. 52% and 45% at 5 minutes, 85% and 80% at 7 minutes, and
100% and 95% after 10 minutes, respectively. Even though the same operating pressure was applied,
the opening rate of the oyster was increased by 5.2% per minute and that of Yeosu oyster by 5.5% as
the holding time became longer. However, the physiological damage of the oyster seems to be
problematic in terms of commerciality. Operating pressure of 200, 220 and 240 MPa for Tongyoung
oyster was reached, and after 5 minutes, open
rate was changed to 35, 52 and 100%. In other
words, the opening tare of 1.63% per 1 MPa of
working pressure is effective but it is expected to
result in a decrease in production due to the
increase of the holding time.
Acknowledgment
“This research was a part of the project titled
‘Automated Oyster Shucking Machine using
Ultra High Pressure’, funded by the KIMST”
Fig. 1. Opening rate with operating pressure change.
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Fishery training ship in Korea has played significant role in cultivating necessary manpower for the
development of fishery in deep-sea and offshore by cultivating marine officer for fishing vessel,
pioneering fishing ground and developing fisher technology. According to recent presentation by
Korean Maritime Safety Tribunal, about 70% of marine accident occurs from fishing vessel, and 90%
of cause of entire marine accident blames human error. As fishing vessel requires basic operation,
fishing operation and other additional operation and technique such as fish handling operation,
cultivating excellent marine officer to prevent marine accident and develop industry is very important.
There are total 10 fishery training ships operated by education institution for marine officer designated
by fishery industry. However, the training fishing method is mainly focused on trawl fishing method,
only 2 ships are available for different fishing method education (jigging and fish pot), and it is still very
difficult to satisfy the demand for diversity of fishery training and sense of realism of the industry. As
the result of employment expectation by category of business survey targeting 266 fishery high school
graduates who hope to board fishing vessel for recent 4 years, tuna purse seine was the highest with
132 (49.6%), followed by offshore large purse seine (65, 22.4%), and tuna long line (35, 13.2%). Thus,
it implies the necessity of training education for purse seine and long line fishing method, which
means there is a need to build fishery training ship for the fishing method. Korea Institute of Maritime
and Fisheries Technology has replaced previous jigging and fish pot fishery training ship, proceeded
developing and building multi-purpose fishery training ship considering the demand of industry and
preferred employment business category since 2015, and is expected to receive at the end of 2018.
The new training ship basic fishing method was set as tuna purse seine, and reviewed to enable
multi-purpose fishing operation education for trawl, jigging and long line method, but considering the
features of method, and reviewing domestic and overseas cases, the ship was designed to enable
purse seine, jigging, and long line method training. As the result, the gross tonnage is 1,520ton, with
70m L.O.A, 14m breadth, 8m depth and 83 persons. And as the result of seakeeping model test, it
can conduct operation at sea state 5, and survives at sea state 8.
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International Maritime Organization (IMO) has established standards for ship manoeuvrability a
nd applied these standards for vessels over 100 meters in length that built after 2004 (IMO, re
solution MSC.137[76]). These standards are no exception to fishing vessel. In this study we car
ried out a manoeuvring simulation of the a new model ship (Stern trawler) of the fisheries traini
ng ship of Pukyong national university that over 95meters in length based on Kijima's empirical
formula. The formula takes into account of the effect of stern shape or not takes into account
of the effect of stern shape. Then we checked whether the simulation results of turning motion
of the model ship meet IMO manoeuvrability criteria and compared trajectories between the si
mulation results of the model ship and the results of the real sea trial test of the existing ship.
In conclusion, Kijima's empirical formulas can estimate the manoeuvrability of fishing vessel at
design stage approximately, however if in order to express of the manoeuvrability of fishing ves
sel accurately, it need more parameters of fishing vessel own.
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The vessel uses anchors at sea to shelter the ship from rough seas and to secure the stability of
the vessel against the external forces including a berth outside the ports. After the anchor is dropped,
its movement in the water is invisible. Thus, to cast anchor safely at the anchorage, a basic
understanding of the characteristics of the anchor holding power and the mooring is required. In
particular, if the anchor cable is passed under the keel of vessel, weighing anchor shall be given to
special attention. Related many Papers estimated the holding power and the holding power coefficient
from the theoretical calculations about the external disturbance. But there is little paper compared to
the theoretical value after actual value of the external force. Thus, to the obtain the fundamental data
about mooring and anchoring, practice trial was carried out with a tension meter for the experimental
value of external force at the jeju anchorage during two days and compared to theoretical calculations
from other reports. Trial ship specification was a total of 167 tons, 34 meters long and 7.5 meters wide.
The total length of the anchor cable was 5 shackles (25 meters) from the stopper on deck. The water
depth reached from 19m to 25m. The length of the chain laid on the sea bed from ECDIS was about
80m. Actual tension reached from min. 300kg to max. 2100kg. From these results, length of catenary
party was estimated about 40m. The weight of ASS type anchor used in this trial was 550kg.
Therefore Total holding power was about 2.7 tons. During the anchoring, the anchor tension was
greatly impacted by wind force and waves including the current speed, especially when the direction
of wind, waves and current match each other. When the waves are calm, the tension of the anchor
chain occurred by its own weight. However, the rolling and pitching of vessels by external influences
made the anchor chain shocked without the change of the length of catenary party. It was assumed
that using the anchor chain consistently with the same length caused anchor chain to show partial
fatigue.
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The International Labor Organization (ILO) selected fishing as the world's most dangerous group of
jobs, and it is well known in Korea as a 4D industry. offshore large purse seine accounts for the
largest portion of the fishing industry in the coastal region, with the death rate and the accident rate
high. In a study on repeat disasters conducted by the Korea Maritime Institute (KMI), offshore large
purse seiner(22.3 percent), coastal gill nets(12.4 percent), and offshore stow net(11.9 percent).
Therefore, the frequency and risk of accidents occurring in offshore large purse seiners were
analyzed based on data from the National Federation of Fisheries Cooperatives between three years
(2015 and 2017). and 4M(Man, Machine, Media, Management) 3E(Engineering, Education,
Enforcement) techniques were used to provide a safe fishing environment. The number of accidents
on offshore large purse seiners each year was more than 150, and in 2015, the number of accidents
on every fishing boats was as high as 17 percent. If the accident rate and the risk level were divided
by insurance, the accident resulting from contact with machinery was the highest, and the risk of a
contact with gear was low but frequently occurring. This was caused by collisions and contact with
gear in situations where death and disappearance risk are not high, and accident types in situations
where death and loss risk are considered to be contact with machinery, falls or other accidents.
Through these analysis techniques, the frequency and risk of each type of accident on a offshore
large purse seiners can be demonstrated, and it is expected to raise awareness of a safer fishing
environment and contribute to the reduction of accidents.
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Fish is extremely important especially for the poorer members of the global community (FAO, 2014)
of which Ghana is a part. Tema, which emanates under the Tema Metropolitan Assembly in the
Greater Accra region was used as a case study. The study seeks to assess the challenges of
implementing policies regulating the management of artisanal fisheries in the Ghanaian fishing
industry. The fisheries sector plays an important role in the socio-economic development of Ghana in
terms of food security, employment, poverty alleviation, GDP and foreign exchange revenues. The
contribution of Ghana’s fisheries sector is amounting to 1.2% of the GDP, 12% of the agricultural GDP
and 10% of the labor force. More specifically, the sector comprises of fishers, processors, boat
owners, boat builders, and other ancillary jobs. It primarily provides over 60% of the total bulk of the
country’s animal protein requirements and serves as a major source of employment, wealth creation
and livelihood among others; in particular, the national fish per capita consumption is estimated to be
about 20-25 kg per annum, higher than the world average of 16 kg (GAIN, 2011). The study will also
evaluate the methods of fishing and levels of productivity, evaluate challenges facing fisheries officers
and other stakeholders in enforcing the law and to assess existing management regimes and policies
on fishing activities. Tema fishing port and Ministry of Fisheries and Aquaculture Development was the
venue for information collected. This research seeks to employ both qualitative and quantitative
approach to arrive at the designed expectation. Fisheries resources are obtained from the capture
and culture environment. Capture fisheries comprises fish from the wild including sea, lagoons, lakes,
rivers, dams and reservoirs and constitutes 88.7% of the fish production whiles culture fisheries which
includes farming or growing fish in cages, ponds and tanks makes up the remaining 11.3% (MOFAD
2016). In Ghana, there is presently a major concern by fishers, fisheries managers, fisheries scientists,
researchers and other fisheries stakeholders that Ghana’s marine fisheries is gradually heading
towards a crisis point. Management of Ghana’s fishery is governed and regulated by legislative
instruments and policies such as Fisheries Act, 2002 (Act 625) Fisheries (Amendment) Act, 2014 (Act
880) Fisheries Regulations, 2010 (L.I. 1968) and Fisheries (Amendment) Regulations, 2015 (L.I.
2217), the Republic of Ghana Fisheries and Aquaculture Policy (2008), and the Ghana Fisheries and
Aquaculture Sector Development Plan 2011-2016.
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This study aimed to estimate optimal levels of stock, yield, and fishing effort of yellow croaker in
Korea using the bioeconomic model. As a sub-biological model in the bioeconomic model, the Statespace model was used for fitting the surplus production model. Expected yield depending on fishing
efforts and expected biomass depending on management measures were estimated. Results of the
model showed that the fishing effort for the yellow croaker should be reduced and the target fishing
amount of yellow croaker suggested by NIFS would be higher than MSY (19,490 ton) estimated by
the State-space model. Results also indicated that reducing fishing efforts of both offshore stow net
and offshore gill net fisheries could increase the catch of yellow croaker over time. For instance, it was
found that reducing fishing efforts by 20 percent could increase the catch of yellow croaker to the
optimum catch level. In addition, it was also estimated that the stock of yellow croaker might be
already somewhat depleted. Therefore, management measures that can reduce fishing effort and
catch amount should be considered and suggested for effective management of yellow croaker.
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This study was conducted to develop a method to measure a large number of fish freshness and to
manage risk resulting from freshness degradation at industrial sites. Create a sealed space and
connect to the sensor gas chromatography (SGC) system to collect and analyze the gas in the space.
SGC system is a device designed to quickly analyze the concentration of TMA and ammonia of gases
collected in a sealed space. For freshness evaluation, 500 mackerels were accelerated the spoil at
10°C and freshness was evaluated using the SGC system at the same time for 4 days. Select 3
mackerels randomly from evaluated mackerel and it measured physicochemical experiment such as
TMA, K-value, histamine, TBARS, VBN, and viable cells. When analyzed the measurement of
physicochemical experiment result, the mackerel was initially spoil on third day and it was spoiled on
fourth day. On the third day, the physicochemical experiment results was TMA 3.29 mg/100g, VBN
16.8 mg/100g, viable cells 3.08 Log CFU/mL, K-value 44.91%, TBARS 0.38 mgMDA/kg in mackerel
muscle and the SGC system evaluation result was TMA 27.8 ppb. Therefore, as a freshness control
indicator for mackerel processing, the concentration of TMA is assumed to be less than 25 ppb. In
conclusion, it is clear that the SGC system is of limited value for evaluating freshness. Nevertheless,
the SGC system can be used to identify the freshness of fish to manage potential risks, and it has the
advantage of being a nondestructive method that can potentially be applied when processing large
numbers of mackerel.
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We investigated the antimicrobial and antioxidant activities of 70% ethanol extracts derived from 10
seaweeds (Gracilaria incurvata, G. parvispora, Sargassum hemiphyllum, S. confusum, S. filicinum, S.
siliquastrum, S. fusiforme, Martensia bibarii, Callophyllis japonica and Myagropsis myagroides) which
were collected at Jeju Island of Korea. Antimicrobial activity was evaluated by disc diffusion method
and minimum inhibition concentration (MIC) test against Gram positive bacteria (Staphylococcus
aureus KCTC 1927, Bacillus cereus ATCC 14579) and Gram negative bacteria (Escherichia coli
KCTC 1682, Salmonella typhimurium KCTC 1925). The extract of S. hemiphyllum was shown strong
antimicrobial activity against S. aureus with a 20 mm clear zone, and also the extracts of G.
parvispora, S. filicinum and C. japonica were evaluated antimicrobial activities against three bacterial
strains. The extract of S. hemiphyllum was shown antimicrobial activity at 256 ȝg/ml concentration
against E. coli, the extracts of G. parvispora, S. filicinum and C. japonica were checked antimicrobial
activities at 512 ȝg/ml concentration against E. coli, S. typhimurium and S. aureus. Also, we observed
the antioxidant activities through DPPH scavenging activity and hydroxyl radical scavenging assay for
10 seaweeds. The extracts of S. hemiphyllum and S. fusiforme were scavenged IC50 0.10 ± 0.005
mg/ml and 0.10 ± 0.0003 mg/ml of DPPH radicals, respectively. The extracts of M. myagroides and S.
hemiphyllum were validated antioxidant activity through hydroxyl radical scavenging assay using
electron spin resonance (ESR) spectroscopy. As a result, S. hemiphyllum is effective in both
experiments that is suggesting S. hemiphyllum can be potential material for antimicrobial agent and
the prevention of oxidative stress.
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Today, exploration and research of marine resources actively pursued than over the past, but they
are still far behind in terrestrial resources. Marine resources include energy and biomaterials that can
be supplied continuously and have potential for positive changes in medicine and health. Marine
biological resources have different metabolic processes compared with terrestrial resources, so that
new bioactive materials can be discovered from marine resources that are valuable as innovative new
materials. In order to revitalize the bio-industry of Korea, the MABIK (National Marine Biodiversity
Institute of Korea) is constructing a library of marine natural products, discovering useful materials
derived from marine resources, and distributing marine biological resources. Also, marine resources
and derived information such as marine natural products and bioactivities are recorded into MBRIS
(Marine Bio Resource Information System). MBRIS helps understanding of marine resources
associated in Korea and provides useful information to scientists and the public. We obtained 166
crude extracts from marine organisms from 2015-2017, and investigated their bioactivities such as
antioxidant, anti-inflammatory and anti-fungal. Also, we validated their useful component analysis
which are polyphenol contents, fatty acids and etc. Among them, we have discovered excellent 3
candidate marine resources which is related to inflammation prevention and antioxidant effect. In
addition, it is conducting a “Marine Extract Bio-Bank” pilot project for researchers and biotechnology
companies related to the marine bio-industry to support the sale of extracts and marine resource
consulting. It is possible to support commercialization in various fields such as medicines and
cosmetics by industrial application of marine biological resources with excellent efficacy in related to
inflammatory diseases and metabolic diseases.
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Excessive bone resorption by osteoclasts causes bone loss-related diseases, and reactive oxygen
species (ROS) during osteoclast differentiation act as second messengers in intercellular signaling
pathways. Sea tangle (Laminaria japonica Aresch), a brown algae, has been used for many years as
a functional food ingredient in the Asia-Pacific region including Korea. In the present study, we
investigated the protective effect of fermented sea tangle (FST) extract on receptor activator of
nuclear factor-țB (NF-țB) ligand (RANKL)-induced osteoclast differentiation using murine
monocyte/macrophage RAW 264.7 cells. According to our results, FST inhibited RANKL-induced
activation of tartrate-resistance acid phosphatase (TRAP) and formation of F-actin ring structure in a
concentration-dependent

manner,

suggesting

that

FST

strongly

reduced

RANKL-mediated

osteoclastogenesis. Mechanistically, FST has been shown to down-regulate the expression of
osteoclast marker genes like TRAP, matrix metalloproteinase-9, cathepsin K and osteoclastassociated receptor by blocking RANKL-induced activation of the NF-țB and expression of nuclear
factor of activated T cells c1 (NFATc1), a master transcription factor. Furthermore, FST markedly
diminished intracellular ROS production during RANKL-stimulated osteoclastogenesis, such as Nacetyl cysteine, a potent ROS scavenger. Collectively, our findings suggest that FST has antiosteoclastogenic potential by inactivating the NF-țB-mediated NFATc1 signaling pathway and
inhibiting ROS generation followed by suppressing the osteoclast specific genes. Although further
studies are needed to demonstrate efficacy in animal models, FST may be used as an effective
alternative agent for the prevention and treatment of osteoclastic bone disease.
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G
We investigated antibiotics resistance of bacteria isolated from marine organisms in Jeju Island. We
isolated 17 strains from a marine sponge, algaes, and sea water collected from Biyangdo on Jeju
Island. Seventeen strains were analyzed by 16S rRNA gene sequencing for species identification and
tested antibiotic susceptibility of strains against six antibiotics (Chloramphenicol, erythromycin,
gentamicin, lincomycin, tetracycline and vancomycin). Strain JJS3-4 isolated from S. siliquastrum
showed 98% similarity to the 16S rRNA gene of Formosa spongicola A2T and was resistant to six
antibiotics. Strains JJS1-1, JJS1-5, JJS2-3, identified as Pseudovibrio spp., and Stappia sp. JJS5-1,
were susceptive to chloramphenicol and these four strains belonged to the order Rhodobacterales in
the class Alphaproteobacteria. Halomonas anticariensis JJS2-1, JJS2-2 and JJS3-2 and
Pseudomonas rhodesiae JJS4-1 and JJS4-2 showed similar resistance pattern against six antibiotics.
We could isolate bacteria from marine organisms and their antibiotic resistance investigated, and
conducted this study under the premise that such bacteria could produce secondary metabolites that
could bring about useful antibiotic effects, resulting in species-specific results. We have a lot of
unknown marine resources that we have not been able to explore yet. Bacteria are a valuable
resource that can be developed into new useful materials.
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Vibrio parahaemolyticus are halophilic marine bacteria frequently found in estuary and areas
relatively closed to coastal line. These bacteria show seasonal variation as detection rate is highly
increased during summer through early autumn period in Korea. Some of these bacteria cause food
poisoning by consumption of contaminated seafood which is raw or not fully cooked. V.
parahaemolyticus isolated from patients mostly possess genes to produce Thermostable Direct
Hemolysin (tdh) and/or TDH-related Hemolysin (trh) as major hospitalus factors of these bacteria.
According to some of case studies, the ratio of trh gene possessed V. parahaemolyticus is being
increased.
To investigate seasonal distribution of V. parahaemolyticus in shellfish cultivated in the West Coast
of Korea, V. parahaemolyticus is isolated from oysters and short necked clams collected in Iwonmyeon, Taean-gun, Chungnam and Deokjeok/Jaweol-myeon, Ongjin-gun, Incheon City from Jan.
2015 to Aug. 2018. The concentration of V. parahaemolyticus was estimated by 3-tube MPN method
and isolated strains were identified using API 20E Kit (BioMéurius, Marcy-1’Etoile, France) and realtime PCR (Applied Biosystems, 7500/7500 Fast system, USA).
Detection rate of V. parahaemolyticus was high in order of oysters (49.2%) collected from Iwon-myeon,
oysters (44.7%) and short necked clams (29.8%) from Deokjeok/Jaweol-myeon. The ranges of
concentration of these bacteria were <30-7,300 MPN/100 g in oysters from Iwon-myeon, <30–11,000
MPN/100 g and <30–2,100 MPN/100 g in oyster and short necked clams from Deokjeok/Jaweolmyeon, respectively. Two thr gene possessed strains (2.0%) were detected in Iwon-myeon and 13
strains (17.1%) in Deokjeok/Jaweol-myeon. One tdh gene possessed strain (0.1%) was detected in
Iwon-myeon and 2 strains (2.6%) in Deokjeok/Jaweol-myeon.
Increase of pathogenic gene possessed V. parahaemolyticus may cause outbreak and continuous
monitoring on shellfish growing areas and time-temperature control over shellfish after harvest are
required especially during the period of high water temperature.
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Seahorse (Hippocampus abdominalis) a marine teleost fish, has long been used as one of the
essential materials in traditional Chinese medicine. However, the Convention on International Trade in
Endangered Species of Wild Fauna and Flora(CITES) restricted seahorses capture and it became a
cost-raising opportunity. On the other hand, Hippocampus abdominalis, a seahorse species has
beneficial biological activities and successfully cultured in Korea, was validated for use in food by the
Ministry of Food and Drug Safety in February 2016. Seahorse has not been widely studied for its
biofunctional properties and active components. In the present study, the enzymatic hydrolysates of
seahorse were prepared by using two digestive enzymes (trypsin and pepsin) and five food grade
enzymes (Neutrase, Protamex, Alcalase, Kojizyme, and Flavourzyme). The enzymatic hydrolysates
indicated higher hydrolysis yields than its water extract. Among them, the distilled water-pepsin
hydrolysate (DP) which was obtained by distilled water extraction followed by pepsin hydrolysis,
showed the highest yield and protein content in common with the highest alkyl radical scavenging
activity. Also, it provided protective effects against oxidative stress induced by AAPH in Vero cell and
zebrafish. Further fractionation based on the molecular weight was carried out to identify it’s active
components, and < 5 kDa (less 5 kDa) molecular weight fraction was confirmed to have the highest
antioxidant activity. In conclusion, this study suggests that DP of seahorse has antioxidant properties,
and might be a novel and useful material from the marine origin for healthy functional foods and
cosmetics.
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Although the ethanol extract of Hizikia fusiformis a well-known eatable brown seaweed, has been
noticed as an anticancer activity agent, A few have scarcely investigated the active compounds until
now. In the present study, we focused on preparing refined anticancer active compounds from 70%
ethanol extract of H. fusiformis by centrifugal partition chromatography (CPC) system. The refined
compound was successfully purified from H. fusiformis crude extracts by CPC with a two-phase
solvent system involving n-hexane: EtOAc / methanol: water (5:3:7:1, v/v). The compound (11 mg)
isolated from the crude extract (500 mg) by descending mode was verified to saringosterol
acetate(SA) through ESI-MS, 1H, 13C, and 2D NMR data. Besides, the anticancer effect of SA
significantly raised against human lung adenocarcinoma A549 cells, it showed SA-mediated apoptotic
bodies and sub-G1 contents in A549 cells in a dose-dependent manner. This is, SA reduced the antiapoptosis protein expression including Bcl-x as well as increased expression of pro-apoptosis
proteins like Bax and cleaved Caspase 3. Therefore, the apoptosis of A549 cells has been induced by
SA through Bid activation via caspase 8. As a result, CPC technique is a practical way to isolate the
sterol-derived compounds from H. fusiformis, the purified SA might be utilized as the therapeutical
option based on strong anticancer activity against A549 cells via apoptosis.
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Hizikia fusiforme is a kind of seaweed and richly contains protein, carbohydrates, vitamins, and
minerals. It cleans the blood, interferes with the generation of active oxygen, and prevents
constipation with rich dietary fiber in it. Also, it helps prevent adult diseases such as hypertension and
arteriosclerosis and different kinds of cancer like intestinal cancer. In this study, antioxidant and
physiological activities of extracts from Hizikia fusiforme with two different extraction methods (70%
ethanol extraction and high pressure extraction) were investigated. The yield of Hizikia fusiforme
extract by the method of high pressure extraction showed higher value, 45.62% (w/v). The amounts of
substances related to polyphenol content was higher in 70% ethanol extract (13.04 mg/g), whereas
flavonoid content was higher in high pressure extract (9.3 mg/g). The ABTS and DPPH radical
scavenging activities of the 70% ethanol extract were 97.4% and 30.9% at 5 mg/mL, respectively,
which were higher than those of the high pressure extract. The reducing power of 70% ethanol extract
was higher than that of high pressure extract. The 70% ethanol extract had relatively high antioxidant
activity. These results suggest that extracts of Hizikia fusiforme have a potential to act as functional
materials, and 70% ethanol extractions are superior to high pressure extraction for enhancement of
the antioxidant activity. We are currently investigating further the antioxidant and physiological
activities of those extract, and also attempting to identify the substances that have antioxidant and
physiological activities.
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Anti-inflammation effect of diphlorethohydroxy-carmalol from a brown alga Ishige
okamurae by treatment of urban fine dust particles in keratinocytes
and macrophages
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Fine dust (FD) particles have become a major contributor to air pollution causing detrimental effects
on the respiratory system and skin. Although some studies have investigated the effects of FD on the
respiratory system, their possible effects on the skin remain under-explored. We investigated the FD
mediated inflammatory responses in keratinocytes, present in the outer layers of skin tissues and the
transfer of inflammatory potential to macrophages. We further evaluated the anti-inflammatory effects
of the polyphenolic derivative, diphlorethohydroxycarmalol (DPHC) isolated from Ishige okamurae
against FD-induced inflammation. Size distribution of FD particles was analyzed by scanning electron
microscopy. FD particles induced the production of cyclooxygenase-2, prostaglandin E2 (PGE2),
interleukin (IL)-1ȕ, and IL-6 in HaCaT keratinocytes and the expression of nitric oxide (NO), inducible
nitric oxide synthases (iNOS), PGE2, tumor necrosis factor-Į expression in RAW 264.7 macrophages.
Further, we evaluated the inflammatory potential of the culture medium of inflammation-induced
HaCaT cells in RAW 264.7 macrophages and observed a marked increase in the expression of NO,
iNOS, PGE2, and proinflammatory cytokines. DPHC treatment markedly attenuated the inflammatory
responses, indicating its effectiveness in suppressing a broad range of inflammatory responses. It
also showed anti-inflammatory potential in in-vivo experiments using FD-stimulated zebrafish
embryos by decreasing NO and reactive oxygen species production, while eventing cell death caused
by inflammation.
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G
In the west-south side of Korea, dried fish was called ‘Ị㩫 Geonjeong’ traditionally.
Geonjeong are produced from nibe croaker, mullet, rockfish, and other fish which caught off the
near coast of the region. Shinan is one of the areas where nature salt is produced with high
quality due to the abundant sunshine and wind. In the Jeungdo in Shinan, there is not many
fishermen with traditional manufacturing skill by aging. In addition, Little information is available
about its processing and manufacture of Geonjeong held by local fisherman for a long time. The
objective of this study was to record the traditional skill, and to measure and quantify the method
for each fisherman with traditional skill. To measure traditional dried fish manufacturing methods,
Jeungdo was divided into three areas (J1, J2, and J3), and three fishermen from each region
were established. We used the mullet, Chelon haematocheilus, and recorded each manufacturing
course. The raw material and processed fish were analyzed for salt and moisture content. The
mullet was trimmed, cleaned, and salting. They are hanged on bars in the outdoor. The fish was
salted with 19.0±3.5 g/fish and 28.2±3.3 g/fish at both J1 and J2, respectively. After being salted
3.5 hours, the fish was dried in the outdoor for 2 days. The salt and moisture content of
Geonjeong were 1.0±0.0% and 54.9±2.8% in J1, and 0.7±0.2% and 58.5±6.5% in J2. In J3 area,
the fish was trimmed the back, and soaked at the 20 L water with 1,886±201 g of salt. And then,
the fish was dried for 3 days in the outdoor. The salt and moisture content of Geonjeong were
1.87±0.21% and 67.80±1.71%, respectively.
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The common squid (Todarodes pacificus) is one of the largest consumed food ingredients in
East Asian countries, especially Korea and Japan that commonly served it raw in the market
leading to inconvenient preparation, less commercial valued and short shelf-life problem of the
food item. Therefore, in order to handle these problems, superheated steam roasting (260
heater, 240 steam for 4 min) combined with the smoking treatment (15 min) using sawdust
from the Oak tree was utilized to process the squid before mixed with vegetables and special
sauce to make a ready-to-eat squid dish in effective packaging. This product has shown good
sensory characteristic (appearance, odor, color, flavor, and texture), physicochemical properties
(stable pH level, low microbial activity (TBC), low rancidity level (VBN and TBARS), and good
texture profile during storage (up to 10 days in 10°C). The results suggest that superheated
steam roasting as the best method for maintaining nutritional substance, allowing good sensory
and physicochemical properties, while smoking treatment prolonged the shelf-life through
enhanced antioxidant and antimicrobial activities and enriched the flavor of the squid product.
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The present study was intended to investigate the antioxidant properties of mackerel protein
hydrolysate (MPH) prepared by enzyme hydrolysis through in vitro and in vivo models. After enzyme
hydrolysis at 50°C for 60 min, more than 80% of the mackerel muscle protein was hydrolyzed. Among
the tested enzyme proteases (Protamex, Neutrase, and Alcalase); whole muscle protein hydrolysates
prepared by Protamex showed significantly (p < 0.05) higher in vitro antioxidant activities. The in vitro
experimental results showed a maximum degree of hydrolysis of 86.78 ± 1.26%, the ABTS-radical
scavenging activity of 95.16 ± 1.00%, the DPPH-radical scavenging activity of 71.69 ± 2.56%, and the
SOD-like activity of 32.22 ± 1.47% in the prepared protein hydrolysates. The antioxidant activity
analysis by alcoholic fatty liver mouse (C57BL/6) model revealed significantly (p < 0.05; p < 0.001)
reduced levels of serum triglyceride, lipid peroxidation and xanthine oxidase activity in groups
administrated with MPH (100-500 mg kg-1), whereas the serum AST and ALT levels were comparable
to the positive control. Significantly (p < 0.001) higher SOD activity and a regulated CAT activity, as
well as higher SOD and CAT protein expressions, were observed in groups administrated with MPH
(100-500 mg kg-1), especially at a concentration of 100 mg kg-1. The results show that the abundant
amino acids of Pacific chub mackerel played an important role in the cytosol of the liver by directly
participating in the expression of XO and the detoxifying SOD and catalase protein, thereby enhancing
the antioxidant ability, ultimately inhibiting the lipid peroxidation. The findings of this study revealed
that the prepared mackerel protein hydrolysates have strong antioxidant activities.
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This study was carried out with the aim of collecting basic data that can be applied in the
manufacture of two types of canned oyster (canned boiled oyster added spicy sauce, canned roasted
oyster added spicy sauce). Boiled oyster were obtained by immersing the oyster at 105°C

for 6

minutes and then washing and dehydrating them before pre-drying (40°C, 50 min). The roasted oyster
were prepared by baking boiled oyster at 140°C for 20 minutes using a smoker machine. The
preparation method of canned boiled oyster added spicy sauce and canned roasted oyster added spicy
sauce are as follows. Filling 50g of each boiled oyster and roasted oyster into aluminium can (RR-90)
and adding 40g of mixed seasoning sauce (Mix sauce prepared by the mixing ratios of 53.85% water,
4% thick red pepper powder, 2.8% cheongyang pepper powder, 2.5% red pepper paste, 2% soybean
paste, 1% oyster juice, 0.8% refined salt, 0.85% MSG, 0.2% ground pepper, 4.5% white sugar, 4.5%
brown sugar, 2% sesame, 6.5% chili oil, 6.5% soy sauce, 0.5% corn starch, 0.3% xanthan gum, 7.2%
mixed garlic) and then vacuumed using a double seamer under the 20 cmHg of vacuum degree after
preliminarily degassing at 90°C for 3 minutes. Microbial growth test, appearance, proximate
composition, pH, VBN, TBA value, amino-N, salinity, color value (L, a, b), texture, free amino acid,
total amino acid, mineral and sensory evaluation were tested for the two kinds of canned products
(canned boiled oyster added spicy sauce, canned roasted oyster added spicy sauce) manufactured by
the condition of Fo 12 min. From the results, canned roasted oyster added spicy saucer were shown
more preferable than canned boiled oyster added spicy sauce on the sensory evaluation. These
results suggest that the baking process at 140°C for 20 minutes affect the sensory preference.

- 244 -

PU-15
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The purpose of this study was to collect basic data that could be used in the manufacture of two
kinds of canned oyster products (canned roasted oyster using tomato sauce, canned roasted oyster
using tomato paste sauce). The roasted oyster was prepared by the treatment of shucking after boiling
for 6 mins at 105°C, and then washed and dewatered before pre-drying(40°C, 50 mins). And then
baking boiled oyster at 140°C for 20 minutes using a smoke dryer. The manufacturing method of
canned roasted oyster using tomato sauce and canned roasted oyster using tomato paste sauce were
as follows. The roasted oyster were filled 50 g into each can (RR-90), added with a mixture of
seasoning sauce 40g (canned roasted oyster using tomato sauce mix sauce prepared by the mixing
ratios of 20% tomato sauce, 44.2% water, 5.1% chili oil, 1.5% refined salt, 0.5% crushed dried red
pepper, 20% crushed onion, 5% crushed garlic, 0.2% xantan gum, 2.5% sugar, 0.5% MSG), for
canned roasted oyster using tomato paste sauce, the canned roasted oyster using tomato sauce
mixing ratios was mixed with 40 g of tomato paste sauce instead of tomato sauce. And then seamed
using a seamer (SOMME, S,A., Spain) after exhausting at 90°C for 3 minutes. Two kinds of canned
oyster products (canned roasted oyster using tomato sauce, canned roasted oyster using tomato paste
sauce) produced by the sterilization condition of Fo 12 min. were measured cultured bacteria and
external appearance test, proximate composition, pH, VBN, TBA value, amino-N, salinity, color
value(L, a, b), hardness, total amino acid, free amino acid, mineral and sensory evaluation. As a result,
the canned roasted oyster using spicy sauce were higher overall acceptability than the canned boiled
oyster using spicy sauce.
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The changes in physiochemical, textural and sensory properties of the fish meat sausages were
observed under freezing (general freezing, electromagnetic freezing) storage and room temperature
storage conditions for 90 days. Short size (SS, 17 g/sausage) and long size (LS, 35 g/sausage) fish
sausages were used in this study. Fish sausages were frozen using a general freezer (-35 ± -1°C)
and an electromagnetic freezer (-35 ± -1°C) for 3 h and then, stored at -24 ± -1°C using a normal
freezer, whereas the control group was stored at room temperature (25± 2°C). The physiochemical
(such as Drip ratio, water content, pH), textural and sensory properties were evaluated for a period of
90 days. The sausages frozen by electromagnetic freezing showed lower drip ratios (SS: 0.531% 0.566%; LS: 0.196% - 0.676%) than the one frozen by general freezing conditions (SS: 0.7% 0.935%; LS: 1.669% - 2.114%); as a result, drip losses for SS and LS were reduced by 36% and 74%,
respectively. The changes in drip ratios during storage gradually increased up to 60 days for general
freezing, but the electromagnetic freezing did not show a significant (p < 0.05) decrease. No
significant change in hardness of fish sausages (SS, LS) was observed in the first 30 days, however,
a significant (p < 0.05) increase in hardness was observed after 60 days storage. The sausages
frozen by electromagnetic freezing conditions showed the lowest change in hardness as compared
with the control and the normal freezing. The overall sensory evaluation showed no significant (p <
0.05) difference between room temperature and electromagnetic cryopreservation, but the
acceptability was relatively low for the fish sausages stored by cryopreservation. The quality
deterioration of fish sausages during preservation was mainly due to the moisture loss. Overall, the
electromagnetic freezing cryopreservation condition showed reduced changes in the quality
deterioration of fish sausages as compared with the room temperature and the general
cryopreservation conditions.
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Sargassum species have been reported as a source of various phytochemicals having a wide
range of biological activities. In this study, we evaluated the hepatoprotective effect of meroterpenoidrich fraction of the ethanolic extract from Sargassum serratifolium (MES) against tert-butyl
hydroperoxide (t-BHP)-treated HepG2 cells. MES recovered cell viabilities from t-BHP-induced
oxidative damage in a dose-dependent manner. MES suppressed reactive oxygen species (ROS)
production, lipid peroxidation, and glutathione depletion in t-BHP-stimulated HepG2 cells. T-BHPinduced antioxidant activities including superoxide dismutase (SOD) and catalase were reduced by
MES treatment. Moreover, MES increased the nuclear translocation of the nuclear factor erythroid 2related factor 2 (Nrf2), leading to enhanced activity of and glutathione S transferase (GST) and
increased production of heme oxygenase-1 (HO-1) and NAD(P)H:quinine oxidoreductase 1 (NQO1)
in t-BHP-treated HepG2 cells. These results demonstrated that antioxidant activity of MES substituted
SOD and catalase, and induced the production of detoxifying enzymes, indicating MES would be
used as hepatoprotective agent against t-BHP-induced oxidative stress.
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Sargassum serratifolium, a marine brown alga, has been consumed as food and traditional medicine
in Asia. Our previous study showed that the meroterpenoid-rich fraction of an ethanolic extract of
Sargassum serratifolium (MES) stimulated adipose tissue browning and inhibited diet-induced obesity
and metabolic syndrome. Sargahydroquinoic acid (SHQA) is a predominantly distributed compound in
MES. Thus, we investigated whether SHQA is a contributor for the anti-obesity effect of MES and
whether SHQA directly acts on adipocytes using 3T3-L1 differentiated under the classical and beige
adipocyte-inducing conditions. Interestingly, SHQA notably reduced lipid accumulation despite the
upregulation of adipogenic transcription factor PPARȖ in adipocytes differentiated under both
conditions. Western blotting and protein-ligand docking simulation further revealed that SHQA also
activates PPARĮ and AMPKĮ, lipid-catabolic proteins. Thus, we further focused on the signaling
pathways mediated by these proteins. SHQA markedly elevated lipolysis and mitochondria number,
but paradoxically reduced ATP production. When uncoupled metabolic signaling was examined,
SHQA significantly increased UCP1-positive adipocytes and the mRNA or protein levels of beige
adipocyte markers. Together, SHQA may activate PPARȖ, PPARĮ, and AMPKĮ, contributing to the
stimulation of lipid catabolic pathways and adipocyte browning. Therefore, SHQA is a predominant
compound distributed in MES that may be used as a novel pharmaceutical agent to combat obesity
and associated metabolic syndrome.
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The assessments on microbial contamination level and Staphylococcus aureus were conducted in
minimally-processed mollusks, 33 of boiled octopus, 53 dried octopus, 60 dried squid, 7 boiled squid
and 16 salted jellyfish, purchased from Korean seafood retail outlets from February to September,
2017. Viable cell count in all tested samples were detected below regulation limit (5.0×10

CFU/g) of

the Korean government guidelines (Food Code). Coliform group and Escherichia coli were detected
range of <18~220 MPN/100g and <18 MPN/100g, respectively. However, S. aureus, food poisoning
bacteria, in 13 boiled octopus, 21 dried octopus, 18 dried squid and 1 boiled squid were detected
above 102 CFU/g of the regulation limit in Korean Food Code. Detection of S. aureus in fishery
products indicates poor personal hygiene. Therefore, training for personal hygiene on employees is
needed to improve the food safety of minimally-processed fishery products.
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Alginate is a major component in the cell walls of brown algae, composed of mannuronate (M) and
guluronate (G) arranged as 1,4-linked polysaccharides. Alginate can be depolymerized into alginate
oligosaccharides by alginate lyases. Alginate lyases manifest great potential for medicinal and
industrial applications, particularly as an attractive biocatalyst for the production of oligosaccharides
with various bioactivities. In this study, the characterization and functionalities of enzymatic extract of
Sargassum fulvellum (SF) using polysaccharides-degrading enzyme was investigated. To obtain the
optimum degrading conditions for the SF, the mixture of the SF and crude enzyme from Shewanella
oneidensis PKA 1008 was incubated at ratio of 1:1 (v/v) for 0-48 h. The change in pH, reducing sugar,
viscosity and color of enzymatic extract were investigated. The pH value and viscosity were
decreased with increasing incubation time. Reducing sugar was increased with increasing incubation
time and showed the highest reducing sugar content of SF is 231.60 ȝg/mL at 24 h. These results
indicated that crude enzyme from S. oneidensis PKA 1008 can be used to promote the
polysaccharide degradation of SF and incubation for 24 h was effective to produce alginate
oligosaccharide.
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Recently, Sargassum hormeri were getting into Jeju and south coast of South Korea from China,
the huge floating masses of S. hormeri occur damage of aquaculture and odor. In this study, we
searched for how to use of the S. hormeri. We investigate antioxidant, and anti-inflammatory of water
extract and an ethanol extract of S. horneri (EESM) and its hexane, chloroform, ethyl acetate, butanol
fractions. Antioxidant activity was evaluated using DPPH and hydroxyl radical scavenging assays,
and by measuring reactive oxygen species (ROS). Anti-inflammatory activity was evaluated by
measuring nitric oxide (NO) and prostaglandin E2 (PGE2). S. horneri was extracted with 70% ethanol
for 1hr (5 times) using a sonicator. First, we investigated the anti-inflammatory activities of EESM and
its fractions in lipopolysaccharide (LPS)-stimulated RAW 264.7 macrophages. EESM treated ROS,
NO and PGE2 production without cytotoxicity. In addition, chloroform and Ethyl acetate fractions 50%
suppressed PGE2 production does depend on concentration compared with other fraction. These
results suggest that EESM and chloroform fraction have the properties anti-inflammatory activity and
could have potential uses in the field of nutraceuticals.
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Porphyran is a water soluble sulfated galactan mainly composed of galactose, 3,6-anhydro
galactose and ester sulfate. Porphryan extracted from Porphrya was hydrolyzed with ȕ-agarase. The
hydolysate was fractionated by ultrafiltration into 4 fractions. To evaluate antioxidant activities of the
porphyran fractions, DPPH, superoxide radical, ABTS, and reducing power were analyzed. All
porphyran fractions showed antioxidant activities. DPPH and ABTS activities increased with
decreasing molecular weight, but superoxide radical activity increased with decreasing molecular
weight. The effect of porphyrin fractions on retarding staling of rice cake was also evaluated by adding
the fractions to rice flour and then cooking to make gelatinized rice paste. The physical properties of
the gel were analyzed by DSC and rheometer. The enthalpy of the gels measured with DSC showed
lower values than that of control (not adding porphyrin fraction). Hardness measured with rheometer
also showed same tendency. The results indicate that porphyran fractions can be used as functional
food materials.
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The effects of superheated steam roasting (270oC for 4 min) and hot smoking (70oC for 25 min)
combined treatment on Japanese Spanish Mackerel (Scomberomorus niphonius) fillets were
investigated. To determine the best hot smoking conditions, fillets were treated using different
wood sawdust and different smoking durations. Cherry wood sawdust at 25 min was selected for
hot smoking treatment. The processed fillet showed significantly higher (P<0.001) sensory
properties (i.e. color, odor, flavor and overall acceptability) compared to the control group. The
product showed stable pH value (6.5), and lower volatile basic nitrogen (3.46 mg%), thiobarbituric
acid-reactive species (0.38 MDA mg/kg), trimethylamine N-oxide level (163 μg/100g) and
microbial activity as well. The superheated steam roasting combined with hot smoking could give
high nutritional contents and extend the shelf-life of fish fillet up to 40 days at 10oC.
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Alzheimer’s Disease (AD) the leading cause of dementia, is a neurodegenerative disease which
mainly affects elderly people. The prevalence of AD is rapidly increasing as the number of aging
people in society increases. The amyloid plaque is the product of the aggregation of ȕíamyloid
peptide (Aȕ) and is an important factor in the pathogenesis of this disease in the brain of Alzheimer’s
Disease (AD) patients. Aȕ is the major component of amyloid plaques and vascular deposits in the
AD brain. Consequently, blocking the production of Aȕ by inhibition of ȕ–secretase required for Aȕ
generation is a major focus of research into AD therapy. In this study, we investigated ȕísecretase
inhibitory activity of the sailfin sandfish’s peptide. Alcalase hydrolysate had highest ȕísecretase
inhibitory activity.

ȕísecretase inhibitory activity peptide was separated using ion exchange column

chromatography (CMícellulose, QMA) and reverse phase high performance liquid chromatography
(RPíHPLC) on a C18 column. The IC50 value of the purified peptide was 248.2 ± 1.73 ȝg/mL.
ȕísecretase inhibitory peptide was identified as six amino acid residues of GlyíAsníThríGlyí
ProíGln. IC50 value of purified ȕísecretase inhibitory peptide was 433.92 ȝM, and LineweaveríBurk
plots showed competitive inhibitor against ȕísecretase. Results of this study suggest that peptides
separated from sailfin sandfish may be beneficial as a ȕ–secretase inhibitor compounds in functional
foods.
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Melanin is produced from melanocytes and it protects the skin from the damaging effects of
ultraviolet radiation emitted from the sun. However, excess exposure to ultraviolet radiation triggers
melanocytes to synthesize more melanin and this results into skin darkening and skin conditions like,
freckles, stains and melasma. Tyrosinase is an enzyme that controls melanogenesis and inhibiting its
activity would reduce melanin in the skin. In this study, the inhibitory effect of Agarum cribrosum
extracts on tyrosinase activity was investigated. An extract from Agarum cribrosum was isolated using
80 % ethanol, the obtained extract was then fractionated by using two separate solvents hexane (Hex)
and ethyl acetate (EtOAc). The EtOAc fraction was separated by sephadex LH-20 and TLC. The
purified fraction exhibited more potent tyrosinase inhibitory effect with an IC50 value of 0.03mg/ml
compared to the positive control, kojic acid. The purified fraction was evaluated for its inhibitory
effects on melanin formation in B16F10 melanoma cells. Western blotting analysis showed that the
purified fraction reduced the protein expression of tyrosinase in B16F10 melanoma cell.
In this study, we have investigated the inhibitory effects of the purified fraction isolated from
Agarum cribrosum on tyrosinase activity and melanin formation in B16F10 melanoma cells. Therefore,
we suggest that the purified fraction might prove useful as a novel inhibitor of melanogenesis for skinwhitening with its possible use as cosmetic materials.
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Anti-inflammatory and anti-oxidant activity of lotus seed protein in
LPS-stimulated RAW 264.7 macrophage cells.
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The object of this study was to investigate the potential anti-inflammatory and antioxidant activity of
lotus seed protein (LSP). Lotus seed was defatted by hexane treatment followed by removal of
phenolic compounds with ethanol extraction. LSP was isolated from the residue by alkaline
solubilization at pH 10 and recovered by centrifugation followed by lyophilization. Anti-inflammatory
and antioxidant activities of LSP were measured in LPS-stimulated RAW 264.7 macrophages. The
NO production in LPS-stimulated RAW 264.7 macrophages was significantly increased whereas cotreatment with LSP reduced NO production in a dose-dependent manner. LSP treatment also inhibited
the production of TNF-Į and IL-6 in LPS-stimulated RAW 264.7 macrophages. The effects of LSP on
iNOS, COX-2, MAPK, and NF-țB expression and translocation were also investigated. We further
examined antioxidant activity of LSP in LPS-stimulated RAW 264.7 macrophages by measuring ROS
production and antioxidant enzyme activities.
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Oxidative stress-mediated endothelial dysfunction and LDL oxidation has been implicated in the
pathogenesis of atherosclerosis. Thus, the protection of the endothelial cells against oxidative stressmediated injury and the inhibition of LDL oxidation by the use of antioxidants are a good strategy
against atherosclerosis development. Here, we investigated the protective effect and the inhibition of
LDL oxidation of seahorse H. Abdominalia hydrolysates by Alcalase (SHAH). SHAH showed higher
antioxidant activities by measuring DPPH, ABTS+, and ORAC assays than the other hydrolysates.
SHAH reduced the formation of thiobarbituric acid reactive substance in Cu2+-induced LDL oxidation.
In human umbilical vein endothelial cell (HUVEC), SHAH ameliorated H2O2-mediated HUVEC injury
through the restoration of antioxidant enzyme activities and glutathione. In addition, SHAH inhibited
HUVEC apoptosis through the down-regulation of caspase-3 and p53 and the increase bcl-2/bax ratio.
These results suggested that seahorse H. Abdominalia could be developed as potential agents for
atherosclerosis.
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Recent evidence provides that seafood has a lot of health benefits due to its unique bioactive
compounds. In this study, edible part of sea squirt was hydrolyzed by pepsin and its hydrolysates was
evaluated for anti-cancer effect on human colon cancer HT-29 cells. Sea squirt hydrolysates (SSQ)
reduced HT-29 cell viability. Treatment with SSQ resulted in the increase of reactive oxygen species
(ROS) generation followed by disruption of mitochodrial membrane potential (MMP). Flow cytometry
analysis revealed that SSQ induced G2/M phase arrest and apoptosis evidenced by Hoechst 33342
staining. Levels of mRNA expression by real-time PCR showed that treatment with SSQ in HT-29 cells
up-regulated expression of p53, bax, and caspase-3 genes and down-regulated expression of bcl-2
gene. Protein level of caspase-3 by Western blotting was also increased by treatment with SSQ in HT29 cells. These results suggest that SSQ may be useful for functional food ingredients and/or
nutraceuticals.
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Bone, an ossified tissue, is regulated by the balance between bone resorption by osteoclasts and
bone formation by osteoblasts. The imbalance results in development of a variety of bone-decreasing
disorders such as osteoporosis. In this study, ark shell protein hydrolysates (ASPHs) were prepared
by peptic hydrolysis with optimal conditions and were fractionated into 3–10 kDa, 1–3 kDa and <1 kDa
fractions. Two osteogenic peptides were purified and identified from ASPH<1 kDa, which showing the
highest stimulation effect on osteoblast differentiation, and the sequence was found to be Ala-Try-LeuAsn-His (AWLNH) and Pro-His-Asp-Leu (PHDL) by LC-MS/MS. AWLNH and PHDL were increased
the expression of bone morphogenetic protein-2 (BMP-2), p-Smad1/5, Runx2, Dlx5, osterix, and
MAPK phosphorylation. As a results of activation of osteogenic factors, ALP activity, type I collagen,
osteocalcin, and mineralization were up-regulated. Osteogenic factors were governed by noggin, BMP
antagonist, but not MAPKs. However, pretreatment with MAPK inhibitors resulted in inactivation of
BMP signaling pathway. Phosphorylation of ERK1/2 and JNK1/2 are found to be a major signaling
pathway in osteoblast differentiation in MSCs.
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This study evaluated the sanitary state of seawater and shellfish in Yongnam-Gwangdo area from
January 2014 to December 2016. The sampling stations for sanitary survey in Yongnam-Gwangdo
area were composed of 41 seawater stations and 5 oyster stations. Moreover, the samples have been
collected monthly at a stated. Shellfish borne disease is associated with bacteria and viruses
contaminated by fecal coliform. Shellfish safety affected by quality of the sea waters, conditions they
have been grown and food poisoning caused by shellfish consumption is increased. Therefore, fecal
coliform is very important criteria for evaluating the safety of fisheries in coastal areas. The geometric
mean and the estimated 90th percentile ranges of total and fecal coliforms for seawater were 1.8-11.7,
2.8-233.6 and <1.8-6.7, 1.8-100.2 MPN/100 mL, respectively. The range of E. coli levels for oyster
was <20-1,300 MPM/100 g. Based on various standards, the sanitary conditions in YongnamGwangdo area were evaluated as follow : clean area (Korea criteria), conditionally approved area (US
criteria), class B (EU criteria).
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We isolated and characterized Escherichia coli (E. coli) from oyster and inland pollution sources in
or in proximity to the Yongnam-Gwangdo island area on the southern coast of Korea in 2014-2015. A
total of 228 strains of E. coli were isolated from 132 oyster and 96 pollution source samples. The
antimicrobial susceptibility patterns of isolated strains were analyzed for 24 antimicrobial agents.
Among the agents, the resistance of E. coli isolators to rifampin was the highest as 99.5%, followed
by cephalothin (70.7%), tobramycin(23.4%), streptomycin (20.2%), tetracycline (19.4%), cefepime
(18.9%), ceftazidime(18.9%), nalidixic acid(16.7%), piperacillin (14.4%), amikacin (13.9%), trimethoprim
(8.1%), cefamandole(7.7%), trimethoprim/ sulfamethoxazole (7.2%), chloramphenicol (6.8%), gentamicin
(6.3%), cefazolin (5.4%), ciprofloxacin (5.0%), ampicillin (4.5%), cefoxitin(3.2%), amoxicillin/
clavulanic acid(2.7%), cefoxitim(2.7%), aztreonam(2.5%), cefotetan(0.4%), imopenem(0.0%). It
indicates that E. coli isolators from inland pollution sources were a little resistant to agents more than
those from mussels or similar with those.
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Sonchus genus is halophyte belonging to the Asteraceae family and is widely distributed about 50
species in Europe, Asia, and Africa. Among them, Sonchus brachyotus is a perennial halophyte and is
mainly distribution in grassy slopes of mountains, alkaline areas, ranges from 300 to 4000m altitude in
Korea, Japan, China, Russia, Mongolia, Kazakhstan, etc. Sonchus genus
There are many studies on Sonchus genus, but there are few studies on S. brachyotus to date. The
purpose of this study is to isolate secondary metabolites from S. brachyotus and to investigate their
antioxidant and anti-inflammatory activity. S. brachyotus was collected at the August, 2016 in the
Ganghwa-gun, Incheon, Korea. S. brachyotus was extracted with 70% EtOH and then was partitioned
with n-hexane, CHCl3, EtOAc and BuOH. A portion of the BuOH fraction was chromatographed by a
MPLC eluted with H2O: MeOH (40:60-0:100, gradient) to yield 4 subfractions (B1-B4). Subfraction B1
(H2O: MeOH = 40:60) was rechromatographed by prep-HPLC eluted with ACN: 0.1% acetic acid
(10:90-55:45 for 30 min) to yield yellow powder. The yellow powder was elucidated as luteolin through
a comparison of the spectral data including EI-MS, NMR (1H-NMR,

13

C-NMR, DEPT 45, 90, 135, 1H-

1

H COSY, HSQC, HMBC) described in the previous published literature. So, we investigated luteolin

(1.25, 2.5, 5, 10, and 20 ugÂml-1) of S. brachyotus for their antioxidant activity by determination
reactive oxygen species (ROS) generation and anti-inflammatory activity using nitric oxide (NO) and
prostaglandin E2 (PGE2). As a result of our study, luteolin at a concentration 20 ugÂml-1, ROS
generation decreased by 48.5% compared to the LPS-stimulated control group (100%). The results
showed that NO production was decreased by 61.3% and PGE2 production was decreased by 12.1%
at the 20 ugÂml-1 compared to the LPS-stimulated control group (100%). In conclusion, luteolin
isolated from S. brachyotus and showed good antioxidant and anti-inflammatory activity.
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About 6,000 species of seaweed are known worldwide and about 150 species of seaweed are used
as edible and raw materials. Seaweeds are classified into green algae (Chlorophyceae), brown algae
(Phaeophyceae), red algae (Rhodophyceae) and mainly consumed as a raw material of pigment and
physiologically active compounds such as carotenoids, dietary fiber, proteins, essential fatty acids,
vitamins, minerals and polyphenols.
There are many studies on Sargassum genus, but there are few studies (antioxidant, antiinflammatory activity and inhibitory effect of ſ-glucosidase) on S. miyabei to date. The purpose of this
study is to isolate secondary metabolites from S. miyabei and to investigate their antioxidant and antiinflammatory activity. S. miyabei was collected at the July, 2015 in the Pohang-si, Gyeongsangbuk-do,
Korea. S. miyabei was extracted with 70% EtOH and then was fractionated with n-hexane, CHCl3,
EtOAc and BuOH. A portion of the n-hexane fraction was chromatographed by a MPLC eluted with nhexane: EtOAc (100:0-0:100, gradient) to yield 8 subfractions (H1-H8). Subfraction H5 (n-hexane:
EtOAc = 60:40) was rechromatographed by MPLC eluted with n-hexane: EtOAc (70:30-0:100 for 21
min) to yield 5 subfractions (H5-1-H-5-5). Subfraction H5-3 (n-hexane: EtOAc = 70:30) was
recrystallization by CHCl3-MeOH to yield white powder. The white powder was elucidated as
fucosterol through a comparison of the spectral data including EI-MS, NMR (1H-NMR,
1

13

C-NMR,

1

DEPT 45, 90, 135, H- H COSY, HSQC, HMBC) described in the previous published literature. So, we
investigated fucosterol (1.25, 2.5, 5, 10, and 20 ugÂml-1) of S. miyabei for their antioxidant activity by
determination reactive oxygen species (ROS) generation and anti-inflammatory activity using nitric
oxide (NO) and prostaglandin E2 (PGE2). As a result of our study, ROS generation compared to the
LPS-stimulated control group (100%) of fucosterol was not effective. The results showed that NO
production was decreased by 4.4% at the 10 ugÂml-1 and PGE2 production was decreased by 5.9% at
the 20 ugÂml-1 compared to the LPS-stimulated control group (100%). In conclusion, fucosterol
isolated from S. miyabei and showed anti-inflammatory activity.
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Fatty acid is a material produced by hydrolysis of a lipid, which is divided into saturated fatty acid
(SFA) and unsaturated fatty acids (USFA). Most naturally occurring fatty acids have from 4 to 28
carbon atoms. These fatty acids are important dietary sources of animals and structural components
of cells. Recently, a variety of diet changes in modern people, resulting in a lack of fatty acids and an
imbalance. The lack of fatty acids is known to lead to symptoms such as delayed growth, skin
damage, reproductive disorder, liposuction, retinal function disorder, and visual impairment. There
have been many studies on fatty acid such as fatty acid analysis by GC, GC/MS, biological activities
(antibacterial, antioxidant, anticancer) of fatty acid.
Most studies of fatty acids have been conducted on fish and seaweed. But recently, studies on fatty
acid of halophyte that grows in saline habitats (coastal sand dunes, salt marsh, and mud flats) have
been conducted. So, the purpose of this study is to analyze fatty acid content of 13 halophytes
(Argusia sibirica, Artemisia fukudo, Calystegia soldanella, Corydalis heterocarpa, Elymus mollis,
Ixeris repens, Lathyrus japonicas, Limonium tetragonum, Lysimachia mauritiana, Phragmites
communis, Suaeda glauca, Tetragonia tetragonoides, Vitex rotundifolia).
13 Halophytes were collected in Jeollanamdo at December 2015, and they were pulverized by freeze
drying and extracted with 70% EtOH. The 70% EtOH extract was saponified and methyl esterified for
fatty acid analysis. The fatty acid analysis of halophytes was performed using GC/MS.
In this study, we analyzed the fatty acid contents of 13 halophytes and found the 7 FAMEs (myristic
acid, tetradecenenoic acid, palmitic acid, octadecenoic acid, octadecadienoic acid, linolenic acid,
arachidic acid). The fatty acids were highest in L. mauritiana (31.6%) and contents of fatty acids
were tetradecenenoic acid (0.3%), palmitic acid (0.1%), and linolenic acid (31.2%). Then contents of
C. heterocarpa (30.3%) fatty acids were palmitic acid (13.9%), octadecadienoic acid (12.8%), and
linolenic acid (3.6%).
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Nile Tilapia (Oresochromis niloticus) is a fish that inhabits fresh water of Africa. These fish are
suitable species for aquaculture because of their fast growth and good fillets. These are ideal
characteristics of aquaculture. Although many attempts are being made to make the use of these
industrial wastes, aquaculture industries are still struggling with the utilization or disposal of these
wastes, which makes the fillet production process less economic. There are many kinds of biologically
active peptides that have various activities in visceral tissues of organism. Investigating the
biologically active materials of the visceral tissues of Nile tilapia can contribute to more economic fillet
production of nile tilapia. In this study, we conducted three biological activities assays including the
antimicrobial, the antioxidant, and the myoactive assays using the visceral tissues of Nile tilapia. The
extract was extracted using water with 5% acetic acid and ethanol. The antimicrobial activity against
10 bacterial strains and 1 fungal strain was investigated through URDA (Ultrasensitive Radial
Diffusion Assay). We found out that the extract has broad antimicrobial activity. Especially, it was most
powerful against Salmonella enterica ATCC13311 and Vibrio anguillarum KCTC 2711. The antioxidant
activity of the extract performed through DPPH scavenging showed approximately 75% antioxidant
activity compared to that of L-ascorbic acid was observed at 100mg/ml. Also, the extract of the
visceral tissues has contractile activity of intestinal smooth muscle from Eptatretus burger and
relaxing activities of dorsal retractor from starfish Patiria pectinifera. Subsequently, search for
antimicrobial peptide/protein through HPLC (high performance liquid chromatography) was initiated
V.anguillarum was selected for the purification process because the extract was most powerful
against this strain and because this strain causes the disease known as vibriosis or red pest of ells
bringing serious damage in aquaculture industry.
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Supercooling is an emerging food processing technique which has the potential to significantly
increase the shelf life of foods while maintaining high food quality. In this study, a pulsed electric field
(PEF) and an oscillating magnetic field (OMF) were used to achieve extensions of the supercooled
state within strawberries and tuna. The internal temperatures of the strawberry and tuna under PEF
and OMF treatment were -3.5°C and -3.0°C during the entire testing period, respectively. The general
protocol for treatment is: (i) different duty stages with different time durations for the pulsed electric
fields (PEF) and (ii) an oscillating magnetic field (OMF) stage applied during the PEF duty stage to
inhibit sudden ice nucleation. Quality assessment factors for supercooled strawberry and tuna
samples were evaluated and compared with refrigerated (at 4°C), frozen (at -8°C) and, fresh samples.
The structure and drip loss of the supercooled and refrigerated strawberries were respectively nonaltered. However, the cell structures of the strawberry stored at -8°C were seriously damaged. The
supercooling treatment significantly preserved the freshness of the tuna better than refrigeration as
indicated by their final K values. In addition, cell damage from ice crystal growth occurred in a frozenthawed tuna sample and did not occur in the supercooled sample. The supercooling of strawberry and
tuna samples using the developed PEF and OMF combination technique can lead to innovative
freezers for long term preservation of ‘fresh-like’ foods in subzero temperature.
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Mucosal immunity is the primary defense system which plays an important role in the survival of fish
in aquatic environment with rich microbial flora. Antimicrobial peptides (AMPs) are crucial components
of innate immunity as defense system against various infectious microbes. Hepcidin is a group of
cysteine-rich AMPs and plays a crucial role in innate immune system of teleost fish. In this study, we
have isolated Hepcidin-like AMP from skin mucus of puffer fish, Takifugu pardalis, with antimicrobial
activity against Bacillus subtilis using series of reverse-phase (RP)-HPLC and cation-exchange HPLC.
Based on an automated amino acid (AA) sequencing, MALDI-TOF mass analysis, and cDNA cloning
results, the primary structure of this peptide revealed RKRCRFCCNCCPGKQGCVFCCGF. We
designated the purified peptide as Tphep. The Tphep precursor contains an open reading frame (ORF)
of 267 bp with 90 bp located in the 5’ untranslated region (UTR) and 219 bp in the 3’UTR. The ORF
encoded a polypeptide of 88 AAs consist of three part; a predicted signal peptide of 24 AAs, a
prosequences of 41 AAs, and mature peptide of 23 AAs. The gene has three exon and two introns.
The Tphep transcript was most abundant in the liver and relatively low expression showed in the
intestine. The expression of Tphep mRNA was significantly increased in the liver following challenge
with the fish pathogen, Vibrio anguillarum, while expression levels remained low in all other tissues
tested. The produced recombinant Tphep inhibit the growth of gram positive bacterium Bacillus
subtilis KCTC 1021 and gram negative bacteria Escherichia coli D31 and Salmonella enterica
ATCC13311. Especially, it showed the greatest activity in vibrio among tested fish microbes.
Collectively, these suggest that the hepcidin of puffer fish, Takifugu pardalis, is involve in mucosal
immunity such as a primary defense molecule in fish skin.
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Salt-fermented product of Alaska pollock roe is one of the well-known Korean traditional seafoods.
It has a unique flavor after aging, and the current consumption is increasing. However, most of the
separated-roe from spawn during the manufacturing process is treated as waste. For the effective use
of under-utilized resources, separated-roe, we prepared the two types (hot-air dried (HAD) and
vacuum freeze-dried (VFD)) of dried Alaska pollock roe and compared its food component
characterization. The moisture, crude protein, crude lipid contents of HAD Alaska pollock roe were
higher, whereas the crude ash and salinity contents were lower than those of VFD Alaska pollock roe.
There was no detected the coliform, but viable cells of HAD and VFD Alaska pollock roe were 8.6×107
and 4.2×106 CFU/g, respectively. Sensory evaluation revealed that VFD Alaska pollock roe had a
superior taste, chewiness, and outward to HAD Alaska pollock roe, while to the flavor and color of two
products was similar. In addition, number of peaks, which is indicator of crispiness by texture analyzer,
of VFD Alaska pollock roe was significantly (p < 0.05) higher than HAD Alaska pollock roe. These
results indicate that HAD Alaska pollock roe may be more useful source for development of new
products related Alaska pollock roe.
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Mussel Ubiquitin was identified from the next generation sequencing (NGS) analysis of the
Mussel transcriptome. The identified Mussel Ubiquitin showed high sequence homology to the pacific
oyster ubiquitin (cgUbiquitin) which was related to the antimicrobial function apart from its own
biological function. To develop the potential peptide antibiotics derived from the Mussel Ubiquitin
containing potent/broad antimicrobial activity spectrum with physicochemical stability against protease,
temperature, pressure, pH and salt without toxicity, we designed and synthesized 7 analogues
(named as Muq1~Muq7) predicted the ſ-helical structure consisting of 8~9 amino acids with the Cterminal amidation, and studied on their physicochemical stabilities and biological activities. Our
experimental results showed that 2 analogues (Muq1, Muq5) exhibited potent and broad antimicrobial
activity spectrum containing physicochemical stability against some proteases, temperature, pressure,
pH and salt without hemolytic activity. In addition, the proteolytic resistance of two analogues was
enhanced by the combination of some marine invertebrate extracts. These result indicated that the
combination of the designed peptide antibiotics with natural marine invertebrate extracts can
potentially be applied for the development of novel peptide antibiotics as candidate alternatives to
conventional antibiotics.
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Because solar salt (sun-dried salt) is made by drying seawater with wind and sunlight, it is
necessary to use uncontaminated seawater. The contamination of microplastics in the solar salt has
become a problem through the recently media. Plastics waste is released into the land and marine
ecosystems, and due to physicochemical and biological factors, these plastic debris generate
innumerable microplastics. In this study, the microflastics obtained by grinding polystyrene into
concentrated seawater used to manufacture the solar salt were deliberately added, and the reduction
rate of microflastics according to the filter material and the pore size was observed. A fiber filter (50
ȝm pore size), star plated filters (5, 10, 20, 30, 40, 60, 70, 80 ȝm pore size) manufactured with
stainless material, and a paper disk filter (6 ȝm pore size) were used for experiments. The efficiency of
the filter was analyzed with particle size analyzer. The number of microplastic decreases by 52.9 to
98.7% in the treated samples that passed the filter compared to the control group. Among them disk
filter (paper filter) was found to decrease as high as 98.7%. Star-plated filters (5, 10, and 20 ȝm) of the
stainless material showed a reduction of 92.2, 86.8, and 84.8% as the spore size increased. On the
other hand, it showed 65 to 52.9% reduction at 30 to 80 ȝm pore size, and no significant difference in
pore size over 30 ȝm star plated filter. In this study, the reduction of microflastic particles existing
through the filteration of concentrated seawater was confirmed and expected to be applied in actual
days. Microplastics at concentrated brine could be reduced through filtering and expected to be
applied to actual saltern in the future.
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Diphlorethohydroxycarmalol (DPHC) isolated from Ishige okamurae, a brown alga reported its
therapeutic effects against diabetes in the previous studies. In the present study the inhibitory effect of
DPHC on high glucose induced angiogenesis was investigated on human umbilical vein cell lines,
EA.hy926. Treatment with high concentrations of glucose showed angiogenesis in EA.hy926 cells.
Angiogenesis is a multi-step process of including endothelial cell activation, invasion, migration,
proliferation and tube formation. The compound showed its anti-angiogenic effects by suppressing the
cell proliferation, cell migration and tube formation. Moreover, high glucose induced angiogenesis in
zebrafish was suppressed by DPHC. Further investigations with western blot revealed regulatory
mechanism of compound for vascular endothelial growth factor receptor (VEGFR) mediated pathway.
Altogether these findings suggest that DPHC actively involved in suppressing angiogenesis.
Therefore, DPHC could be used to develop potential therapeutics against angiogenesis induced by
diabetes.
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Wound sites can be infected with harmful bacteria easily, as well as the main reason protecting
bacteria is that they can cause disease or complications. One of the significant properties for
fabrication of wound dressing is protecting injured parts from harmful bacteria. Therefore, to find the
antibacterial materials, we isolated Diphlorethohydroxycarmalol (DPHC) from Ishige okamurae, a
marine brown alga by HPLC and HPCPC and identified by Q-TOF mass. To investigate antibacterial
effect of DPHC, minimum inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC) are examined against S. epidermidis, C. albicans, S. aureus, P. aeruginosa and P. acnes. As
a result, MIC values are about 128 ȝg/mL and MBC values about are 512 ȝg/mL. DPHC did not
shown any toxic effect in normal human dermal fibroblast-neonatal (NHDF-neo) and human
keratinocyte (HaCaT) by MTT assay.
Hydrogels offer many advantages, such as precise control of chemical, mechanical, and physical
properties as well as flexibility to design features that can be easily manipulated for intended
applications. Among the synthetic polymer, polyvinyl alcohol (PVA) has been widely applied for
various industrial fields such as drug delivery system and biomaterials due to its several properties
such as hydrophilic, biocompatibility and biodegradability. To investigate the characterizations of
fabricated PVA/DPHC hydrogels, we carried out SEM image, water swelling analysis, drug release
test, and rheological properties. Also, antibacterial activity of PVA/DPHC hydrogel was tested against
the Gram-positive bacterium (S. aureus) and the Gram-negative bacterium (P. aeruginosa) by ASTM
E2149. Bio-compatibility of PVA/DPHC hydrogels is evaluated in vitro test by in-direct contact test
and direct contact test and in vivo test on ICR mice. PVA/DPHC hydrogel had release-killing ability to
reduce in viability of about 99% for S. aureus and P. aeruginosa as estimated by the ASTM E2149
antimicrobial test. And PVA/DPHC hydrogels did not shown any toxic effect in NHDF-neo and
HaCaT by MTT assay and FDA fluorescence in vitro. Also, PVA/DPHC hydrogels had higher wound
healing effect than non-treated groups of ICR mice in vivo. Based on evaluation of characterization
having PVA/DPHC hydrogels in vitro and in vivo, this study can suggest that PVA/DPHC hydrogels
have possibility as application of wound dressing.
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Wound dressing is used to regenerate of damaged dermal and epidermal tissues and recover
function of skin tissue. Among the wound dressing, hydrogel dressing consist of 90% water and 10%
natural and/or synthetic polymers. It is well known that the hydrogel wound dressing have several
advantages such as protection the wound from infection, keeping the moist environment on the
wound surface, adhesion-free coverage of sensitive underlying tissue, pain reduction and induction of
wound healing. This hydrogel wound dressing can be fabricated by natural and synthetic polymers.
Among the natural and synthetic polymer, polyvinyl alcohol (PVA) and pectin were widely used for
several applications such as cosmetic, food and biomedical engineering due to their hydrophilic,
solubility in water, low cost and non-toxicity. Many previous studies fabricated some materials such as
film, hydrogel and cryogel by mixed of PVA and pectin. However, optimal mixed ratio of PVA and
pectin for wound dressing application has not yet been reported. Therefore, the aim of this study is to
fabricate the hydrogel using PVA and pectin for finding of optimal mixed condition for wound dressing
application. First, hydrogel wound dressing with different PVA and pectin ratio (5:0, 4:1, 3:2 and 1:1)
was prepared by a freeze-thawing method. And then, fabricated hydrogels were determined the
characterization of wound dressing using FT-IR, rheometer, gel fraction, swelling test, cytotoxicity and
drug release ability. The results of rheometer showed that PVA/pectin 4:1 hydrogel was higher storage
modulus (G’) than other fabricated hydrogels. In addition, swelling test showed that PVA/pectin 4:1
hydrogel was also higher swelling ability than other fabricated hydrogels. In the cytotoxicity test, all
fabricated PVA/pectin hydrogel did not show the cytotoxicity in the normal human dermal fibroblastneonatal (NHDF-neo) cells. Hence, these results indicated that the 4:1 mixture of PVA and pectin
hydrogel are optimal conditions for wound dressing application.
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Calcium alginate gel (CAG) beads have been widely used in a variety of fields, such as the
pharmaceutical and food industries. In food industry, CAG beads can be heated for cooking and
sterilization. This study aimed to monitor and optimize physical properties of CAG beads during heat
treatment using response surface methodology. CAG beads were prepared by dropping the alginate
solution through a single nozzle into calcium lactate solution. Heating temperature (X1, 40 - 100°C)
and time (X2, 5 - 60 min) were chosen as independent variables. The dependent variables were
rupture strength (Y1, kPa), size (Y2, ȝm), and sphericity (Y3, %). The result showed that rupture
strength (Y1) was increased as heating temperature (X1) increased. In comparison, an increase in
heating time (X2) produced a decrease in rupture strength (Y1). As the heating temperature (X1)
increased, CAG beads size (Y2) decreased. There was no significant relationship between size of
CAG beads (Y2) and heating time (X2). At the all conditions, the values of sphericity (Y3) were over
95%. The optimum conditions to maximize the dependent variables were as follows: X1 = 100°C, X2 =
31 min. Predicted values of the dependent variables under optimal conditions were rupture strength
(Y1) = 3631.4 kPa, size (Y2) = 2244.5 ȝm and sphericity (Y3) = 95.0%. Our study suggests that
significant information for industrial production of CAG beads.

- 274 -

PU-45

Inhibitory Effect of Phlorotannin from Ecklonia cava on Vocal Fold Fibrosis

Tae-Hee Kim1,2*, Seok-Chun Ko2, Hyong-Shin Lee2,3, Sun-Ju Oh4, Chi-Woo Hwang2,5 and Won-Kyo
Jung1,2*
1

Department of Biomedical Engineering, and Center for Marine-Integrated Biomedical Technology (BK21 Plus)
Pukyong National University, Busan 48513, Republic of Korea
2

3

Marine-Integrated Bionics Research Center, Pukyong National University, Busan 48513, Republic of Korea

Department of Otolaryngology-Head and Neck Surgery, Kosin University College of Medicine, Busan 49267,
South Korea
4
5

Department of Pathology, Kosin University College of Medicine, Busan 49267, South Korea

Department of Language Rehabilitation, Kosin University Graduate School, Busan 49267, South Korea 


Vocal fold fibrosis is an abnormal condition that forms excessive fibrous connective tissue by
extraordinary proliferation and/or differentiation of vocal fold fibroblasts and progressed by excessive
extracellular matrix accumulation via migration and proliferation of myofibroblasts at damaged part
during regeneration process. It yielded scar formation caused intractable loss of tissue viscoelasticity
and ultimately lead to death. Although various studies related to vocal fold fibrosis treatment exist,
there is no treatment for vocal fold fibrosis other than mitomycin C and glucocorticoid family which
have some side effects. Therefore, it is important to find drug for vocal fold fibrosis without side effects.
Among marine organisms, marine algae have pharmacologically owing to their biological activities of
a variety of nutrients and biological compounds such as polyphenolic compounds, carotenoid,
polysaccharide, and sulfated polysaccharide. Among marine brown algae, Ecklonia cave (E. cava)
was reported that it has several biological activities such as anti-inflammatory, anti-allergic activities
and antistenosis effect on the trachea. Therefore, this study was conducted to investigate
phlorotannin from Ecklonia cava has vocal fold fibrosis inhibitory effect in vivo and in vitro.
Phlorotannin repressed cell proliferation of vocal fold fibroblasts. In addition, it inhibited type I collagen
protein expression through suppressing phosphorylation of mothers against decapentaplegic homolog
2/3 (Smad 2/3), p38 mitogen-activated protein kinase (p38 MAPK) and extracellular signal-regulated
kinase (ERK). The in vivo results indicated that phlorotannin inhibited the acute inflammatory reaction
and suppressed fibrosis and ulceration. Based on these results, phlorotannin can be considered as a
potential antifibrotic drug for prevention or treatment of vocal fold fibrosis.
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Studies on seasonal and geographical variation in nutritional quality and biochemical
composition of mussel species have been conducted. However, limited is known on the seasonal
variation in blue mussels’ antioxidant and alcohol dehydrogenase activities, especially during its
harvest time. Blue mussels (Mytilus edulis), a local mussel species, from the southern coast
(Tongyeong) of Korea were evaluated for seasonal variation in their proximate composition, fatty
acid (FA) profile, antioxidant activities (DPPH radical scavenging, superoxide anion radical
scavenging, reducing power) and alcohol dehydrogenase (ADH) activity. Effects of different
processing steps (from harvest to market) were also assessed. Samples were taken from late
autumn (November 2015) until early spring (April 2016). The lipid composition (1.3–2.2/ 100 g),
glycogen (3.4–5.3/ 100 g), protein and ash contents (8.9–10.5/ 100 g and 2.1–2.4/ 100 g,
respectively) varied significantly according to season and processing stage. Meanwhile, n-3
polyunsaturated FA (PUFA) at 39.0–45.1 %, primarily DHA (14.8–16.9 %), was found as the main
fatty acid from FA profiling, followed by saturated FA (SFAs) at 25.8–28.9 %, and
monounsaturated FA (MUFAs) at 15.5–17.8 %. In addition, freshly-harvested mussels exhibited
greater radical scavenging and ADH activities than the marketed mussels. These results lead to
the relative to diverse seasonal variation and effects of processing stages in the antioxidant and
ADH activities of Mytilus edulis. This research was conducted to investigate the most suitable
period for consuming blue mussel as food, food ingredient, and/or for pharmaceutical
development during harvest season.
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Biogenic amines are natural antinutrition factors and are important from a hygienic point of view as
they have been implicated as the causative agents in a number of food poisoning episodes. Biogenic
amines are produced by bacterial decarboxylation of corresponding amino acids in foods such as
cheese, sausage, wine, and fish. Biogenic amines are toxic substances which cause nausea, vomit,
diarrhea, abdominal pain, headache, itching and hypertension.
In this study, we investigated the quality of twelve commercial salted and fermented anchovy
Engraulis japonicus sauces by measuring their chemical compositions, bacteria concentration, and
biogenic amines contents. The sauces had a 67.13-69.83% (mean: 68.17%) moisture content, 20.0025.84% (mean: 22.29%) salinity, 5.14-6.28 (mean: 5.63) pH, 119.12-273.37 mg% (mean: 199.19 mg%)
volatile basic nitrogen, 0.82-1.50% (mean: 1.30%) total nitrogen and 550.17-1,086.62 mg% (mean:
3
774.99 mg%) amino nitrogen content. Viable cell counts ranged from not detected to 1.6×10 CFU/mL,

and number of biogenic amine-forming bacteria was very low or not detected. The tested samples had
a 372.32-2,111,61 mg/kg (mean 813.48 mg/kg) histamine (HIS), 29.62-144.29 mg/kg (mean 98.14
mg/kg) cadaverine (CAD), 87.89-530.84 mg/kg (mean 329.91 mg/kg) tyramine (TYR), 20.89-127.17
mg/kg (mean 60.49 mg/kg) putrescine (PUT), and 13.08-109.91 mg/kg (mean 57.74 mg/kg) tyramine
(TYR). However, spermidine and spermine in all tested samples was not detected.
This strongly suggests that it is necessary to monitor the biogenic amine contents of commercial
salted and fermented anchovy sauces carefully to ensure consumer health.
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Tea is one of the popular beverages which is consumed daily worldwide. Therefore, global tea
consumption is predicted to keep rising over years. To date, potential health benefits of tea have been
proved by preclinical and epidemiological studies. Thus, bioactive molecules isolated from tea
extracts gaining demand in pharmaceutical and cosmeceutical industries. Season and plantation is
effect on the composition of tea. In the composition of tea flavonoid compounds containing are
responsible for distinctive taste and colour while dominating the beneficial health impacts. Moreover,
polyphenols containing in tea can protect the body from oxidative damages by free radical formation.
This study focuses on determining certain biological activities and isolation of responsible bioactive
compounds from Ceylon (fermented tea) black tea (Camellia Sinensis) under different extraction
conditions. Hence, we extracted Ceylon black tea by using organic solvents and distilled water. To
gain maximum yield organic extraction was performed for 72 hours. Five different extracts were
obtained from this study and they are autoclave extraction, distilled water extraction, ethanol
extraction, methanol extraction and acetone extraction. Comparison was done for 2,2-diphenyl-1picrylhydrazyl scavenging activity (DPPH), total phenolic content, total flavonoid content, tyrosinase
inhibitory activity, elastase inhibitory activity and ȕ-secretase inhibitory activity. According to the results
obtained from this study decreasing order for the yield obtained, ethanol extract> acetone extract>
methanol extract> autoclave extract >Distilled water extract. The highest EC50 value was obtained for
the ethanol extract (9±0.000 μg/mL) while acetone extract (18±0.002 μg/mL), methanol extract
(23±0.000 μg/mL), autoclave extract (32±0.001 μg/mL), distilled water extract (33±0.001 μg/mL).
Highest total phenolic contains were observed in the ethanol extract (240.303±0.694 ȝg/g) and
acetone extract (240.202±2.349 ȝg/g). When comparing total flavonoid content, the highest flavonoid
contents were obtained from acetone extract (57.484±0.207 ȝg/g) and ethanol extract (53.682±0.274
ȝg/g). Because ethanol and acetone extracts of Ceylon black tea showed significant activity for radical
scavenging, total flavonoid and total phenolic contents, they were used for the further experiments.
Collectively, this study is promising the various application and extraction efficiencies of Black tea in
pharmaceutical and cosmeceutical areas.
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In order to improve the quality of myungran-jeot, fermented sea tangle extract (FSTE) was added
to myungran-jeot and their effects on component analysis and sensory evaluation were investigated.
Crude protein, crude lipid and carbohydrate of myungran-jeot was higher than general myungran-jeot.
Among the proximate compositionin, the content of crude protein in myungran-jeot with FSTE was
also presented higher than the general myungran-jeot. To analyze the amino acid content between
the general myungran-jeot and the myungran-jeot with FSTE, free and total amino acid composition
were investigated. Sensory evaluation of showed that myungran-jeot with FSTE were more
aceeptable than general myungran-jeot in the taste and overall acceptability. Based on sensory
evaluation results, the quality of myungran-jeot with sea tangle is similar to the control. Therefore,
myungran-jeot with sea tangle can be commercialized as a functional fermented food.
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To characterize the food components of the cultured triploid individual oyster (TO) and diploid
individual oyster (DO) compared to traditional hanging cultured oyster (HO), we examined the
chemical components, shearing force, fatty acid and total amino acid composition, and taste
compounds. Regarding the proximate composition, TO had higher crude lipid and carbohydrate levels
than DO and HO, and TO and DO had lower crude protein and ash contents than HO. The pH,
volatile basic nitrogen and amino nitrogen contents of TO, DO and HO were 6.2, 6.3 and 6.3, 5.6, 6.0
and 5.7 mg/100 g, and 186.1, 168.0 and 162.5 mg/100 g, respectively. Also shearing force by
rheometer were 102.5, 110.0 and 162.5 g, respectively. Regarding the fatty acid composition, TO and
DO had higher polyenoic and saturated fatty acid ratio, and lower monoenoic acids. And the major
fatty acids of sample oysters were 16:0(20.4-29.5%), 18:0(5.4-7.0%), 16:1n-9(4.4-7.0%), 18:1n-9(1.88.0%), 18:3n-3(1.8- 3.1%), 20:4n-6(3.1-7.2%) and 20:5n-3(23.7-29.2%), which did differ significantly
between the sample oysters. Total amino acid content of TO, DO and HO were 7,107.4, 7,220.4 and
7,932.3 mg/100 g, respectively, and the major amino acids were glutamic acid, threonine, valine,
leucine, phenylalanine and lysine. The primary minerals were Na (507.3-598.0 mg/100 g), S (441.8547.9 mg/100 g), K (202.8-281.5 mg/100 g), Ca (190.1-263.9 mg/100 g), and P (122.5-168.7 mg/100
g), In taste compounds, total free amino acid content were 2,391.5, 2,225.4 and 2,184.4 mg/100 g,
and the main ones were as follows: glutamic acid, aspartic acid, leucine, alanine, lysine, proline,
serine, valine, glycine, arginine, threonine and isoleucine. The primary inorganic ions were Na (327.7405.0 mg/100 g), S (254.6-294.3 mg/100 g) and K (167.1-185.9 mg/100 g).
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This study was conducted to investigate utilization and practical uses of Ulva lactuca
(Chamgalparae) as a bioactive functional food material. Extraction and preparation method of the
Ulva lactuca polysaccharide (ULPS) was established in order to make it the bioactive functional food
material. Further, in-vitro biological activities of ULPS were reviewed and compared fucoidan
reference product. Sulfate group and uronic acid contents in the Ulva lactuca were 20.0 and 87.9%,
and those in the fucoidan were 34.4 and 82.2%, respectively. Radical scavenging effect of DPPH and
ABTs in ULPS were 35.5 and 65.3%, respectively, while those in the fucoidan were 45.2 and 64.5%,
respectively. IC50 value of cytotoxicity for Hep G2 human hepatoma cells was 124.9 ȝg/mL in the
ULPS, while it was 105.8 ȝg/mL in the fucoidan. Immune cell activities in terms of NO- production of
ULPS and fucoidan were 27.1 and 31.9 ȝM, respectively. Considered above results, ULPS showed
similar in vitro biological activities, and it is expected as a biologically active material that can replace
the fucoidan.
G
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Separated-roe, a by-product of the salt-fermentation process of Alaska pollock roe, is a very useful
raw material for the development of new seafood products. This study aimed to optimize the
processing parameters for improving the crispiness of the dried Alaska pollock roe. Corn starch
content (X1, %), rice flour content (X2, %), and glutinous rice flour content (X3, %) were chosen as
independent variables. The dependent variables were crispness (number of peaks, Y1) and sensory
score (Y2). Each optimal conditions of X1, X2, and X3 were as follows: Y1: 95.3%, 2.4%, 2.3% and Y2:
92.7%, 7.3%, 0%. Optimal conditions of X1, X2, and X3 were 95.3%, 4.7%, and 0%, respectively, and
the predicted values of the multiple response optimal conditions were Y1 = 18.7 and Y2 = 7.2 point.
Under optimal conditions, the experimental values of Y1 and Y2 were 18.5±1.4 and 7.6±0.5 point,
respectively, which were similar to the predicted values. Among the independent variables, corn
starch content (X1) was the greatest factor for highest Y1 and Y2. This result may provide useful
information for development of seafoods from dried Alaska pollock roe.
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As deltamethrin is a synthetic pyrethroid pesticide, widely used as agricultural, domestic and
veterinary insecticide. Toxicity of deltamethrin can cause abdominal pain, vomiting, diarrhea, coma
and seizures. It is currently limited to fish in Ministry of Food and Drug Safety (MFDS) standard for
aquatic products. The method of analysis for seaweeds is not set up separately. In this study,
seaweeds were extracted and purified using hexane and acetonitrile solutions and analyzed by GCECD in order to develop analysis method for seaweeds. For the validation of the method, a calibration
curve was prepared using standard solution. As a result, the correlation coefficient and recovery rate
were 0.999 and 109.9%, respectively. Recovery rate was within the Codex Alimentarius Commission
(CAC) guideline. Instrument detection limit (IDL) and Limits of quantitation (LOQ) were 0.079 ⟨/L
and 0.241 ⟨/L, respectively. They were lower than the standard specification of 30 ⟨/L suggested
by MFDA standard of deltamethrin for fish. This was thought to be possible for accurate analysis. The
results of the analysis of samples collected from 10 aquaculture farms were not detected. It was
concluded that the method developed in this study would be suitable not only for the monitoring of
deltamethrin against seaweeds but also for the safety, risk assessment and the development of
accredited methods.
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This study was conducted to develop a time temperature indicator (TTI) that can determine whether
thawing of fishery products has occurred during frozen storage. The inner part of a TTI was composed
of a two-layer sheet. The bottom layer was dried after applying a citric acid solution, and the upper
layer used a Litmus sheet. The outer part of a TTI was composed of sealing two layers of seats with
waterproof film. One side of the end of the outer film was designed to attach a porous film that can
absorb moisture generated from the fishery product. TTI was located inside the package of fishery
product and operated using moisture generated during fishery product thawing. The water eluted by
the thawing passes through the porous film and produced acidic solution reacting with citric acid layer.
After that, TTI change to red with the starting point where the porous film is located. Experimental
results showed that the red color of Litmus layer was increased depending on thawing time. It was
confirmed that the thawing time of fishery products can be supposed from this result. Therefore, the
developed TTI can be used to monitor the temperature changes that may occur during distribution of
fishery products, and can be utilized in the field of managing the deterioration of quality caused by the
temperature change.
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Microbiological hazard monitoring of simple-processed seafood
products in its processing process
Yu-Mi Jang, Do-Ha Lee, Seul-Ki Park, Jang-Won Lee and Young-Mog Kim
Department of Food Science and Technology, Pukyong National University, Busan 48513, Korea

Salting, drying, peeling and freezing processes are usually used to produce simple-processed
seafood products. Most of these simple-processed processes are associated with crosscontamination of pathogenic bacteria due to improper employee sanitation. In the present study, the
microbiological hazards such as viable cell count, Escherichia coli, coliform group, Staphylococcus
aureus, Salmonella sp., and Listeria monocytogenes in the processing process of simple-processed
seafood products were analyzed. Interestingly, S. aureus was frequently detected in both intermediate
processing stages and final products, although cell populations were not significant. The
contamination was proposed to originate from improper employee sanitation during processing since
S. aureus is a cutaneous bacterium in human skin and hands. In order to study in detail about the
relationship between the cutaneous bacterial contamination and processing in simple-processed
seafood products, 78 samples and worker’s gloves were collected from companies producing salted
mackerel, frozen oyster and shucked oyster. No significant microbiological hazards were detected in
the worker’s gloves samples obtained from salted mackerel processing company, where the glove
was replaced by every two hours. In contrast, the viable cell count appeared higher than
3.8×102CFU/15cm2 and only S. aureus, among pathogenic bacteria, was detected with a population
up to 1.0×105CFU/15cm2 in the frozen oyster worker’s gloves, which were disinfected (with 70%
ethanol) at every 30 minutes. In shucked oyster producing company, where no glove replacement or
disinfection treatment during processing was performed, the worker’s gloves exhibited high levels of
bacterial contamination. In some particular samples, viable cell count and S. aureus reached 2.8Ƿ105
CFU/15cm2 and 1.0×102 CFU/15cm2, respectively. S. aureus was also frequently detected in worker’s
gloves (31case/43case, 72%). The results obtained from the present study strongly suggest that
improved assessments of food sanitation should be implemented for employees to decrease the
occurrence of S. aureus in simple-processed seafood products.
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in the Hansan·Geojeman, Korea
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To evaluate bacteriological and toxicological safety, the hygienic indicator bacterium and paralytic
and diarrhetic shellfish toxins in the shellfish produced in the Hansan·Geojeman from 2013 to 2017
were investigated. The fecal coliforms were the range of <18૫330 MPN/100g in 404 oyster samples.
But all samples tested did not exceed 230 E. coli MPN/100g. The geometric mean of the E. coli for
oyster samples collected during major shellfish production period was 24.3 MPN/100g, which was
very stable results. The bacteriological quality of oysters collected from Hansan·Geojeman meets the
standard value based on shellfish hygiene of the Food Sanitation Act of Korea and also meets the
Grade A according to the classification of shellfish harvesting areas of EU. For the toxicological
evaluation of the Hansan·Geojeman, 532 oyster samples and 268 mussel samples as an indicator
were analyzed. Paralytic shellfish toxins were detected the range of 0.42૫2.29 mg/kg in 8 mussel
samples and exceed the criteria in 3 samples from early to late April in 2013. Diarrhetic shellfish toxin
was detected in 3 of 120 samples, but it was shown to be under the regulation value (0.16 mg OA
equ./kg). As a results of toxicological evaluation, paralytic and diarrhetic shellfish toxins were not
detected in oyster samples, but it was found that mussel as an indicator species exceeded the
threshold value of paralytic shellfish toxin. Accordingly, the sanitary survey was continuously
requested for the food safety management of shellfishes.
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Concentration and risk assessment of heavy metal contents in
shellfish and crustacean
Do-Hee Hong, Su Gwang Lee, Eun-Hye Kang, Ji Hyeon Ock, Minchul Yoon,
Kwang-Tae Son and Hongsik Yu*
Food Safety and Processing Research Division, National Institute of Fisheries Science, Busan 46083, Korea

The health risks posed to the human by exposure to heavy metal through the consumption of
contaminated seafood. In Korea, amount of imported seafood are increasing with the increase of its
consumption, and the imported Russian seafood have the highest rate of increase recently. Both
regions the Peter Great Bay and Razdolnaya river, located near Vladivostok, are not only the major
fisheries producing area but also protection area designed by the Northwest Pacific Action Plan
(NOWPAP) in Russia. In this study, heavy metal (Cd, Pb, Hg, Cr, Ni, Ag, Cu and Zn) contents in
shellfish and crustacea collected from these areas were analyzed. The concentrations of major toxic
heavy metal were 0.024-0.982 mg/kg for Cd, 0.021-4.533 mg/kg for Pb, 0.006-0.015 mg/kg for Hg in
shellfish and 0.003-0.379 mg/kg for Cd, 0.002 mg/kg Pb, 0.036-0.097 mg/kg for Hg in crustacean.
Compared with MFDS (Ministry of Food and Drug Safety) and JECFA (Joint FAO/WHO Except
Committee on Food Additives) PTWI (Provisional Tolerable Weekly Intake), the percentage of PTWI
of Cd, Pb and Hg were 0.239%, 0.001-0.014% and 0.013-0.302%. Therefore, this results revealed
that there is no potential health risk for heavy metal through the consumption of Russian seafood.
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G
Saccharina japonica was introduced to both Korea and China from Hokkaido, Japan, and it has
become an economically important species in both nations. After a long period of cultivation, several
varieties of S. japonica have been developed in Korea and China. In the previous paper, we
conducted aquacultural research on the persistence of thalli from two kelp cultivars, one from China
(Huangguan No. 1) and one from Korea (Sugwawon No. 301). We found that the Sugwawon No.
301 performed as well as the Huangguan No. 1 in Korean waters possibly due to increased flexibility
as a result of the different cell arrangements of the two cultivars. Overall, the use of the Sugwawon
No. 301 cultivar rather than the Huangguan No. 1 cultivar of S. japonica appears the best alternative
to help to ensure a stable year round algal feed supply for the Korean abalone industry. In this study,
we conducted to reveal whether the difference in cell arrangement causing the difference in growth
between kelp breeds emerges from a certain length. Cultivation conducted at the same farm in
Haenam, Jeonnam between January and August 2018. Thalli were collected from the culture farm
when they grow to size group as 5, 15, 30, 50, 100 and 150 cm. At least 20 individuals were
randomly selected in each group. Using freezing microtome, sections were isolated and stained with
0.2% of methylene blue solution. Cell arrangement and number of layers were counted under
microscope (Olympus DP73, Japan). In the result, cell arrangement in the cross sectioned view was
different between Sugwaon No. 301 and Huangguan No. 1 beyond 50 cm size group. Size of the
most cortex cells of the Huangguan No. 1 was larger than Sugwawon No. 301. The shape of the
cells of Huangguan No. 1 was rectangular type and Sugwawon No. 301 was spherical type. In this
result, we revealed that the differences in cell arrangement between strains of S. japonica affect the
intracellular inclusions and physical properties of the thalli, thus affecting the aquaculture growth and
production between culture strains.
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Interspecific fish hybrids show considerable potential for fish culture, however, the hybrids
frequently show reduced viability. Therefore, many of the studies reported that triploid interspecific
hybrids were survive better than diploid hybrids.
Starry flounder (Platichthys Stellatus) is one of the most popular aquacultured fish species in Korea.
This species is resistant to diseases and highly adaptable to fresh water. Therefore, it has been
cultured the farms of the east side of my country. Stone flounder (Kareius bicoloratus) is fast growing
and high tasted fish species. However, this fish is vulnerable to high water temperatures and diseases.
In this study, we produced triploid interspecific hybrid between female Starry flounder and male Stone
flounder for provides superior characteristics between two species and we investigated the
characteristics of development of triploid interspecific hybrid embryos. As the results, first cleavage,
mid blastula, gastrula, Kupffer's vesicle appearance stages and hatched out of the triploid interspecific
hybrid eggs began at 3.7, 25.6, 42.2, 87.7 and 213.2 hour after cold shock at 6°C, respectively. The
hatching rate and developmental time of triploid interspecific hybrid eggs was equivalent to that of
diploid eggs of starry flounder at same incubation temperature.

- 289 -

PA-3

Embryonic development of red-spotted grouper (Epinephelus akaara) Ƃ ๑ giant
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This study was conducted to evaluate the utility of the hybrid between two groupers with different
preferred habitat water temperatures in the aquaculture industry. After producing fertilized eggs of the
hybrids between the red-spotted grouper (Epinephelus akaara) females with a body color which
meets consumers’ preference and the fast-growing giant grouper (E. lanceolatus) males, the
appropriate incubation water temperature for the embryonic development and hatching of these
fertilized eggs was investigated. The fertilized eggs of the artificially produced red-spotted grouper Ƃ ×
giant grouper ƃ (RGGG) and fertilized eggs of the pure red-spotted grouper (RG) (control) as the
control were incubated at 22, 25, and 28 (salinity 32.1~32.8 ppt). The fertilization rates of the
RGGG and RG hybrids were 93.33±2.60% and 95.90±1.15%, respectively, which showed no
significant differences (p>0.05). The hatching rates of RGGG and RG hybrids were 76.22±4.30% and
77.17±2.93% at 25, respectively, which were higher than those at the other two water temperatures
(22 and 28) in the same breed line (p<0.05), and there was no significant difference between the
two breed lines at the same water temperature (p>0.05). The hatching rate of RGGG hybrids was
lower at 22 but higher at 28 than RG hybrids (p<0.05). Except that only a few RGGG hybrids
showing irregular cleavage (4~32 cell stage) and spinal deformation of hatched larvae were observed,
most of RGGG hybrids exhibited normal embryonic development like RG hybrids. The incubation time
of fertilized eggs was inversely proportional to water temperature, and unlike the results of previous
studies on other grouper hybridization, the hatching time tended to be higher in RGGG hybrids than
RG hybrids (p>0.05). The length of yolk fully absorbed larvae was 2.316±0.094 mm in RGGG hybrids,
which was longer than that in RG hybrids (2.090±0.079 mm) (p<0.05). In this study, the fertilization
rates, hatching rate and frequency of observed deformities of the fertilized eggs of RGGG hybrids
were not different from those of pure grouper females, and the optimal incubation water temperature
for the fertilized eggs of RGGG hybrids was 25. In RGGG hybrids, the growth character of the giant
grouper may have been expressed during the embryo development period. If this character lasts
during the growth period, RGGG hybrids can be expected to grow much faster than RG hybrids.
(This study is supported by GSP of #21308-05-2-SB420 and KIOST Project of #PE99604)
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As a part of an effort to evaluate the utility of the hybrid between two groupers with distinct habitat
water temperatures in the aquaculture industry, we compared the growth of red-spotted grouper
(Epinephelus akaara) Ƃ๑giant grouper (E. lanceolatus) ƃ (RGGG) with the maternal fish species
(red-spotted grouper, RG) and searched for the optimal rearing water temperatures for rapid growth.
Starting from three months after hatching, RGGG and RG juveniles mass-produced at commercial
hatchery were raised in small net cages for eight weeks at four different rearing water temperatures,
which were maintained constantly at 19, 23, 27 and 31. The survival rate of RGGG in the 31
temperature group was 100% excluding the five individuals eliminated by cannibalism. When two
different breed lines were compared within the same temperature condition, the specific growth rate
(SGR) and weight gain (WG) of RGGG on the eighth week was significantly higher in the 31
temperature group than in the 27 temperature group (p < 0.05). In addition, the fatness of RGGG
was significantly higher than that of RG in the 19, 27 and 31 temperature groups (p < 0.05).
The FE of RGGG was higher only in the 31 temperature group than that of RG (p < 0.05). There
was no significant difference among temperature groups of RGGG for fatness and FE (p < 0.05). On
the eighth week, when the four distinct temperature groups were compared within a single breed line,
the SGR and WG were significantly higher in the 27 and 31 temperature groups than the other
two (p < 0.05), while fatness was significantly lower in the 27 temperature group than the other
three (p < 0.05). Moreover, on the eighth week, the temperature groups reared at 23, 27, and 31
(but not at 19) showed no significant difference in the SGR or WG (p < 0.05), while fatness was
significantly higher in the 23 temperature group than the other three (p < 0.05). The FE of RGGG
and RG alike showed no significant difference among the different temperature groups within a single
breed line (p < 0.05). Our results show that RGGG exhibited growth enhancement induced by making
a hybrid with the giant grouper, and the optimal rearing water temperatures for rapid growth turned out
to be high temperatures (27 and 31). Therefore, we conclude that the suitable aquaculture
environment of RGGG would be warm seawater regions and suggest candidate rearing sites as the
temperate seawater regions where the hot effluent water of power plants or hot ground water can be
utilized as an energy source.
(This study is supported by GSP of #21308-05-2-SB420 and KIOST Project of #PE99604)
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Haliotis discus hannai is commercially important aquaculture species in South Korea. In South
Korea, the production of H. discus hannai in 2017 was 16,027 tons and the value was $ 549
million. The temperature is the primary physical affecting the life of abalone (feeding, respiration,
reproduction, growth). Massive mortality had been occurred due to high water temperature during
2016-2017 (August-September) in Wando area. Jellanam-do and it will be able to produce
serious threat of the abalone aquaculture industry in South Korea. So, we will report
hematological changes of H. discus hannai for seek to determine the mechanism of mortality on
high water temperature. H. discus hannai (shell length 79.76±6.2 mm, 2-y-old) obtained from
inland aquaculture farms in Yeosu, Korea. We are transferred to 500 L FRP tanks and heated
from 18 (control) up to 20, 22, 24, 26, 28, 30 and 32 for two months. Abalones were sampled
individually at 0, 24, 48, 72h. Hemolymph (1,500 μL) was withdrawn from the pallial sinus of each
abalone with 1 mL syringe (BD, Luer Lok™). We investigated blood gas and hemolymph
response of H. discus hannai using the blood gas analyzer (Radiometer, ABL90 FLEX) and the
flow-cytometry (BD, Accuri™ C6 Plus). All abalones for test were dead before the 72 hour at 32
and we could not be analyzed. The elevated mortality of H. discus hannai was triggered by
increased water temperature (>28). The pO2 in blood was significantly decreased from 26.
The hemolymph was divided two types (hyalinocyte and blast-like cell). The hemolymph cells at
30, 32 were significantly decreased from 18. The hemocyte mortality and apoptotic rate was
significantly higher from 22 and 26, respectively than at 18. Phagocytosis has been a
significant decrease from 28. ROS was significantly increased from 24.
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Synergistic effects of dietary probiotics Bacillus subtilis and Bacillus licheniformis
with two prebiotics in Japanese eel, Anguilla japonica
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A 12-week feeding trial was conducted to investigate the effects of dietary probiotics Bacillus subtilis
and Bacillus licheniformis with two prebiotics mannan oligosaccharide (MOS) or fructo
oligosaccharide (FOS) on growth performance, immune responses and intestinal histology in
Japanese eel, Anguilla japonica. Fish averaging 12.8±0.47g (mean±SD) were randomly arranged into
5 treatments with triplicate tanks (10 fish/tank) and fed one of the five experimental diets. A basal diet
was used as control diet (CON), and four other diets were formulated by supplementary two probiotics
(1.0 x 108 CFU/g diet) with two prebiotics (5 g/kg diet); B. subtilis and MOS (BSM), B. subtilis and FOS
(BSF), B. licheniformis and MOS (BLM), and B. licheniformis and FOS (BLF). At the end of the
feeding trial, weight gain, specific growth rate and hepatosomatic index of fish fed BSM and BSF diets
were significantly higher than those of fish fed CON diet (Pޒ0.05). Lysozyme activity of fish fed BSF
diet were significantly higher than those of fish fed CON, BSM and BLM diets (Pޒ0.05). Level of
intestine glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and heat shock protein 70 of fish fed
BSF diet were significantly higher than those of fish fed CON and BLF diets (Pޒ0.05). Intestinal villi
length of fish fed BSF and BLM diets were significantly higher than those of fish fed CON and BLF
diets (Pޒ0.05). Therefore, these results indicated that dietary synbiotics consisting of B. subtilis with
FOS (BSF) could be more beneficial than the other synbiotics (BSM, BLM and BLF) for growth
performance, immune responses and intestinal histology of Japanese eel.
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The dietary inclusion effect of pollack oil (PO) on growth and reproductive performance of
broodstock Alaska pollack was investigated. Two experimental semi-moist pellets were prepared;
control (Con) diet containing krill meal, eel feed and sand lance and PO diet containing krill meal, eel
feed, sand lance and PO. Broodstock fish (average weight, 1,030 g) were randomly selected and
divided into two tanks of 20-ton flow-through concrete tanks (100 fish per tank). The fish were fed
each diet to visual satiation at two meals per day for 16 weeks. Eggs spawned by both groups of fish
were sampled during the spawning season (three months) and were determined the reproductive
performance. Growth of broodstock fish was not affected by dietary inclusion of pollack oil. However,
spawning amount (ml) of fish fed the PO diet was higher than that of fish fed the Con diet.
Development rate (%) of fish fed the PO diet was relatively greater than that of fish fed the Con diet.
Hatching rate (%) of fish fed the PO diet was also higher than that of fish fed the Con diet. These
results indicated that dietary inclusion of pollack oil can improve the reproductive performance
(spawning amount, development rate and hatching rate) of broodstock pollack.
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Glass catfish (Kryptopterus vitreolus) is a kind of freshwater ray-finned fishes of catfish family that
inhabit in South-Eastern Asia. There are no pigments in the fish body. Therefore, the entire body is
transparent but head is silver in color. It has transparent flesh which allows us to see the spinal cord
and internal organs when it is seen from side.
It has been widely distributed asian ornamental fish since the 1930s. However, there’s very few
information about breeding. Although there’s some success in it in some far east fish farms, glass
catfish breeding in a indoor tank is not reported yet. So, hormone-induced spawning is the only
reliable method to induce reproduction in the laboratory culture.
In this study, glass catfish were also injected with carp pituitary (CP), hCG (human chorionic
gonadotropin), and LHRH-Į (Luteinizing hormone-releasing hormone analog) by using various
dosages in order to induce sexual maturation. CP was proven to be more effective than hCG or
LHRH-Į. In the case of females, ovary maturity was successfully derived at 4mg/g of CP, but final
maturation and spawning were not successfully induced. However, the males in all of the CP-treated
group were shown to have fully matured and ejaculated testes.
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The chromium exposure in aquatic environment negatively affects reproduction, growth and
behavior in fish. The chromium exposure in fish has been widely known to effect the alterations of
hematological parameters by restraining the enzyme activities linked to heme biosynthesis.
Starry flounder, Platichthys stellatus were obtained from a local farm in Gijang, Korea and the fish
acclimated for 2 weeks under laboratory conditions. After acclimation, 60 fishes (body length, 19.2 ±
0.9 cm, body weight, 112.5 ± 15.7 g) were randomly selected for the study. The chromium
experiments were performed with waterborne, and exposed solutions were potassium dichromate
(Sigma, St. Louis, MO, USA).
Daily length gain and condition factor were significantly decreased at concentrations of 400 ppb at 2,
4 weeks. Daily weigh gain and hepatosomatic index were significantly decreased at concentration of
400 ppb at 2 weeks and significantly decreased in the 4 weeks when the concentration was over 200
ppb.
RBC count and hematocrit, hemoglobin were significantly decreased at concentration of 400 ppb at
2 weeks. However, at 4 weeks, significant decrease was observed at 400 ppb in RBC count, over 200
ppb in hematocrit, hemoglobin. Calcium and magnesium showed no change in this study. Glucose
was significantly increased at concentrations above 200 ppb in 2 weeks, at concentrations above 100
ppb in 4 weeks. Cholesterol showed no significant change in 2 weeks, but was significantly increased
at 400 ppb in 4 weeks. However, no significant changes showed in total protein analysis in this study.
GOT analysis was significantly increased at concentration of 400 ppb at 2, 4 weeks. GP T analysis
was significantly increased at concentration of 400 ppb at 4 weeks but no significant changes showed
in 2 weeks.
In this study, change of growth and hematological parameters were observed in proportion to the
concentration and time of chromium. As result, the concentration of chromium appears to be
sufficiently irreversible toxic to starry flounder in areas of varying geographical distribution, significant
concentration environmentally. In addition, starry flounder may be used adequately in other
toxicological studies since they are sensitive to chromium.
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The exposure to toxic metals in aquatic environment is a critical environmental issue, because
these metals unavoidably transfer to the human through food chain, which creates a health risk for
human. The heavy metal exposure at toxic concentrations easily accumulates in aquatic animals
leading to diseases and disorders. Exposure to metals generally induces the generation of reactive
oxygen species (ROS) such as hydrogen peroxide, hydroxyl radical, and superoxide radical, which is
leading to oxidative stress, as well as osmoregulatory dysfunctions and tissue damage. The immune
responses in aquatic animals can be also enhanced by the toxicant. The chromium experiments were
performed with waterborne, and exposed solutions were potassium dichromate. The hexavalent
chromium concentrations were 0, 50, 100, 200 and 400 ppb per L using potassium dichromate in
distilled water.
SOD activity in liver and gill was significantly increased over 200 ppb after 2 weeks and over 100
ppb after 4 weeks. CAT activity in the liver was significantly increased over 400 ppb at 2 weeks and 4
weeks, and CAT activity in the gill was significantly increased over 400 ppb after 4 weeks.
GSH activity in the liver was significantly decreased over 200 ppb at 2 weeks and 4 weeks. GSH
activity in the gill was significantly decreased over 400 ppb after 2 weeks and over 200 ppb after 4
weeks. In liver and gill, GST activity was significantly decreased over 400 ppb at 2 weeks and 4
weeks.
Lysozyme activity in plasma showed significant change over 200 ppb after 2 weeks and 4 weeks.
Lysozyme activity in kidney showed significant change over 400 ppb after 2 weeks, and over 100 ppb
after 4 weeks. Immunoglobulin M of starry flounder was significantly increased over 400 ppb after 2
weeks and 4 weeks. Plasma cortisol of starry flounder was significantly increased over 200 ppb after
2 weeks and over 100 ppb after 4weeks. The high levels concentrated chromium exposure induced a
significant increase in the immunoglobulin M and plasma cortisol of starry flounder.
The results of this study for the antioxidant reaction and non-specific immune responses should
suggest a good indicator to evaluate the metal stress in starry flounder by the different levels of
hexavalent chromium exposure.
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Pacific white shrimp (Litopenaeus vanname) against early mortality syndrome
Hayun Jo 1*, Ji-Eun Kim, Jong-Su Eun and Jae-Won Kim
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Probiotics is living micro-organism that can be found to make a health benefit. Specially, sporeforming bacteria like genus Bacillus are increasingly being used as probiotics. Main benefits of
Bacillus as a probiotics is producing heat-stable spore, expressing digestable enzyme and stimulating
immune system. So, It can be useful for aqua-feed including pelleting process and for providing
growth and immune enhancement in the shrimp.
In this study, we investigated the effects of supplementing three Bacillus species (B. subtilis, B.
pumilus, and B. licheniformis) on growth performance and disease resistance against V.
parahaemolyticus, a main causative pathogen for early mortality syndrome (EMS) on of Pacific white
shrimp(L. vannamei). Shrimp (initial mean body weight, 0.51±0.01 g) were fed one of the four
experimental diets; control diet (fish meal-based), and three other diets were prepared with different
Bacillus species used on this study.
After feeding of probiotics in feed, growth performance and feed conversion ratio(FCR) were
observed. Group fed Bacillus alone provided best weight gain (8381±356%) and FCR(1.11±0.22)
while control group showed low weight gain (7029±506) and FCR(1.53±0.04). Also, the group fed
Bacillus combination (B. subtilis, B. pumilus, and B. licheniformis) represented higher survival rate
than control group, when they were challenged with V. parahaemolyticus, a responsible pathogen for
EMS.
In conclusions, Bacillus spp. is one of the promising agent to increase growth performance and
survival rate against EMS disease.
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Selective breeding program of Paralichthys olivaceus for improvement of
utilizability of a low fish meal formulation
Jisung Han1, WonSe Lee1, HyunSuk Ko1, Seung Hyun Lee1 and Woo Jai Lee1*
1

BluGen Korea, 106-14, Songjeongjungang-ro 5beon-gil, Haeundae-gu, Busan, Republic of Korea

Olive Flounder is the most important farming species in the Korea and the annual production
reached about 40,000 metric tones, which is the highest volume in Korea. Carnivorous fish including
olive flounder so far has mainly been fed with moisture pellets (MP) in fish farms in Korea but there is
a trend to change it to more controlled feed, an extruded pellet (EP) with a high percentage content of
fish meal. In fact fish meal is the most cost contribution element in the price of a extruded pellet. It is
expected that fish meal price will remain high, and even higher in the future due to the depletion of
marine resources and also due to the competition with other terrestrial animal feed production.
Many researches on the possibility of replacements to fish meal in EP have been done in order to
reduce the cost for the feed production. The price competition in the market must be reinforced for the
olive flounder by reducing the feed cost and the cost can be reduced by development of a low fish
meal formulation for the feed.
In this study, olive flounders were fed on 4 four diets(1 control, normal feed, 3 types low fish meal
formulations (20%, 30%, and 40% less fish meal contents than the normal feed respectively)). The
results are that the difference between feeds against the control feed in body weight were େ57 g (20%
fish meal replacement), େ65 g (30% fish meal replacement), +37 g (40% fish meal replacement).
Feed efficiency were 71.2~97.5%, 85.8~106.0%, 72.7~110.0%, 65.4~110.0% on the control, 20%,
30%, and 40% fish meal replacements respectively. The heritability of the low fish meal feed usability
was calculated as 0.3 in average and it was expected that the genetic gains of the trait with a proper
selection intensity should be between 10-30% depending on the selection criteria. We analyzed the
expression levels of genes responsible for stress (HSP70 and IgM)in the flounder fed with 4
experimental types. The result showed that expression of IgM gene was upper than the normal level
in the feeds with 40% fish meal replacement. This result was supported statistically by T-test.
However, there is no significant difference in body composition on moisture content, crude ash, crude
protein, and crude fat between 4 experimental groups. And the content of triglyceride and total
cholesterol in blood serum, the results was not statistically significant. We performed genotyping for
each group and selected 3 types of alleles, to sort out the high rank group. And we confirmed the
family that was concentrated diseases and excepted the selection.
In future, we will improve accuracy through genetic analysis and monitoring. And we will produce
fertilized eggs using each group's heritability and breeding guidelines. Also the breeding scheme for
increase of low fat feed efficiency has been developed for the future breeding application to the
existing flounder breeding program.
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Molecular monitoring of Pythium chondricola (Oomycetes), red rot disease
pathogen of Pyropia yezoensis (Rhodophyta) in Korea

Soon Jeong Lee1 *, Bo Young Jee2, Mun Gyeong Kwon2 and Sang-Rae Lee3
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Pythum chondricola (Oomycetes), the pathogen of red rot disease, was firstly reported from Pyropia
yezoensis (Rhodophyta) in Korea (Lee SJ et al. 2015, 2017 Algae). Pythium specific molecular
markers basing on mitochondrial cox1 and cox2 genes have successfully identified the infection of P.
chondricola from Py. yezoensis. Moreover, P. chondricola isolated from Korean Py. yezoensis was
genetically different from P. porphyrae previously known as the only red rot disease pathogen. In this
study, we examined the distribution patterns of P. chondricola in Pyropia aquaculture farms near
Jindo and Seocheon (Korea). We collected blades of Py. yezoensis with symptoms of red rot disease
and seawater samples from Pyropia aquaculture farms. Only P. chondricola was found from blades of
Py. yezoensis and seawater samples by molecular analysis. Molecular markers used in this study
showed high specificity and efficiency for detecting P. chondricola from Pyropia blades and
environmental seawater samples. Therefore, molecular markers used in this study can be regarded
as an effective toolkit for the long term monitoring on the infection and distribution patterns of Pythium
species. Moreover, big database constructed by molecular monitoring system can provide more
useful information to predict infection and prevent mass mortality from red rot disease.
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Fecal source tracking based on fecal coliform concentration and bacterial
community structure of the Bong stream, Korea

Soon Bum Shin1, Ji Hee Lee1, Chi Won Lim1, Hye-Sung Choi1, Kwang Tae Son2 and Sang Hyeon
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Fecal source tracking of the Bong stream, a representative inland pollutant around the drainage
basin of Gangjin Bay (an area where shellfish are grown for export), was periodically performed three
times in four confluence areas with 13 sampling sites by analyzing fecal coliform concentrations and
two types of bacterial community structures. Identification of the origin of major fecal pollution in the
area that inflowed simultaneously via the several branch streams was difficult using fecal source
tracking based on fecal coliform concentration. Bacterial community analyses using high-throughput
sequencing showed that the major dominant groups in the all bacteria-specific community at the class
level were Beta-, Gamma- and Alpha-proteobacteria, Flavobacteriia, and Bacteroida and the most
abundant groups in the Bacteroidales-specific community at the genus level were Prevotella and
Bacteroides. Hierarchical clustering and Bray-Curtis dissimilarity analysis for fecal source tracking
indicated that the Bacteroidales-specific community was superior in water environments compared
with analysis of the all bacteria-specific community. On the other hand, when the degree of fecal
pollution in the sample was very low, fecal source tracking based on the all bacteria-specific
community was estimated that a more reliable finding might be derived. These results suggest that
fecal source tracking based on bacterial communities is a useful tool for identifying the origin of fecal
pollution in a large-scale stream and indicating the systematic guideline for the establishment of an
effective management plan to reduce fecal pollution sources.
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Two considerations for an evaluation of Karenia mikimotoi toxicity to the abalone
Haliotis discus hannai: study temperature and captive stress

Sang-Jun Lee1*, Qtae Jo1, Minjin Kim1, Hye-Seung Choi1 and Young Tae Park2
Aquaculture Division, South Sea Fisheries Research Institute, NIFS, Yeosu, Korea
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Karenia mikimotoi is a cosmopolitan species with a wide distribution range from southern to
northern hemisphere up to the North Sea or higher. The species blooms have damaged degrees of
ecosystem integrity, resulting in occasional mass mortalities of marine animals under the influence of
the bloom. Most influencing causatives of the mass mortalities have been condensed into two. One is
enhanced drawdown of dissolved oxygen attributed to bloom-associated accumulation and
subsequent decomposition of organic matters, which goes upwards to upper layer of water column to
establish hypoxic waters. The other is K. mikimotoi synthesis and release of cytotoxins or polyether
gymnocins which are responsible for the nickname “notorious dinoflagellate” for the species.
Observed data have revealed that the cytotoxin-associated damages are species-specific, abalones
being one of the most vulnerable shellfish. However, the exact mechanism of underlining the toxic
effect remains unclear. Very recently, cytotoxicity of the toxins is controversial: resultant damages
from laboratory studies have been highly variable. Therefore, it is reasonable to do experiment and int
erpretation with caution because there are additional parameters that might overshadow K.
mikimotoi toxicity to the abalones. In our two-year exposure studies in 0.2-30L culture chambers
4
-1
carrying 0-2x10 cells mL of K. mikimotoi at 23-28, we found that the algal damage potential to

abalone Haliotis discus hannai was clearly influenced by two additional parameters, temperature and
captive study stress. Temperature-associated damage potential was related to temperature
acclimation profile in the summer season. All the test abalones with moderate acclimation profile
survived K. mikimotoi solution of 2x104 cells mL-1 at 28. We also found that abalones tested in
bigger culture chamber exhibited better survival. In conclusion, H. discus hannai can survive K.
mikimotoi concentrations up to 2x104 cells mL-1 and temperatures up to 28 at least for two days if
they are provided with appropriate temperature manipulation and test chamber.
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Effects of five different functional feed additives with the low fish meal
diet in Olive flounder, Paralichthys olivaceus
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The aquaculture feed industry has been facing many challenges such as identify the alternative
protein source to replace fishmeal for reduce aquafeed production cost. Additives in aquafeed are
nutritive/nonnutritive ingredients that are supplemented in small amounts to improve the quality of fish
products, the physical and chemical of diet, and/or the quality of the aquatic environment. An 8 weeks
feeding trial will be conducted to identify the most effective low fish meal diet developed in Olive
flounder. Six groups of fish with three replicates were randomly allocated in 18 rectangular 40 L
volumes tanks (15 fish/tank). Each group of fish averaging 5.25±0.16 g (mean ± SD) were fed one of
six experimental diets; the basal diet with the low fishmeal content was used as a control (CON); and
5 feed additive diets were prepared by supplemented with encapsulated sodium butyrate (ESB),
gamma-aminobutyric acid (GAB), selenium yeast (SEY), peptide nucleic acid (PNA) and yucca meal
(YUM) to the basal diet. Growth performance, non-specific immune responses, histology and disease
resistance will be measured, and results will be discussed.
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Reduction of anti-nutritional factors in soybean meal and development of feed
ingredients by alcohol extraction and fermentation technology
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Fish meal has been a major protein source in fish diet. However, environmental changes and
depletion of fish stocks has been led to unstable demanding and supplying balance, which have
resulted in finding protein sources to replace fish meal. As a alternative protein source, soybean meal
has been studied because of its high protein content, composition of balanced essential amino acids
and reasonable cost. To use soybean meal as fish meal substitution, we need to increase nutritional
value of soybean meal as much as fish meal and reduce anti-nutritional factors(ANFs) of soybean
meal, such as trypsin inhibitor, saponin, glycinin, ȕ-conglycinin, lectin, raffinose and stachyose. In
addition, it should be similar to the flavor compounds profiles of fish meal.
In this study, we focused to develop the improved fermented soybean meal, in terms of nutrient and
safety, named AESP-SP by optimizing alcohol extraction and enzyme fermentation. The natural
flavors fermented with Bacillus amyloliquefaciens SMB469 was added for flavor characteristics similar
to fish meal. The protein content was increased by more than 68% and the soluble carbohydrate
content, the major energy sources, of AESP-SP was increased by more than 5%. In addition, the
ANFs were reduced effectively. The trypsin inhibitor and saponin were reduced by 80%, 90% and
glycinin, ȕ-conglycinin, lectin, raffinose, stachyose were eliminated completely below the analytical
limits. Lastly, the analysis of volatile flavor compounds in AESP-SP shows the similar flavor profiles as
white fish meal of which is sweet, plant-like, and fatty flavor characteristics.
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Sexual Maturation Control Technique by Using Tamoxifen and Exemestane
(Sex hormone inhibitor) in Olive flounder (Paralichthys olivaceous)
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Sex determination in some reptiles, amphibians, and fishes is known to be influenced greatly by
environmental factors. Tamoxifen is a steroid hormone, and widely used as a drug in cancer therapy
human, and leads to the masculinization of genetic female fish. Exemestane is also acts as estrogen
agonist non-steroid hormone. Olive flounder(Paralichthys olivaceous) is easily altered by water
temperature or sex steroid hormone treatment during the period of sex steroid hormone treatment
during the period or sex determination. In this study, we measured what is the difference between
tamoxifen and exemestane affects inside a Olive flounder, at several concentrations <E2 (2×10-7),
hormone only (2×10-7), E2+hormone (2×10-7), E2+hormone (2×10-8) and E2+hormone (2×10-9)>. Olive
flounder were injected intraperitoneally with 5ug/fish. For gene expression, gene specific primers for
PCR analysis of estrogen receptor (ER) and vitellogenin (VTG) were used previous studies. In vitro,
tamoxifen exposure resulted in an decrease in VTG expression in the hepatocyte, whereas ER
expression increased over time. In vivo, tamoxifen resulted in an decrease both VTG and ER
expression. It maybe tamoxifen and E2 are expected to have the same effect. In vivo, exemestane
exposure resulted in an decrease both VTG and ER expression. And also, histological, gene
expression similar results were showed. Our result indicate that exemestane is more effective than
tamoxifen in suppressing sexual maturation.
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Variation of environmental factors in low-salinity inland ponds for the whiteleg
shrimp, Litopenaeus vannamei culture.

Seong Uk Park*, Jong Kuk Kim, Gwan Hee Han, Hyung Seop Kim and Soo-Gun Jo
Department of Marine Biotechnology, Kunsan National University


Whiteleg shrimp, a subtropical euryhaline species, has been actively cultivated in sea water since it
was introduced to Korea in 2002. Recently, the whiteleg shrimp farming has been attempted on a
small scale in low-salinity and zero-water exchange indoor tanks or ponds due to pollution of coastal
areas and occurrence of diseases. Therefore, even though much research has been done in relation
to sea water farming of the shrimp, few studies on the low-salinity culture are available. This study
was carried out to investigate the physicochemical and biological factors affecting the growth of the
shrimp in two different low-salinity ponds in Iksan (P1) and Gunsan (P2), Jeollabuk-do. Water
temperature, salinity, DO, pH, non-ionized ammonia, dissolved suspended solids, chlorophyll-a,
phytoplankton, and zooplankton were monitored from transplanting the young shrimp to the pond until
harvesting. As results, there were no significant differences in factors between the two ponds except
for salinity and zooplankton density. Salinity varied from 0.97 to 2.89 psu (mean 2.33) at P1, and from
3.91 to 7.27 psu (mean 5.66) at P2. The density of zooplankton ranged from 4,798 to 396,553 inds/m3
(mean 61,755) at P1, and from 61 to 41,007 inds/m3 (mean 10,608) at P2, copepods and cladocerans
dominating in both ponds. The mean daily increase rates (%) during the culture period were 2.22 at
P1 and 1.94 at P2. In the present study, zooplankton biomass is considered to have the greatest
effect on the growth of the whiteleg shrimp.
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Changes on growth and biochemical composition of microalgae, Nitzschia amphibia
culture using LED (light-emitting diode)
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The light is the best important factor directly related with growth by photo-synthesis of microalgae.
The quantitative and qualitative components of microalgae could be changed by the different light
waves, because they has the specific characterization by light source. In these aspects, irradiation by
light-emitting diode (LED) could be received attention due to the several waves, long lifespan, low
power consumption, energy saving and rapid reaction time and so on.
In the study, the microalgae Nitzschia amphibia was cultured under a fluorescent lamp (control,
CON) and light-emitting diodes (LEDs) of various wavelengths (blue, LB; red, LR; green, LG; white,
LW); changes in cell growth (OD680), total chlorophyll (ȝg/mL) and fatty acid (ȝg/mg dry matter)
profiles were investigated.
After cultivation for 17 days, the maximum growth of LW-exposed cultures was significantly higher
than that of those exposed to other light conditions. As a result of the highest total chlorophyll
contents were observed as 3.7 ȝg/mL at LW-exposed cultures, whereas LG showed the lowest as 2.6
ȝg/mL (P<0.05). LR-exposed cultures exhibited the highest essential amino acid (5.3%), whereas LBexposed cultures showed the lowest essential amino acid (3.6%). n-3 HUFA (highly unsaturated fatty
acid) as DHA (docosahexaenoic acid) and EPA (eicosapentaenoic acid) were higher in LW-exposed
cultures.
These results suggest consistent differences in growth and biochemical composition after exposure
to light of different wavelengths.
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Effect of the dietary DHA in replacement diets for the culture of
brackish copepod, Apocyclops royi
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Copepods are an important food source for many developing larvae, post-larvae and juvenile fish
and crustaceans, thus many studies on mass culture for seedling have been attempted in terms of
production of the live foods. The cyclopoid copepod Apocyclops royi is a dominant species in inland
saline ponds and estuarine areas in Korea. We investigated the optimum diet conditions for the mass
culture of Apocyclops royi.
We investigated the effect on dietary DHA (docosahexaenoic acid) source into formulated diets for
growth of copepod, Apocyclops royi. The highest density and specific growth rate (SGR) of brackish
copepod were observed on Tetraselmis suecica (TET) trial, but these of trial were not significantly
differed with that of Tetraselmis suecica (TET) + Schizochytrium sp. (SCZ) trial, contained DHA
source (P>0.05). Contrastively, Nannochloropsis oculata (NAN) trial showed the lowest growth and
SGR. Meanwhile, the highest n-3 HUFA (highly unsaturated fatty acid) contents were observed as 50%
at TET+SCZ trial, whereas NAN trial showed the lowest as 22% (P<0.05). And TET+SCZ trial
exhibited the highest DHA (docosahexaenoic acid) contents (37.3%), whereas NAN cultures showed
the lowest DHA contents (12.6%).
Throughout results, the DHA source for copepod culture was showed a positive effect through their
growth and biochemical composition. We suggested that a usage of the source with DHA could
replace Tetraselmis suecica as good diet for culture of the brackish copepod, Apocyclops royi.
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Characterization of gene expression profiles and functional analysis of peptidoglycan
recognition protein 2 from rock bream (Oplegnathus fasciatus)
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Peptidoglycan recognition protein 2 (PGRP2) is a Zn2+-dependent peptidase that plays important
roles in binding to microbial components of the cell membrane, inducing phagocytosis and
antimicrobial activity. Rock bream (Oplegnathus fasciatus) PGRP2 (RbPGRP2) was identified in the
intestine by next generation sequencing (NGS) analysis. The open reading frame (ORF) the
RbPGRP2 cDNA (470 amino acid residues) contains a peptidoglycan recognition protein domain
(residues 300 to 446). Alignment analysis revealed that RbPGRP2 shares 37.6–53.5% overall
sequence identity with the PGRP2s of other species. Phylogenetic analysis revealed that RbPGRP2
clustered together with PGRP2s from teleosts. In healthy rock bream, RbPGRP2 was found to be
ubiquitously expressed in all of the examined tissues, especially in the liver. RbPGRP2 expression
was significantly upregulated in all of the examined tissues of rock bream after infection with
Edwardsiella piscicida, Streptococcus iniae and red sea bream iridovirus (RSIV) compared with the
control. Purified rRbPGRP2 interacteds with bacteria and inhibited the growth of bacteria in the
2+
presence of Zn . These results indicate that RbPGRP2 plays an important role in the innate immune

response against bacterial infection.
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Expression of the NF-țB repressing factor gene in red seabream (Pagrus major)
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Nuclear factor-kappaB (NF-țB) repressing factor (NKRF) specifically negatively regulates the activity
of nuclear NF-țB, which is important in mediating pathogen and cytokine-stimulated gene
transcription in the immune system. We aimed to analyse red seabream NKRF (PmNKRF) gene
expression after infection with pathogens [Streptococcus iniae or red seabream iridovirus (RSIV)] and
in healthy individuals.An open reading frame (ORF) containing the PmNKRF sequence was identified
by next generation sequencing (NGS) analysis of liver samples from bacteria infected red seabream.
Using quantitative real-time PCR (RT-qPCR), we evaluate NKRF mRNA expression in healthy and
pathogen challenged red seabream (Pagrus major). Infection experiments were performed by
intraperitoneal injection of a pathogen suspension of S. iniae or RSIV. Five fish in each group were
collected for RT-qPCR at 0, 1 and 12 hours and 1, 3, 5 and 7 days post-infection, and the kidney, gills,
liver and spleen were harvested. The mRNA expression of PmNKRF in the kidney, gill, liver and
spleen of infected rock bream was measured by RT-qPCR as above. In healthy individuals, PmNKRF
was ubiquitously expressed in all 12 tested tissues, predominantly in the head kidney and spleen.
Expression of PmNKRF was significantly up-regulated in the gills, kidney, liver and spleen after RSIV
infection.After S. iniae infection, PmNKRF expression was significantly down-regulated in the gills
and, significantly up-regulated in the kidney, liver and spleen.
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Production of normal masu salmon by germ cell transplantation
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Although masu salmon (Oncorhynchus masou masou) is a commercially important fish species,
native masu salmon population inhabiting in Korea has strongly diminished owing to the habitat loss
and environmental pollution. Further, the survival of the native salmon population is currently in
serious jeopardy because of the competition with invasive species such as red-spotted masu salmon
(O. masou ishikawae) and rainbow trout (O. mykiss). Therefore, there is an urgent need for
technologies that will ensure stable preservation and reproduction of their genetic resources. The
authors of the present study successfully cryopreserved the whole gonads using the cryoprotectants
of 1.3 M DMSO, 0.1 M trehalose, and 10% egg yolk for testes and ovaries isolated from masu salmon.
Thawed spermatogonia and oogonia were then intraperitoneally transplanted into sterile triploid
hatchlings of dominant-albino rainbow trout (O. mykiss). Transplantation efficiency did not differ
significantly between spermatogonial transplantation and oogonial transplantation groups. Although
all triploid recipients that did not undergo transplantation were functionally sterile, recipients fish
received spermatogonia (males of 43.5% and females of 34.8%) and recipients fish received oogonia
(males of 29.3% and females of 23.1%) reached sexual maturity at 2 years post-transplantation.
Insemination of sperm obtained from spermatogonial transplantation and eggs obtained from oogonial
transplantation generated viable offspring displaying a normal sex ratio (males of 48.6% and females
of 51.4%) without the appearance of YY supermales. Therefore, this method established from the
present study would be a breakthrough tool for the sustainable uses of masu salmon that are crucial
to preserve and reproduce their genetic resources.
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Cryopreservation of immature germ cells in critically endangered
Manchurian trout (Brachymystax lenok)
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Cryopreservation of gametes or embryos could be one of the effective solutions applicable for the
long-term preservation of fish genetic resources; however, fish eggs and embryos are too large to be
successfully cryopreserved using the currently available techniques. Therefore, maternally inherited
materials such as mitochondrial DNA cannot be preserved using the techniques. Furthermore, little is
known about the cryobiological properties of endangered Manchurian trout (Brachymystax lenok). The
present study was aimed to optimize the slow-freezing conditions (cryoprotectants, cooling rates, and
thawing temperatures) for whole gonads within endangered Manchurian trout. Whole gonads were
frozen with a cryomedium containing 1.3 M methanol, 0.2 M trehalose, and 10% egg yolk at a cooling
rate of í1 °C/min and cryopreserved in liquid nitrogen for 2 days. After thawing in 30 °C water bath,
immature germ cells obtained from frozen-thawed gonads were intraperitoneally transplanted into
allogeneic triploid hatchlings. Transplanted immature germ cells (presumably germline stem cells)
migrated toward and were incorporated into recipient gonads, where they underwent gametogenesis.
Transplantation efficiency did not differ significantly between frozen and fresh groups. These results
demonstrated that the immature germ cells of Manchurian trout can be successfully cryopreserved in
liquid nitrogen. The authors of present study already started a project to cryopreserve whole gonads
of Manchurian trout (Brachymystax lenok) trapped on Nakdong River. Although the effects of cell
viability following sizes of testicular tissue and/or development of vitrification methods are required for
future, we believe this method contribute significantly to conservation and restoration of endangered
Manchurian trout.
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Effects of dietary diatom on melatonin and immune related gene expression
of olive flounder(Paralichthys olivaceus)
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The marine diatom is micro algae with the shell of silicon. In particular, bio-silica is the silicon
derived from the diatom. We have confirmed the effect of silica on bacterial disease antimicrobial
activity. According to previous studies, the fish were diatom fed with lactobacillus diets, yielded
significantly better immune status and antioxidant capabilities. Also, it is known that silica affects
melatonin hormone in pineal gland. In consideration of these previous data, we conducted to evaluate
the potential effect of the marine diatom Melosira nummuloides with Lactobacillus plantarum on
melatonin gene and immune related gene expression. The experimental diet was prepared using the
basal diet supplemented with 1%, 2% and 3% diatom added to 1% Lactobacillus plantarum
respectively. And the diets were manually delivered 2 times a day for a period of 4 weeks. For the
experiment, the fish were killed at 2 times (day and night) to collect the pineal gland and kidney. The
tissues were removed and immediately stored at -80. Total RNA was extracted from the pineal
gland and kidney using RNAiso Reagent (TaKaRa Bio, Japan) after absolutely homogenizing the
samples. For gene expression, used oligonucleotide primers were MT1, MT2, MT3, lysozyme and
caspase-3 mRNA. At the results of the 1th sampling(day), the MT1, MT2 and MT3 mRNA in pineal
gland were significantly expressed in diatom diet group. Especially, the 2% diet group was showed
high expression level. At the results of the 2th sampling(night), MT3 mRNA was not significantly
expressed in each group6. However, MT1 mRNA and MT2 mRNA was showed high expression level
in 2% diet group. The lysozyme mRNA and caspase-3 mRNA were showed lower level in 2% diet
group and high expressed in 0% diet group. In particular, caspase-3 mRNA was reported to be
inhibited by melatonin, suggesting that it is associated with the lowest expression level in the 2% diet
group. Therefore, our results suggest that MTs, lysozyme and caspase-3 mRNA effected by the diets
supplemented with diatoms. And additional experiments are carried out to obtain more accurate
results.
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Dietary substitution effect of Ulva australis for Undaria pinnatifida on growth, body
composition and air exposure of juvenile abalone, Haliotis discus (Reeve 1846)
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Substitution effect of Undaria pinnatifida with Ulva australis in formulated diet on growth, body
composition and air exposure of abalone (Haliotis discus) was investigated. A total of 1260
juvenile abalone were distributed into 21 cages. Six formulated diets and dry Undaria were
prepared. The control (UA0) diet contained 20% U. pinnatifida. Twenty, 40, 60, 80 and 100% U.
pinnatifida were substituted with the same amount of U. australis, referred to as the UA20, UA40,
UA60, UA80 and UA100 diets, respectively. Undaria was prepared to compare effect of formulated
diet on performance of abalone. Abalone were fed with one of the experimental diets for 16 weeks.
After the 16-week feeding trial, abalone were subjected to air exposure for 24 h and then
cumulative mortality was monitored for the next 4 days. Higher survival, weight gain and specific
growth rate (SGR) were observed in abalone fed all formulated diets than the Undaria. Abalone
fed the UA60 diet produced the greatest weight gain and SGR. No difference in proximates of the
soft body of abalone was observed. The cumulative mortality of abalone fed the Undaria was
higher than all formulated diets at 84 h until the end of the 4-day post observation after 24-h air
exposure. Abalone fed the UA0 diet showed higher mortality than other formulated diets at 84 h
until the end of the 4-day post observation. In conclusion, U. pinnatifida could be completely
replaced with U. australis in abalone feed. The best growth was obtained in abalone fed the UA60
diet.
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Effect of dietary biomass of Haematococcus sp. and Schizochytrium sp. on growth,
survival of the culture of shrimp, Litopenaeus vannamei
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As the consumption of shrimp increases worldwide, shrimp farming scale continues to grow. One of
the most important things in culturing shrimp is the reduction of the rate of death. Microalgae are
unicellular plants that play various roles in the aquatic environment and are attracting attention due to
their ability to produce a variety of secondary metabolites. It is also known to produce substances with
very strong antioxidant properties, such as astaxanthin, and it is also known to have the ability to
produce functional fatty acids such as DHA and EPA. These microalgae are expected to have a high
preference when used as a feed for the direct feeding of crustaceans such as shrimp in the water
system. Therefore, in this experiment, microalgae were directly fed to shrimp in a small tank of 50L
and a production facility of 50 tons. Results show that astaxanthin increases resistance to shrimp
stress and reduces initial mortality by 66%. Unsaturated fatty acids also showed more than 25% effect
on the growth rate of shrimp. In addition, high levels of astaxanthin were detected in the head and tail
of the shrimp used in the experiment, so that it is possible to produce shrimp which is beneficial to
human health. Therefore, application of microalgae to shrimp culture is considered to be an effective
application method.
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Cloning, Expression and Enzymatic Characterization of CYP1 family
genes from Anguilla japonica
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Cytochrome P450 (CYPs) are the principal enzymes catalyzing oxidative metabolism of toxicants,
including important environmental chemicals. CYP1 family members are prominent in oxidation of
polycyclic aromatic hydrocarbons, aromatic amines, and a number of drugs. Mammalian CYP1A1 and
CYP1A2 genes appear to have diverged after the evolutionary emergence of mammals, whereas fish
species possess only one CYP1A family gene. We have isolated CYP1 family genes from the Anguilla
japonica. To further characterize the AjCYP1 family genes, we cloned the cDNA sequence of the
AjCYP1A, AjCYP1B, and AjCYP1C genes from this species. The AjCYP1A contained an open reading
frame of 1560bp (520aa) from the first ATG start codon to the TAG stop codon, AjCYP1B contained
1620bp ORF (540aa) and AjCYP1C contained 1581bp ORF (527aa). And our study analyzed the
tissue distribution of AjCYP1A, AjCYP1B, and AjCYP1C genes by real-time PCR. Liver showed the
highest level of expression in AjCYP1A, and eye and heart tissue showed the high levels of
expression in AjCYP1B. Spleen was recorded the high levels and the least in the intestine in
AjCYP1C.

In order to assess the functional and enzymatic characteristics of the AjCYP1A,

AjCYP1B, and AjCYP1C protein, the cDNA encoding for each gene were expressed in E. coli as a
glutathione S-transferase (GST) fusion protein. Each recombinant protein was overexpressed in
Escherichia coli BL21(DE3) cells in the pGEX 4T-1 expression vector as a soluble fusion protein of
90-kDa. This study provides an insight into the xenobiotic metabolizing system of A. japonica and
offers baseline information for further research related to biomarker use of CYP1 family genes and
detoxification strategies of this commercially important fish species.

- 316 -

PA-30

Effects of food availability on growth performance and immune-related gene
expression of juvenile olive flounder (Paralichthys olivaceus)
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Unfavorable environmental conditions and inappropriate culture practices have increased the
vulnerability of cultured fish to disease infection. Up to date many studies have aimed to determine a
feeding regimen to maximize productivity; however, very little information on immune responses of
cultured fish in response to underfeeding or overfeeding is available. Therefore, a preliminary study
was conducted to evaluate effects of graded feeding levels (i.e., food availability) on growth
performance and immune-related gene expression of juvenile olive flounder (Paralichthys olivaceus).
Six different feeding rates including 1, 4, 7, 10, 13, and 16% body weight per day (BW/d) were
randomly assigned to three replicate tanks stocking 150 fish (average initial body weight: 0.27±0.02 g;
mean±SD) per tank. A feeding trial lasted for two weeks. Based on the results of the weight gain,
nutrient gain, and whole-body compositions and energy content, the feeding rate of 10%, 13%, and
16% BW/d resulted in high nutritional status, whereas the feeding rate of 1% and 4% BW/d resulted in
low nutritional status. Intermediate nutritional status was observed at the feeding rate of 7% BW/d. In
the given rearing conditions the optimum feeding rate resulting in the maximum growth was estimated
to be 11.9% BW/d based on the quadratic broken-line regression model, chosen as the best-fit model
among the tested models. Expression of immune-related genes including IL-8 and IgM was
significantly down-regulated in the flounder fed at 1% BW/d in comparison to those fed at 7% BW/d.
Interestingly, expression of these genes in the flounder fed at 10%, 13%, and 16% BW/d was
relatively down-regulated in comparison to that of the flounder fed at 7% BW/d. Although no statistical
difference was detected, overall response patterns of other immune-related genes, including TLR3,
polymeric Ig receptor, lysozyme C-type, GPx, SOD, and Trx followed what IL-8 and IgM exhibited in
response to the various feeding rates. Given the current challenges in aquaculture of the flounder our
findings suggest to prohibit underfeeding or overfeeding (i.e., ad-libitum feeding) when culturing the
young flounder.
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Dietary inclusion effect of feed ingredients showing high feeding attractiveness to
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utilization and whole body composition of fish
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Dietary inclusion effect of the protein sources showing high attractiveness to olive flounder
(Paralichthys olivaceus) among 16 common feed ingredients on the growth, feed consumption, feed
utilization and body composition of fish was determined. Four hundred eighty juvenile fish were
randomly distributed in 12 flow-through tanks. Four experimental diets were prepared. The control
(Con) diet contained 60% anchovy meal showing the moderate attractiveness to olive flounder. The
top 3 selected feed ingredients (jack mackerel, sardine meal and hydrolyzed fish meal) showing high
attractiveness to olive flounder in the previous study was included at 5% into the experimental diets
instead of 5% anchovy meal in the Con diet, referred to as the JM, SM and HFM diets, respectively.
Each diet was assigned in triplicate and hand-fed to satiation twice a day for 7 days a week during 8
weeks. The weight gain, specific growth rate (SGR), feed consumption and condition factor (CF) of
olive flounder fed the JM diet were greater that those of fish fed all other diets, followed by the SM,
HFM and Con diets. Protein efficiency ration, protein ratio and hepatosomatic index (HSI) except for
feed efficiency was significantly different among the experimental diets. The moisture, crude protein
and crude lipid content in the whole body of fish, except for the ash content in the whole body of fish
was significantly different among the experimental diets. In conclusion, the greatest weight gain, SGR,
feed consumption and CF of olive flounder were obtained in the JM diet, followed by the SM, HFM
and Con diets, in order. Dietary inclusion of feed ingredients showing high feeding attractiveness to
olive flounder well reflected feed consumption and growth performance of olive flounder in the feeding
trial.
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Monitoring environmental factors in low-salinity culture ponds of the
whiteleg shrimp, Litopenaeus vannamei.
G
Seong Uk Park*, Jong Kuk Kim, Gwan Hee Han, Hyung Seop Kim and Soo-Gun Jo
Department of Marine Biotechnology, Kunsan National University

This study was conducted to identify the effect of environmental factors on the growth of the whiteleg
shrimp cultured in low-salinity inland ponds in Iksan, Jeollabuk-do. The physico-chemical and
biological factors were regularly measured in three different inland ponds (P1 without bottom-film and
both P2 and P3 with bottom-film) once a week from early May to the end of August 2018. During the
survey period, the water temperature and salinity in each of the three ponds were almost the same,
varying between 19.4  and 32.09  and between 0.97 PSU and 2.89 PSU, respectively. The DO
and pH levels were also not different between the ponds. The DO level ranged between 4.44 mg/L
and 14.73 mg/L, showing a tendency to decrease from the early to the late culture stages. The pH
ranged from 8.17 to 9.60. Even though the concentration of non-ionized ammonia in all three ponds
increased gradually, it reached a maximum value of 0.13 ppm only in P3 in the late culture stage and
was maintained under 010 ppm in P1 and P2. The mean dissolved suspended solid was 106.43 mg/L
in P1, which was slightly higher than the 73.17 mg/L and 74.94 mg/L concentrations in the other two
ponds. The mean chlorophyll-a in P1 was 93.57 ȝg/L, lower than the 129.54 ȝg/L concentration in P2
3
or the 145.17 ȝg/L concentration in P3. The mean density of zooplankton at P1 was 11,822 inds/m ,

lower than the 61,755 inds/m3 density at P1 or the 33,074 inds/m3 density at P2. Copepods and
cladocerans dominated the abundance of zooplankton throughout the culture period except during the
early stages. The mean daily increase rate (%) of whiteleg shrimp at P1 was 1.79, lower than the 2.21
rate in P2 and the 2.21 rate in P3. The present study suggests that the growth of the whiteleg shrimp
is more closely related to the abundance of the phytoplankton and zooplankton and that the ponds
with bottom-film have a good effect on the growth environment of plankton.
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With the high demand for fish protein, the ratio of fish meal in feed is a significant factor in
determining feed costs. Fish meal is an ingredient of high-quality feed protein with various balanced
nutrients. Recently, prices have been increasing rapidly, and the fish catch has been fluctuating
sharply. Therefore, supply has become unstable, limiting the supply of fish meal. If aquaculturists use
low amounts of fish meal, it is necessary to examine the change in the growth of fish because dietary
protein affects body composition. Insulin-like growth factors (IGFs) play an important role in fish
growth. The main functions of the liver IGF system are in development and growth, and the system
plays an important role in hormones and metabolism. This study examined the effect of IGF-I
expression in the liver on the growth of P. olivaceus with low amounts of fish (hereafter, low-fish meal).
Five experimental diets were formulated that contained different amounts of fish meal: FM0, FM20,
FM30, FM40, and FM50 contained 0%, 20%, 30%, 40% and 50%, respectively. A feeding experiment
was conducted at Jeju National University, Jeju Island. Experimental groups of P. olivaceus (total
initial weight: 200 g) were maintained for 20 weeks. And their growth was observed every 4 weeks
during the feeding experiment, and plasma and liver tissues were sampled. Plasma IGF-I levels were
analyzed using an ELISA kit. The mechanism of IGF-I receptor signaling was examined using
immunoblotting and reverse transcription-polymerase chain reaction analysis. Comparing the groups,
total weight and daily growth rate increased the FM30 group. In paralleled, the IGF-I and IGF-BP
plasma activity were high in the FM30 group. The mRNA and protein expression were significantly
higher in the FM30 group. The first step in the IGF-I signaling pathway, tyrosine-phosphorylation
checking occurred smoothly until 20 weeks. These results suggest that replacement ratio 30% of fish
meal is the best. The IGF-I signaling pathway in the liver is associated with the growth of P. olivaceus.
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development of Pacific oyster Crassostrea gigas larvae
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Insulin-like growth factors (IGFs) are important in the growth and development of mammals and fish.
IGF-I plays essential roles in fish reproduction. Notably, IGF-I receptor signaling is a central regulator
of vertebrate embryogenesis and fetal growth. The Pacific oyster, Crassostrea gigas, is one of the
most important aquaculture species in Korea. However, its the production fluctuates widely year to
year. In particular, Pacific oyster, as seed lacking state is deepening because of natural seed
production decrease. One recent cause of this decrease is increasing seawater pollution to deal with
this problem, superior seed production is needed. In particular, early seed production, which is
determined by embryogenesis, is vital for aquaculture success. Therefore, this study examined the
role of growth factor IGF-I activity during C. gigas embryogenesis. One-year-old cultured C. gigas
obtained from Gyeongsangnam-do, Jaranman, Korea (34°51'32.34" N, 128°12'23.44" E) were used to
collect eggs and sperm by incising the mature. Gametes were collected from 45 females and 9 males
in filtered seawater. Then, the fertilized eggs were filtered through 20 μm Mueller gauze. Fertilization
was defined as the release of the first polar body. The eggs were maintained in three 20 L tanks at
23°C. Each development stage was classified as being reached when more than 80% of the embryos
reached that step. The embryos were observed under a microscope (OLYMPUS, BX41). C. gigas
larvae were sampled at the unfertilized egg, fertilized egg, blastula, gastrula, trochophore, and Dshaped larva stages. IGF-I and the IGF-I receptor at each development stage of C. gigas were
analyzed using immunoblots and reverse transcription-polymerase chain reaction. The IGF-I signaling
system was investigated. The expression of IGF-I was high in the blastula, and IGF-I receptors
decreased as development progressed. A similar tendency was seen at the mRNA level. The degree
of tyrosine-phosphorylation was also similar to the expression of IGF-I. Based on these results, we
confirmed that IGF-I is expressed during the embryonic development of C. gigas and is associated
with the IGF-IR signaling pathway.

- 321 -

PA-35

In vivo toxicity assessment of novel antimicrobial peptide derived from
lipopolysaccharide- and ß-1, 3-glucan-binding protein (LGBP) of the
pacific abalone Haliotis discus hannai
Eun-Ha Shin, Eun Hee Park, Eun Soo Noh, Young-Ok Kim, Dong-Gyun Kim, Jung Youn Park
and Bo-Hye Nam
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Antimicrobial peptides (AMPs) constitute important components of the innate immunity, protecting
the host against infections. A synthetic antimicrobial peptide was identified as a possible candidate for
the development of a new antibacterial drug. We previously developed novel AMPs derived from a
lipopolysaccharide- and ß-1, 3-glucan-binding protein (LGBP) of the pacific abalone Haliotis discus
hannai (HDH) particularly showing antimicrobial against bacteria and fungi and antitumor activities
against several cancer cells.
To evaluate in-vivo toxicity of AMPs is an essential step to ensure it safe use in drugs and foods. In
the present study, we have investigated to evaluate in-vivo toxicity of HDH-LGBP in mouse when
orally administered to both sexes of ICR mice (10 males and 10 females in each group) at dose of 50,
100 and 200 mg/kg/day for 14 days. Individual food/ water consumption and body weight changes
were measured daily. The group treated with HDH-LGBP didn’t show any histological change in the
kidney and liver. Statistically significant decreases of food consumption, serum creatinine and platelet
were found in 200mg HDH-LGBP-treated groups when compared to their respective controls. It was
considered to be caused by stress and peptide gelation. Male and female mice did not show effects
body weight, food consumption, organ weights, hematology, serum chemistry, urinalysis or
microscopic pathology. Therefore, the no-observed-adverse-effect level (NOAEL) for HDH-LGBP was
concluded to be a 200 mg/kg/day. These results corroborate the potential of this novel AMP (HDHLGBP) as an alternative food preservative or multifunctional drug.
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Analysis of genetic diversity according to inbreeding coefficient
in olive flounder (Paralichthys olivaceus)G
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Inland Aquaculture Research Center, National Institute of Fisheries Science; Jinhae. Korea

When exporting the improved seeds that are not treated with recessiveness, they can be cultivated
for the purpose of reproduction in the country of import. Therefore, in order to prevent the outflow of
reproduction and breeding techniques in advance, it is necessary to develop a breed which expresses
a recessive trait in next generation. In this study, we intend to develop recessive expression
technology in next generation through inbreeding for export. For this study, reproduction by inbreeding
coefficient to analyze the genetic diversity of the improved olive flounder, an artificial inbreeding was
performed such that the inbreeding coefficient was 0 (Control), 0.250, 0.375. After hatching, fin
samples of flounder were collected and analyzed for genetic diversity using nine microsatellite
markers. As a result, the average number of allele (NA) in each group was 4.6 in the control group, 4.1
in the 0.25 group, and 2.7 in the 0.375 group, and the 0.375 group showed half the number of allele
compared to the control group allele. The expected heterozygosity (HE) rate was 0.691 in the control
group, 0.636 in the 0.25 group and 0.506 in the 0.375 group. Overall, Control has the highest diversity,
and diversity decreases as the inbreeding coefficient increases. When the diversity values of the 0.25
group and the control group were compared, there was a comparatively slight difference between the
two groups. The 0.375 group showed a large difference about two times when compared with the
control group, and the 0.375 group showed a sharp decrease in genetic diversity. Genetic diversity
decreased sharply at the inbreeding coefficient of 0.375. It is considered that the next generation a
recessive trait should be reflected in the seed development research through inbreeding and
appropriate selection.
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Study on environmental resistance of olive flounder (Paralichthys olivaceus) by
inbreeding coefficientG
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Study on environmental resistance of olive flounder (Paralichthys olivaceus) by inbreeding
coefficient. Studies on the breeding of fish have high value as national industry. A breeding improved
study can reduce production costs and reduce the rearing period. Recently, we have developed fastgrowing flounder with high immunity, and are planning to export it. When exporting the improved
seeds that are not treated with recessiveness, they can be cultivated for the purpose of reproduction
in the country of import. Therefore, in order to prevent the outflow of reproduction and breeding
techniques in advance, it is necessary to develop a breed which expresses a recessive trait in next
generation. For this study, an artificial inbreeding was carried out so that the inbreeding coefficient
was 0 (Control), 0.250, 0.375. The temperature tolerance of flounder was evaluated according to the
inbreeding coefficient. To induce the rapid temperature difference, the flounder kept at 16  was
directly transferred to the sea water at 20 , 25  and 30 , and the number of dead flounder was
checked. As a result of the experiment, the cumulative mortality rate of 0.250 and 0.375 was 100%
and the cumulative mortality rate was 91.7% at 30 . The highest mortality rate was 98.3% in the
0.375 group at 25 , 96.7% in the 0.250 group and 83.3% in the control group. The highest mortality
rate was 90% in the 0.375 group at 20 , 81.7% in the 0.250 group and 70% in the control group.
The high inbreeding coefficient led to high the cumulative mortality rate. It is considered that the
environmental tolerance according to temperature shows inbreeding degeneration phenomenon.

- 324 -

PA-38
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This study was performed to determine effect of dietary inclusion of yacon, ginger and blueberry on
the growth, body composition, serum chemistry, and challenge test of juvenile olive flounder
(Paralichthys olivaceus) against Streptococcus iniae compared to a commercial probiotic
(Lactobacillus fermentum). Six hundred fish were randomly distributed into 15 of 50-L flow-through
tanks (40 fish per tank). Five experimental diets were prepared: the control diet (Con) without additive,
1% inclusion of yacon, ginger and blueberry into the Con diet at the expense of wheat flour, referred
to as the YC, GG and BB diets, and 0.5% commercial probiotic, referred to as the CPB diet. Each diet
was randomly assigned to triplicate tanks of fish and fish were hand-fed to satiation twice a day for 7
days a week during 8 weeks. A the end of 8-week feeding trials, 20 fish from each tank were artificially
infected with Streptococcus iniae and monitored for 8 days after infection. The dietary additives did
not affect survival, weight gain, specific growth rate, feed utilization (feed efficiency, protein efficiency
ratio and protein retention), serum chemistry and body composition of fish. The cumulative mortality
rate of YC, GG, BB and CPB was significantly lower than that of fish fed the Con diet. In conclusion,
the addition of yacon, ginger and blueberry was the effective immunostimulants to lower mortality of
olive flounder in occurrence of S. iniae rather than growth enhancer.
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Dietary substitution effect of Undaria pinnatifida with the carrot leaf by-product (CLB) on growth and
carcass composition of juvenile abalone (Haliotis discus) was determined. One thousand eighty
juvenile abalone were randomly distributed into 18, 100 L net cage (sixty abalone per net). Abalone
were fed with one of the experimental diets once a day at satiation level for 16 weeks. Five formulated
diets were prepared in triplicate. The 25% fish meal, 4% soybean meal and 5% casein were included
into the CLB0 diet as the primary protein source. Twenty percent U. pinnatifida was included into the
CLB0 diet. The 25, 50, 75 and 100% U. pinnatifida were substituted with CLB, referred to as the
CLB25, CLB50, CLB75 and CLB100 diets, respectively. Finally, dry Undaria was prepared to compare
the effect of the formulated diets on growth performance of abalone. Survival, weight gain and specific
growth rate (SGR) of abalone fed all formulated diets were higher than those of abalone fed the
Undaria. However, weight gain and SGR of abalone fed the CLB25, CLB50, CLB75 and CLB100 diets
were not significantly different from those of abalone fed the CLB0 diet. The proximate composition of
the soft body of abalone was not significantly affected by the experimental diets. In conclusion, U.
pinnatifida could be completely (100%) substituted with CLB in abalone feed without retardation in
growth performance of abalone when 20% U. pinnatifida was included into ab aloen feed..
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Dietary inclusion effect of various sources of additives on growth, body composition and
challenge test of juvenile rockfish (Sebastes schlegeli) was determined. One thousand six hundred
and eighty fish juvenile were randomly distributed into 24, 200 L flow-through tanks (seventy fish
per tank). Eight experimental diets were prepared; the control diet (Con) with no additive, ginger
(GG), cheongkukjang (CJ), blueberry (BB), persimmon (PM), tomato (TT), broccoli (BC) and yacon
(YC). One percent of each additive was included in each experimental diet at the expense of
wheat flour, except for the Con diet. Fish were fed with one of the experimental diets at satiation
level twice a day for 7 days a week during 7 weeks. At the end of the 7-week feeding trial, fish was
used for the Streptococcus parauberis challenge test and water was not exchanged throughout
the challenge test. Weight gain and specific growth rate (SGR) of fish fed the YC diet was
significantly greater than those of fish fed all other diets, followed by the GG, BB and Con diets.
Feed conversion ratio (FCR) and protein efficiency ratio (PER) of fish fed the TT and YC diets
were greater those of fish fed the all other diets. FCR and PER of fish fed the Con and GG diets
were greater than those of fish fed the CJ, BB, PM and BC diets. Cumulative mortality of rockfish
fed the Con diet was higher than that of fish fed all other diets at 36 h after S. parauberis infection
for 10 day post observation. All dietary additives were effective to lower mortality of rockfish at
occurrence of S. parauberis. The lowest cumulative mortality was observed in fish fed the GG diet
at 10 day post obsevation. In conclusion, YC was effective (growth promoter) to improve weight
gain and SGR of rockfish. In addition, YC and TT was the most effective to obtain improved FCR
and PER of fish. However, dietary inclusion of GG, BB and YC were effective (immunostimulants)
to lower mortality of rockfish at occurrence of S. parauberis.
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Substitution effect of the combined fouling macroalgae, Ulva australis and Sargassum horneri for
Undaria pinnatifida in a formulated diet on growth, body composition and air exposure stress of
abalone (Haliotis discus) was investigated. A total of 1260 juvenile abalone were randomly
distributed into 21 cages (60 abalone per cage). Six formulated diets were prepared. The control
(CUS0) diet contained 20% U. pinnatifida. Twenty, 40, 60, 80 and 100% of U. pinnatifida were
substituted with the equal amount of the combined S. horneri and U. australis at a ratio of 1:1,
referred to as the CUS20, CUS40, CUS60, CUS80 and CUS100 diets, respectively. Finally, dry
Undaria was prepared to determine the growth performance of abalone fed the formulated diet.
Abalone were fed once a day for 16 weeks and then subjected to air exposure stress for 24 h. The
cumulative mortality was monitored for 4 days after 24 h air exposure. Abalone fed all formulated
diets attained higher survival, weight gain and specific growth rate (SGR) than the Undaria.
Abalone fed the CUS100 diet produced the greatest weight gain and SGR, followed by the CUS80
diet. Greater shell length, height, width, soft body weight and the ratio of soft body weight to total
weight of abalone fed all formulated diets than the Undaria.was observed. None of the proximate
composition, except for moisture content of the soft body of abalone was affected by the
experimental diets. The cumulative mortality of abalone fed the Undaria was signficantly higher
than all other formulated diets, except for CUS0 diet at 84 h until the end of the 4 day post
observation after 24 h air exposure. However, no significant difference in cumulative mortality of
abalone was observed among the formulated diets during 4 day post observation after 24 h air
exposure. This results clearly indicate that U. pinnatifida can be completely (100%) substituted
with the combination of U. australis and S. horneri in a formulated diet. The greatest growth
performance of abalone was obtained in abalone fed the CUS100 diet substituting 100% U.
pinnatifida with the combined U. australis and S. horneri.
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In order to investigate the possibility of mass seed production of Korean rockfish (Sebastes
schlegelii) in Ulleungdo, seed production was carried out from March 31, 2018 to June 10, 2018 at
hatchery located in Hyeonpo, Ulleungdo. The broodstock of Korean rockfish used in the seed
production were 20 individuals of 3 years old, about 2 kg. The seed production continued for 24 hours
in a 10-ton rearing tank and stocked at a density of 15,000 individuals /m3. The rotifer cultivated in the
20-ton tank was supplied with concentrated chlorella, and it was supplied to fingerling of S. schlegelii
with density of 6.8 (1-4 days after parturition), 17.0 (5-7 days), 27.2 (8-10 days), 13.6 (10-13 days)
and 6.8 individuals per mL (14-17 days), respectively. The artemia hatched in the 500-L tank, and it
was supplied to fingerling of S. schlegelii with 60 g (dry egg weight basis, 10-13 days after parturition),
120 g (14-17 days), 150 g (18-29 days) and 200-425 g (30-34 days), and 510 g per day (35-43 days),
respectively. Commercial feed (Aller Futura Larvae EX 0 GR + Love Larvae No. 1) were supplied from
the 18th day after parturition with 240 g (24-29 days after parturition), 150 g (30- 34 days), 200-425 g
(30-34 days) and 510 g per day (35-43 days), respectively. During the seed production period, debris
was removed with a siphon up to 5 days and then flow rate increased to 5-6 times per day at 70 days.
During the seed production period, water temperature, dissolved oxygen and pH were 16.3-19.3
(average 17.9 ), 7.98-10.37 mg/L (8.08 mg / L) and 7.62-8.08 (8.03), respectively. The total length
of S. schlegelii grew from 5.3 ± 0.32 mm on the 1st day to 45.6 ± 5.30 mm on the 71st day, and total
fingerlings were produced about 200,000 individuals. As a result, the seed production of Korean
rockfish was stable in Ulleungdo, and it is considered possible to produce food fish through the sea
cage culture. This research was supported in part by the “Development of fish aquaculture technology
using the net cage at coastal area of Ulleung Island Project (20150367, KIOST Project No. PM60410)”
funded by the Ministry of Oceans and Fisheries and by the “Changes in oceanographic condition and
its impacts and adaptation near Ulleungdo and Dokdo (PE99629).
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Although Carnobacterium maltaromaticum has been used as probiotics in fish, recent studies
showed that this species can cause disease in fish. Disease caused by this species has occurred in
when spring of 2018 in a rainbow trout farm located in Gangwon province, Korea. In this study, wholegenome sequencing of isolated strain 18ISCm was performed for genome-wide comparison with 4
genome sequences (1 from diseased fish and 3 from other sources) free available. Although all
strains shared 91.9 – 95.5% of Ko_id within KEGG annotated genes, four genes (wecC, panE, xtmA
and putative DNA primase/helicase) were found only in 18ISCm and ATCC35586, originated from
diseased fish. On the other hand, thirteen genes (eight genes were related to V type ATPase, LYS5,
dam, ImrP, putative membrane protein and uncharacterized protein) exist only in dairy-product derived
strains (LMA28 and DSM20342). Interestingly, all relevant genes for producing D-mannosaminuronic
acid, related to bacterial virulence, are only in strain 18ISCm and ATCC35586. Like studies on Dmannosaminuronic acid pathway in virulent strains of Staphylococcus aureus, Pseudomonas
aeruginosa, and Vibrio parahaemolyticus, only these potentially virulent strains C. maltaromaticum
can complete that pathway, indicating its crucial role in their pathogenicity. However, only diary
product derived strains harbored the V-type ATPase gene cluster, indicating that C. maltaromaticum
with this gene cluster might be advantageous in fermenting food as they can resist against acidic
environment. This study clearly shows that a virulent strain of C. maltaromaticum caused disease in
rainbow trout in this study, and will contribute to diagnostics and treatment of this disease in the future.
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Pacific bluefin tuna (Thunnus orientalis) is the largest species in the genus Thunnus. This
remarkably fast-growing species is 3 m long and can weigh up to 500 kg. It is an economically
important species owing to its commercial popularity around the world as one of the most highly
consumed fish species. Complete farming of pacific bluefin tuna succeeded in 2002. However, it is
difficult to secure the fertilized eggs of this large fish, and thus, artificial breeding of this species is
challenging. As such, research on the pacific bluefin tuna is conducted by only a few countries, and
thus it is very hard to obtain basic data on the species’ metabolism. Unfortunately, catches of this
species continue to decrease every year, and efforts are being made across the world to develop
comprehensive farming techniques involving breeding management, spawning control, and fry
production. This study compared and analyzed the expression of growth hormone (GH), insulin-like
growth factor-1 (IGF-1), immunity-related hormone interleukin-1 (IL-1), and interferon-gamma (IFN-Ȗ)
in pacific bluefin tuna every 2 hours over a 24-hour period.
The circadian expression of growth genes in pacific bluefin tuna fry was monitored. The diet is
switched from initial feed to normal fish feed around 45-50 days; thus, the experiment was conducted
using fry of this age. The circadian expression of the growth genes in pacific bluefin tuna gradually
increased from around 6 PM. The expression reached the maximum level at 10 PM, and the peak
continued until 3 AM the following day. This pattern is similar to that of hormone secretion in general
vertebrates, or the changing pattern of growth hormones in aquatic animals. Similar results were
observed in the results of the hourly ELISA analysis of the amount of secreted GH. Changes in the
immunity-related bioactive substances in pacific bluefin tuna fry were monitored. The expression of IL1 maintained a similar level, but the level of INF-Ȗ increased during sunrise and sunset, remaining low
at other times. This is thought to be closely associated with the underwater swimming behavior of
pacific bluefin tuna.
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Influences of the DA antagonist on sGnRH-stimulated GTH release of Testosterone
Treated Immature Rainbow Trout, Oncorhynchus mykiss
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In many teleost species, gonadotrophs are directly innervated by both peptidergic and aminergic
hypothalamic neurons, enabling two hypothalamic factors to directly affect pituitary hormone release.
Luteinizing hormone (LH) release is regulated by hypothalamic factors and may be either stimulated
by gonadotropin releasing hormone (GnRH) or inhibited by dopamine (DA). Notably, the mechanisms
whereby gonadal steroids interact with the catecholaminergic system to regulate LH release remain
unclear in immature stage. In this study, we examined the release patterns of FSH and LH affected by
GnRH and DA in sexually immature testosterone (T)-treated rainbow trout.
The effects of domperidone (DOM; a specific DA D2 antagonist) on the release of GTHs from
dispersed pituitary cells of control and T-treated trout. The release of FSH in control or T-treated
immature trout, and of LH in control trout, was not influenced by DOM alone. However, DOM
increased LH release from dispersed pituitary cells of T-treated immature trout in a dose-dependent
manner. However, the addition of 10-8M to 10-7M sGnRH and DOM (10-5M) significantly increased the
release of LH from dispersed pituitary cells of T-treated immature trout in comparison to treatment
with sGnRH (10-8M) or DOM (10-5M) alone. The addition of DOM, or of sGnRH and DOM together,
had no effect on the release of FSH. The effects of APO on the DOM-stimulated release of GTHs
from dispersed pituitary cells of T-treated trout. While FSH release was unaffected, LH release to
DOM was partially depressed by APO. The comparative studies of the effects of D1 antagonist
SKF83566 and D2 antagonist DOM on the basal and sGnRH-induced GTHs release from dispersed
pituitary cells of T-treated immature trout. LH release in the groups exposed to the D1 antagonist
SKF83566 (10-5M) alone, and to a combination with sGnRH (10-8M) and D1 antagonist SKF83566
(10-5M), were not different from control and sGnRH–stimulated groups. DOM (10-5M) alone, however,
increased LH release, and acombination with sGnRH (10-8M) and DOM (10-5M) was found to increase
it even further. Incontrast, FSH release was not influenced by the same treatments.
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Hae Seung Jeong1*, Ki Wook Lee1 and Sung Hwoan Cho2
1

Deparment of Convergence Study on the Ocean Science and Technology, Korea Maritime and Ocean University,
Busan 49112, Korea
2

Division of Marine Biosiceince, Korea Maritime and Ocean University, Busan 49112, Korea

Substitution effect of Undaria pinnatifida with citrus peel by-product (CPB) on growth
performance and proximate composition of juvenile abalone (Halioltis.discus) was determined.
One thousand eighty juvenile abalone were randomly distributed into 18 100-L net cages (sixty
abalone per cage). Five formulated diets were prepared in triplicate. The 20% U. pinnatifida was
included into the CPB0 diet. The 25%, 50%, 75% and 100% Undaria powder were substituted with
the CPB, referred to as the CPB25, CPB50, CPB75 and CPB100 diets, respectively. Finally, dry
Undaria was prepared to compare the formulated diets on growth performance of abalone.
Abalone were fed to satiation once a day with little leftover for 16 weeks. Survival of abalone fed
all formulated diets was higher than that of abalone fed the Undaria. Weight gain and specific
growth rate (SGR) of abalone fed the CPB25, CPB75 and CPB100 diets were not significantly
different from those of abalone fed the CPB0 diet. Weight gain and SGR of abalone fed the
CPB50 were greater than those of abalone fed all other diets. Weight gain and SGR of abalone
fed all formulated diets were greater than those of fed the Undaria. Shell length, width and height
and soft body weight of the abalone tended to agree with growth rate of abalone. Proximate of soft
body of abalone was not affected by the experimental diets. In conclusion, U. pinnatifida could be
completely (100%) substituted with CPB without retardation in growth of abalone. The greatest
weight gain and SGR was obtained in abalone fed the CPB50 diet substituting 50% U. pinnatifida
with CPB.
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Substitution effect of fish meal and macroalgae with tunic meal of sea squirt
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Substitution effect of fish meal (FM) and macroalgae (MA) with tunic meal of sea squirt
(Halocynthia roretzi) in extruded pellet (EP) on growth performance and chemical composition of
the soft body of juvenile abalone was determined. One thousand two hundreds sixty juvenile
abalone were randomly distributed into 18, 70-L plastic containers in three of 10-ton raceway
(seventy abalone per container and six container per raceway). Five diets were pelletized by an
extruder pelleter (Ewha Oil and Fat Industry, Busan, Korea) like commercial EP. Six experimental
diets were prepared in triplicate. Fourteen percent FM and 25% a mixture of MA (Undaria
pinnatifida: Saccharina japonica: Hizikia fusiforme) at the ratio of 2:2:1) were included into the
control (Con) diet. The 50% and 100% of FM and a mixture of MA were substituted with tunic of
SS, referred to as the FM50, FM100, MA50 and MA100, respectively. Finally, dry Undaria
pinnatifida was prepared to compare the EPs on growth performance of abalone. The
experimental diets were fed to abalone once a day at a satiation level with a little leftover for 16
weeks. Weight gain of abalone fed the MA50 and FM50 diets was greater than that of abalone
fed the Con and FM100 diets and Undaria pinnatifida, but not significantly different from that of
abalone fed the MA100 diet. Weight gain and specific growth rate (SGR) of abalone fed all EPs
were greater than those of fed the Undaria pinnatifida. Crude protein and crude lipid contents of
the soft body of abalone fed all EPs were higher than those of abalone fed the Undaria pinnatifida.
In conclusion, FM and MA up to 50% and 100%, respectively, could be replaced with tunic of SS
without retardation in growth performance of abalone when 14% FM and 25% a mixture of MA
included in EP.
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G
Although several previous studies have conducted to identify distribution of indicator bacteria (e.g.,
Escherichia coli, Fecal streptococci) to assess water quality, there is little information on their
antibiotic susceptibility. Seawater samples were collected from off the coast of Seosan, Wando,
Yeosu, Tongyeong, and Namhae, where fish farms were densely populated, in April, June, and
August 2018. Antibiotic susceptibility testing was performed based on CLSI guideline M100-S25 and
using 16 antibiotic agents. They include Ampicillin (AMP), piperacillin (PRL), ticarcillin (TIC),
amoxycillin/clavulanic Acid (AMC), cephalothin (KF), cefuroxime (CXM), cefoperazone (CFP),
ciprofloxacin (CIP), nalidixic acid (NA), gentamycin (CN), streptomycin (S), tobramycin (NN),
tetracycline (TE), oxytetracycline (OT), chloramphenicol (C), trimethoprim/sulfamethoxazole (SXT).
Escherichia coli was most and least abundant seawater samples taken from Wando, Seosan and
Yeosu, respectively. And abundance of Fecal streptococci was showed the same result as the result
of Escherichia coli. Approximately 56% of Escherichia coli (n=63) was resistant against AMP, followed
by KF, TIC, and S, respectively, 51%, 40%, and 37%. The result shows that indicator bacteria
obtained in this study tend to be resistant against antibiotics that are commonly used for humans and
livestock animals, not for aquatic animals.
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Bacillus sp. SJ-10 (BSJ-10) was identified from traditional Korean fermented fish, the previously
recognized prebiotic ȕ-glucooligosaccharides (BGO), and their combination as a synbiotic were
prepared to evaluate their individual and synergistic effects in olive flounder (Paralichthys olivaceus).
Four diets (one control and three treatments) were formulated containing neither BSJ-10 nor BGO
(control), 1 × 108 CFUÂg1 BSJ-10 (BSJ-10), 0.1% BGO (BGO), and 1 × 108 CFUÂg1 BSJ-10 + 0.1%
BGO (BSJ-10+BGO). Triplicates of 15 fish (weight 10 ± 0.25 g) were randomly allocated to the four
diet groups and fed one of the diets for 8 weeks. Weight gain (WG) and feed efficiency ratio (FER) in
control, BSJ-10, BGO, and BSJ-10+BGO diets were 245a, 304b, 292b, and 328c, respectively, and 82a,
98c, 90.5b, and 103.5c, respectively. Specific growth rate (SGR) and protein efficiency ratio showed a
similar statistical pattern as WG and FER, respectively. Respiratory burst, superoxide dismutase, and
lysozyme activity (LSZ) of fish fed with BSJ-10 and BSJ-10+BGO (both groups) were significantly
higher than control. LSZ and myeloperoxidase activity (MPO) of fish-fed BSJ-10+BGO diet were
significantly (P < 0.05) higher compared with BSJ-10 and BGO (individual component). Compared
with control, intestinal BSJ-10 content, expression of interleukin (IL)-1ȕ in liver and kidney, and tumor
necrosis factor (TNF)-Į in liver were higher in both groups, but microvillus length was increased (P <
0.05) only in BSJ-10+BGO. For fish challenged with Streptococcus iniae (1 × 108 CFUÂml1), percent
survival was significantly higher in all treatment groups versus control. Moreover, in BSJ-10+BGO,
protection against S. iniae infection and transcription of TNF-Į and IL-6 in gill were significantly (P <
0.05) higher than for the component effects individually. The results for WG and SGR, MPO and LSZ,
transcription of IL-6 and TNF-Į, and cumulative survival rate against streptococcosis clearly indicate a
synergistic effect of BSJ-10 plus BGO as a synbiotic in olive flounder.
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To identify and quantify the effects of a combination of dietary 1×108 CFU/g Lactococcus lactis
subsp. lactis I2 (LI2) and 0.1% ȕ-glucooligosaccharides (BGO) on the growth and immunity of olive
flounder (Paralichthys olivaceus), a feeding experiment was conducted. Flounder (14 ± 0.5 g) were
divided into two groups and fed control and synbiotic feeds for 8 weeks. Investigations were carried
on growth and feed utilization, innate immunity, serum biochemical parameters, intestinal lactic acid
bacterial (LAB) viability, microvillus length, and changes in the expression levels of genes encoding
pro-inflammatory cytokines (tumor necrosis factor [TNF]-Į, interleukin [IL]-1ȕ, and IL-6). Results
demonstrated the synbiotic diet had significantly better (P < 0.05) responses in terms of weight gain
and specific growth rate, three innate immune parameters (respiratory burst, serum lysozyme, and
superoxide dismutase), intestinal LAB viability, and the relative TNF-Į expression level (P < 0.05).
Moreover, after challenge with Streptococcus iniae (1×108 CFU/ml), the synbiotically fed group
exhibited significantly higher (P < 0.05) protection against streptococcosis, validating the observed
changes in immune parameters and induction of the cytokine-encoding gene. Therefore, according to
the results of the present study, synbiotic feed (LI2 + BGO) increased growth, modulated innate
immune parameters and protected olive flounder against streptococcosis.
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Olive Flounder is the most important farming species in the Korea and the annual production
reached about 40,000 metric tones, which is the highest volume in Korea. Although the main
component of most fish feeds including Olive flounder is fishmeal, the production of fishmeal has
decreased in recent years due to changes in the natural environment, strengthening of resource
management, and conversion of fishmeal to food. However, as demand continues to increase,
fishmeal prices continue to increase. In order to increase the market competitiveness of Olive flounder,
which accounts for most of the production of Korean fish aquaculture, the use rate of fish meal should
be lowered, and research and development of feeds with low fish meal content are needed.
In this study, carried out to develop genetic markers for flounder that is specialized in low fish meal
feed. First, we selected genes related to growth and protein absorption by referring to the preceding
study paper on Olive flounder and KEGG pathway database. The markers were finally selected by
checking the NCBI database and olive flounder's NGS (Next-Generation Sequencing) results. To
perform PCR screening on the designed SSR marker and clearly amplified markers were selected.
Finally 16 markers were selected and the multiplex PCR set was developed.
In the previous study, the upper 50 (25 females, 25 males), lower 50 (25 females and 25 males)
were selected through of weight, length, deformity and disease presence. The upper and lower group
populations performed a genetic analysis using 16 markers. And then the allele frequency of each
marker was analyzed using Cervus 3.0 software, and dominant genotype was tested for statistical
significance using Z-score to verify reliability. The markers that can select the upper group are
PaOl_G18 (allele 343), Z-score = 2.113 for male, Z-score = 1.323 for female and markers of the lower
group were PaOl_G03 (allele 264) Z-score = -1.054 for male, Z-score = -2.626 for female, and more
than 90% reliability.
In conclusion, we have confirmed the specific genotype about adaptability and growth of the feed.
And using the results of this study, we will be used as an important data for selective breeding and the
development of dominant markers.
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This study shows the use of vitellogenin (VTG) to identify sex and/or sexual maturity of female
Gadus chalcogrammus in aquaculture. The walleye pollocks in aquaculture were obtained from East
Fisheries Research Institute and used for experiments. VTG is a precursor of egg yolk protein, which
is synthesized in the liver and activated by estrogen. Male fish have the associated genes for its
synthesis, but they are not induced. Thus, these genes can be used as an indicator to distinguish
between female and male or to indicate female maturity. The full-length VTG gene of walleye pollock
was cloned using RACE (Rapid amplification of cDNA ends)-PCR from liver tissue and recombinant
VTG protein (wpVTG) was expressed in E. coli. The protein purification was performed using Ni2+
affinity chromatography. The wpVTG protein was used to construct polyclonal antibodies to
specifically detect VTG in blood; the antibodies were verified using western blotting. The standard
curve was created from serial dilution of wpVTG protein. The VTG in blood plasma was determined by
ELISA. During maturation period, walleye pollock successfully detected females using VTG in the
blood. The results indicate that VTG can be used as an indicator of sex and/or maturation of females.
In the future, VTG may be used to control sex or overall population in hatcheries.
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The purpose of this study is to compare the growth performance (weight gain and length gain) and
health condition of Amur Catfish (Silurus Asotus) issued on the alternative satiation feeding program
under controlled semi-recirculating system. The system is consist of 12 glass tanks (28L), one main
tank (maximum 3000L), and one biological filteration tank (maximum 1000L) with a constant water
flow of 2L per minute in each glass tank. The 12 glass tanks consisted of control (daily fed), one day,
two days and three days alternate feeding as tri-repeat. A commercial sinking catfish diet, pellet size 4
mm, was used for the first two weeks, and the rest of the period was supplied with size 6 mm floating
pellets, . 250 fingerlings of length 6-7 cm and size 2-3 grams were stocked. Each glass tank was
stocked with 20 fingerlings and supplemental air pump was supplied, and the water temperature was
maintained at 25.0±0.1 . Fingerlings were fed on 50.0% CP commercial diet for one week. They
were then weighted and measured to record their initial weight (g) and length (cm) respectively. Water
quality measurements (pH, DO, temperature) were daily monitored and recorded while TAN was
weekly. At the end of the experiment, fish were starved for 24 hours to avoid inclusion of undigested
food in weight measurement and minimization of stress. Total number of fish were counted in each
tank, weight measurement was taken to calculate the weight gained, specific growth rate (SGR),
Length weight relationship, survival percentage, Feed conversion ratio (FCR), Feed intake and the
enterprise budget respectively. As a result of this experiment, the control's weight and length was
171.7 g and 28.7 cm, 1 day feeding was 141.7 g and 26.9 cm, 2 day feeding was 105.7 g and 24.7
cm, and the 3 day feeding was 87.6 g and 23.1 cm. And the condition factor was 0.72, 0.73, 0.71,
0.71, and the feed efficiency was 69%, 60%, 63%, 51%, respectively.
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Six experiments were reviewed for the potential use of probiotics, prebiotics and synbiotics in
commercially important fish of Korea aquaculture. Results of the first experiment indicated that single
(Bacillus subtilis or Bacillus licheniformis; 2 × 109 CFU/kg) and mixed (B. subtilis + B. licheniformis; 2
× 109 CFU/kg) probiotics could replace antibiotics (Oxytetracycline, OTC) based on growth
performance, non-specific immune responses and disease resistance against Aeromas salmonicida
in rainbow trout (Oncorhynchus mykiss). In the second experiment, results showed the same
beneficial effects of single (B. subtilis, 2 × 109 CFU/kg) and mixed (B. subtilis + B. licheniformis, 2 ×
109 CFU/kg) probiotics could replace OTC based on growth performance, non-specific immune
responses and disease resistance against Edwardsiella tarda in starry flounder (Platichthys stellatus).
Results of the third experiment indicated that based on growth performance, immunological
parameters, gut morphology and disease resistance, B. subtilis at 107 or 108 CFU/g could be more
effective probiotic than Lactobacillus plantarum in Japanese eel (Anguilla japonica). In the fourth
experiment one of synbiotics containing B. subtilis + Mannan oligosaccharide (0.5×107 CFU/g + MOS,
5 g/kg) could replace OTC based on growth performance, immunological status, gut morphology and
disease resistance. In the fifth experiment among other synbiotics B. subtilis (108 CFU/g) with either
MOS or Fructooligosaccharide (FOS, 5 g/kg diet) could have beneficial effects on growth performance,
immunological parameters and disease resistance in Japanese eel. The sixth experiment indicated
Bacillus sp. SJ-10 (1ௗ×ௗ108ௗCFU/g) and ȕ-glucooligosaccharides can improve growth performance,
immune responses, gene expression and disease resistance against Streptococcus iniae in olive
flounder (Paralichthys olivaceus). Therefore, application of selective strains of probiotics and
synbiotics for specific fish seems to be practical in order to replace antibiotics use in Korean
aquaculture.

- 341 -

PA-55

Effect of dietary cadmium levels on tissue accumulation in olive flounder,
Paralichthys olivaceus
Ji Won Jang Â Yi-Kyung Kim Â Sang-Woo Hur Â Bong-Joo Lee Â Kang-Woong Kim Â Sang-Gu LIM Â
Kyoung-Duck Kim1*
Aquafeed Research Center, National Institute of Fisheries Science (NIFS)
1

Aquaculture Management Division, National Institute of Fisheries Science (NIFS)

This study was conducted to investigate the effects of dietary inorganic cadmium levels (CdCl2) on
the tissue accumulation of olive flounder, Paralichthys olivaceus. A fish meal based diet without
cadmium supplementation was used as a control. Five experimental diets were prepared by
supplementation with five levels of CdCl2, respectively (Cd 2, 5, 10, 50 and 100 mg/kg diet).
The feeding trial was lasted for 10 weeks. Feed efficiency of fish in all cadmium treatments was lower
than control. Exposure to elevated concentrations of dietary cadmium had no effect on growth in olive
flounder. At 1, 2, 4, 7 and 10 weeks after feeding, fish were sampled to analyze cadmium in various
tissues. The cadmium content in muscle, kidney and liver and experimental diets were determined by
ICP-AES.
As a result, the highest cadmium accumulations of the fish fed experimental diets were presented in
the liver tissue followed by kidney, and muscle. Especially, cadmium content in liver and kidney of
Cd50 and Cd100 were significantly higher than the content of Cd2, Cd5, Cd10 and control. The
cadmium in liver and kidney were accumulated in a dose dependent as dietary cadmium level
increase. However, the cadmium content in the muscle of the fish fed diets containing 2 to 100 mg/kg
cadmium was below 0.1 mg/kg, indicating that oral administration may not cause cadmium
accumulation in muscle of olive flounder.
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We conducted embankment culture study with proper sediment composition for hard clam,
Meretrix petechialis. For this purpose, we constructed an embankment pond and hard clams
were cultured for 16 weeks with the sediment compositions of sand:mud = 70:30, 50:50 and
30:70. During culture period, water samples and sediment samples were collected and
physiochemical parameters (chemical oxygen demand, nutrients, suspended particulate matter,
acid volatile sulfide and ignition loss, etc.) were analyzed monthly. Survival rates and growth were
also measured monthly. After 4 month of culture, viability, phagocytosis, reactive oxygen species
(ROS)-release and apoptosis were analyzed by flow cytometry from the hemocyte of hard clam.
Physiochemical parameters of water and sediment quality were under reference value. After 4
month of culture, survival rates were decreased as the ratio of mud decreased. However, the
lowest value was at the sand:mud = 50:50 and it might be due to the blooming of green laver.
Growth in shell length and total weight was the highest at the sediment compositions of sand:mud
= 70:30 by ANCOVA test. Phagocytosis and ROS-release were significantly high at the sediment
composition sand:mud = 70:30 and these values were decreased as the ratio of mud increased.
Apoptosis was increased as the ratio of mud increased. These results suggest that 70% of sand
composition would be a proper condition for hard clam culture.
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We seasonally examined seaweeds flora and community structures in intertidal zones Geomundo
Island, Korea, May and August 2017. A total of 55 marine algal species were identified, including 3
green, 16 brown, and 17 red algae in spring, and 4 green, 8 brown, and 20 red algae in Summer. Ulva
pertusa, Sargassum coreanum, S. fusiforme, S. thunbergii, Ahnfeltiopsis flabelliformis, Alatocladia modesta, Amphiroa
beauvoisii, A. ephedraea, Chondracanthus tenellus, Corallina pilulifera, Gloiopeltis tenax, Grateloupia filicina andLaurensia
okamurae occurred simultaneously in two seasons. The standing crop by the taxa of marine algae was
12.90 g dry wt/m2(2.5%) in green algae, 391.11 g dry wt/m2(76.6%) in brown algae and 106.29 g dry wt/m2(20.8%) in red
algae. Species diversity ranged from 0.341~1.375 (mean 0.859) in Spring and 0.335~1.365 (mean 0.688) in Summer.
Evenness ranged from 0.310~0.553 (mean 0.404) in Spring and 0.161~0.569 (mean 0.306) in Summer. Domestic species
were A. beauvoisii, S. thunbergii and S. fusiforme in Spring and Summer. G
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We assess the vulnerability to climate change of Korean aquaculture based on predicted changes
in seawater temperature and salinity in adjacent sea areas of the Korean Peninsula according to
representative concentration pathways (RCP) scenarios. Unlike previous studies that have been
conducted mostly on a national scale, we classify 14 farming species in major production regions of
the Republic of Korea, and assess their vulnerability for each region, using the indicator-based
method and the Intergovernmental Panel on Climate Change’s definition of vulnerability in order to
overcome limitations in developing specific adaptation strategies within a country. First, for each
exposure, sensitivity, and adaptive capacity, specific and proper indicators are selected. Subsequently,
these indicators are estimated and weighted to analyze vulnerability to climate change. The results
show that the absolute level of vulnerability is high in a long-term period of RCP 8.5 in which exposure
becomes severe, whereas the relative vulnerability is similar among farming species and regions.
Specifically, vulnerability is at the highest level in seaweed, such as laver and sea mustard, while fish,
shrimp, and abalone are relatively less vulnerable to climate change.
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Atlantic salmon is one of the most commercially valuable fish species with the largest production in
salmonds and the importation of the species to Korea has recently increased in forms of cooled fresh
fish. This study tested the efficiency of smolt production in the recirculating aquaculture system (RAS)
with eyed eggs imported from Norway. The RAS was located in the Fish Research Center in
Gangwon State University, South Korea, consisting of a round polypropylene plastic tank (diameter:
4m), a settling basin, a foam separator, a biofilter, an electric chiller and an UV sterilizer. Alevins were
hatched 100% at 8Ȕ and 10Ȕ, while 26% at 12Ȕ. Posthatching larvae with a body weight of 0.14 g
(1.96 cm in body length) grew to 22.5 g (13.2 cm) after 260 days, which was similar result to that of
Berrill et al. (2004). Weaning after hatching began at a cumulative water temperature of 458 °C (about
56 days). The culture system was operated semi-closely and make-up water was supplemented
about 200%/day until 100 days. A 24-hour lighting was practiced without shadow over the culture tank.
Following that, make-up water was reduced to 40%/day under natural light. Formulated diet for
rainbow trout was used for the first 40 days after hatching and one with 10% of fish oil was fed for the
following 220 days. Maximum levels of nitrogen compounds during the breeding period, were 2.39
mg/L for total ammonia-N (TAN), 0.17 mg/L for Nitrite-N, and 1.84 mg/L for Nitrate-N. Biochemical
oxygen demand (BOD), suspended solids (SS), and pH ranged 0.18-3.88 mg/L, 0.2-4.1 mg/L, and
5.90-6.99, respectively. When the biofilter was not fully conditioned around 14°C, TAN and Nitrite-N
reached 4.8 mg/L and 1.6 mg/L, resulting in mass mortality. In the stocking density experiment, parr
of 15 g in body weight was raised into duplicated density treatments of 5, 10, and 15 kg/m3 on for 50
days. Feed conversion ranged 0.99~1.06 without significance across the treatments (P>0.05), but
specific growth rates (SGR) were 1.55±0.04, 1.33±0.05, and 1.26±0.08%/day with significance
(P<0.05). Final densities reached 11.5±0.1, 19.9±0.7 and 28.6±1.1 kg/m3 in each treatment.
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We conducted intermediate culture of triploid Pacific oyster spat in embankment farming site
and compared the growth with it of off-bottom culture. For the purpose of this study, we
constructed an embankment farm, planted spats and cultured them with floating cages until
average shell heights increased 35 mm. Then, the cultured spats were transplanted to off-bottom
farm. For intermediate cultured spat, shell height was increased 17.62±3.99 to 47.96±3.98 mm,
shell length increased 11.93±1.86 to 29.33±4.17 mm, total weight was increased 0.58±0.30 g to
13.06±3.49 g and meat weight was increased 0.09±0.10 g to 1.32±0.43 g. For off-bottom cultured
spat, shell height was increased 18.53±4.26 to 43.57±3.26 mm, shell length increased
12.42±2.82 to 27.61±2.82mm, total weight was increased 0.71±0.38g to 9.46±2.56 g and meat
weight was increased 0.60±0.30g to 1.01±0.39g. The daily growth rate of shell height was 0.183
and 0.161 mm/day from embankment intermediate culture and off-bottom culture, respectively.
The daily growth of total weight was 0.098 and 0.070 g/ day from embankment intermediate
culture and off-bottom culture, respectively. These results suggest that intermediate culture in the
embankment farm is an effective means for spat growing and may provide a foundation for costeffective culture of oysters.
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Small yellow croakers are used for making dried yellow corvina, traditional Korean food. However,
resource of small yellow croaker has been reduced in recent years due to overfishing and
environmental changes. Therefore, import of small yellow croaker from China to Korea is increasing.
Recently, it was reported that annual reproductive cycle of wild small yellow croaker, but cultured was
not. In this study, Therefore, we investigated that changed in plasma steroid hormone (17ȕ-estradiol;
E2, Testosterone; T, 11-ketotestosterone; 11-KT) levels, GSI (gonadosomatic index) and gonadal
development of cultured small yellow croaker from pre-spawning to post-spawning season. The
experimental fish used 4 years old fish cultured at Jeju Fisheries Research Institute. Sample were
processed under anaesthesia with 2-penoxyethanol (200 ppm), bimonthly. Total weight and gonad
weight were measured to calculated GSI. Ovary and testis were fixed in Bouin’s solution for
histological analysis. Blood was sampled from caudal vessels for steroid hormone analysis by
enzyme-linked immunosorbent assay. As a result, in females, E2, T and GSI levels were increased
during pre-spawning period (February-April) and peaked in spawning (April) and reduced during postspawning (June-August). In males, plasma T levels were peaked in pre-spawning period (February)
and reduced after June. GSI levels were maintained highly between February and April and then
reduced. The development of gonads in male and female was similar to steroid hormone changes.
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Flavobacterium psychrophilum is known as a causative agent of bacterial cold water disease on
salmonids and rainbow trout fry syndrome on rainbow trout. This pathogen has not been isolated in
rainbow trout farm in Korea until September in 2018. Approximately, 70g of rainbow trout were moved
to laboratory aquarium, and 34% of mortality was occurred during the acclimated period. Clinical
signs of diseased and dead fish showed ulcerative lesions in mandible, pale gills (anemia),
exophthalmia, and/or increased mucus secretion. Internally, they also showed pale liver, enlarged
spleen, and/or muscular petechiae. From histological analysis, necrosis (pyknosis and karyolysis) was
found in the liver, spleen, kidney of rainbow trout infected. F. psychrophilum. Mortality of rainbow trout
decreased from 28% to 6% as water temperature was increased from 15 to 19°C and in the same
time the fish were treated with enrofloxacin by oral route for 8days. As F. psychrophilum is known as
fastidious bacteria due to difficulty of its cultivation, this infection could have already been in Korea
and affected the industry. Further studies should be conducted to clarify its characterization and
epidemiology.
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Stone flounder is a flat fish in the genus of Kareius, the family of Pleuronectidae, and the order of
Pleuronectida. It is a demersal fish that is extensively distributed in the Korean coastal waters and the
coasts of Japan, Taiwan, and China (Jun and Lim, 1998). Artificial seed production of this species
currently relies 100% on wild adults. However, stress from handling during catching and unfamiliar
conditions in a hatchery often disturb their sexual maturation. This problem can be overcome with the
sperm cryopreservation, which can provide a stable supply of fish sperm without temporal or spacial
constraints.
In the present study, we tried 4 types of cryoprotective agentʊdimethyl sulfoxide (DMSO), Glycerol,
Methanol, and Ethylene glycoleʊin the concentration range of 5~20% for the sperm cryopreservation
of the stone flounder and the result showed that DMSO was the optimal cryoprotective agent for the
species. A 300 mM glucose and a 300 mM sucrose solution were used as diluent. We carried out
comparisons of sperm mobility, survival and mobility indices between freshly collected sperm and
post-thaw sperm of stone flounder and checked equilibration time and dilution shock which can affect
the sperm cryopreservation. We also tried additions of antioxidant to improve the efficiency of
cryopreservation. The post-thaw sperm mobility was observed to be evaluated based on mobility
indices established in advance. The gross observation revealed that the treatment of 7.5% DMSO +
glucose 300 mM and the treatment of 15% DMSO + sucrose 300 mM had the highest survival rate of
post-thaw sperm. The next highest survival was obtained from the treatment of 12.5% DMSO +
sucrose 300 mM, which was followed by 17.5% DMSO + sucrose 300 mM without significant
differences between treatments with sucrose. Lengths of equilibration time less than 150 seconds did
not affect the efficiency of cryopreservation. There were also no significant differences in dilution
shock between dilution ratios of sperm to cryoprotective agent + diluent until it is less than 1:10. The
addition of antioxidant did not affect the survival of post-thaw sperm.

- 350 -

PA-64

A long-term study on fish meal replacement with mixture of wheat gluten, soy protein
concentrate, tankage meal and poultry by-product meal in extruded pellet
diets for growing olive flounder Paralichthys olivaceus.
Min-Gi Kim1, Bong-Joo Lee2, Kang-Woong Kim2, Sang-Woo Hur2 and Kyeong-Jun Lee1*
1

Department of Marine Life Sciences, Jeju National University, Jejudaehak-ro, Jeju 63243, South Korea

2
*

Aquafeed Research Center, National Institute of Fisheries Science, Pohang 37517, South Korea
E-mail: kjlee@jejunu.ac.kr

This study was conducted to evaluate the effects of fish meal (FM) replacement with a mixture of
protein sources on growth, feed utilization of olive flounder. A basal diet was formulated to contain 65%
of FM. Two other diets were formulated replacing FM by 30% and 40% (FM30 and FM40) with a
mixture of wheat gluten, soy protein concentrate, tankage meal and poultry by-product meal. All diets
were prepared as extruded pellet (EP) with a commercial twin-screw extruder. The olive flounder at
growing stage (mean BW: 247±4g) were distributed into 2.1 ton tanks at a density of 35 fish per tank
with three replicates per dietary treatment. Fish were fed the diets to apparent satiation for 16 weeks.
At the end of the feeding trial, no significant differences in growth performance, feed utilization and
survival between the control and other groups.

Table 1. Growth performance, feed utilization and survival of growing olive flounder fed the
experimental diets for 16 weeks.
1

FBW (g)

SGR (%)

FM30

FM40

721±22

731±42

724±56

1.05±0.03

1.07±0.05

1.06±0.06

3

1.16±0.15

1.09±0.09

1.15±0.16

4

1.48±0.18

1.50±0.13

1.44±0.21

92.2±10.7

80.0±16.7

80.0±12.0

FCR
PER

2

Control

Survival (%)

Values are mean of triplicates and presented as mean ± SD. Values with different superscripts in the
same row are significantly different (P<0.05). 1Final body weight (g); 2Specific growth rate (%);3Feed
conversion ratio; 4Protein efficiency ratio.
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This study was conducted to estimate the requirement of tryptophan in diet for olive flounder
because tryptophan requirement of olive flounder has not been fully understood. For a feeding trial,
juvenile olive flounder were randomly stocked into eighteen experimental tanks. The tryptophan
concentrations in semi-purified experimental diets were set to be 0.1, 0.25, 0.50, 0.75, 1.00 or 1.50%.
The semi-purified diets were fed three times a day for 12 weeks. At the end of the feeding trial, final
body weight was significantly lower in fish fed containing 0.1% diet than that of fish fed higher
tryptophan levels (0.25 - 1.00%). The lowest survival was observed in fish fed the lowest diet (0.1%).
On the basis of broken line model, juvenile olive flounder diet should contain tryptophan at 4.50g/kg
for the optimum growth and feed efficiency.
Table 1. Growth performance, feed utilization and survival of juvenile olive flounder fed the
experimental diets for 12 weeks (initial body weight: 4.38±0.03 g)
Dietary
treatment

FBW1

WG2

FE3

PER4

Survival (%)

0.10

4.38±0.18b

1.36±1.16 b

2.73±0.87b

0.05±0.02b

54.7±2.31b

0.25

5.63±0.13a

27.6±3.28a

24. 4±3.11a

0.47±0.05a

94.7±6.11a

0.50

6.06±0.18a

39.1±4.96a

34.1±6.38a

0.65±0.09a

92.0±8.00a

0.75

5.65±0.60a

30.6±17.5a

35.7±10.9a

0.58±0.26a

82.7±14.0a

1.00

5.60±0.19a

28.5±1.82a

27.7±4.43a

0.53±0.07a

85.3±6.11a

1.50

5.49±0.72ab

24.7±15.3ab

17.9±0.22a

0.47±0.22a

76.0±4.00a

1

Final mean body weight (g), 2Weight gain (%), 3Feed efficiency (%), 4Protein efficiency ratio
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A 6-week feeding trial was conducted to investigate the effects of dietary fish meal substitution to
processed plant-protein sources on growth performance and biological responses in juvenile olive
flounder, Paralichthys olivaceus. Fish meal based diet was used as a positive control and the diet
replacing 40% fishmeal (FM) with soybean meal (SBM) was used as a negative control. Six
experimental diets were prepared replacing 40% fish meal with plant-protein sources that were
processed by fermentation, hydrolysis, or enzyme treatment. Three fermented diets were prepared
from soybean meal (BSmF-S), soybean meal with corn gluten meal (BSmF-C), and soybean meal
with wheat gluten meal (BSmF-W). Soybean meal hydrolysate was prepared (HSP50). Enzyme
treated soybean meal were prepared using various enzymes including protease, aminopeptidase,
carbohydrase and phytase (ESP-S). Soy-P is soybean protein concentrate supplemented with
probiotic (Bacillus Subtilis).
Triplicate groups of 25 fish averaging 16.94 ± 0.27g were fed one of the eight experimental diets.
After six weeks of the feeding trial, growth performance such as weight gain (WG) and specific growth
rate (SGR) of the fish fed FM, BSmF-W and ESP-S were not significantly different among them.
However, these fish had shown a better growth performance compared to HSP50 and Soy-P (p <
0.05). Only the fish fed HSP50 showed a compromising condition factor and viscerosomatic index,
while a decreased hepatosomatic index was observed in both of HSP50 and Soy-P treatment. These
result indicate that BSmF-W and ESP-S might be a potential fish meal substitute in juvenile olive
flounder feed. Hematological responses of fish in relation to dietary processed plant-protein sources
will be discussed.
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Techniques of extrusion have been used in the feed industry for nearly a century. The extrusion
cooking is achieved by using a combination of moisture, pressure, temperature and mechanical
shearing. Particularly, a few studies on the temperature control during the manufacturing processes of
extruded pellet (EP) have been carried out, however, there are few studies evaluating the effect of
manufacturing processes by pressure control. Furthermore, no information is available in terms of an
interrelationship between feed ingredient’s particle size and extrusion pressure for Korean rockfish
diet. Thus, this study aimed to investigate the effects of feed ingredient’s particle size and extrusion
pressure during feed production on growth performance and hematological responses in Korean
rockfish.
A 2 x 2 factorial design was used with particle size (small and large) and extrusion pressure (low
and high) as fixed factors. Four experimental diets were extruded with diet conditions of small particle
and low pressure (S-LP), small particle and high pressure (S-HP), large particle and low pressure (LLP), and large particle and high pressure (L-HP). All of the diets were processed using a twin extruder
composed of 5 barrel sections. The barrel temperature was controlled by section 3, 4, and 5. Only
inverter of main motor was processed at 619.5 to 708 rpm/min (S-HP and L-HP) and 1062 to 1079.7
rpm/min (S-LP and L-LP) in order to make different pressure. After the diets had dried they were topcoated with oil using a barrel roll mixer. The feeds produced with a low pressure condition (S-LP and
L-LP) were resulted in a long sedimentation time in comparison to the diets with a high pressure
condition.
Thirty fish (initial mean weight = 82.7 g) were distributed to twelve 300-l PVC tanks. Fish were fed
one of the four diets 2 times a day until satiation for 16 weeks. Regarding growth performance, the
final body weight, feed conversion ratio, and survival of fish were not affected by ingredient’s particle
size and/or extrusion pressure, although it shows an increasing trend in fish growth, when ingredient’s
particle size is small and extrusion pressure is low. No significant differences were observed in
biological indices including condition factor, hepatosomatic index, and viscerosomatic index among all
groups. These results suggest that ingredient’s particle size and extrusion pressure may not influential
factors for the growth and feed efficiency of Korean rockfish. However, a low extrusion pressure may
produce a slow-sinking diet that is a great advantage for cage culture system of this species.
Hematological responses of the fish fed experimental diets will be discussed in the future.
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The objective of this study was to investigate final oocyte maturation and ovulation by hormonal
treatments of Epinephelus akaara. In vitro study was conducted using oocytes of 0.47±0.16 mm
diameter (post-vitellogenesis stage). The oocytes were incubated in Leibowitz L15 medium with
17Į20ĮP, 17Į20ȕP, 17Į20ȕ21P, and human chorionic gonadotropin (hCG) at concentrations of 5, 50,
500 ng/ml (hCG: IU/ml). After 12-24 hours incubation, GVBD was observed using a stereo
microscope. In the 50 ng/ml 17Į20ȕP and 500 IU/ml hCG, GVBD was found higher after 12 hours of
incubation (77.78±5.88 73.33±3.85 % respectively). These results of in vitro study were applied to in
vivo study. The fish was injected intramuscularly with hCG (500 IU/kg body weight of fish),
prostaglandins (PGE2 and PGF2Į, 10ȝg/kg BW), and luteinizing hormone-releasing hormone analog
(LHRHa, 1 and 100 ȝg/kg BW). Ovulation was induced after 36 to 40 hours all hormonal injection.
Egg and lipid droplet diameters were observed after 1, 2, 3, 6, 12, 24 and 36 hours of fertilization.
Hatching larvae were observed after 1, 12, 24, 48 and 72 hours of hatching. The ovulation rate of
hCG treatment group was higher than LHRH treatment group. The fertilization rate was higher at
LHRHa treatment group than hCG treatment group.
Acknowledgment: This research was supported by the Korean Ministry of Agriculture, Food and
Rural Affairs (MAFRA), the Korean Ministry of Oceans and Fisheries (MOF), the Korean Rural
Development Administration (RDA), and Korea Forest Service (KFS) (Grant number: 213008-05-2WT511).
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This study evaluated the effects of Stocking Density on Production of Blackhead seabream
(Acanthopagrus schleglii) in Recirculating Aquaculture Systems. The system consists of three glass
rectangular water tanks (0.34m Wൈ0.6m Lൈ0.4m H), 100um cartridge filters, moving bed filter (0.56m
Wൈ0.48m Lൈ0.5m H), water storage tank (0.44m Wൈ0.48m Lൈ0.5m H), a foam separator (0.15m
Dൈ0.55m H), a 200W circulation pump, and a UV sterilizer. The total amount of water is 435L. Four
identical recirculating aquaculture system were used in the experiments. Twelve glass rectangular
water tanks consisted of three replicates with stocking densities of 1kg, 1.5kg, 2kg, 2.5kg. The
average weight of 69.3g and the average length of 15.2cm were stocked number of 90 fish at 1kg of
stocking density, 135fish at 1.5kg, 180fish at 2kg, 225fish at 2.5kg. Water quality (pH, water
temperature, TAN, NO2-N, NO3-N) is monitored and recorded weekly. At the 4th week of the
experiment, the stocking density of 1.5kg was completely lost due to electrical problems and the
experiment was carried out for 7 weeks. After the experiment, the number of total fishes was counted
in each tank, and the body weight, length and total growth rate, survival rate, and condition factor
were calculated. Total body weight was 2980g in 1kg experimental group, 3793g in 2kg experimental
group, and 3260g in 2.5kg experimental group. The daily growth rate was 2.22%/day in the 1kg
experimental group, 1.31%/day in the 2kg experimental group and 0.53%/day in the 2.5kg
experimental group. Survival rate was 98% in 1kg experimental group, 85% in 2kg experimental
group, and 80% in 2.5kg experimental group. The condition factor was 2.06 for 1kg experimental
group, 1.89 for 2kg experimental group and 1.84 for 2.5kg experimental group.
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Characterization and antimicrobial activity investigation of the antimicrobial peptides
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Two antimicrobial peptides (SBAMP-I and SBAMP-II) were purified from the brain tissue of the
squid, Tadarodes pacificus in the previous study. To determine the full nucleotide and amino acid
sequences of these peptides, total RNA was extracted from T. pacificus tissues, which were then
used for cDNA synthesis (SMARTer™ PCR cDNA Synthesis Kit). Two sets of degenerate primers for
SBAMP-I and SBAMP-II were designed based on the N-terminal sequencing results of the two
peptides. Using these primers, the 3’ end of the nucleotide sequences of the peptides were
determined. Then, sequence specific primers based on the nucleotide sequencing results were
designed and used for the determination of the 5’ end of the full nucleotide sequences. cDNA cloning
results revealed that the full nucleotide sequence of SBAMP-I was composed of 5' untranslated
region (UTR) of 143 bp, open reading frame (ORF) of 348bp, and 3’UTR 607 bp (total of 1098 bp).
The ORF was composed of a signal peptide of 22 amino acids, prosegments of 68 amino acids, and
a mature sequence of 25 amino acids. The full nucleotide sequence of SBAMP-II was composed of 5'
UTR of 111 bp, ORF of 432 bp, and 3’UTR 209 bp (total of 752 bp). The ORF was composed of a
signal peptide of 23 amino acids, a prosegment of 99 amino acids, and a mature sequence of 21
amino acids. Additionally, the cDNA sequencing revealed the existence of SBAMP-II analog (isomer),
in which the first amino acid on the N-terminus was substituted from Asp to Arg. The mature form of
SBAMP-I, SBAMP-II, and SBAMP-II analog were commercially synthesized by Peptron Inc. (Daejeon,
South Korea) at a purity grade of >95% through Fmoc solid phase peptide synthesis (SPPS) with
ASP48S (Peptron Inc.). These peptides, then, were used in the antimicrobial activity assay
determining the minimal effective concentration of each peptide against tested bacterial strains. Nine
bacterial strains were used: four gram-positive bacteria (including one fish pathogen) and five gramnegative bacteria (including two fish pathogens). All three tested peptides showed broad spectrum
antimicrobial activity. Among the three peptides, the SBAMP-II analog exerted the most powerful
antimicrobial activity against tested bacterial stains excluding Escherichia coli D31, which was most
susceptible against SBAMP-I. SBAMP-II was most powerful against Vibrio anguillarum KCTC 2711.
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Effect of salinity and temperature of Pythium chondricola (Oomycetes)
causing red rot disease in Pyropia (=Porphyra) species 
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Red rot disease has caused a major decline in Pyropia crop production. To date, only Pythium
porphyrae (Oomycetes) has been reported as the pathogen causing red rot disease in Pyropia spp.
farm in Korea. Recently, Pythium chondricola was turned out new algal pathogen causing red rot
disease in Pyropia species (Lee et al. 2015, 2017). In this study, we investigated the effect of salinity
and temperature on the growth of P. chondricola. We used P. chondricola were isolated and cultured
from Pyropia yezoensis (collected from sea farms in Biando, Gunsan, Korea. The growth of P.
chondricola was determined culture on corn-meal agar media in three salinities (0, 15 and 30 psu and
at five temperatures (10, 15, 20, 25 and 30 °C) during 12 days. As a result, growth experiments
showed that it grew better at 25 °C than at the four other temperatures, and it grew up maximum size
after 10 days. But it grew lower at 10 °C than at higher temperatures. In salinity experiments, growth
showed that it grew better in 30 psu than in lower salinities.
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Effect of different protein sources on the digestive system of
olive flounder (Paralichthys olivaceus)
Sang-Woo Hur*, Kang-Woong Kim, Bong-Joo Lee and Sang-Gu Lim
Aquafeed Research Center, National Institute of Fisheries Science (NIFS), Pohang 37517, South Korea

Olive flounder (Paralichthys olivaceus) is a commercially important cultivated fish species in Asian
countries including South Korea and carnivorous fish that require high levels of protein in diet. Fish
meal (FM) has been a major ingredient in compound feeds for P. olivaceus, but alternative sources
of protein are being used increasingly as fish meal availability decreases and prices increase.
Fishmeal is also an expensive feed ingredient compare to alternative protein sources like plantbased protein sources such as soybean meal (SBM). This study was performed to evaluate the
effect on the digestive system by different protein sources in diets in order to improve feed efficiency
of P. olivaceus. Two experimental diets for each protein sources (animal protein: FM, plant protein:
SBM) were formulated and fed in triplicate. All diets were formulated to provide 52% crude protein
and 12% total lipid. To understand histological changes of digestive system of P. olivaceus based on
different protein sources, specimens (mean BW 24.3±1.3 g) were used for comparative observation
using digestive tract and liver. Digestive tracts were divided into stomach, anterior intestine portion,
mid intestine portion and pyloric ceca. And then comparative microscopy was done on the change
pattern of mucus-secreting goblet cells, CCK-producing cells, mucosal folds, and muscularis externa
of each part of digestive tract. Histological results showed morphological and histochemical
differences in the digestive system between fish fed FM and SBM based diets. Fish fed FM based
diet did not show any features of morphological damage and changes. However, mucus-secreting
goblet cells and CCK-producing cells were significantly reduced in SBM based diet group. Also,
mucosal folds length and muscularis externa thickness were significantly reduced and sloughed in
SBM based diet group. The histological examination of liver, fish fed with SBM based diet resulted in
a reduction in cytoplasmic vacuolization with displacement of the nucleus to the central position and
infiltration of lipid vacuoles in the pancreatic tissue. Further research in digestive hormones and
enzymes is needed in order to verify the observed effects of SBM-based diet supplementation.
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Utilization of free or dipeptide forms of histidine in diets for Pacific white shrimp
(Litopenaeus vannamei)
Chorong Lee and Kyeong-Jun Lee*
Department of Marine Life Sciences, Jeju National University, Jeju 63243, South Korea
*Corresponding author: kjlee@jejunu.ac.kr

No study has been conducted to evaluate requirement and availability of Histidine (His) in free or
dipeptide forms for shrimp. A 62-day feeding trial was carried out to compare the efficacy of free His or
dipeptide His-Ala in diets for white shrimp. Five experimental diets were prepared by adding
incremental levels of His in free or dipeptide forms to the control diet (designated as B-0.0, F-0.3, F1.2, D-0.3 and D-1.2, respectively). Quadruplicate groups of shrimp (initial body weight, 0.15 g) were
fed one of the experimental diets at 3-10% of wet body weight per day. Shrimp fed His in dipeptide
form (D-0.3 and D-1.2) showed significantly increased growth performance compared to those fed B0.0 diet (Table 1). The availability of His seems better when His is provided in the form of dipeptide
than free for Pacific white shrimp.
Table1. Growth performance of L.vannamei (Initial BW: 0.15 g) fed five experimental diets for 62 days.
B-0.0

F-0.3

F-1.2

D-0.3

D-1.2

FBW1

1.01±0.06b

1.07±0.07ab

1.09±0.03ab

1.15±0.06a

1.16±0.06a

WG2

595±33.4b

632±54.4ab

644±14.4ab

689±36.8a

695±41.2a

SGR3

3.28±0.08b

3.37±0.13ab

3.40±0.03ab

3.50±0.08a

3.51±0.09a

FCR4

1.95±0.25

1.70±0.07

1.80±0.07

1.69±0.13

1.87±0.22

PER5

1.42±0.19

1.62±0.06

1.51±0.06

1.63±0.13

1.47±0.18

Survival (%)

80.0±23.7

83.3±17.6

86.7±9.43

88.3±3.33

85.0±11.4

Values are mean of quadruplicates and presented as mean ± SD. Values with different superscripts in
the same row are significantly different (P<0.05). 1Final body weight (g); 2Weight gain (%); 3Specific
growth rate (%); 4Feed conversion ratio; 5Protein efficiency ratio.
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Dietary valine requirement of Pacific white shrimp (Litopenaeus vannamei)
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This study was conducted to estimate the requirement of valine (Val) in diet for Pacific white shrimp,
because Val requirement of Pacific white shrimp has not been fully understood. Basal diet (V-0.0)
contained the minimum level of Val (0.2% in diet from the dietary ingredients). Val was gradually
added to the basal diet by 0.4, 0.8, 1.2 and 1.6% (designated as V-0.0, V-0.4, V-0.8, V-1.2 and V-1.6,
respectively). Quadruplicate groups of shrimp (initial body weight, 0.46 g) were fed one of the diets for
77 days. The growth (final body weight, weight gain and specific growth rate) was significantly
increased in shrimp fed V-0.8 and V.1.2 diets than that of shrimp fed V-0.0 and V-1.6 diets. The
optimum dietary Val level for L. vannamei was estimated to be 0.87-1.2% of dry diet based on growth
performance results.
Table1. Growth performance of L.vannamei (Initial BW: 0.46g) fed five experimental diets for 77 days.
Treatment

FBW1

WG2

SGR3

V-0.0

1.33±0.18c

187±38.2c

1.42±0.18b

72.9±14.2

V-0.4

bc

bc

ab

75.0±9.62

a

75.0±6.80

1.38±0.07

a

197±15.0

236±18.1

a

1.47±0.07

Survival (%)

1.63±0.07

V-0.8

1.55±0.08

V-1.2

1.53±0.11ab

231±24.0ab

1.61±0.10a

77.1±18.5

V-1.6

1.32±0.08c

185±15.5c

1.41±0.07b

77.1±12.5

Values are mean of quadruplicates and presented as mean ± SD. Values with different superscripts in
the same column are significantly different (P<0.05). The lack of superscript letter indicates no
1
2
3
significant differences among treatments. Final body weight (g); Weight gain (%); Specific growth

rate (%).

- 361 -

PA-75

Transcriptome analysis of transcription factors and co-factors that involved in tissue
specific gene expression in the marine medaka, Oryzias dancena
Chan-Hee Kim, Eun Jeong Kim and Yoon Kwon Nam
Department of Marine Bio-Materials and Aquaculture, College of Fisheries Sciences, Pukyong National University,
45 Yongso-ro, Nam-gu, Busan, 48513, Korea


The control of gene expression in all cells involves an elaborate and dynamic interplay. Different
cells in organisms could be express very different sets of genes, even though they contain the same
DNA. The regulation of tissue specific gene expression and the activation of genes in maturation of
sex are fundamental processes that attract many in a molecular and fish biology. In recent, nextgeneration sequencing (NGS) technologies have revolutionized our ability to analyze the dynamic
transcripts in a specific cell, tissue, or organism for a specialized object. Consequently, through the
analysis of massive quantities of genes allowing gene discovery and expression profiling, recent
transcriptomic data in several fishes have provided worthy insights into distinctive features in sex
determination and gonad development in various fish species. Here we report the transcriptome
analysis of three RNA-Seq libraries derived from testis, ovary, and muscle of marine medaka, oryzias
dancena. We identified transcription factors and co-factors that involved in tissue specific gene
expression. Identified transcripts and co-factors were classified and enriched in some gene ontology
(GO) terms and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways. This study provides
comprehensive insight into transcriptional regulation for tissue and sex determination in fish.
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Evolution and diversification of liver expressed antimicrobial
peptide 2 in jawed fish group
Chanhee Kim, Eun Jeong Kim and Yoon Kwon Nam
Department of Fisheries Biology, Pukyong National University, Busan, Korea

Liver expressed antimicrobial peptide 2 is the second blood-derived peptide with antimicrobial
peptide (AMP). Genetic determinants of LEAP-2 have widely identified in various vertebrate taxa,
however, their origin and evolutionary history have not been clarified yet particularly with regard to the
different isoform numbers depending on taxonomic groups. Here, we deciphered LEAP2 sequences
empirically or bioinfomatically from fish groups belonging to Chondrichthyes (cartilaginous fish),
Actinopterygii (including sturgeons; ray-finned fish), Sarcopterygii (lobe-finned fish) and terrestrial
animals (Tetrapod; Sarcopterygii), and reconstructed the phylogenetic trees to hypothesize the
evolutionary history of this ancient immune molecule in the vertebrate lineage. Bioinformatic search
against genome databases of jawless fish (e.g., hagfish and lamprey) revealed that they might not
have the present form of LEAP-2 gene in their genomes. Based on the molecular phylogenetic
analyses,

cartilaginous

fishes

such

as

shark

(Holocephali;

Chondrichthyes)

and

skate

(Elasmobranchii; Chondrichthyes) already exhibited two (LEAP-2A and LEAP-2C) and one (LEAP-2Alike) isoform(s), respectively. In the bony fish group (Osteichthyes), the basal ray-finned fish groups
(sturgeons; Chondrostei and gars; Holostei) retained two functional isoforms (LEAP-2A and LEAP2C). Those two isoforms were persistently observed in the teleost lineage, the advanced bony fish
groups (Teleostei) with certain taxon-dependent diversifications particularly in fish groups (e.g.,
salmons and carps; LEAP-2A, -2B, -2C) that are known to have undergone additional round of whole
genome duplication (WGD). The coelacanth (Coelacanthimorpha; Sarcopterygii), an oceanic lobefinned fish retained two LEAP-2 isoforms (LEAP-2A and LEAP-2C), while in lungfishes (the freshwater
lobe-finned fishes; Dipnoi Sarcopterygii) that are known as a bridge between aquatic and terrestrial
life forms, only one isoform (LEAP-2A or -2C) was detectable from a given species (probably due to
the relatively small genomic database resources for lungfishes). In the tetrapoda lineage, both
amniotes and amphibians were proven to possess a single copy of LEAP-2. From the phylogenetic
analyses, the tetrapod LEAP-2s were more closely affiliated with fish LEAP-2C than with LEAP-A/B.
Collectively, our analysis suggests that two isoforms of the ancient immune molecule LEAP-2 have
evolved first in the jawed fish group (Chondrichthyes) and diversified in descendant actinopterygian
species, while one of the two paralogs (i.e., LEAP-2C) have been selectively passed during the
transition from aquatic to terrestrial life.
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Isoform-dependent expression characteristics of two functional paralogs of liverexpressed antimicrobial peptide-2 genes in Siberian sturgeon (Acipenser baerii)
Eun Jeong Kim, Chanhee Kim and Yoon Kwon Nam
Department of Fisheries Biology, Pukyong National University, Busan, Korea

Sturgeons belonging to Acipenseriformes are considered one of the most ancient groups of the
extant actinopterygian fishes (ray-finned fishes). Their evolutionary history dates back to pre-Jurassic
age (over 200 million years ago) and they are known to have undergone remarkably little
morphological changes, often referred as a living fossil. Phylogenetically, sturgeons are a
representative chondrostean fish group that occupies an evolutionary bridge position between
elasmobranchs (cartilaginous fish) and the teleost (bony fish) fishes. They have maintained some
evolutionary characteristics between chondrichthyes and osteichthyes, indicating that sturgeons be
invaluable comparative model for studying evolution and diversifying mechanisms of many biological
systems in the vertebrate lineage. Liver-expressed antimicrobial peptide-2 (LEAP-2) is considered as
the vital component of the innate immune system as an important player in the first defense line
against microbial invasion with selective antimicrobial activity against bacteria. Like other cationic
AMPs, LEAP-2 is also known to act as an immune modulator to regulate other immune factors and
possess the capability to induce hydrolysis of bacterial DNA. In contrast to richness of information on
LEAP-2s in the teleostean group, knowledge on the LEAP-2 from ancient chondrostean fishes
including sturgeons has been very limited insofar. this study was to characterize two functional LEAP2 isoforms from Siberian sturgeon (Acipenser baerii), one of popularly aquacultured Acipenser
species in many countries including South Korea. For this, we isolated full-length cDNA and genomic
genes of two paralogue LEAP-2 isoforms from this sturgeon species, examined isoform-dependent
basal expression patterns (tissue distribution and developmental/ontogenetic expression patterns)
and scrutinized their transcriptional responses to different stimulatory treatments including
lipopolysaccharide (LPS), polyinosinic:polycytidylic acid [poly(I:C)], iron overload and bacterial
challenges. Based on the expression analyses, the expression profiles of LEAP-2 transcripts were
isoform-specific with tissue/organ dependency under both non-stimulated and immune-stimulated
conditions. Data from this study suggest that the two LEAP-2 isoforms have undergone
subfunctionalization during the evolution of the Acipenser species and might have isoform-specific
roles in sturgeon innate immunity.
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Optimization of an anesthetic protocol for the larval microinjection-related
handling of Siberian sturgeon (Acipenser baerii)
Eun Jeong Kim and Yoon Kwon Nam
Department of Fisheries Biology, Pukyong National University, Busan, Korea

An anesthetic protocol was optimized for microinjection-related handling of Siberian sturgeon
(Acipenser baerii; Acipenseriformes) prolarvae, an extant primitive fish species commonly grown in
aquaculture. Comparative examinations of three selected anesthetics (clove oil, lidocaine, and MS222) with a dosage regime of 50, 100, 200, and 400 mg/L indicated that MS-222 was the most
efficient agent for Siberian sturgeon prolarvae, as evidenced by the fast induction of anesthesia with
quick and uniform recovery. Meanwhile, clove oil should be avoided, due to prolonged recovery times
varying widely between individuals. None of the tested anesthetics significantly affected prolarval
viability at any of the dosage regimes tested in this study. Based on an analysis of the duration of an
unconscious state in air, we recommend a dose of 200 mg/L MS-222 for microinjection. Recovery
time after use of this dose was influenced by the prolarval age and the development of gills, in which
prolarvae older than 3 days after hatching required longer recovery times than did younger prolarvae.
Post-recovery behavioral assessment showed no apparent difference between MS-222-anesthetized
and non-anesthetized prolarvae in their swimming behavior and phototactic responses. Applicability of
currently developed anesthetic protocol using MS-222 in larval microinjection was demonstrated with
the injection of a visible dye to the anesthetized prolarvae, followed by the analysis of post-recovery
viability. Taken together, the present anesthetic protocol based on 200 mg/L of MS-222 could provide
researchers with practical usefulness with good safety margins for the micromanipulation and other
related handlings of Siberian sturgeon prolarvae.
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Behavioral responses of Acipenser baerii prelarvae to an experimental
photoperiodicity under semi-hatchery conditions
Eun Jeong Kim1, Chulhong Park2 and Yoon Kwon Nam1
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Sturgeons (Acipenseriformes), the extant primitive and endangered fish group display significant
behavioral interactions with environmental light signals, particularly during their early life stages, and
thus the comprehension on their light-dependent behavioral patterns is important for not only
conservation efforts but also artificial propagations of sturgeons. Behavioral responses of early life
stages to a diel photoperiodicity (500 lux for 16 h, 5 lux for 4 h and < 0.5 lux for 4 h) and phototactic
characteristics under dark conditions were examined in Siberian sturgeon Acipenser baerii. Siberian
sturgeon prelarvae represented both qualitative and quantitative changes in behavioral patterns
according to the diel photoperiodicity. Under daylight conditions (500 lux), prelarvae displayed
saltatory changes of their behavioral patterns with ages (Day 0 – Day 9) in a general order of
swimming-up, swimming in the upper water column, benthic swimming with rheotaxis, schooling and
post-schooling behavior. Compared to under daylight conditions, prelarvae had a tendency of more
benthic behaviors and displayed quantitative reductions in schooling and post-schooling behaviors
under dimlight conditions (5 lux). Under dark conditions (< 0.5 lux), prelarvae exhibited a uniform
pattern of benthic swimming across the bottom of the tank. From phototaxis tests under dark
conditions, navigational responses of Siberian sturgeon prelarvae to a spotlight illumination were
quantitatively changed as their ages increased. The tactic responses reached peak on Day 2,
continued until Day 4, and then gradually decreased until Day 8. A partial recovery of positive
phototaxis was observed on Day 9. Data from this study suggest that the diel light cycle as well as the
light intensity of each interval in the cycle should be important factors that should be essentially
integrated into the guide to evaluate fitness and developmental states of Siberian sturgeon prelarvae.
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Ontogenetic behavioral modifications of Russian sturgeon Acipenser gueldenstaedtii
during prelarval intervals in response to light intensity
Eun Jeong Kim1, Jin Woo Park1, Hyeon Jong Jeong1, Chulhong Park2 and Yoon Kwon Nam1
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Russian sturgeon (Acipenser gueldenstaedtii) is an emerging candidate sturgeon species in Korea
due to its prized caviar, and this study was aimed to examine behavioral characteristics of hatcheryproduced Russian sturgeon (A. gueldenstaedtii) prelarvae in a diel photoperiodic cycle (i.e., daylight,
dimlight and dark illuminations). With a diel light cycle comprising 16 h of daylight (450 lux), 4 h of
dimlight (10 lux) and 4 h of darkness (< 1 lux), newly hatched Russian sturgeon prelarvae reveal a
negative phototactic behavior under daylight conditions (Day 0 – Day 2), and this early behavioral
property was not significantly affected by changes of light intensities. Rheotactic and non-rheotactic
aggregations into schools were typically observable during the period from Day 3 to Day 6. Under the
present diel light cycle conditions, rheotacism was less influenced by environmental light intensities
than was non-rheotactic schooling behavior. Post-schooling behavior, which progressed from Day 7 –
Day 8, was not significantly modified in a diel light cycle. Results from this study are indicative of that
behavioral changes in Russian sturgeon under light intensity conditions (< 1 lux – 450 lux) are mainly
quantitative differences rather than fundamental changes in behavior patterns. Data in this study
could also be of practical value to develop a detailed visual guide for assessing the fitness and quality
of Russian sturgeon prelarvae under diel light cycle conditions in hatcheries
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Technical optimization of cold-shock treatment for blocking polar
bodies in Pacific abalone Haliotis discus hannai
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Cold shock treatment conditions for the induction of triploidy were optimized in Pacific abalone
Haliotis discus hannai. Technical parameters including initial treatment times and treatment
temperatures (-1 ºC, 1 ºC and 3 ºC) and treatment durations (10 to 24 min) were tested in order to
develop the best combination(s) among parameters enabling the efficient blocking the polar bodies.
Based on a series of tests regarding hatchability of embryos, normality of larvae and induction
efficiency of triploidy, the most appropriate protocol to block the first polar body was proven to be the
cold shock treatment at 1 ºC for 14 min with an initial treatment at 11 min post insemination. On the
other hand, the most efficient condition for blocking the second polar body was the cold shock at 1 ºC
for 14 min with an initial treatment at 25 ~ 27 min post insemination. Under these treatment conditions,
larval yields of cold-shock treated groups relative to non-treated control groups were up to 70% with a
fairly consistent triploidy rate over 95%. Reproducibility of triploid induction were further validated
under scaled-up conditions; however, the yield of triploid larvae was highly influenced by the quality of
gametes used. Results from this study could be a useful basis for developing the practical protocol for
mass production of triploid seedlings in this abalone species.
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Chondrostean sturgeon hepcidin: An evolutionary link between
tetrapod hepcidins and fish hepcidins
Chan-Hee Kim, Eun Jeong Kim and Yoon Kwon Nam
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Majority of antimicrobial peptides (AMPs) and their genes have been identified and characterized
in all living organism. AMP genes appear to have rapidly evolved and their amino acid sequences
display considerable diversity, which might have arisen from the co-evolutionary arms race between
host and pathogens, and enabled organisms to survive in different microbial environments. Among
them, hepcidin was first identified from as an AMP from human plasma ultrafiltrates and urine, and
has been found in a number of other vertebrates including teleost fishes. However, increasing
evidence demonstrated that hepcidin is a key regulator of iron homeostasis, providing a link between
iron metabolism and immune system. Unlike mammals and other tetrapod vertebrates including
reptile and amphibian, which have only one or two hepcidin genes, many teleost fishes have been
found to possess up to seven isoforms of hepcidin genes. This provide an excellent opportunity to
study how and when hepcidin evolved from an AMP to an iron-regulatory hormone. To further
understand the two function and transcriptional regulation of hepcidins, suitable animal models from
different evolutionary stage of vertebrates and/or fish are required. However, nothing is known about
molecular identity of hepcidin in a fish that occupy a special place in the history concerning vertebrate
and/or fish evolution. The Acipenseriformes (Chondrostei) represent a group of primitive, ray-finned
fish, comprising Acipenseridae (sturgeons) and Polyodontidae (paddlefishes), that is evolutionary
placed just before the teleosts and is a combination of tetrapods and teleosts. Here we report the
molecular identification of cDNA and genomic sequence of hepcidin in the sturgeon, Acipenser baerii.
Comparison of primary structure and expression of A. baerii hepcidin (AbHAMP) with other hepcidin
revealed AbHAMP occupies an ‘intermediate’ position with respect to the tetrapod vertebrate
hepcidins and fish hepcidins. Collectively, this study may help us determine whether the
complementary loss of gene subfunction (antimicrobial activity) or the acquisition of novel function
(iron-regulation) is likely the primary mechanism for the preservation of hepcidin gene evolution.
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Optimal water-tank shapes and water-current control systems for larval
Longtooth grouper (Epinephelus bruneus)
Hiroki Ikeda 1 and Yasunori Ishibashi1
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The population of Longtooth grouper (LTG), which has a high individual value, is decreasing
because of overfishing. Although, the development of artificial seedling production technology is
required, the mass production of LTG in larviculture is problematics. In this study, we evaluated the
most appropriate water-tank shapes and water-current control systems for rearing larval LTG and
examined the optimum flow speeds for each condition and developmental stage. Experiment I:
Fertilized eggs were stocked in 200-L transparent tanks of flat-bottom and round-bottom with air flow
rates of 200 mL/min for 10 days and survival rates within each tank were then compared. The feeding,
growth, and survival rates of the larvae and the water current near the bottom were tend to be higher
in the round-bottom tank. Experiment II: Larvae were reared in round-bottomed tanks in three
experimental groups, set up in triplicate, with air flow rates of 40, 200, and 400 mL/min. As a result,
the survival rate of the 40 and 200 mL/min aeration groups was about 67%, which was significantly
higher than that obtained at the 400 mL/min aeration group. Experiment III: Larvae were placed for
10 days in triplicate in four round-bottom tanks with pump flow rates of 500, 1000, 1500, and
2000mL/min. Optimal survival rates and total lengths were obtained at the 1500 mL/min water-pump
flow rate. Experiment ญ: Larvae were reared for 10 days in triplicate in four round-bottomed tanks
with pump flow rates of 1500mL/min and air flow rates of 200 mL/min. The flow rate rearing systems
were changed from pumps to aeration on days 3 and 6. As a result, the survival rate of the aeration
group was significantly higher than that of the pump groups. However, the survival rate for the group
that had the flow system changed from pump to aeration on days 3 was approximately 80%, which
was the highest. These results suggest that the optimum pump rate for LTG larva rearing is 1500 mL
/min for pre-larval stage and that the optimum air flow rate is 200 mL/min for the subsequent preflexion stage using round-bottomed tanks
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Evaluation of rice flour formulated feed for coho salmon aquaculture
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Over 90% of Japanese cultured coho salmon, Oncorhynchus kisutch, is produced in Miyagi
Prefecture, Japan. Recently, domestic and international competitions have increased. Miyagi
Prefecture is also a leading rice-producing region, so it would be useful if salmon branding could
utilize the locally grown rice. The main objectives of our study are, therefore, to evaluate the
effects of a new rice-flour formulated feed on the growth of coho salmon fed on a rice diet
through two experiments, which are small-scale indoor rearing and large-scale outdoor rearing.
Rice flours comprised 20% or 30% (wet wt.) of diet composition, in 2017 and 2018, respectively.
Control fish were fed on an ordinary diet of wheat.
In the small-scale experiment, salmon were reared for 6 months sampled at one-month
intervals using measurements on five fresh specimens. Initial body weight (BW) was 336 g in Jan.
Fish fed continuously with the rice diet grew to 1664 ± 588 g (BW) in June and showed no
significant increments in comparison with control animals.
The large-scale experiments were conducted for one month, measuring fish BW at two-week
intervals. The fish grew from 2.4 kg in May to 3.2 kg in June with no significant difference in
growth rate from that of the controls. For all experiments, there was no mass-mortality or serious
disease.
The new rice-flour formulated feed is therefore recognized as a useful feed for coho salmon
aquaculture. The next task is to depress the cost of utilizing rice-related materials and to increase
the coho market value through assessing the meat quality and taste.
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A C-type lectin was identified as a C1q-like protein 4 occurred in plasma of the
hemolymph of the Pacific oyster Crassostrea gigas
Yusuke Tsumuraya1, Akifumi Nakamura-Matsumoto1, and Keisuke G. Takahashi1
1
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Lectins might act as recognition molecules for host defense activities such as aggregation and
opsonization of phagocytosis in invertebrates including bivalve molluscs. From the late 1970s, it is
well known that at least two kinds of lectins (hemagglutinins) exist in the hemolymph plasma of
Crassostrea gigas. One is gigalin-E that is able to agglutinate horse red blood cells (ERBC) with Ca2+
and another one has an agglutinating activity toward human RBC (gigalin-H) without Ca2+,
respectively. Molecular characteristics of those lectins, however, were no or little understood until the
present study was done. In the present study, in gigalin-E, to identify and characterize the molecule
and its properties, we attempted to separate gigalin-E from the plasma using affinity chromatography.
Subsequently, we analyzed the separated gigalin-E by nano LC-MS/MS and Mascot search based on
NCBI database for identification of molecular characteristics of gigalin-E. Finally, to establish if C.
gigas plasma lectins, especially gigalin-E, had any possible role in protecting bacterial infection, its
ability to agglutinate bacteria including pathogenic species was investigated. Separated gigalin-E
revealed 20 kDa of molecular mass by SDS-PAGE. As a result of Mascot search based on NCBI
database, the 20 kDa protein was identified as complement C C1q-like protein 4 isoform X1
(CgC1qlp4X; XP_011418932). Totally, LC-MS/MS analysis revealed 35% sequence coverage of the
full-length CgC1qlp4X, suggesting that mass spectrometry analysis was credible, and indicating that
the gigalin-E was deduced as CgC1qlp4X. CgC1qlp4X is composed of 182 amino acids. Theoretical
molecular mass of CgC1qlp4X is 20,140 Da, and isoelectric point is 5.49. A signal peptide of 17 amino
acid residues was predicted in the N-terminus of CgC1qlp4X. Additionally, CgC1qlp4X also had a
conserved C1q domain from Glu44 to Ala182. PROSITE domain analysis confirmed a KGD motif as a
membrane integrin receptor for cell attachment and an ESN motif as a carbohydrate recognition
domain (CRD) of C-type lectins in CgC1qlp4X deduced amino acid sequence. We also tested
agglutinating activity toward five bacterial species. Only Escherichia coli was agglutinated by the
gigalin-E (CgC1qlp4X) fraction.
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Epidemiological cut-off values for disk diffusion data generated by
standard test protocols from Streptococcus parauberis

Won-kyong Chun* and Do-hyung Kim
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In this study, epidemiological cut-off values (COWT) were estimated for 63 streptococcus parauberis
strains isolated from olive flounder and starry flounder across the country. The susceptibility of the
strains against 11 antibiotics was evaluated using internationally standardized disk diffusion protocols.
COWT was determined using Normalized resistance interpretation (NRI) analysis to distinguish
between wild type (WT) and non-wild type (NWT). The valid wild-type cut-off values were 35, 35, 36,
25, 28, 29, 32, 22, 29, 31, and 30 mm for ampicillin (AMP), amoxicillin (AML), amoxicillin-clavulanic
(AMC),

doxycycline

(DO),

oxytetracycline

(OTC),

florfenicol

(FFC),

erythromycin

(ERY),

trimethoprim/sulfamethoxazole (SXT), cephalexin (CFL), ceftiofur (EFT) and clindamycin (DA),
respectively. In case of neomycin, COWT was not established due to the lack of number of WT strains
for NRI analysis. Our study show that WT ratio for AMX, FFC, SXT, EFT was more than 60%,
indicating that theoretically those antibiotics might be a choice for the treatment of streptococcosis
caused by S. parauberis. Although AMX is a most common chemotherapeutic agent for the diseae in
Korea, one should be careful when used as the results obtained in this study show that recent isolates
of S. parauberis tend to be resistant against AMX.
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Complete genome analysis of virulent Aeromonas salmonicida subsp.
masoucida strain RFAS1
Ahran Kim1 and Do-Hyung Kim1
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Aeromonas salmonicida is a Gram-negative bacterial pathogen that causes furunculosis in a
diverse range of freshwater and marine fish worldwide. A. salmonicida RFAS1 was isolated from the
kidney and spleen of black rockfish (Sebastes schlegeli) showing typical external signs of furunculosis,
and whole genome sequencing was conducted using the PacBio RSII P6-C4 chemistry platform
(Pacific Biosciences, Menlo Park, CA, USA). Raw sequences were analyzed and polished with SMRT
Analysis (v2.3.0) and the Hierarchical Genome Assembly Process 2 (HGAP2), which resulted in three
contigs with a total size of 4,917,535 bp and a GC content of 58.27%. A total of 4,579 genes, including
120 tRNAs, 31 rRNAs, and 4 noncoding RNAs in the RFAS1 genome were predicted and annotated
with the NCBI Prokaryotic Genome Annotation Pipeline. This genome contains a single circular
chromosome (4,783,004 bp, 4411 protein-coding sequences (CDSs)), plasmid 1 (70,968 bp, 67 CDSs)
and plasmid 2 (63,563 bp, 71 CDSs). Average nucleotide identity (ANI) analysis showed that RFAS1
shared 99.97 to 100% and 99.56 to 99.79% identities with strains of A. salmonicida subsp. masoucida
and A. salmonicida subsp. salmonicida, respectively. Pan-genome analysis revealed 185 (16.1%)
singleton genes in RFAS1, mainly consisting of hypothetical proteins and part of a type IV section
system (T4SS). RFAS1 possessed various virulence-related genes such as RTX toxin, aerolysin,
hemolysin, adhesins (A-layer, lateral and polar flagella), three type IV pilus systems (one type IV
Aeromonas pilus system, one mannose-sensitive hemagglutinin type system, and one fimbrial lowmolecular-weight protein pilus), and four types of secretion systems, including T2SS and T6SS in the
chromosome, T3SS in plasmid 2 (except toxic proteins such as AopH and AexT located in the
chromosome), and T4SS in plasmid 1. Carbapenem-hydrolyzing metallo-beta-lactamase (cphA5)
related to beta-lactam resistance genes was identified in the chromosome of strain RFAS1. This is the
first genome reported for A. salmonicida isolated from black rockfish. It can be useful for comparative
studies in the future to understand its pathogenicity and host specificity.
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Gene co-expression analysis and integrated analysis with metabolome in rock bream
(Oplegnathus fasciatus) infected with rock bream iridovirus (RBIV)
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Rock bream iridovirus (RBIV) is a most devastating pathogen in one of most valuable fish species,
rock bream (Oplegnathus faciatus). In this study, we tried to understand systematically the
physiological changes that occur in host depending on infection degree through co-expression
network analysis of transcripts and integration with NMR-based metabolomic data. Fish naturally
infected with RBIV were divided into five groups based on intensity and cause of infection, and
sampling time point; 0 week-control (0C), 0 week-heavy infection with bacterial infection (0MH), 0
week-heavy infection (0H), 3 week-control (3C), and 3 week-recovery phase from infection (3R).
Weighted gene co-expression network analysis (WGCNA) was performed using RNA-seq data of the
spleen of rock bream to identify the expression profile and interaction between gene expression
pattern and the degree of viral infection. In a total, 42 modules from 35,861 genes (FPKM values 
0.1) were identified. Of these, 15 modules were selected based on their significantly high correlation
with viral copy number, and 7 and 8 modules showed positive and negative correlations, respectively.
Genes were enriched to mitotic cell cycle, response to endoplasmic reticulum stress, Golgi vesicle
transport and glycolysis in the 7 modules. In contrast, genes were involved in cell communication,
IKK/NF-kB cascade, cell differentiation, apoptosis, platelet activation and lymphocyte-mediated
immunity were down-regulated in the 8 modules. We found that the integration with metabolites
resulted in a significant increase in the aminoacyl-tRNA biosynthesis pathway in heavy-infected
groups, it can be thought that the iridovirus translate using the host's machinery. From our analyses, it
can be hypothesized that RBIV might invade by cell receptor endocytosis into host cells, initiate their
DNA replication in nucleus, and assembly in cytoplasm and can delay apoptosis of host cells to
maintain their replication. Also, cell-cell integrity, cell migration, signaling pathway, and immune
responses appear to be down-regulated in rock bream infected with RBIV. This study is the first
attempt to use integrated-omics analysis to provide insights into systemic biological changes in RBIVinfected fish.
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Antioxidant responses and physiological changes of pacific abalone,
Haliotis discus hannai due to toxic effects of ammonia exposure
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Pacific abalone, Haliotis discus hannai is evolving constantly with farm system enabled. Abalone is
a gastropod, it can be easily exposed to changes in marine environment due to limited movement.
The temperature, salinity and water quality of seawater show various physiological responses to
marine animals. Ammonia is a naturally occurring substance in the aquatic environment and appears
not only in agricultural drainage and waste disintegration but also in feed and excrement (Randall and
Tsui, 2002). An increase in the exposure of ammonia concentration causes fatal damage to aquatic
animals, and generally occurs in a farm environment with high organism density. Therefore, the
purpose of this study is to investigate various physiological changes accompanying toxic effects of
pacific abalone, Haliotis discus hannai ammonia.
Pacific abalone (mean 68.1 ± 5.3 mm, mean weight 35.8 ± 3.2 g) was purchased at a commercial
farm (Wando, Korea). The water temperature was kept at 20 °C and it was acclimatized for 4 weeks,
and the Laminaria digitata was fed twice daily. Ammonia was exposed at 0, 0.1, 0.2, 0.4, 0.8 and 1.6
mg/L using ammonia chloride (NH4Cl) during 4 weeks. Samples collected 2 weeks and 4 weeks
hepatopancreas, analyzed antioxidant reactions and collected Hemolymph, analyzed enzyme
components, organic components and inorganic components.
Hepatopancreas of abalone is the result of antioxidant reaction. SOD showed a significant increase
from the concentration of 0.2 mg/L for 4 weeks and showed a significant difference concentration of
0.8 mg/L for 2 weeks and 4 weeks. CAT observed a significant increase at concentrations of 2 mg/L
and 4 mg/L for 2 weeks. This result shows that abalone apriority immunity has declined (Jwa et al.,
2009). Hematological components were analyzed hemolymph in the abalone. PO showed a
significant decrease at concentrations of 0.8 mg/L for 2 weeks and 4 weeks, ALP observed a
significant increase from the 0.8 mg/L concentration for 4 weeks. Also, both ALT and AST showed a
significant increase from the concentration of 0.8 mg/L for 4 weeks. Organic component, both TP and
glucose as observed a significant decrease from the concentration of 0.8 mg/L for 4 weeks. Inorganic
component, Ca showed a significant decrease from the concentration of 0.8 mg/L for 4 weeks.
However Mg showed no significant trend.
Acknowledgement : This work was supported by Korea Institute of Planning and Evaluation for
Technology in Food, Agriculture, Forestry and Fisheries(IPET) through Golden Seed Project, funded
by Ministry of Oceans and Fisheries(MOF)(213008-05-1-SB720)
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The dinoflagellates causing HABs, Karenia mikimotoi, is one of the most noxious in many
coastal waters worldwide. HABs due to this species have been reported in Japan, North Atlantic
region, and other coastal areas, and frequently associate with severe damage to wild finfish,
cultured finfish, and shellfish. Previous studies have demonstrated that K. mikimotoi produces
various toxic agents such as hemolytic toxins and cytotoxic polyethers. In this study, by Solid
Phase Extraction (SPE), unknown toxic materials from different strains of K. mikimotoi were
extracted. A more sensitive method based on SPE was validated for determination of unknown
toxic materials. Solid Phase Extraction Cartridges C18ec, 3ml (CHROMABOND, Macherey-Nagel
GmbH & Co.) preconditioned with methanol. The materials were then eluted with methanol. A
portion of the methanol eluent was dried under a gentle steam of oxygen free-nitrogen using
evaporative concentrator (HyperVap HV-300, Labogene Co., Ltd.) and redissolved in methanol
eluent (1ml). Three kinds of materials classified according to color (Yellow, Green and Blue) were
extracted by SPE and these materials was detected by spectrophotometer (JENWAY7315, ColeParmer, UK). To clarify the toxic action of them, we examined the effects of three extracts with
microzooplankton rotifer (Brachionus plicatilis). In consequence, one of them has light-dependent
toxicity and no significant effects were induced without light illumination. This is similar to
characteristic of Porphyrin-like compounds. To gain further insight into biochemical features of the
extracted toxic material of K. mikimotoi, we need to figure out a structure and component. Then,
this study will be useful to identify the toxic mechanism of K. mikimotoi.
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Physiological Response of Olive Flounder to the Attachment
Position of Pop-up Satellite Archival Tag (PSAT)
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There have been studies using the pop-up satellite archival tag (PSAT) for accurate analysis of fish
migration in recent years. As PSAT is large in size, most studies were conducted on large fish, but it
has been recently applied to studies on relatively small sized fish because of its miniaturization.
However, the size of the miniaturized tag is still not small (40–60 g), and the tag should be attached
on the exterior part to use the satellite. Therefore, the tag attachment position and fish health after the
tag attachment must be considered. Thus, the present study investigated the physiological responses
of olive flounder (Paralichthys olivaceus) (body length: 49.1±0.4 cm, body weight: 1377.1±52.8 g) to
the tag attachment position to determine whether PSAT can be applied to small-sized species. The
tag used in the experiment was mrPAT dummy (Wildlife Computers, USA), which had the same size
and shape as the actual tag, and its attachment positions were operculum, back muscle, and tail
muscle. The experiment was carried out in a round FRP water tank (3 tons), and the water
temperature between experiments was maintained at 15°C. The tag was attached using a
monofilament on fish (n=3 for each attachment position), and hematocrit, hemoglobin, GOT, GPT,
glucose, total protein, cholesterol, cortisol, SOD, and CAT were analyzed after collecting blood from
all experimental groups and control group at 7, 14, 21, and 28 days after the attachment. For 2
months, the tag detachment and changes in fish body were observed. As a result, there was no effect
of tag attachment in all experimental groups, but the tag attached to the operculum was detached
after 2 months of the experiment, and the fish with attached tag on its tail muscle showed severe
damage to the muscle. Therefore, attaching the tag to the back muscle seemed to be the most
effective. The results of this study can be used as a basic data for PSAT studies on small fish species
and benthic fish such as olive flounder.
This research was supported in part by the project “Changes in oceanographic condition and its impacts and
adaptation near Ulleungdo and Dokdo (KIOST Project No. PE99629),” funded by the Korea Institute of Ocean
Science & Technology.
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New record of a marine algal species, Membranoptera alata
(Delesseriaceae), in Korea
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G
A marine algal species was collected from Sacheonjin, Gangneung located on the eastern
coast of Korea during a survey of marine algal flora. This alga shares the generic features of
Membranoptera belonging to the subfamily Delesserioideae and is characterized by presence of
combined features of membranous, monostromatic thalli attached by a solid discoid holdfast,
blades with a conspicuous terete stipe-like midrib and microscopic lateral veins, entire margins,
irregularly alternate to dichotomous branching, and obtuse apices growing apically. In a
phylogenetic tree based on rbcL sequences, the Korean alga nests in the same clade with M.
alata from the eastern North Atlantic. The genetic distance between both the sequences within
the clade was calculated as 0.0%. Based on the morphological and molecular analyses, this
Korean species is identified as the generic type, M. alata. This is the first record in the list of
Korean marine algal flora.
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Note on a marine algal species, Cryptonemia lomation (Halymeniaceae) in Korea
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G
During a survey of marine algal flora, a red algal species was collected from Giseong, Uljin
located on the eastern coast of Korea. This species has the generic features of Cryptonemia
belonging to Halymeniaceae, and is characterized by the presence of erect foliose thalli arising
from a discoid holdfast, somewhat fan-shaped blade with an evanescent midrib at the base,
narrow main axes with blade-like wings of slightly undulate margin, a perennial stalk, and
entwined filamentous medulla with refractive stellate cells. In a phylogenetic tree based on rbcL
sequence, the Korean alga nests in the same clade with C. lomation from France and C.
seminervis from Spain. Genetic divergence among the sequences within the clade was not
recognized thus suggesting that both the species are conspecific. The name C. lomation
considered to be valid nomenclaturally is accepted for the entity. Based on the morphological and
molecular analyses, the Korean alga is identified as C. lomation, originally described from Italy.
This confirms occurrence of C. lomation in Korea. The species appears to be distributed in the
temperate region influenced more or less by the North Korea Cold Current.
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Jeju Research Institute of Korea Institute of Ocean Science and Technology (KIOST) is participating
in the Marine Global Earth Observatory (MarineGEO) project for the first time in Korea in cooperation
with Smithsonian Institution from USA, Hong Kong University and Ryukyu University. The MarineGEO,
directed by the Smithsonian Institution's Tennenbaum Marine Observatories Network (TMON), is the
first long-term, worldwide research program to focus on understanding coastal marine life and its role
in maintaining resilient ecosystems around the world. This project is a growing global partnership
committed to 1) cataloguing nearshore marine biodiversity, 2) documenting how and why it's changing,
and 3) understanding the consequences of that change for ecosystem functioning and resilience
using the Autonomous Reef Monitoring Structures (ARMS). The ARMS were developed during the
Census of Marine Life (CoML) international initiative. Since the CoML, the ARMS project has
expanded on a global scale and the ARMS have been adopted as a key biodiversity assessment tool
by NOAA's National Coral Reef Monitoring Program (NCRMP) and Ocean Acidification Program's
climate monitoring stations in the Pacific. KIOST installed ARMS in Jeju and Ulleungdo Island in
August and September 2018, respectively. We will also be installed in areas where environmental
problems such as flatfish farms and sewage treatment plants are caused in Jeju Island. In particular,
in October, we plan to install ARMS on Dokdo to serve as a link to understanding the ecosystem
changes of the farthest islands in Korea. Therefore, we are confident that ARMS installation will be a
continuous monitoring opportunity. We hope that many interested scientists about ARMS will
participate as there is an opportunity to diagnose the current ecosystem status and the future. The
results obtained through the installation and analysis of ARMS will be shared through symposiums
and conference presentations.
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Mirror self-recognition (MSR) test evaluates the ability to recognize oneself in a mirror.Animals that
passed MSR are believed to have the cognitive ability for Self-awareness. After the MSR pass of
common chimpanzees (Pan troglodytes), there were numerous subsequent attempts in various
species. However only a few species passed the test, including primates and elephants.͑In cetacean,
tests were conducted on the toothed whales, such as bottlenose dolphin (Tursiops truncatus), killer
whale (Orcinus orca), and false killer whale (Pseudorca crassidens), but only bottlenose dolphins and
killer whales were recognized themselves. In this study, a preliminary experiment was conducted to
evaluate MSR on a captive beluga whale (Delphinapterus leucas). The subject was raised in Lotte
World Aquarium in Seoul. Experiment was conducted in three phases: 1) Baseline. Observation of
usual behavior before the test condition 2) Observation of the responses to the images of other
objects which were shown on the screen, and 3) Observation of behavior when the animal facing the
mirror. In each experiment, the behavior of the beluga whale was recorded in categories such as
social behavior, social-exploratory behavior, and exploratory behavior. Overall, the responses of the
subject increased when the animal was located in front of the screen and mirror than the baseline
experiment. Social and exploratory behaviors were shown in both phase 2 and 3, but the detailed
behaviors within the categories were different in the two phases. Social and exploratory behaviors
were the most frequent in front of the screen and the mirror, respectively. The exploratory behaviors
investigated in front of the screen and the mirror were different in detail. Rubbing the head in the
screen and the opening the mouth wide without sound in the mirror. In phase 3 experiment, the
subject was introduced directly to the mirror, the increase of the social-exploratory was recorded, but
the increase was not a convincing evidence of self-recognition. Therefore, additional visual marking
test is necessary to confirm whether the beluga has the ability of self-recognition or not.
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Rough-toothed dolphin (Steno bredanensis) is a species that inhabits in the distant waters of the
world oceans between the latitude 40° North and 35° South in which is the temperate and tropical
waters, but its behavior and ecology are not known very well. A male rough-toothed dolphin stranded
alive on the foreshore of Yeosu-si, southern coast of Korean peninsula in 26 April 2018. The dolphin
was rescued and treated by a Marine life rescue team located in that area, but died on the next day.
Its necropsy was conducted to study the cause of death. The body weight and length of the dolphin
are 122.6 kg and 223.5 cm, respectively. The corpse was stored in 5 with ice until the necropsy.
The healed cookie-cutter shark bite and nodular lesion were found in the left ventral surface.
Expanded gut with gas, heavy parasite infestation in the first stomach, hemorrhagic stool in the
rectum, plural effusion fluid, inflammation of the right testis, and fibrotic surface membrane in the
kidney were discovered. From the trial of the sterile genital swab, several species of bacteria were
isolated and one of them has been identified as Erysipelothrix rhusiopathiae (>99% 16S rRNA
identity) which is a re-emerging infectious disease pathogen. Infection of E. rhusiopathiae was
identified from the subsequent PCR on testis, kidney, rectum, plural effusion fluid, and blood of the
animal, this indicated that the dolphin was suffered with the septicemia and the systemic infection.
This dolphin didn’t show the remarkable skin signs (diamond-shaped cutaneous lesion) and low
appetite and poor movement before it died were not rare conditions in rescued animals. Those
macroscopic finding were neither only of specific signs of E. rhusiopathiae but also of bacterial
systemic infections. Based on these results, the dolphin is diagnosed as dead by acute septic
infection of E. rhusiopathiae, the known zoonotic pathogen in marine mammals. This is the first report
of E. rhusiopathiae infection in the rough-toothed dolphin (Steno bredanensis) in wild up to our
knowledge.
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Microalgae contain a large amount of antioxidant substances such as beta carotene and
astaxanthin et cetera, and are widely used as feedstuffs of shellfish. Therefore, they are valuable as
biomass, and have been studied actively. It is very important to preserve an useful biological species
in the long term for sustainable utilization.
Microalgae species are generally maintained and preserved through subculture, but It can be
happened a contamination in subculture. At present, cryopreservation method using glycerol has
been established for long term preservation, most prokaryote and fungi species are preserved stably
by cryopreservation. However, microalgae are easily damaged by external stimuli, so it is difficult to
freeze them. Some species have been studied for cryopreservation, but, most microalgal species are
required to be studied for cryopreservation because there are difference in the survival rate depending
on the type and concentration of the cryoprotective agents and cooling rate.
Among the microalgae, diatoms are found around the world and have ecological significance. We
tried to study the cryopreservation technique for two marine diatoms species, Nitzschia frustulum and
Nitzschia amabilis. The cryoprotective agents were prepared with 5, 10, and 15 % concentrations of
glycerol and DMSO, and methanol was tested at concentrations of 5, 10 and 12 % respectively. The
2
3
4
-1
microalgae Nizschia frustulum and Nitzschia amabilis were diluted with 10 , 10 and 10 cells ml ,

respectively. The highest survival rate was 12% in methanol, 6.94 ± 0.31% in N. frustulum and 8.85 ±
0.16% in N. amabilis. As a result of 3 weeks cultivation of thawed microalgae after freezing, N.
frustulum and N. amabilis increased by 19.81 times, 18.93 times, respectively than the initial
concentration of cultured.
In this study, suitable cryoprotective agents for the microalgae Nitzschia sp. were studied. Based on
these data, it is necessary to study the cryoprotective agents more and the suitable cryopreservation
technique for various microalgal species.
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Effects of temperature, salinity, and light intensity on seed germination
of a halophyte Triglochin maritimum
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Triglochin maritimum is an annual or perennial halophyte, that is mainly distributed in brackish water
marshes that is submerged in seawater at high tide. With its stolons up to 2 m across forming regular
clumps as high as 60cm from the bottom, its massive grass beds play an important ecological role as
the habitat as well as the shelter for various benthic animals such as snails, bivalves, polychaetes,
and crabs etc. Being recently known to be rich in dietary fiber and a large amount of minerals, a
variety of bioproducts from various halophytes species are commercially produced. It has been
reported that the soft young leaves of T. maritimum is edible, and the other leaves and fruits are
effective in relieving diarrhea and pains. Thus, we are interested its applicability for the future artificial
habitat or shelter for various benthic animals along as another source of healthy supplements. As the
first step to explore its ecology, we investigated the seed germination conditions of T. maritimum.
Seeds of T. maritimum were collected from the Gomso Bay tidal flat, western coast of Korea in
January 2018. Before the germination experiments seeds pre-dried at room temperature condition for
2 weeks were kept at 4°C. Germination experiments were performed under different combinations of
temperature (10, 15, 20, 25, 30°C) and salinity (0, 5, 10, 15, 20, 25, 30, and 35 psu). Optimal light
intensity (0, 10, 20, 50, 100, and 200 ȝE m-2 sec-1) was explored under two optimal germination
conditions (at 25°C under salinities of 0 and 5 psu). Thirty seeds were germinated in Petri-dishes on
top of a double layer of GF/A filter paper. All experiments were carried out in quadruplicates, and the
final germination rate after 10 days were calculated. Higher germination rates were resulted in higher
temperature and lower salinity conditions while the lowest germination rates in the darkness. The best
T-S-L combination for optimal germination rates was 15 to 25°C, <5 psu, and >10 ȝE m-2 sec-1.
Because germinating seed prefers low salinity (<5 psu), habitats supporting the mass beds of T.
maritimum may require continuous inflow of fresh water into the upper tidal flats.
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Laboratory Larviculture of a marine protected species,
sesarmine crab Chasmagnathus convexus
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Sesarmine crab Chasmagnathus convexus is a marine protected species (designated by the
Ministry of Oceans and Fisheries) and an endangered wild species (designated by the Ministry of
Environment), with its distribution around the upper tidal flat zone in the western and southern coasts
of Korea. To restore the poor population of the sesarmine crab C. convexus, we performed the
treatments for the early spawning inducement and characterized growth patterns in laboratory culture.
The wild broodstocks were captured at the tidal flat of Seongsan-eup, Jeju Island, in May 2017, and
two pairs of male and female were kept in an aquarium with the bottom filtering system to simulate
natural conditions. On January 1, 2018, elevated temperature of 25°C and new L:D cycle of 15L:9D
were provided. One month later (Jan. 31, 2018) an ovigerous female (25.54mm carapace length and
27.27g weight) was first observed, and then hatch out about 44,000 zoea at night time on February 17,
2018. All the hatched larvae were transferred into a 200-liter tank, and reared at 25 and about 30
psu conditions. Zoea were fed with rotifer (Brachionus rotundiformis) and hatched Artemia nauplii at
densities of 20-40 and 0.1-5 individuals ml-1, respectively. Megalopa stage were reared with finely
chopped meat of short-necked clams. Small amount of commercial microcapsule diet for shrimp
larvae culture also supplemented to the feeds of all the larval stages. Larval development included
four zoea stage and one megalopa stage. Zoea metamorphosed into megalopa in 13 days, and
crab(juvenile) stage in another 7 days. The fertilized egg was approximately circular in shape and
432.8±5.0ȝm in diameter. The carapace length of the newly hatched zoea Ǥ was 528.4±27.5ȝm,
followed by zoea ǥ 695.6±29.9ȝm, zoea Ǧ 962.6±44.5ȝm, zoea ǧ 1,144.6±36.4ȝm, megalopa
1,586.2±89.8ȝm, and crab Ǥ (juvenile) 2,000±50.0ȝm. During the 50 days after hatching, 2,580
juveniles were obtained and the final survival rate was 5.9%. Five months later(on July 11, 2018) 500
young crabs of >1cm in carapace length were released into the tidal flat of Gohyun-myeon, Namhaegun, Gyeongsangnam-do, to be followed by regular monthly monitoring for their successful survival.
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Diet of common dolphin, Delphinus delphis, in East Sea
from stomach content analysis
Dasom Lee, Seulhee Lee, Hyun Woo Kim* and Hawsun Sohn
Cetacean Research Institute, National Institute of Fisheries Science, Ulsan 44780, Korea

Common dolphins (Delphinus delphis) inhabit in the East Sea and about 400 individuals are
bycaught annually in the Korean waters. The dolphins are predominantly bycaught in Uljin and
Pohang between March to April and rapidly decline from June to August. It indicates the seasonal
movements of the animals. Because they intake variety prey in their habitat, their diet can be affected
from the marine environmental changes. In previous study, Enoploteuthis chunii was found the most
abundant species by the stomach content analysis, otherwise Todarodes pacificus by fatty acid
analysis. In this study, to find out if there is any change in the composition of the diet of the common
dolphin, the ratio of the prey fishes consumed by human to the non-consumed was determined by
stomach content analysis. In May 2018, we collected stomach content of 8 common dolphins that
were bycaught or stranded at Yeongdeok, Gangneung, and Pohang. The undigested items that were
whole or nearly whole were morphologically identified and residuals of the contents were filtered
through a sieve with a 1.0 mm mesh size in order to find out fish otoliths and cephalopod beaks.
Konosirus punctatus were found from seven dolphins and Arctoscopus japonicas were found from two
dolphins. 30 individuals of Bettryteuhis magister and tissues were found in one dolphin stomach, and
beaks were found in the other. Dolphins were bycaught in May, which was the breeding season for K.
punctatus. The average size of K. punctatus in stomach was 17.8 cm that is assumed to reach its
maturity, so it can be considered that common dolphins are an opportunistic feeder who take fish that
aggregate spawning ground. T. pacificus and B. magister also found in the stomach. Because of the
difficulty in collecting samples, the number of samples is not enough to figure out the seasonal
changes of the diet, further study should be conducted.
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Comparison of species composition and assemblage structure of ichthyoplankton in
Korea during winter season between 2017 and 2018
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We investigated ichthyoplankton species composition and community structure collected from all
seas of Korea on February both in 2017 and 2018. On February of 2017, a total of 30 taxa and 3,940
inds./1,000m3 of fish eggs were collected, in which Lateolabrax japonicus (29.91%) was the most
dominant, and followed by Tanakius kitaharae (29.88%) and Kareius bicoloratus (14.85%). On the
other hand, on February of 2018, a total of 34 taxa and 6,595 inds./1,000m3 of fish eggs were
collected, in which T. kitaharae (55.39%) was the most dominant, and followed by Maurolicus
japonicus (22.02%) and L. japonicus (4.69%). On February of 2017, a total of 47 taxa and 17,960
inds./1,000m3 of fish larvae were collected, in which the dominant species were Ammodytes japonicus
(78.99%), Pholis fangi (10.92%) and Hexagrammos agrammus (1.22%). However, on February of
2018, a total of 45 taxa and 3,622 inds./1,000m3 of fish larvae were collected, in which the dominant
species were A. japonicus (44.58%), Liparis tanakae (12.69%) and P. fangi (10.39%). The
assemblage analysis results showed that the fish eggs were divided into 2 groups in 2017, but 4
groups in 2018, and also the fish larvae were divided into 3 groups in 2017, but 4 groups in 2018. Our
results indicate that assemblage structure based on fish eggs and larvae is more complex in 2018
rather than in 2017.
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Larvae and juvenile of Acanthaphritis unoorum (Percophidae, Pisces),
new to Korean fish fauna
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Percophidae, comprising 50 species and 11 genera, distributed in tropical and temperate waters
around the world, but there are only 5 species and 4 genera in Korea. In this study, larvae and
juvenile belonging to the Percophidae were first collected between May 2017 and May 2018 off the
eastern sea of Jeju Island. We collected a total of 11 individuals, including preflexion larvae (n=5,
4.11-6.31 mm in standard length, SL), flexion larvae (n=3, 7.20-7.82 mm SL), postflexion larvae (n=2,
9.58-13.46 mm SL), and juvenile (n=1, 14.67 mm SL). As a result of molecular analysis, the larvae
and juvenile were identical to Acanthaphritis unoorum (genetic distance < 0.01). This species has
been newly reported by Suzuki and Nakabo (1996) in Hyogo Prefecture, thereafter it was added in the
South China Sea. This species is new to Korean fish fauna. Acanthaphritis unoorum larvae and
juvenile are similar to those of Dactylopsaron dimorphicum, but are distinguished from the latter by
the presence of melanophore on lateral body (present in A. unooorum vs. absent in D. dimorphicum).
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Irgarol induced changes of the genomic transcriptome on mud crab
Macrophthalmus japonicus
Kiyun ParkP, Won-Seok Kim and Ihn-Sil Kwak*
Faculty of Marine Technology, Chonnam National University, Yeosu 550-749, Korea

Macrophthalmus japonicus is a commercially important species that are ubiquitously distributed in
sediment environment all around the Indo-Pacific region. The mud crab M. japonicus inhabiting in
sediment is a good indicator to assess the potential effects of concentrated chemical toxicity on the
benthic environments. So far limited genetic research has focused on this group of animals largely
due to the limited genomic information. In this study, we performed de novo transcriptome sequencing
to produce the most comprehensive expressed sequence tag resource for M. japonicus, and identified
stress response genes in M. japonicus exposed to antifouling biocides irgarol. Irgarol toxicity induced
up-regulation of stress response genes, associated with proteolysis and oxidation-reduction in
biological process by Gene ontology analyses. Five differentially regulated genes were selected for
quantitative expression analysis. These genes involved caspase, chymotrypsin, trypsin, serine
protease, and heat shock protein 90. Transcriptional expression of the five genes highly induced in M.
japonicus exposed to 10 ppb irgarol for 4 days. These data suggested that irgarol toxicity induced
changes of the genomic transcriptome in aquatic environment.
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Transcriptional expression of chitinase 1 and heavy metal distributions on mud crab
Macrophthalmus japonicus from South coastal region in Korea
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Industrialization and urbanization caused serious heavy metal pollution in aquatic ecosystem. The
mud crab Macrophthalmus japonicus is vulnerable to physical and chemical condition in sediment of
intertidal zone. The object of this study is to examine whether the chitinase 1 gene on mud crab M.
japonicus is affected by the heavy metal distribution in inhabited ecosystem. The distribution of heavy
metals investigated in environmental sediments and crab body. In addition, transcriptional response of
chitinase 1 gene was analyzed in M. japonicus gill and hepatopancreas tissues from Myodo and Yeoja
bay of South coast in Korea. Expression of chitinase 1 (Mj-chi1) gene was prominently induced in the
gills of M. japonicus. The high expressions of Mj-chi1 gene were observed in crab gill and
hepatopancreas from Myodo, which is site as the highest concentration of heavy metal in sediment.
Thus, the total bioconcentration of heavy metals in crabs affected the expression of chitinase 1 gene.
The results of the study suggested that transcriptional response of chitinase 1 gene was related with
heavy metal concentrations found in inhabiting environment.
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Distribution of fish egg and larvae in the fisheries resource
protected area of Gyeongsangnam-do
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Protected area is a concept introduced by the purpose of protecting the living creatures,
populations, ecosystems, etc. in a certain space from harmful acts of humans by restricting use to
specific spaces. The protected area of Korea has been designated and managed as a law for a
specific space, and the fishery resource protection area was designated for the first time in 1975. The
fishery resource protected zone is an institutional device designated for the purpose of maintaining
the ecosystem of fisheries resources by allowing the functions of the natural ecosystem to function
normally by prohibiting human activities, It is designated as 10 areas of sea and 20 areas of inland
area. In Gyeongsangnam-do, Jindong Bay, Hansan Bay, Namhae • Tongyeong I, Namhae •
Tongyeong ǥ are designated as the fisheries resource protected area.
In order to research the species composition of eggs and larvae in the fisheries resouce protected
area of Gyeongsangnam - do, a total of 6 surveys were conducted in August, October, December in
2016 and March, April, June in 2017. The samples were collected using RN80 net at 10 stations of
Jindong bay and 4 stations of remaining areas. The collected samples were fixed in 5% neutral
formalin and transported to the laboratory, The collected samples were identified to the possible
species level by reference to Kim et al. (2011) and Okiyama (1988).
A total of 45 species observed during the survey period. The species that appeared in the survey
area were the most species of 33 species in Jindong Bay, and the least species of 21 species
appeared in Namhae and Tongyeong I. The number of individuals was the highest at 18,771 inds./
1,000 ี in the Jindong bay, and the lowest at 8,635 inds./ 1,000 ี in Namhae and Tongyeong ǥ.
The highest in August 2016 the number of species appeared to be 23, and the number of species
appeared to be 5 the lowest in December 2016.
Jindong Bay, Hansan Bay, Namhae and Tongyeong ǥ areas showed higher species composition
than Namhae and Tongyeong I areas, The ratio of the larvae of the Clupea pallasii was higher in the
winter spawning season of Jindong bay. Hansan Bay, Namhae, Tongyeong I, Namhae and
Tongyeong ǥ areas showed high rates of Liparis tanakai and Sebastes thompsoni in spring and
winter. The Gyeongsangnam - do Fisheries Resource protected Area is used as a main spawning
area for the winter spawning group C. pallasii, L. tanakai, Hexagrammos agrammus and spring
spawning group S. thompsoni, Sebastes inermis.
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Community structure of macrobenthos at winter and spring
in intertidal zone of Taean, Chungcheongnam-do, Korea
Sang-Hyeok Park, Da-Ye Kim, Dae-Sun Son and Chae-Woo Ma†
Department of Life Science and Biotechnology, College of Natural Sciences,
Soonchunhyang University, Asan, Chungnam 31538, Korea

This study was performed to investigate the community structure and environment of macrobenthic
assemblages which sampling sites were selected 6 station on two transect line at winter and spring in
Taean mudflat of Korea. In result, sediment of investigation area was sandy-mud. Total species
number was 86 and mean density was 259 inds./m². The mean biomass was 76.66 gWWt./m². The
most dominant species was the polychaete Heteromastus filiformis (788 inds./m², 25.4%) and
followed by Sternaspis chinensis (724 inds./m², 23.3%). A result of community statistics, the
macrobenthic community structure was classified two major groups. One group was the lower station
in two seasons, the other group was upper and lower station in the spring season. ABC-curve was
disturbed in lower station in winter, upper and lower stations in spring of Nudong-ri.
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Three new species of benthopelagic copepods, Stephos (Copepoda,
Calanoida, Stephidae) from the Jeju Isaland, Korea
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During the general filed survey carried out recently to collected benthopelagic copepepods from
near-bottom shallow waters of Jeju Island, Korea, which are there new species of the genus Stephos
Scott, 1892 were recorded. The genus Stephos belonging to the family is among the most frequent
and widely distributed groups in anchialine and marine coastal near-bottom habits from tropical to
polar region. The new species are placed in the genus Stephos on account of the following
combination of features: the absence of seta on the basal exite of maxillule, and male right fifth leg
end unarmed claw-like and/or mitten-like segment. Stephos n. sp. 1 can be easily distinguished from
its congeners on the larger body length of female and male; the anterior to posterior of left side with
protruding lobe in the female; the antennules extends beyond distal area of genital double-somite,
and fifth leg terminal complex. Stephos n. sp. 2 can be easily distinguished from its congeners by the
genital double-somite with protruding lobe on both sides, and the presence of larger spinules on the
distomedial margin of fifth leg in female. Stephos n. sp. 3. can be easily distinguished from its
congeners by longer body length, 1.12 mm long in female; the antennules extends to the end of the
genital double-somite, and the presence of covered row of minute spinules on the ventral surface of
genital operculum in the female. Until now, 35 species of stephids have been known of the world.
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Change in Interannual variability of zooplankton community in northern
Gamak Bay of Korea, from 2001 to 2004
Seong Yong Moon1*, Ho Young Soh2 and Sang Duck Choi2, Jung-Hwa Choi1 and Yang Jae Im1
1

Fisheries Resources Research Center, National Fisheries Institute of Fisheries Science, Korea

2

Faculty of Marine Technology, College of Fisheries Ocean Science, Chonam National University, Korea

G
Zooplankton was secondary producers of pelagic ecosystems, and play considerable role in the
transfer of energy and organic matter from primary producer to higher trohic lavels The semi-enclosed
Gamak Bay surrounded by the Yeosu peninsula and Dolsan Island, Korea is a located in the central
region of the southern coast of Korea with a mean depth of 9 m. This bay was designated as a
conservation area for fishery resources in 1982 by the Ministry of Construction and Transportation of
Korea because of its high productivity and good environmental condition for fisheries, in particular, the
Pacific Oyster (Crassosrtea gigas), Arkshell (Scapharca broughtomii) farms and commercial fish
cages. Consequently, information on long-term changes in zooplankton community and their species
composition is extremely scarce. This study aims to provide information on the zooplankton
community structure in the northern Gamak Bay differently affected by anthropogenic inputs. We also
examine the interannual variability of major copepods in the adjacent waters. In present study, we
studied of change of interanual variability of zooplankton community among year to year and seasons
in northern Gamak Bay. Zooplankton was collected seasonally through 2001 to 2004 at the 12
sampling stations in northern Gamak Bay. The collected zooplankton samples were analyzed in a
microscope and copepods were identified to the species level. The relationship between
environmental variables and zooplankton abundance was examined. A total of 52 taxa in 27 genera of
zooplankton were recorded and the total mean abundance ranged from 87 to 6,649 ind. m3. Acartia
omorii, A. ohtsukai, A. sinjiensis, A. erythraea, Bestiolina coreana, Centropages abdominalis,
Eurytemora pacifica, and Paracalanus intermedicus were predominant and they comprised above 70%
average of the total copepod abundance. Aacrtia erythraea, and E. pacifica were more abundant at
the inner regions, while P. intermedius was found mostly at the central regions showing the hypoxia
and/or anoxia during summer. Noctiluca scintillans indicated a significant interannual variety. Nonmultidimensional scaling (nMDS) analysis of each station revealed an abundance difference being low
in 2003 and high in 2001. Number of species (S) was negatively influenced by the water temperature,
chl-a, and COD concentrations, while Evenness (J’) was positively done by chl-a concentration.
Salinity positively affected species diversity (H’), but negatively done by chl-a concentration. The
dominant species and the regional classification of zooplankton community in the northern Gamak
Bay were different to those in the studies in the 1980s, suggesting that the zooplankton community
has not notably changes during the last three decades.
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Responses of zooplankton to long-term climate change around
Uleung basin in East/Japan Sea
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To understand the responses of zooplankton to long-term climate change around Uleung basin time
series data of zooplankton were analyzed. Zooplankton, temperature and salinity were collected
bimonthly at 10 stations around Uleung basin from 1967 to 2017. Biomass of total zooplankton, and
four zooplankton groups (Copepoda, Amphipoda, Chaetognatha, Euphausiicea) were analyzed at 4stations from 1978 to 2009. Monthly and annual mean anomalies and Cumulative sum (CuSum) were
used for time series data to determine the changes in water temperature and salinity. Monthly mean
anomalies of water temperature increased in all months. CuSum increased from early 70s to mid-70s
and from mid-80 to early 00s in April and August. In February and June, CuSum declined until mid80s, increased since mid-80s and early 00s respectively. In October and December, CuSum
increased from mid-70s to late 10s. Annual CuSum of temperature elevated since mid-80s. Monthly
mean anomalies of salinity escalated except April. CuSum increased abruptly mid-70s in February,
October and December. In June and August, CuSum increased from mid-70s to 00s and then
decreased until late 10s. In April, CuSum increased from early 70s to early 00s and decreased to late
10s. Annual CuSum of salinity decreased since early 90s. CuSum of zooplankton annual biomass
decreased until early 90s and increased until late 00s. Monthly mean biomass of copepods,
amphipods, chaetognaths peaked in April, June, October, respectively. Euphausiids featured two
peaks in April and October. Annual mean biomass of copepods and amphipods presented two peaks
in 2001, 2007. Euphausiids displayed two peaks in 2001, 2005. Chaetognaths featured peak in 2007.
This study suggests that temperature and salinity affect biomass of zooplankton to long-term climate
change.
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Species composition and community structure of shrimp collected in
Southern Coast of Korea by shrimp beam trawl
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The Gyeongnam area has characteristics of the coastal waters and is affected by the Tsushima
current, and it is a sea area where various species appear depending on the season (KORDI, 1998;
1999; 2000). In addition, the abundant fishery resources have a good location as a route to the East
Sea and the East China Sea(Cha, 2009). Studies on shrimp beam trawl have been carried out
continuously, but studies on shrimp species composition in the area near Gyeongnam are rare. The
purpose of this study is to provide basic data on effective management of shrimp fishery resources
mainly used in Tongyeong, Geoje, Sacheon and South Sea. The study period was from March 2015
to February 2016 in Gyeongnam area (99,631ha in four areas). The results of the study showed that
the Crangon hakodatei, Trachysalambria curvirostris, and Palaemon gravieri were dominant in the
study area. C. hakodatei was the most abundant species in the survey area and 64.9% in Geoje. and
T. curvirostris were 40.5%, 71.6% and 50.0% in Tongyoung, Sacheon and Namhae respectively. The
amount of available shrimp in the study area was 2,176-153,929kg, the highest in Geoje and the
2
lowest in Namhae. The mean distribution density per unit area of shrimp was 22.7-195.1kg / km . The

main fecundity season of C. hakodatei is January to February. T. curvirostris was from June to
September and P. graveri from April to July. Excluding T. curvirostris, it is considered that the
prohibition period is set considering the spawning season of shrimp. In this study, the ratio of shrimp
was 62.6% -92.6% in the past, but the present rate is very low as 2.5-17.8%, which is worse than the
past. Current shrimp beam trawl fisheries have a very low catch rate of shrimp among all the catches
due to shrimp resource depletion. Considering the high catch rate of other fishery resources, it is
highly likely that the fishery resources will be adversely affected. Most shrimp life span is one year.
Therefore, it is necessary to reduce the number of vessels considering the catches and various
relationships. In order to manage shrimp resources, it is important to set and maintain adequate
catches. Therefore, it is necessary to thoroughly manage the resources so that the resource status
can be improved and sustainable by active resource management.
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Age and growth of the largemouth bass, Micropterus salmoides
in Lake Cheongpyeong
Sujung Kwon, Ari Shin, Mi-Yong Song and Heewon Park *,
Inland Fisheries Research institute, NIFS, Gapyeong 12353, Republic of Korea

Age and growth of the largemouth bass, Micropterus salmoides which is a well-known exotic species
acting as a substantial disturbance due to high predation pressure in the native fish communities of
Korea, were estimated with the sagittal otoliths. 284 fish specimens were captured in Lake
Cheongpyeong from April 2017 to April 2018 by gillnet fishery. Annual rings of Micropterus salmoides
were counted with the boundary between the opaque and translucent zones. The total length (TL) of
Micropterus salmoides ranged with 124~489m. The relationships between total length (TL) and body
weight (BW) were BW=0.000006TL3.1968 (r2=0.9664). In the case of mean distance of Micropterus
salmoides, the first ring(r1), second ring(r2), third ring (r3) and fourth ring (r4) indicated 2016.034 ໃ,
3434.46 ໃ, 4656.257 ໃ and 5496.703 ໃ.
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Surplus production model has been widely used in the assessment of fishery resources. Surplus
production model can be classified according to how the biomass dynamic model fits into the
observed data. Among the models, the most widely used models are process-error model,
observation-error model, and state-space model. In particular, state-space model, which can measure
both process and observation errors simultaneously, is considered as the most accurate estimation.
However, there is no previous studies using a state-space model for assessing fishery resources in
Korea.
In this study, the state-space model was used to assess the potential yield of fishery resources in
East Sea. The potential yield in East Sea was already estimated by process-error and observationerror models in the previous study. Therefore, the comparison analysis was performed with different
models by calculating RMSE and R2 values with estimated and actual observed CPUEs.
The results showed that there was the least error between estimated and observed CPUEs using a
state-space mode compared to other process-error and observation-error models. The potential yield
of fishery resources in East Sea was estimated to be 226,300 ton. It was also found that the level of
current stock biomass in East Sea would be lower than the level of optimal stock biomass. Therefore,
effective management policies should be considered and suggested for recovering fishery resources
in East Sea.
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The purpose of this study was to obtain the basic data for mass production of sprouting seedlings of
domestic mussel Mytilus coruscus by spawning and larval development. Mature embryos were
elliptical immediately after spawning, but they had spherical shape with average diameter of
78.8±2.56 ໃ and short diameter of 76.8±2.57 ໃ. Embryos were observed at various temperatures
from 17  for 4 hours to 2 ~ 8 hours. After 16 hours, the embryos developed on the surface with cilia.
The larvae developed into trochophore larvae in 22 hours after fertilization and actively developed,
and developed into D-type larvae within 44 hours. The mean length of the D-type larvae was
123.5±3.08 ໃ and the height of the larvae was 88.8±2.53 ໃ. From the 13th day after fertilization,
late D-type larvae were observed. The mean longitudes of the larvae were 147.9±11.58 ໃ and
115.0±11.26 ໃ. From the 15th day after the fertilization, the internal organs were formed, and it was
confirmed under the microscope whether feeding was taken or not. Korean mussel has been reported
to be inhabited mainly in the island area such as Ulleungdo, due to the influence of the alien species
joining, and it is a species with high conservation value as domestic native species. Some
municipalities in Korea are carrying out studies for the growth of domestic mussel resources, but due
to the lack of basic ecological-physiological data on mussels, commercial-scale production has not
been achieved. Therefore, the results presented in this study are considered to be highly valuable in
the data and utilization for mass production of domestic mussel in the future (PE99604).
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The present study aims to identify the spatial pattern of water quality and sediment conditions in light
of fisheries resources. Typically, it appears that productivity of fisheries resources is closely related to
ambient condition of resource areas. Abundance of fish populations can be influenced by their food
sources including phytoplankton, zooplankton and benthic biota. Plankton dynamics most likely vary
along surrounding water quality conditions such as nitrogen, phosphorus, carbon, and salinity. In
contrast, benthic invertebrates are more susceptible to sediment contamination associated with
various metal contaminants including Ni, Zn, Co, Se, Fe, Al, As, Pb, Cr, Cu, and Mn. We collected the
samples of water quality as well as sediment from twenty one (21) sites at Gwang Bay in June 2018.
Our study sites cover Seomjin River Estuary to Gwangyang inner and outer bays. In order to identify
the commonality of the ambient conditions across the bay, we used Self-Organizing Map which is
known as a robust and powerful tool of unsupervised neural networks for pattern recognition. The
present environmental condition of Gwangyang Bay was spatially characterized with four different
attributes of water quality and sediment contamination. From the results, we obtained several
interesting findings: (i) the river seems to play an important role in supplying nitrogen and phosphorus
to the bay; (ii) the similarity of water quality and sediment contamination is distinct in space; and (iii)
there was a significant characteristic difference between two study sites (S11 and S12) even in short
distance. We notice that this study may have limitation on representing a general feature of
Gwangyang Bay. However, our study provides a good guideline as a first approximation of
environmental assessment towards effective management of fisheries resources.
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In general, it causes environmental problems that some green algae (Ulva spp., Cladophora spp.,
Codium spp. and Chaetomorpha spp.) breeds in large quantity at eutrophication. Therefore, effects of
temperature and irradiance on the zoospore release and germling growth of green alga
Chaetomorpha moniligera were examined. Zoospore release and growth experiments were carried
out under different combinations of temperatures (10, 15, 20, 25 and 30 °C) X irradiances (35, 70 and
140 ȝmol photons m-2s-1), and with single day-length regime (12:12h L:D). Zoospore release was
maximal at 20 °C x 70 ȝmol photons m-2s-1 in a factorial experiment. After 70 days, germling growth
showed a growth range 1.45 to 89.1 mm. Maximum growth were recorded at 25 °C x 70 ȝmol photons
m-2s-1, minimum growth were recorded at 10 °C x 35 ȝmol photons m-2s-1.
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Correlation between Pyropia yezoensis chlorosis and periphytic diatom
Licmophora sp. at low dissolved inorganic nitrogen concentration
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The chlorosis phenomenon, which Pyropia change into thallus yellow or white and causes massive
damage to the cultivation farm. This phenomenon occurs when the concentration of dissolved
inorganic nitrogen (DIN) in seawater was kept below 5 μM L-1. Therefore, this study was carried out to
investigate the correlation between the Pyropia yezoensis chlorosis phenomenon at low DIN
concentration and Licmophora sp. Experiment was carried out on the three materiel sections (P.
yezoensis, Licmophora sp. and P. yezoensis + Licmophora sp.) under different combinations of three
nitrate concentrations (2.5, 5 and 10 μM ) with potassium nitrate (KNO3) in artificial sea water (ASW)
medium, two temperatures (8 and 13 °C), 100 μmol photons m-2 s-1 and 12L:12Dh (light:dark)
photoperiod regime for 12 days. After the end of the experiment, the number of Licmophora sp. and
the concentration of DIN were measured and compared with the values before the start of the
experiment. In this experiment, the number of diatom cultured at a low concentration of less than 5
μM (the concentration at which the chlorosis phenomenon occurs) was higher than that of the diatom
cultures grown with P. yezoensis and diatom. The difference more bigger increased with increasing
concentration, the DIN uptake was lower at low concentration than the other sections.
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As the construction and operation of the West Sea wind plant can cause changes in marine
ecosystem, and it is important to monitor the changes in density of fishery resources in the sea area.
In order to monitor the changes in density of fishery resources in West Sea wind plant, this study aims
to estimate the density and the amount of fish inhabiting this area using underwater acoustics. The
survey was conducted in November 2017 and April and July 2018, respectively, and the frequency of
38 and 120 kHz of the split-beam scientific echosounder was used to measure the underwater sound
in four stations (A, B, C, D). Data collected from the survey were processed using the Post
Processing Analysis Software (Echo View V 8.0).GAs a result of the survey in November 2017, small
fishes were found in station A and B, but there was little fish in station C. In addition, the fishes were
distributed evenly from the surface layer to the lower layer in station D. In April 2018, a small amount
of individual fish was distributed in all sea areas (A, B, C, D), but small and medium fishes were not
detected. In July 2018, a small amount of individual fish was distributed in all sea areas (A, B, C, D),
but small and medium fishes were not detected. On the other hand, the underwater noise was
generated due to the construction of the marine wind tower piling working at the survey site.
Underwater noise is one of the reasons for the behavioral response of fish. Therefore, it was thought
that underwater noise at the survey site might affect the herding action of fish. Due to this effect, the
amount of fish was different in the piling work time and non-piling work time. In addition, in West Sea,
a big difference between the tides even at the same point the water depth varies depending on the
high time. Since the density of fish depends on the marine environment, systematic investigation
should be conducted on a regular basis
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The cold water is defined that waters have water temperature differences, more than 3 to 5 Celsius
degrees, compared to near waters. The phenomenon of cold water has seasonal variation. However,
every time from June to August, the phenomenon of cold water is occurred frequently in the southeast
part of the East Sea. The duration of this phenomenon might be approximately one to two weeks and
it happens repeatedly. The cold water has a high level of nutrients and high productivity of Food
Organisms. Also, the biomass of zooplankton would be increased due to the cold water. The purpose
of this study is to identify the relationship between fish and zooplankton in the cold waters from
Pohang to Gijang regions. In summer season; June 26-29, July 10-13, July 24-28, and August 22-25,
the acoustic survey was conducted using the frequency 38 kHz and 120 kHz in the southeast waters
of East Sea, Korea. The separation between fish and zooplankton was based on the results of
acoustic survey and their correlation was identified. The NASC of zooplankton had the lowest value in
August 22-25 as 231 m2/n.mile2. In July 10-13, The NASC of zooplankton had the highest value as 835
m2/n.mile2. The NASC of fish had the highest values in August 22-25 as 181 m2/n.mile2. The NASC of
fish had the highest value 3168 m2/n.mile2 in July 10-13. The NASC correlation between fish and
zooplankton showed a positive value (R2=0.99).
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The target strength (TS; dB re 1 m2) of fish is a key element in the transformation of hydro-acoustic
estimates to fish biomass. Black seabream (Acanthopagrus schlegeli) inhabits in the coastal areas of
South and West Sea in Korea, East and North China Sea, and the coastal areas of South Sea of
Japan. In response to decreasing fishery resources in these areas as results of overfishing and
pollution of marine environment, marine-ranching programs were introduced in Korea in 1998 for the
recovery and management of fishery resources. Black seabream in this study was considered
suitable for marine-ranching programs. In order to use this fishery resources, the biomass should be
estimated and it should be managed well. This study aimed to determine the TS for estimating the
biomass of black seabream in the coast of Korea using acoustic. The TS was measured by the ex-situ
measurements and acoustic model calculation, Kirchhoff-ray mode (KRM) model using 200 kHz split
beam transducers (EK80, Simrad, Norway). Fork length and weight of black seabream used
experiment ranged from 6.4 to 30.8 cm and from 6.4 to 683.8 g, respectively. The dependence of TS
on fish length (FL, cm) in ex-situ and modelled with the equation, TS = 20log10(FL)+b, is determined
by a least-squares fit of the TS against the individual fish lengths. With 200 kHz frequency, TS
equations were expressed as functions of fork length: TSmax=20log10(FL)-60.35 (R=0.92) and
TSavg.=20log10(FL)-66.89 (R=0.88). This TS results for black seabream can be used as basic data for
estimating the biomass using acoustic method.
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The health assessment of tidal flats is generally carried out through physicochemical analysis.
Furthermore, the asses of level of health of the tidal flats can be evaluate by health of organisms
inhabit the tidal flats. It is possible to evaluate the precise health level of organisms inhabit the tidal
flats using analysis of expression of biomarker genes. The purpose of this research is to evaluate the
health of the tidal flats on the west coast using biomarker genes such as hsp70, hsp90, GST and
thioredoxin. These genes are stress, immune, and antioxidant related genes that can be used to look
at the health of an organism through gene expression. Heat shock proteins(hsps), one of the most
highly conserved groups of proteins characterized to date, play crucial roles in protecting cells against
environmental stresses, such as heat shock, salinity and oxidative stress. The regulation of the
expression of hsps plays an important role in the immune responses. The glutathione Stransferases(GST) have important role in detoxification of oxidative stress, environmental chemicals
and environmental stress. Thioredoxins are major highly conserved and ubiquitous proteins that are
involved in protecting organisms against various oxidative stresses. In this study, we collected manila
clam(R. philippinarum) in 8 analysis areas on the west coast. Total RNA was extracted from the meat
part of the collected clams. Expression of the genes was analyzed by PCR method. Results showed
that, the expression of hsp70, hsp90, GST and thioredoxin mRNA were changed in the 8 analysis
areas. In particular, the expression of hsp90 and GST or the expression of hsp70 and thioredoxin
were similar. This means that there is a substance that reacts specifically to each gene. Therefore, I
think suggest that the based on the results of physicochemical analysis, it can be selected genes
suitable for analysis. These results suggest that hsp70, hsp90, GST and thioredoxin were played
roles in biomarker for assess the health of tidal flats.
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This study was conducted for total 5 times from August 2010 to September, 2012 at 7 stations in
Jeju northern sea area in order to investigate the change of benthic polychaetous community and
comprehend temporal and spatio distribution. As the result of comparing mud͎sand content of
sediment as habitat substrate of benthic polychaete, Jeju northern sea area displayed high content of
sand, also, most stations of Jeju northern sea area were very poorly sorted sediment, which showed
relatively distinct correlation between particle composition and benthic polychaete. There were 62
species of polychaetes in a total of 7 stations, with a mean density of 295 inds./້. There was
difference along with number of species and mean density per time, however it appeared to show the
similar number of species and mean density without change along with the season. The dominant
species by LeBris index (1998) using material of mean density, it appeared that 6,100 individual
appeared in order of Amphicteis gunneri, Ampharete arctica, Prionospio sp., Telepsavus costarum,
Heteromastus filiformis, Aricidea sp., Glycera chirori, Clymenella koreana, Syllis sp., Eteone sp.
occupied 59.0% of the whole. As the result of cluster analysis based on similarity between species
composition and station, station 1 that belongs to relatively outer sea area appeared to compose
independent group, while A group in station 2, 3, 4, 5, and B group in other station 6, 7. As SIMPER
analysis result, the species that influenced similarity among the group appeared Amphicteis gunneri
that appeared as the most dominant species. Through total 5 times of researches, benthic polychaete
of Jeju northern sea area appeared to form relatively stable crowding without spatio͎temporal change,
and no meaningful difference in change appeared in benthic polychaetous community.
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Selenium (Se) is an essential trace element in vertebrate, but can be very toxic at slightly above the

requirement level. Accumulating literature suggests that neurotoxicity and oxidative stress are
important mechanisms of selenium toxicity in the mammalian systems. However, limited information is
available with regard to mechanistic understanding of Se toxicity in fish. The aim of the present study
was to investigate mechanism of high level of Se toxicity in juvenile steelhead trout exposed to dietary
Se. Fish (mean initial weight: 22.3 g) were fed one of the five semi-purified diets containing 1.1
(control), 8.8, 15.4, 30.8, and 61.6 μg Se/g diet dw (control, Se8.8, Se15.4, Se30.8, and Se61.6 μg
Se/g diet, respectively) in the form of selenomethionine added to a basal diet, for 4 weeks. Oxidative
stress indicators (glutathione peroxidase, catalase, and so on), and dopamine (DA), serotonin and
their metabolites were determined every 2 to 4 weeks. Significant (p < 0.05) mortality was observed in
fed the highest Selenomethionine diet and indicators of oxidative stress were changed significantly.
Significant alterations were observed in the DA, serotonin, and their metabolites (DOPAC, 5-HIAA,
HVA) of central nervous system in the steelhead exposed to dietary Se (p < 0.05). Hepatic glutathione
peroxidase (GPx) activities significantly increased in fish fed diet containing Se30.8 and above (p <
0.05). Hepatic catalase activities significantly depressed in fish fed diet containing Se30.8 above (p <
0.05). These experiments showed that high level of dietary selenium at Se 30.8 and above cause
neurotoxicity and oxidative stress to juvenile steelhead trout in the subchronic exposure.
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Since the 2000s, the damage caused by migratory birds has been increasing in fish farms in
Jangheung, South Jeolla Province. When floating method of seaweed fulvescens farm are released
above the water, hundreds to thousands of migratory birds go to the farm to eat seaweed fulvescens.
After a flock of migratory birds stormed the farm, it turned into ruins that could not be harvested. To
reduce the damage to the migratory birds, fishermen are trying to build scarecrows and patrol around
the country day and night to minimize the damage. However, these efforts are a minimal and
fundamental solution to reducing damage. In this study, we proposed a biological approach to bird
hearing. Unlike mammals, birds have an amazing ability to hear a variety of sounds without the need
for an outside ear, and they can tell the direction and height of sound. Birds fly for long distances, so
they have ears to hear sounds from far away, and they also have an accurate view of how small rice
can be found a distance of 50 meters. This can be expected to work by simultaneously implementing
a source of sound as well as an audible stimulus. Because birds differentiate the sound level of sound
sources by measuring the difference in frequency of sound with the brain, it is necessary to use the
sound source rather than the sound source as it tends to be perceived as sound heard far apart
depending on the frequency. Thus, a directional and non-distributed sound wave is suitable as an
instrument of sound-sensitive ducks because it allows them to focus on sound waves with different
frequencies along the perimeter without issuing noise. On February 2, 2018, natural enemies (male)
and low frequency sound waves were tested on migratory birds five times, using an output of 1.2 kWoriented speakers at the location of migratory birds in Hapo-gu, South Gyeongsang Province.
Avoidance behavior of migratory birds within 200m of linear distance was observed, and duration was
less than 2 hours. On March 6, 2018, Misaeng in Wando County, Jeollanam-do conducted an
experiment on two colonies of ducks using a development device at a fish farm. It was able to check
its continuous effects within 3 hours of 300m or so. Through this study, the scope of application of the
target areas was improved to 1.6KW. In addition, it secured seven natural predators, including
seagulls and eagles, gunshots, unpleasant sounds, and low-frequency sound sources.
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Review and new suggestion of English common name in Korea:
Endangered freshwater fish
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The specific name is very important to identify the fishes. Scientific name and Korean name are
necessary, but the English common name is optional. For this reason, many of the same species
have used several English common names. In particular, the Ministry of Environment specified the
Endangered Wildlife species which were legally protected. However, the English common names of
the wild flora and fauna have not been confirmed. Fish can vary, and these species need to be
confirmed with English common names. There are 27 species of Endangered Wildlife species of
freshwater fish. Among them, 11 species are designated as 1st grade, and 16 species are designated
as 2nd. 6 species of the 1st grade (Pseudopungtungia nigra, Liobagrus obesus, Koreocobitis
naktongensis, Pseudobagrus brevicorpus, Cobitis choi and Acheilognathus somjinensis) use existing
English common names, and 4 species (Microphysogobio rapidus, Microphysogobio koreensis,
Odontobutis obscura and Gobiobotia nakdongensis) use the newly proposed English common names.
Two English common names were Kichulchoia brevifasciata use it as a priority in the "Dwarf loach". 8
species of the 2nd grade (Lethenteron japonicas, Iksookimia pumila, Pungitius sinensis, Lethenteron
reissneri, Rhodeus pseudosericeus, Acheilognathus signifier, Pseudopungtungia tenuicorpa and
Cottus hangiongensis) use existing English common names used, and 5 species (Rhynchocypris
semotilus, Acheilognathus majusculus, Coreoperca kawamebari, Brachymystax lenok tsinlingensis
and Phoxinus phoxinus) use the newly proposed English common names. Gobiobotia macrocephala,
Gobiobotia brevibarba and Culter brevicauda etc. 3 species are recommended to change their
English common names. The 27 species of freshwater fish belonging to the Endangered Wildlife Flora
and Fauna have the English common name.
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The great white shark Carcharodon carcharias (Linnaeus, 1758) is one of the best known and one
of the largest species of sharks. This shark distributes almost anywhere in the world, with
concentrations in temperate and tropical seas, and spend most of their time in the upper part of the
water column in nearshore waters. But, they range from the surf zone to the open ocean and from the
surface to depths of 1300 m. Carcharodon carcharias is classified as Vulnerable (A2cd+3cd) on the
IUCN Red List of Threatened Species, and protecting through Appendix ǥ of CITES. The shark has
long been a focus for negative media attention danger to humans. Consequently this species is
directly exploited for sports fishing, commercial hunting, and shark fin trade.
An adult female great white shark (5775 mm TL) was caught in set nets near the shore of
Gyeongnyeolbiyeoldo Isls., middle-eastern Yellow Sea, off Taean Peninsula, Chungnam Province,
Korea. Using the equation, estimated body weight was 1700 kg. We reported this unusual shark
occurrence from Korean waters. The species has following characters. Body heavy and fusiform.
Snout bluntly conical. Large and triangular first dorsal fin with dark free rear tip, its origin over the
pectoral inner margins; second dorsal tiny. Small anal fin origin under or slightly posterior to second
dorsal fin insertion. Eyes very black, small, 0.6 % (0.7 to 1.8%) of total length. Nostrils situated
adjacent to head rim in ventral view. Mouth width 2.9 times (1.1 to 2.3 times) its length, located at
behind front of eyes. Five pairs of gill slits long and large. Teeth large, flat, erect, equilateral-triangular
with coarsely serrated margins; anterior teeth enlarged; anterior, intermediate and lateral teeth
compressed and forming a continuous cutting edge. More slender in lower jaw. Nictitating eyelids
absent. Dorsal surface greyish-black; ventral surface pale to white. Maximum 6 m TL, and born 110160 cm TL.
There have been 22 appearances reported in Korean waters from 1996 to 2014, and lives in all
coastal waters of Korea.
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The spinner shark Carcharhinus brevipinna (Müller and Henle, 1839) is cosmopolitan in warm
temperate, subtropical and tropical continental and insular shelf waters. This shark uses nearshore
beaches, bays and estuaries as nursery grounds, but childbirth takes place in waters deeper than 5m.
The female of spinner shark has 11–15 month gestation period and is placentally viviparous,
producing 3–20 pups (usually 7–11 increasing with female size) every other year. Ovulation occurs in
late June and mating occurs in late June to early July, and pups are born in late May–July at 60–80
cm TL. Adult attains about 3 m TL (Compagno, 1984; Castro, 1993; Burgess & Branstetter, 2005;
Compagno et al., 2005; Last & Stevens, 2009). The IUCN Red List assessment indicates near
threatened (NT) all over the world and vulnerable (VU, A1bd+2d) in the Northwest Atlantic (IUCN,
2015).
A single specimen (66 cm TL) of Carcharhinus brevipinna has been collected at a fish market
adjacent to the southern coast of Korean peninsula in July 2008 by Dr. C.L. Lee. And then, several
specimens (65-67 cm TL) of this shark were additionally collected from the coast of the
Yeonpyeongdo Islands, middle-eastern Yellow Sea, Incheon, Korea in June 2009 and June 2014 by
the first author in set nets. So far, this species is formally unrecorded from Korean waters. This
species has following characters. Large, slender to slightly stocky sharks with snout long and pointed
or narrowly rounded, internarial width 1.6 in preoral length. Eyes circular and fairly small, 1.5% total
length. Upper labial furrows noticeably elongated and prominent. Hyomandibular line of pores just
behind mouth corners not conspicuously enlarged. Five gill slits long. Upper teeth with long cusps,
finely serrated; lower teeth with smooth-edged narrow cusps. Pectoral fins falcate, with narrow,
pointed or narrowly rounded tips. First dorsal fin small, lower, semi-falcate, its height over 2.2 times in
the interdorsal space; first dorsal fin origin over or just behind pectoral fin free rear tip. Second dorsal
fin moderately large. Nictitating eyelids present. Interdorsal ridge absent. Plain-finned; a white band
on sides, but not conspicuous.
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The family Syngnathidae consists of 232 species worldwide, but only 13 species in Korean waters.
Urocampus nanus prefers to live in seaweed like eelgrass bed, because seaweed provides shelter for
them to hide from predators. In recent years, as eelgrass beds have been extensively destroyed due
to reclamation or industrialization, it is urgently necessary to understand their early life history for their
protection. Many taxonomical and ecological studies on Syngnathus and Hippocampus have been
done according to IUCN. However, it was poorly known regarding early life history of Urocampus
nanus in Korean waters, even though it belongs to Syngnathidae. Therefore, this study provides the
detailed morphological description of the larvae obtained from Urocampus nanus male brood fish, and
compared with larvae of Syngnathus schlegeli. Three males and three females of Urocampus nanus
were collected by hand net on March, 2018 in Busan, Korea and they were kept in storage tank (18°C,
34 psu). Larvae were fixed by ice anesthesia (1, 2 days after birth) and fixed by 70% ethanol (3, 4
days after birth), and their counts and measurements followed method of Han et al. (2014). Unlike
adults of U. nanus, larvae of U. nanus showed that head was bent against trunk axis more than 90
degrees and they could not use their tail to coil something. Percentage of trunk length and tail length
in total length decreased and increased with growth, respectively, and percentage of snout length in
head length increased with growth. Compared to larvae of S. schlegeli, distinct differences were
shown in the number of dorsal fin rays (15~16 in U. nanus vs. 30~47 in S. schlegeli) and presence of
the lower membrane in the tail (absent in U. nanus vs. present in S. schlegeli until 6 day after birth).
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Early life history of Scyliorhinus torazame (Scyliorhinidae, Chondrichthyes)
in Korean waters
Min-Soo Kim and Jin-Koo Kim*
Department of Marine Biology, Pukyong National University, Busan, 48513, Republic of Korea

Scyliorhinidae consists of 157 species worldwide, but 3 species, Scyliorhinus torazame,
Cephaloscyllium umbratile and Halaelurus buergeri in Korean waters. Among them, cloudy catshark S.
torazame is designated as the Least Concerned (LC) according to the IUCN (2018). Although cloudy
catshark is a commercial species which is highly used as a raw fish and fish meat product, the early
life history of the species was poorly known. Studies on early life history of cloudy catshark can help
us understand the species more comprehensively and further develop conservation strategies. The
purpose of this study is to seek the optimum conditions in breeding of eggs and improving the survival
rates of young fish. We collected 60 eggs enveloped with shell (1.9 cm in width, 5.5 cm vertical) of S.
torazame between October and December, 2017 in Min-rack fish market, Busan. In order to seek
good condition for embryo’s growth, egg shells were reared under the three water temperature
conditions (13°C, 15~16°C, 18~20°C). Egg shells were also reared under the three conditions
(hanging up, placing on the net, sinking down on the floor) in order to seek good hatching condition.
As a result, growth rate of S. torazame embryos was peak at the water temperature of 18~20°C. The
hanging up egg shells showed higher survival rate than the egg shells sunk on the floor. The growth
rate of young fish after hatching was directly influenced by prey and indirectly by water temperature
and dissolved oxygen. Young fish of S. torazame prefers to eat shrimp and crab rather than fish and
cephalopod.
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Color variation of tiger puffer, Takifugu rubripes (Temminck &
Schlegel, 1850) in Korean waters
Jin Seok Kim1, Eun Mi Kim2, Jung Yeon Park2, Jung-Ha Kang3, Jae Koo Noh2, Yeon Jung Park2 and
Jin-Koo Kim1*
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Tetraodontidae comprised of 184 species in 27 genera worldwide and 31 species in 5 genera in
Korea. It is much difficult to identify tetraodontid species because of their morphological similarity.
Only the color pattern has been available for distinguishing them, particularly in Takifugu. As most
species contain deadly poison (name as tetrodotoxin), it needs to define taxonomic characters of
each species more clearly. Takifugu rubripes (Temminck & Schlegel, 1850), which is morphologically
very similar with congeneric species, T. chinensis and T. pseudommus. Herein, we analyzed
morphometric variations of T. rubripes according to location and color variation. A total of 166
individuals were collected from seven locations by fishermen during April to July 2018: Guryongpo +
Pohang (n = 16), Uljin (n = 25), Yeosu (n = 24), Wando (n = 12), Tongyeong (n = 17), Mokpo (n = 29),
Incheon (n = 24). We firstly designated original description (Temminck & Schlegel, 1850) as type 1,
and the other color variation as type 2, 3, etc. A total of 8 color types were found, but there were no
significant differences in multivariate morphometric analysis. Therefore, it is assumed that the various
color pattern in T. rubripes may be color variation between individuals, but it needs more extensive
information such as mtDNA, msDNA or SNP.
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A juvenile Stereolepis doederleini (Polyprionidae) from a
tidal pool at Jeju Island, Korea
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Tidal pools on the seashore commonly retain seawater throughout the tidal cycle. They are unique
biological habitats and are very important places for marine fishes. Larvae and juvenile fishes use
tidal pools as nursery grounds. We report the first finding of a juvenile striped jewfish (Stereolepis
doederleini) from Jeju Island, Korea, collected from a tidal pool on 11 May 2017. The specimen was
characterized on the basis of its black head and body, the posterior tip of the maxilla beyond the
middle of the eye, the posterior tip of the pelvic fin reaching the anus, dorsal fin with 11 spines and 10
soft rays, and anal fin with 3 spines and 7 soft rays. The spawning of S. doederleini is estimated to
occur from northwest of Kyushu (Japan) to the southwest of the East Sea (Korea) from late spring to
early summer (March to June) at depths of 100–200 m. Larvae and juvenile stages (8–30 mm) of S.
doederleini have been reported in coastal waters from April to June.
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Food and feeding habits of three larval gobies occurred in late spring

and summer in Nakdong River estuary of Korea
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Although the three gobiid fishes, Tridentiger spp., Acentrogobius sp. and Acanthogobius lactipes,
are not commercially important species in Korea waters, but their larvae are important components of
the Nakdong River estuary. Several studies on the early life history of gobiid fishes have been
conducted, specific study dealing with the feeding habits of these species are limited. Thus, the aims
of this study were to investigate the dietary composition, size-related changes in feeding habits.
Larvae samples were collected monthly between September 2010 and August 2011 at two stations in
the estuary, using a RN80 net by 10 minutes subsurface towing. Gut contents analyses revealed that
larval gobies had carnivorous feeding habits, consumed mainly copepods and other larval stage of
various marine organisms. And they also showed ontogenetic changes in feeding habits in terms of
prey types and proportions; Acentrogobius sp. and Ttridentiger spp. consumed mainly rotifers in small
sizes (<4 mm), while the small size of A. lactipes preferred to consume various plankton preys.
However, as the larvae of the three larvae gobies grew, the consumption of copepods gradually
increased, indicating copepods are the one of the most important prey items for the larval gobies, just
as other larvae mainly consumed on copepods.
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Variation of Fish Community by Reduced the Amount
of Water in Cheonggye Stream, Korea
Hwa Keun Byeon
Seowon University, Cheongju, Korea

The var iation of fish community by r educ ed amount of water in the Cheonggye stream
was investigation from April to October 2017. Water depth decreased by 1~2 m according to the
stations, compared with 2011, before the amount of water decreased. The collected species during
the survey period were 23 species belonging to five families. Korean endemic species such as
Squalidus japonicus coreanus and Zacco koreanus were observed in the stations. Seven species
such as Rhodeus uyekii, Acheilognathus yamatsutae, Acheilognathus gracilis, Hemibarbus labeo,
Abbottina rivularis, Opsariichthys uncirostris amurensis, and Erythroculter erythropterus did not
appear in 2017. After the decreased amount water, the fish species which increased rapidly was
Zacco platypus and increased to 24.9% in the relative abundance of fishes. Dominant species of each
station were Acheilognathus yamatsutae (St. 4) and Zacco platypus (St. 1, 2, 2). Results to water
quality tolerance guild analysis of fish, number of species belonging to sensitive species decreased
from 34.0% to 8.8%, there was no significant difference intermediate species, and tolerance species
increased from 50.2% to 75.5%. Insectivore species sharply decreased from 48.1% to 19.2%, there
was no significant difference carnivore and herbivore, and omnivore rapidly increased from 51.6% to
80.7%. Dominant index 0.76 from 0.62 to increased, diversity index 1.80 from 1.33 to reduced,
evenness index 0.57 from 0.42 to reduced, and richness index 3.20 from 2.90 to decreased.

- 419 -

PF-10

Species Composition of Fishes in Eelgrass Bed of Yeonpo coast on Taean, Korea
Eui Min Baek, Jun Hyoung Lee and Yoon Choi*
Department of Fisheries Science, Kunsan National University, Korea

Seasonal variation of species composition was analyzed by collecting fishes using a beach seine
and a single gill net by bimonthly from April 2017 to February 2018 in eelgrass bed of yeonpo coast
on Taean, Korea. A total of 34 species, 788 individuals and 70,389.6 g of fish were collected from the
Yeonpo coast. The juveniles of coastal species such as Pleuronectes yokohamae, Paralichthys
olivaceus and Sebastes schlegelii were predominated day and night. And the juveniles of seasonal
migratory species such as Konosirus punctatus, Mugil cephalus, Liparis tanakai and Cynoglossus
robustus were abundantly collected seasonally. In beach seine net, lots of fishes appeared more at
night than in daytime. As a result of comparing the distribution of body size, it was mostly small fishes
or juveniles. On the other hand, in the single gill net outside the eelgrass bed, adult fishes collected
from a beach seine net were collected. There were differences in biomass and the number of species
between day and night, and coastal species and seasonal migratory species juveniles appeared in a
beach seine. Considering all the factors, the eelgrass bed of yeonpo cost on Taean is considered as a
nursery ground.
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Species Composition and Seasonal Variation of Shallow
Water Fishes in Gomso Bay
Jun Hyoung Lee, Mu Seong Kim, Do Yeon Kim, Min Jeong Kim and Yoon Choi*
Department of Fisheries Science, Kunsan National University, Korea

Gomso Bay located in the boundary of west coast of Buan-gun and Gochang-gun, Jeollabuk-do is
well preserved tideland so that it has an appropriate environment to research ecological
characteristics of supplying organics to neritic regions. So this research shall figure out species
composition of fish which inhabits in neritic regions of Gomso Bay and seasonal variation. And it shall
provide database of basic ecological research by comparing and analyzing fish data of neighbor
neritic regions. This research has performed at 4 peaks from March to September in 2018 every high
tides of months, and the stationary nets (length 2 m, height 50 cm, net size 0.1 mm) were used for
fishing gear. From March to September in 2018, total 10 orders, 27 families, 46 species, belonging to
1,846 individuals were collected. Majority of collection were pelagic fish and littoral fish. Larimichtyes
polyactis were collected the most of 24.7% of total number of individnals, and Engraulis japonicas
(20.8%), Trichiurus lepturus (7.6%), Pholis fangi (7.4%), Favonigobius gymnauchen (7.0%). As
number of monthly appearance, Thrysa chefuensis, Konosirus punctatus, Leiognathus nuchalis,
Larimichtys polyactis appeard for 5 times, Argyrosomus argentatus was for 4 times, and the rest was
less than 3 times. The water temperature was the lowest in March which was 5.5ଇ, after that it
became higher reaching 28.7ଇ in August, and getting lower again in September 25.7ଇ. The water
temperature in accordance with seasons have shown distinct aspects which leads distinct seasonal
changes of fish species composition. Monthly dominant species is as following; 46.3% of monthly
species were Favonigobius gymnauchen in March, 57.9% of monthly species were Hexagrammos
otakii in April, 45.4% and 50.2% of each monthly species in May and June was Engraulis japonicus,
and 61.0%, 47.4%, 73.7% of July, August, September was Larimichthys polyactis.
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A taxonomic review of the genus Hemiculter in Korea
(Cypriniformes: Cyprinidae)
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The cyprinid genus Hemiculter, established by Bleeker (1860) with Culter leucisculus Basilewsky,
1855 as type species, is distinguished from other cyprinid genera by a combination of characteristics
as follows: a compressed body, decurved lateral line, 12~17 anal fin branched rays, and a prominent
scaleless keel on ventral midline. In the genus, eight valid species, i.e., H. leucisculus (Basilewsky,
1855), H. lucidus (Dybowsky, 1872), H. bleekeri (Warpachowsky, 1888), H. varpachovskii Nikolskii,
1903, H. krempfi Pellegrin and Chevey, 1938, H. tchangi Fang, 1942, H. songhongensis Nguyen and
Nguyen 2001, H. elongatus Nguyen and Ngo, 2001 have been recognized from the Eastern Asia
water system (Nelson, 2006; Cho et al., 2012).
The first report on species of the genus Hemiculter from Korea was made by Kim and Lee (1986)
based on two species previously described as a member of the genus Cultriculus Oshima, by Uchida
(1939). That is, Kim and Lee (1986) mentioned the synonymy of Cultriculus with Hemiculter and,
applied the name H. leucisculus to Cultriculus kneri (Warpachowsky) called "Sal-chi" in Korean with
26-32 gill rakers and 43-50 lateral line scales and the name H. eigenmanni to Cultriculus eigenmanni
(Jordan and Metz) called "Chi-ri" in Korean with 17-21 gill rakers and 50-58 lateral line scales.
However, Cho et al. (2012) recently concluded H. eigenmanni to be a junior synonym of H.
leucisculus, and mentioned "H. leucisculus" species given by Kim and Lee (1986) is incorrectly named
based on morphological analysis of its type series. Thus, the taxonomic status of the species known
as "H. leucisculus" called "Sal-chi" in Korean with more gill rakers and less lateral line scales in Korea
remains unclear.
In this study, two Korean Hemiculter species were reviewed taxonomically based on the specimens
collected from the Korean Peninsula including their type series. The specimens called “Sal-chi” in
Korean which had been previously identified with “H. leucisculus” occurring from Han-river, Imjin-river,
and Daedong-river water system of Korea was regarded as H. lucidus. Therefore, the latter name
should be applied to former in Korea. This species is distinguished from H. leucisculus (Basilewsky,
1855) by having 24~33 gill rakers, 42~48 lateral line scales, the origin of dorsal fin closer to tip of
snout than base of caudal fin or midway between snout tip and base of caudal fin, and slightly
decurved lateral line.
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Morphology and distribution of Acheilonathus somjinensis
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Acheilognathus somjinensis is the primary freshwater fish belonging to the family Cyprinidae, which
is also endemic and endangered in Korea (Kim et al., 2005). This fish is only distributed in the Somjin
river flowing into the South Sea of Korea, and it has a distinct characteristic laying mature eggs in the
middle of the gill demibranch of mussels of Pronodularia seomjinensis and Inversiunio verrucosus
(Yang, 2004). A. Somjinensis is morphologically very similar to Acheilognathus koreensis though,
there is a little information about the key character to distinguish between them, except the characters
of violet color in caudal peduncle and faint middle black band in anal fin of A. somjinensis (Yang,
2004). In present study, we have researched morphology and distributional range of A. somjinensis
from the Somjin river from June to September, 2018. A. somjinensis is characterized by having violet
color in caudal peduncle region, which is the same result as Yang (2004), but we found this color is
spreading throughout the body. In male, A. koreensis is sometimes tinged with violet, but
overwhelmed by a yellowish green color on the lateral body. The middle band of the anal fin is distinct
in A. koreensis, but faint in A. somjinensis. In female, the overall color of the body and the fins is not
clear compared with those of male, except the length of ovipositor that A. somjinensis has much
longer one than that of A. koreensis especially in spawning season. A. somjinensis is distributed in
the upper region of the Somjin river and the main stream of Bosung river, where the bottom
substrates consist of cobble, pebble, gravel, sand and sometimes mud. As they inhabit the water’s
edge of lotic region and the region of lentic with full of aquatic plant, largemouth bass and bluegill
(introduced species in Korea) must be key controller of fish community as a natural enemy. We are
now investigating any threatening factors to the population of A. somjinensis, and the relationship
between the existence of A. somjinensis population and the existence of host mussels for their
spawning.
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Seasonal changes in the sperm motility of Korean bullhead
(Pseudobagrus fulvidraco)
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The quality of sperm, based on density and motility, plays an important role in success of fertilization
in teleost fishes. Sperm motility is the main prerequisite for fertilizing ability of semen (Billard, 1978;
Stoss, 1983), due to correlation with fertility (Rurangwa et al., 2001). The several factors such as pH,
temperature, ions and Osmolality have influenced the sperm motility (Alavi and Cosson, 2006).
Seasonal variations in this parameter and the photoperiod condition can control the sperm maturation
process in fish (Dorts et al., 2012). For Korean bullhead Pseudobagrus fulvidraco, as the sperm
motility has not yet treated, the monthly changes of sperm motility during the spawning season of
Korean bullhead were studied in this study.
A total of 9 males were collected during the spawning season, April-August, 2018 from
Mangyeonggang River and Yeongsangang River. The semen was collected by cutting testis of the
male, and keep at 4  before using. The sperm motility was analyzed by the integrated system for
semen analysis system (ISAS 1.2, Spain) under the room temperature (almost 24 ). The
experiments were repeated three times for an accurate statistical analysis. The sperm motility of P.
fulvidraco was the lowest (35.66 %) in April, and the highest (81.67 %), in mid-May, but since after it
started dropping to 70.88 %, 61.38 % and 68. 67 % in June, July and August, respectively.
Gonadosomatic index (GSI, %) showed high values from mid-May to June (0.65 % and 0.6 %,
respectively).
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The mitochondria-rich cell of the olfactory organ in Korean blue spotted
mudskipper Boleophthalmus pectinirostris
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In teleost, the olfactory organ has significant role to perceive an environmental change in chemical
and physical condition of habitat. It also is important in prey detection, cognition of suitable habitat,
predator avoidance, reproduction, interspecific communication, and migration and homing. In addition
to above function, we present another role of the olfactory organ in this mudskipper, by which
mitochondria-rich cell occur in the olfactory epithelium. Adult mudskipper, Boleophthalmus
pectinirostris (105.1 to 125.5 mm in standard length) used in this research were collected between
August and October 2018 in intertidal mudflat of Dangchon-ri, Shinan-gun, Jeollanal-do, South Korea,
35°01’ 56”N, 126°09’ 02”E. To examine the property of this cell, the olfactory tissue fixed in neutral
buffered 10% formalin solution and phosphate-buffered 2.5% glutaraldehyde solution was processed
by a general histology for light microscopy and transmission electron microscopy. In a result, it is
supposed to be an ion exchanging cell by the following characteristics: a long body extending from
the basement membrane, an open apical surface tip of the cell body, numerous mitochondria within
the cytoplasm. Among the features, in particular, the mitochondria-rich cell, so-called ionocyte, was
reported in the skin of the pectoral fin of Periophthalmus modestus and the branchial epithelium of
Periophthalmodon schlosseri as well as in many teleost fishes, not the olfactory organ. In the olfactory
organ of fish, it was reported in the small-spotted catshark Scyliorhinus canicula so this cell herein of
teleost is first record. Meanwhile, this cell has been known to play ionic regulation by inward Ca2+, Na+
and Cl- transport in freshwater fish, outward Cl- transport, consequentially acid-base regulation.

- 425 -

PF-16

Comparative study of sperm motility in Cobitis hankugensis – Iksookimia longicorpa
hybrid with their parental species
Seung-Woon YUN, Jong-Young PARK
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C. hankugensis-I. longicorpa hybrid, known as all female unisexual species, has a very low rate of
occurrence of males (less than 5%) and little is known about this hybrid male. Microscopic
observation of the male sperm showed that the hybrid testis had abnormal sperm heads with
relatively large sperm heads and that the structure of the axoneme was incomplete and that it would
be difficult to show normal sperm motility. Therefore, in this study, we measured sperm motility of
male hybrids in the spawning period and verified whether their physical defects were related to the
actual sperm motility. Ultimately, we want to confirm if hybrid males can serve as sperm donors in
these hybrid populations. The sperm motility was measured using 4 males classified as hybrid
through microsatellite marker test. As a control group, their parent species, C. hankugensis and I.
longicorpa, were also used in the experiment. The sperm concentration was found to be 51.3 millions
per mil. in hybrid, I. longicorpa and C. hankugensis were 262.8 and 321.2, respectively. Sperm
concentration was the highest in C. hankugensis, and hybrid was lowest. According to progressivity
analysis, hybrid sperm showed the highest rate of static (92.6%), no mobile progressivity (4.4%) and
mobile progressivity (3.0%). On the other hand, the parent specie, I. longicorpa showed 21.5% static,
54.6% no mobile progressivity, and 23.9% mobile progressivity. C. hankugensis also showed 21.5%
static, 53.5% no mobile progressivity, and 24.9% mobile progressivity. Both parents showed the
highest no mobile progressivity value. According to the speed analysis, hybrid sperm occupied the
largest part with 92.6% for static, 2.6% for rapid, 3.5% for medium, 1.3% for slow. On the other hand,
the parents were rapid (60.8%/61.7%), medium (16.8%/15.9%), slow (0.9%/0.8%) and static
(21.5%/21.5%), respectively. According to the WHO analysis, the hybrid sperm occupied the largest
portion of immobile (92.6%) and others were slow progressive (3.7%), no progressive (2.8%) and
rapid progressive (1.0%). Parents were 18.6%/19.0% in rapid progressive, 47.5%/48.7% in slow
progressive, 12.4%/10.8% in no progressive, and 21.5%/21.5% in immobile. Both parents showed the
highest level of slow progressive sperm. The analysis using several speed parameters showed that
the sperm of parents were faster than the hybrid in both curvilinear speed and rectilinear speed. In
linearity, straightness, oscillation index, hybrid sperm was relatively high in slow value and sperms of
the two parents showed a high rapid value, and the motility of the hybrid was found to be lower than
that of the parent species. Finally, in comparison of sperm motility of hybrid male and two parents,
hybrid has relatively low sperm counts and mobility was also found to be inadequate compared to that
of the two parental species, which was in good agreement with the study of the morphological
characteristics of hybrid male sperm.
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Early life history of Carassius cuvieri Introducted species
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Carassius cuvieri belongs to Cypriniformes order, Cyprinidae family, and genus Carassius. It is known
to show a difference in morphology from domestic carp became the body height is higher and the
front part of the head protrudes slightly compared to the carp. In addition to blue gill, Lepomis
macrochirus and largemouth bass, Micropterus salmoides has recently been introduced into Korea as
a introducted species in Korea and has recently caused serious problems in the domestic freshwater
ecosystem.
In order to solve this problem, studies on the species identification using molecular markers and
molecular markers have been carried out. The purpose of this study is to observe the early life history
of the Korean cabbage which flows into the main stream of the Nakdong River in Korea and uses it as
a basic data of taxonomic study.
The samples used in this study were collected in May 2018 in the Nakdong River main stream in
Yecheon-gun, Gyeongsangbuk-do Province. The egg size was 1.27~1.37mm (n=10), and the time
required for hatching was 108 hrs, 30 mins at an average temperature of 23.0ଇ. The size of hatching
larvae was 4.69~5.01mm (n=10). On the 10 days after hatching, the spawning was 8.88mm in total
length, and the dorsal fin and fins were membranous, and caudal fin was observed in stem. 98 days
after hatching, the total length of the juvenile was 25.7 mm. Stem number of part fin similared to an
adult fish.
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the Korean Paradise goby, Rhinogobius giurinus
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Rhinogobius giurinus belong to a gobiidae of perciformes. There are 1875 species in the world and
212 genera in the world, and about 27 genera and 74 species have been reported in Korea. The
study on the early life history of the larvae and fishes was carried out in the order of Chasmichthys
dolichognathus (Kim, 1975), T. trigonocephalus (Kim & Han, 1990), Mugilogobius abei (Kim & Han,
1991) In this study, we investigated the phylogenetic tree of Favonigobius gymnauchen (Jin et al.,
2003), T. obscurus (Hwang et al., 2006), L. grandis (Yoon et al., 2008) Research has not been done
at all. Therefore, in this study, we will observe the eggs development process and the morphological
development of the larvae in the Korean Rhinogobius giurinus. The samples used in the study were
collected from the Nakdong River. They were accommodated in a glass water tank and then kept in a
recirculating culture system. The brood stork lay under a small rock in the aquarium. Embryos were
collected and observed under a microscope. The size of the fertilized eggs was 1.40~1.79 mm long
diameter and 0.58~0.66 mm short diameter. The incubation time was 141 hours and 30 minutes at an
average water temperature of 23.0ଇ. The total length of the newly hatching larvae was 2.89 mm and
all the fins were membranous. The mouth and anus were not open and had egg yolk. It had one
eruption, and the size of the eruption was 0.17~1.21 mm. 3 days after hatching, the mouth and anus
began to open with a total length of 3.33 mm. The digestive tract consisted of a straight line, and it
was observed that eating zooplankton. All of them were absorbed and disappeared. 10 days after
hatching, the skin was 3.40 mm in total length and developed pigmentation in the eyes. The balloon
was developed, and the membranous abdomen and anal fin were separated.
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Division of Ecoscience, EwhaWomans University, Seoul, Korea
2

National Institute of Biological Resources, Incheon, Korea

The distribution aspect and extinction threat evaluation of the endangered species, Cottus
hangiongensis were investigated using skimming net from 2011 to 2017 in Korea for this study. The
distribution reports of C. hangiongensis were divided into 1954-1985, 1981-2003, 2004-2012, and
2011-2017. The number of habited streams decreased gradually to 30, 24, 10, and 19 streams,
respectively. In this study (2011-2017), the streams where C. hangiongensis were found are
Baebongcheon (3 stations), Ayajincheon, Ssangcheon, Mulchicheon, Yangyang Namdaecheon,
Sinricheon,

Yeongokcheon,

Samchuk

Oshipcheon,

Maeupcheon,

Chucheon,

Yonghwacheon,

Imwoncheon, Hosancheon, Gagokcheon, Bugucheon, Yeongdeok Namdaecheon, Wangpicheon and
Chuksancheon. And C. hangiongensis was newly found in two streams (Ayajincheon and
Chuksancheon),

but

15

streams

(Jasancheon,

Goseong

Bukcheon,

Goseong

Namcheon,

Yongchoncheon, Gwangjeongcheon, Sacheoncheon, Gangneung namdaecheon, Nakpungcheon,
Jusucheon, Jeoncheon, Pyonghae namdaecheon, Songcheon, Cheoksancheon, Yeongdeok
Oshipcheon, Namjeongcheon) that appeared in the past are not in this study. The main habitat of C.
hangiongensis was the downstream riffle of clean water with fast velocity and cobble-boulder bottoms.
Given this evidence as noted for more than a 30% reduction in population after 2003, due to
construction wear, river work and the qualitative decline of the habitat, C. hangiongensis is now
considered to be Vulnerable (VU A2ac) based on the IUCN Red List categories and criteria.
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PF-20
Population Genetic Structure of the Korean Endemic Species, Cobitis hankugensis

(Pisces: Cobitidae) using cytochrome b
Ra-yeon Myung1*, Hyo-jin Kim2, Myeong-hun Ko3, and Yong-jin Won4
1, 2, 3, 4

Division of EcoScience, Ewha Womans University, Seoul, 120-750, Korea

Nakdong spined loach, Cobitis hankugensis, is a Korean endemic species which inhabits across the
Nakdong river systems and isolated rivers flowing into the East Sea, Korea. To study the population
genetic structure of C. hankugensis, total 216 individuals from 22 populations were collected across
its habitat range recorded, and population genetic data obtained from mitochondrial gene,
Cytochrome b (cyt b), by PCR was examined. C. hankugensis exhibited an extremely variable level of
population genetic differentiation(FST 0~1), which attracted our attention to the potential effects of
Iksookimia longicorpa on the gene pools of some local population of C. hankugensis highly likely
through occasional hybridizing events over time and space. The degree of genetic differentiation
could be classified according to the presence and absence of hybridization between the two species.
For example, populations from the regions where contemporary hybridogenetic populations are not
seen showed 0.08~0.48 of FST. Out of these populations, pairwise FST values were further grouped
into two distinctive degrees according to whether they overlap the habitats of I. longicorpa or not. On
the other hand, populations near the places where contemporary hybridogenetic population are
observed exhibited very high differentiation. This high degree seems to be caused by mitochondrial
DNA introgression from I. longicorpa to C. hankugensis via hybridization and hybridogenetic
reproduction of hybrid populations. A haplotype network showed a similar pattern to genetic
differentiation tests. The present results suggest that the local gene pools of mitochondrial DNA of C.
hankugensis have been greatly affected by I. longicorpa. Nevertheless, a further study based on
nuclear genetic markers is needed to see if there is a similar introgression in the nuclear genome of C.
hankugensis from I. longicorpa as mitogenome.
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PF-21

Species composition and seasonal variation of fish larvae caught
by ring net (Ø 160 cm) in Korean waters
Seo Ha Jang1, Eun Hye Koh1, Jeong-Ho Park1, GyungRyul Kim1, Dae-Hyeon Kwon1,
Yeonghye Kim1, Jin-Koo Kim2
1

Fisheries Resource Research Division, National Institute of Fisheries Science, Busan, Korea
2

Department of Marine Biology, Pukyong National University, Busan, Korea

We investigated the species composition and seasonal variation of fish larvae in Korean waters
using oblique tows with ring net (160 cm in diameter with mesh size 950 ໃ) in February, March,
August, and November 2016. During the study period, a total of 297 taxa (80 species, 199
genus/families, 18 unidentified species) of larvae were collected, with Engraulis japonicus larvae
predominented, accounted for 78% of the total number of individuals collected (10,291 ind./1,000 m3).
Pholis fangi (51%) was dominant species and Hexagrammos otakii (13%) was sub-dominant species
in February. Ammodytes japonicus (38%) was dominant species and Sebastes thompsoni (10%) was
sub-dominant species in March. Most of the dominant species that occur in February and March were
winter spawners. Engraulis japonicus (58%) was dominant species and Gobbidae (10%) were subdominant species in August. Engraulis japonicus (38%) was dominant species and Maurolicus
japonicus (12%) was sub-dominant species in November. Engraulis japonicus larvae were
predominated in August than November. Both the number of taxa and the number of individuals were
the highest in August (182 taxa, 7,110 ind./1,000m3) and the lowest in February (41 taxa, 730
ind./1,000m3).
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PF-22

Impacts of comprehensive large-scale weir construction on fish community structure
in a large river ecosystem (Nakdong River, South Korea).
Hyunbin Jo1, Wan-Ok Lee1, Dong-Kyun Kim1, Kiyun Park1, Gea-Jae Joo2 and Ihn-Sil Kwak1*
1

Fisheries Science Institute, Chonnam National University, 59626 Yeosu, Korea

2

Department of Integrated Biological Science, Pusan National University, 46241 Busan, Korea

Freshwater ecosystems are threatened by changes in land use and biotic modifications; and
construction of dams and weirs have changed many rivers into lake-like ecosystems. Recently, 16
large-scale weirs were built in the main channels of the four largest rivers in South Korea, 8 of these
along the main channel of Nakdong River (300 km, 520 km in total) between late 2009 and 2011. We
studied effects of these alteration on the fish community in the riparian-zone of Nakdong River. We
conducted an intensive fish field survey in the littoral zone during 2007-2017, collection of fishermen’s
catch data from the riparian-zone. The data were divided into three periods of the weir construction
period (before 2007-2009; during 2010-2011 and after 2012-2014 and 2016-2017). The field survey
data showed native fish species richness, abundance and biomass to be relatively stable before
construction. During construction all three variables decreased dramatically, and after construction the
species richness did not recover, whereas the abundance and biomass exhibited slight recovery. The
abundance and biomass of exotic fish also decreased during the construction, but recovered
afterwards leading to increased proportion of exotics. From before to after construction Dominance
and Evenness indices based on biomass increased, while Shannon and Margalef indices decreased.
Spatial differences in response were also found. At the Muelgeum (lower part of river) and Waekwan
(upper-middle) sites the species richness and abundance fell notably during construction but
increased slightly after construction. At Jukpo (middle), having only moderate change in river width,
the species richness and abundance showed comparatively less variation. In conclusion, the endemic
and native fish species were more sensitive and showed lower resilience or resistance to the
disturbance by the large-scale weir construction than translocated and exotic species and lake-like
ecosystems improved competitive capacity for these exotic fish over native and endemic species
markedly in the riparian zone of Nakdong River.
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PF-23

Application of Self-Organizing Map to characterization of fish
communities in Seomjin River, Korea
Dong-Kyun Kim1, Wan-Ok Lee1, Hyunbin Jo1, Kiyun Park1, Ihn-Sil Kwak1*
1

Fisheries Science Institute, Chonnam National University, Yeosu, Korea

Seomjing River has a unique hydrological characteristic with fewer dams and weirs, compared to the
other major rivers in South Korea. It implies that Seomjin River retains tighter connectivity across the
entire stream network than the others do. From the perspective of food-chain flow, identifying fish
communities is very important to understand cascade of energy flow from upstream to downstream.
Additionally, given the recent biological invasion of exotic species (e.g., Micropterus salmoides and
Lepomis macrochirus) to the system, delineating the spatial assemblage of fish communities can help
us estimate the dispersal impact of exotic species on endemic and native fish species in terms of
biodiversity. We investigated fish communities from fourteen sites including the main channel and
tributaries of Seomjin River in June 2018. In order to characterize fish communities, we used SelfOrganizing Map (SOM) which is known as a robust and powerful tool of unsupervised neural networks
for pattern recognition. As a result, SOM classified four different groups of fish communities. Zacco
platypus was mostly observed across the river, and was more abundant with higher biodiversity (i.e.,
number of species). Interestingly, the invasion and dispersal of the exotic species (M. salmoides and
L. macrochirus) seem to influence abundance of several native species including Rhodeus uyekii,
Acheilognathus kereensis, Squalidus japonicas Koreanus, Carassius carassius, Pseudorasbora parva,
and Zacco temmincki. Overall, the SOM analysis successfully characterized the distinct pattern of fish
communities in Seomjin River. At the same time, however, we stress that the current results should
be improved through the consistent monitoring in the long term.

- 433 -

PF-24

Diet shift during the ontogenesis of the largemouth bass Micropterus salmoides
(Lacepede, 1802) in the Nakdong River and Upo Wetlands, South Korea.
Hyunbin Jo1, Wan-Ok Lee1, Dong-Kyun Kim1, Kiyun Park1, Gea-Jae Joo2 and Ihn-Sil Kwak1*
1

Fisheries Science Institute, Chonnam National University, 59626 Yeosu, Korea

2

Department of Integrated Biological Science, Pusan National University, 46241 Busan, Korea

Introduced exotic species is major disturbance factor in predator-prey interaction. The largemouth
bass, Micropterus salmoides (Lacepede 1802), is one of the most notorious exotic species in the
world. In this study, we examined the ontogenetic changes of prey selection pattern of largemouth
bass in accordance with types of habitat. The stomach contents of largemouth bass were analysed
with respect to predators’ size classes in two different habitats (Nakdong River main channel and the
Upo Wetlands tributary) in South Korea that differed in the diversity of potential prey items. Potential
prey item of invertebrate and fish fauna in the Nakdong River and Upo wetlands showed different
species composition and diversity. The diversity (Hƍ) of invertebrate diet items in stomach of
largemouth bass was significantly different from study sites. Moreover, specialisation timing for fish
was earlier in the river system (> 100 mm in body length), while they consumed fish when their body
length exceeded 200 mm in the wetland site. The results demonstrated that the different composition
of prey items depending upon habitat characteristics and habitat use type delayed the ontogenetic
diet shift in the largemouth bass population.
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PF-25

Biological characteristics of pond smelt, Hypomesus nipponensis in
Daecheong and Hwacheon lakes, Korea
Sunhwa Song, Ari Shin, Heewon Park, Hyoung-Joo Jeon and Mi-Young Song*
Inland Fisheries Research Institute, National Institute of Fisheries Science, Gapyeong, Korea

The pond smelt, Hypomesus nipoononesis is the important fisheries resources in inland fisheries
during winter season. In order to efficiently utilize fisheries resources and prepare scientific resource
management plans, basic biological studies of the species should be preceded. Therefore, this study
investigated the biological characteristics of pond smelt in Daecheong and Hwacheon lakes were
examined from January to September 2018. The total length of pond smelt ranged from 36 mm to 126
mm, and the body weight ranged from 0.3 g to 12.7 g. In both female and males, the total length
larger than 50 mm occurred in the stage of mature. And the number of eggs in the ovaries was 528 ~
4,570 in March. The spawning periods were from February to March, and the main spawning
occurred March. The main stomach contents were Pleuroxus trigoenllus and Bosmina longirostris
belonging to Cladocera in Daecheog and Hwacheon lakes respectively.
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PF-26

Estimation of Water quality and Trophic States in the Namyang Lake
Hyoung-Joo Jeon1*, Jong-gun Shin1, Jong-sung Ji1, Wan-Ok Lee2
1

Inland Fisheries Research Institute, NFRDI, Korea

2

The Fisheries Science Institute, Chonnam national university, Yeosu, Korea

The water qualities of Lake Namyang were examined by physicochemical factors and trophic states
from April 2013 to November 2017.
The trophic state of a lake is a general concept with no precise definition and no well defined units
of measure. In general it refers to the biological production, both plant and animal life, that occurs in a
lake. The level of production that occurs is determined by several factors, but primarily by the
phosphorus supply to the lake and by the volume and residence time of the water in the lake.
Eutrophication has become a serious threat to the lake systems. This is mainly due to the pollution
caused by anthropogenic activities.
Carlson trophic state index (CTSI) is commonly used for the classification of trophic conditions of
surface waters. The study is conducted to assess the trophic status of a Namyang lake using CTSI
based on Secchi disc depth (SD), total phosphorus (TP) and chlorophyll-a. The TSI values based on
SD and TP are high (>70), indicating the hypereutrophic state which needs urgent action for the
restoration of the fragile ecosystem.
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PF-27

Growth and survival rate of juvenile Rhynchocypris kumgangensis
at different water temperature
Dae-hee Kim*, Jae-Hwang Cho, Myung-mo Nam, Si-woo Lee and Hyung-Kyu Hwang
*Inland Fisheries research Institute, NIFS, Gapyeong-gun, Korea

Rhynchocypris kumgangensis (R. kumgangensis) belonged to Cypriniformes, Cyprinidae and
Rhynchocypris is small endemic freshwater cold-water fish. It is a very valuable for scarcity that it is
limited to a very little part in most upper of Geum-river and Han-river. Shape and body color are
beautiful and it is not picky about food habit. In this study, we investigated growth and survival rate of
juvenile R. kumgangensis at different water temperature to find optimum water temperature of it and
to present baseline data for other habitats breeding and endemic ornamental fish development.
R. kumgangensis collected in Pyeongchang-gun (1.85 ± 0.10cm). We accepted 15 juvenile in
plastic tank (19X 12X 11cm) and water temperature is maintained in 19, 21, 24, 27 and 30ଇ. Rearing
water is flowed by 1cycle per 1hour and aeration was conducted in each tank. We feed the nauplius
larvae of Artemia and microparticle feed for 32days in twice per a day. Statistical analysis are
conducted to one-way ANOVA (p <0.05) by Statistical Package for the Social Science program
(SPSS, USA)
In result, at the beginning of experiment by water temperature, it is not significantly different (p
<0.05). End of experiment, weight gain is significantly the highest value in 21ଇ and lowest value in 30ଇ
(p <0.05). Survival rate showed more than 95% in all groups excepted to 30ଇ and it is 60.0 ± 0.1 % in
30ଇ. In conclusion, it is possible to breeding from 19 to 27ଇ, which is optimum water temperature of
normal aqua-pet.
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Growth and body color of Rhynchocypris kumgangensis with fed different type
Jae-Hwang Cho*, Myung-mo Nam, Dae-hee Kim, Si-woo Lee and Hyung-Kyu Hwang
*Inland Fisheries research Institute, NIFS, Gapyeong-gun, Korea

Rhynchocypris kumgangensis (R. kumgangensis) belonged to Cypriniformes, Cyprinidae and
Rhynchocypris is small endemic fresh cold-water fish. It is a very valuable for scarcity that it is limited
to a very little part in most upper of Geum-river and Han-river. Shape and body color are beautiful and
it is not picky about food habit. In this study, we investigated growth and body color in feed type for
other habitats breeding and endemic ornamental fish development as baseline data.
R. kumgangensis collected in Pyeongchang-gun (6.41 ± 0.6 cm) used to experiment of growth and
body color. Body color is arranged the four standard (0~3) according to degree of body color
expression and compare to standard. Experiment carried out by recirculating system (7 cycle/ hour,
21ଇ) by accepting 10 adult in a glass tank (60 X 40 X 40cm, 84L) as triplicate and aeration was
conducted in each tank. The groups are divided in five groups (artificial feed, sewage worm, artificial
feed with spirulina, artificial feed with astaxanthin, artificial feed with silk worm powder). Feeding is
conducted in three times per day and additive is 5% of feed for 42days. Statistical analysis are
conducted to one-way ANOVA (p <0.05) by Statistical Package for the Social Science program
(SPSS, USA)
In result, growth rate and weight gain is not significantly different with fed different type at the
beginning and end of experiment (p <0.05). In conclusion, this result showed that artificial feed,
sewage worm, spirulina, astaxanthin, silk worm powder have not effect in growth and body color.

- 438 -

PF-29

Characteristics in the species composition and annual change of set-net
Catches in the coastal waters off Tongyoung, Korea
Jung-Hyun Heo, Seong Yong Moon*, Junsu Park, Joon-Taek Yoo,
Jung Hwa Choi, Jung Nyun Kim and Yang Jae Im
Fisheries Resources Research Center, National Fisheries Institute of Fisheries Science, Korea

The coastal waters off Tongyoung is located in southeastern part of Korean peninsula, and is
an important spawning and nursery ground for many species found in the aquatic animals. The
coastal waters off Tongyoung, is seasonally affected by Tsushima warm current passing through the
Korea Strait. This area has been exposed to some environmental pollution such as eutrophication and
harmful algal blooms caused by increased urban sewage discharged from the nearby city and by
products from fishery farming. Set-net are a completely passive type of fishing gear with a fixed and
complicated standardization of fishing effort in unnecessary. Catch and change in species
composition can be used to monitor change in the exploitation of fishery resources and change in
coastal ecosystem. In present study, we collected monthly catch of set-net at the coastal waters off
Tongyoung from April to October 2012 to 2015, then combined with water temperature data to
observe the response of set-net catches. In total 119 species belonging to 106 fish species and nine
cephalopod species were collected using a set-net in this area. The dominant fish species were
Engraulis japonica, Trachurus japonicas, Loligo beka, and Konosirus punctatus. The number of
species and total catches having the highest in 2013. Additionally, results based on cluster analyses
showed that the study period could be divided into two groups in 2012 and 2014 and three groups in
2013 and 2015, with an 40% similarity value. The boundary of these groups was consistent with
changes in water temperature. The species composition and annual change analyses of this groups
showed that clustering was associated with changes of the Tsushima warm current increases
pronouncedly in summer and autumn.
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Effect of nitrogenous compounds on Acute Toxicity and Survival
in the Catfish (Silurus asotus)
Na Na Kim, Heoungsu Kim, Joo-Yong Lee, Jun Seong Park, Young-Sik Lee and Jeong-Ho Lee*
Inland Aquaculture Research Center, National Institute of Fisheries Science, Changwon 51688, Korea

Nitrogen compounds have been identified as major toxic metabolic by-products in fish culture. The
chemistry of the major nitrogen compounds excreted by fish and their bacterial decomposition
products will first be examined. Ammonia is the principal nitrogen compound excreted by freshwater
teleost and may comprise from 60 to 90% of the total nitrogen produced. To determine the
nitrogenous compounds values (ammonia, nitrite) on catfish in the BFT system, juvenile catfish
(Silurus asotus) (body weight 18.02 ± 7.79 g), were exposed to different concentration of waterborne
ammonia (total ammonia nitrogen, TAN) (0, 20, 40, 60, 80, and 100 mg/L) and nitrite (NO2-, 0, 50, 100,
150, 200, 250 mg/L) for 96h at pH levels of 6.0, 7.0, 8.0. The 96h-LC50 (median lethal concentration,
LC50) of fish to several TAN concentrations at PH levels of 6.0, 7.0 and 8.0 were 91.94, 93.18 and
41.52 mg/L, respectively. It indicated that acute toxicity of TAN to juvenile catfish increased with high
levels of PH and lengthing of exposure time to ammonia. Furthermore, the 96h-LC50 of fish to several
NO2- concentrations at pH levels of 6.0, 7.0 and 8.0 were 151.34, 685.16 and 2470.10mg/L,
respectively. It indicated that acute toxicity of NO2- to juvenile catfish increased with low levels of PH
and lengthing of exposure time to NO2-. We suggested that the 96h-LC50 of juvenile catfish to pH,
ammonia, and NO2- would be primary guideline for water quality management in the intensive culture
system such as BFT.
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The Effect of pH on the Acute Toxicity of Ammonia and Nitrite in the Juveniles
Israeli Carp (Cyprinus carpio), raised in BFT system
Na Na Kim, Hyeongsu Kim, Joo-Yong Lee, Jun Seong Park, Jun-Young Song and Jeong-Ho Lee *
Inland Aquaculture Research Center, National Institute of Fisheries Science, Changwon 51688, Korea

Recently, increasing interest in environmental pollution problems that can be discharged emerging
from inland aquacultures, problems in the processing of effluents are recognized as environmental
pollution sources are difficult accordingly. Biofloc technology (BFT) is one of the most innovative
technologies for minimizing environmental contamination, due to its no water exchange system.
Therefore, BFT can be a good alternative for sustainable inland aquaculture practices. The bioflocs
not only remove excess nitrogen compounds, but also contribute growth as providing additional food
source for cultured animal. To establish techniques for culturing Israeli carp (Cyprinus carpio) in BFT,
we investigated the acute toxicity for pH, ammonia, and nitrite on Israeli carp. Juveniles Israeli carp
raised in biofloc system (total length 89.51 ± 11.09 mm, body weight 11.09 ± 4.56 g) were exposed for
to different concentrations of pH (6.0, 7.0, 8.0), ammonia (total ammonia nitrogen, TAN) (0, 20, 40, 60,
80, and 100 mg/L), and nitrite (NO2-, 0, 50, 100, 150, 200, 250 mg/L) for 4 days.
Exposure was significantly acute toxic to juveniles Israeli carp, and lethal concentration 50% (LC50)
at 96 h exposed to TAN was 44.22 mg/L (at a pH 8.0), 48.37 mg/L (at a pH 7.0), 66.98 mg/L (at a pH
6.0). Also, LC50 (96 h) of exposed to nitrite (NO2-) was 336.23 mg/L (at a pH 8.0), 252.22 mg/L (at a
pH 7.0), 172.11 mg/L (at a pH 6.0). The results of this study suggest that TAN accumulated at higher
pH levels, but Nitrite accumulation was enhanced as lower pH values. The 96h-LC50 of juvenile Israeli
carp to TAN and NO2- would be primary guideline for water quality management in the intensive
culture system such as freshwater BFT system.
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PF-32
Effect of Biofloc system on growth and water quality in Korean bullhead

(Pseudobagrus fulvidraco)
Hyeongsu Kim1, Wongwan Jeong, Jongsung Park, Na Na Kim and Jeong-Ho Lee*
Inland Aquaculture Research Center, National Institute of Fisheries Science, Changwon 51688, Korea

Biofloc system provides eco-friendly and stable water quality management for culture of fisheries
production without water exchange. Nitrogen oxides, including ammonia contained in rearing water,
are converted into biofloc due to activities of heterotrophic microorganisms in biofloc system, which is
an additional nutrient in addition to feed on organisms of aquaculture. But, Biofloc system is currently
only applied to some species of aquaculture in South Korea. Therefore, we conducted a biofloc
system application experiment on the Pseudobagrus fulvidraco of highest-third production in inland
aquaculture organism.
A 140-day breeding experiment was conducted using a 4.89±0.67 g Korean bullhead (P. fulvidraco),
resulting in a Weight gain rate (WGR) of 268.85±7.95%, Specific growth rate (SGR) of
0.93±0.02%/day, Feed efficiency ratio (FER) of 0.84±0.03, Feed conversion ratio (FCR) of 1.19±0.04
and a Survival rate(SR) of 99.9±0.10%. During the experimental period, the water quality was
0.49±0.01 mg/L for TAN-N, 0.24±0.01 mg/L for NO2--N, 33.81±1.13 mg/L for NO3--N and TSS (Total
suspended solids) for 55.87±5.46 mg/L and overall good water quality was maintained.
In conclusion, Korean bullhead is reared with the biofloc system, rapid growth and stable water
quality can be maintained. Furthermore, we consider it will be necessary to compare with farm of
Korean bullhead (P. fulvidraco) using freshwater.
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Growth characteristics of juvenile Pungitius sinensis with fed different type
Chan-woo Kim*, Si-woo Lee, Myung-mo Nam, Dae-hee Kim, Ba-ro Kim,
Young-Sim Han, Hyung-Kyu Hwang
*Inland Fisheries research Institute, NIFS, Gapyeong-gun, 12451, Korea

Pungitius sinensis belonged to Gasterosteidae, Pungitius, it is small species and has 7 to 10 short
thorns in dorsal part and inhabit in middle and higher part of river which has many plant. Pungitius
sinensis was designated as the Ministry of Environment’s endangered wildlife class 2 because its
habitat is decreased by river development, environmental pollution. In this study, growth was
investigated for other habitats breeding and ornamental fish development as baseline data .
Pungitius sinensis collected in Gangwon-do and we used to juvenile (3.0 ± 0.4 cm) artificial fertilized
and hatched on June in 2018. Feed is sewage worm (SW), granule artificial feed (GAF), powder
artificial feed (PAF), dried blood worm (DBW), frozen blood worm (FBW) and dried sewage worm
(DSW). Experiment is conducted to 20 individuals in groups used square glass tank (30 ณ 30 ณ
30cm, water : 20L, 6 cycle / day, aeration in a tank) in 3 times. Feeding is conducted to 5% of body
weight in twice a day for 62days. At the beginning and ending of the experiment, we measure total
length, body length and body weight of fish and calculate weight gain, condition factor (CF), survival
rate in a group. Each values are conducted to statistical program (SPSS, one way ANOVA,

P<0.05).

As a result, WG is that SW group is significantly higher than other groups and DBW group is
significantly higher than PAF, GAF, DSW and FBW (P<0.05). Survival rate is the lowest value in DSW
gruop (about 68%) and is the highest value in SW group (about 97%). In conclusion, Pungitius
sinensis prefer to SW, but it is possible to breeding as DBW because easy to store and managed.
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Regional Growth and Hematological characteristic of Rainbow
trout (Oncorhynchus mykiss)
Chan-Woo Kim, Si-Woo Lee*, Dae-Hee Kim, Myung-Mo Nam, Ba-Ro Kim,
Hyung-Kyu Hwang
Inland fisheries research institute, NIFS, Gapyeong-gun, Korea

Rainbow trout (Oncorhynchus mykiss) belonged Salmonidae is cultured in cold freshwater and its
taste is also good and easy to culture and rapid to growth. In Korea, It is introduced in 1960 and
aquaculture production in 2018 is 3000 ton. It is continuously consumed by increase of trout
consumption and local festival in winter. But, rainbow trout is culture in only Gyeongsangbuk-do and
Gangwon-do province and culture method also different but research about aquaculture characteristic
is lacked. In this study, we investigated growth rate and hematological characteristic of rainbow trout
collected in Sangju city (SJC) and Youngwol-gun (YWG) which were elected in Gyeongsangbuk-do
and Gangwon-do province which are the highest aquaculture production of rainbow trout aquaculture
area in Korea, on February- December. And regional water temperature and dissolved oxygen (DO)
are in SJC (water temperature: 9.73-20.69ଇ, DO: 7.3-10.16ppm) and in SJC (water temperature:
6.67-14.3ଇ, DO: 7.36-14.71ppm). And regional aspartate aminotransferase (AST/GOT), total protein
(TP), triglyceride (TG) and glucose (GLU) components in blood are not significantly different (p<0.05).
But, alanine aminotransferase (ALT/GPT) components in YWG (16.69± 3.18) are lower contents than
SJC (24.16± 8.51, 25.03± 9.38). And regional total length, body length, body weight and weight gain
are the highest value in SJC.
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Characteristics of Streptococcus and Edwardsiella spp. isolated from
olive flounder in Jeju Island in summer 2018

Bong Jo Kang*, Yeong Hwan Jang, Eun Ho Yoo, Kyeong Wook Kim and Ji Hak Oh
Jeju Special Self-Governing Province, Ocean and Fisheries Research Institute, Jeju, Korea


We identified Streptococcus and Edwardsiella genus isolated from cultured flounder in Jeju Island
in the summer of 2018. Species identification and serotyping of Streptococcus genus were performed
using multiplex PCR methods (Mata et al., 2004, Tu et al., 2015). Edwardsiella genus was classified
by 16S rRNA gene analysis. As a result, the analyzed Streptococcus genus

were identified as

Streptococcus parauberis. Among them, subserotype ่a accounted for 80% of them, and the others
were identified as subserotype่b/่c. The isolated Edwardsiella genus were identified as Edwardsiella
picicida by 16S rRNA gene analysis. According to a recent study using techniques such as AFLP,
MLSA and in silico DNA-DNA hybridization, 46 of 49 E. tarda isolates were re-assigned as E.
piscicida and 2 as E. anguillarum (Buján et al., 2018). Therefore, it is necessary to newly identify
Edwardsiella genus isolated from flounder with these molecular techniques and phylogenic
approaches. In addition, most of the flounder vaccines are being used for the prevention of
Streptococcosis and Edwardsiellosis. Therefore, it is necessary to continuously monitor the
segregation of the causal organisms for the development of additional vaccines.
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Introduction of infectious hematopoietic necrosis virus (IHNV) from land-based
freshwater-culture system to marine-culture system by contaminated
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Mariculture of rainbow trout (Onchorhynchus mykiss) is being practiced along the southern
coastal areas of Korea. Recently, infectious hematopoietic necrosis virus (IHNV) infection occurred
in rainbow trout during seawater adaptation at a marine farm in 2014. IHNV had never been
isolated nor been detected from any of the fish species in a marine culture system before 2014 in
Korea. Therefore, it is presumed that IHNV might have been introduced from land-based freshwater
culture system. In this context, the present study was conducted to confirm the introduction of IHNV
from contaminated freshwater salmonid fishes, in particular rainbow trout, into marine culture
system. Rainbow trout and masou salmon (O. masou) were sampled for IHNV examination in
freshwater culture system. Portions of the kidney and spleen were homogenized in Hank’s balance
salt solution and 100 ȝL of the homogenate was inoculated into Chinook salmon embryo-214
(CHSE-214) and fathead minnow (FHM) cells in 24-well tissue culture plates. Those samples which
have shown cytopathic effects (CPEs) were subjected to reverse transcription-polymerase chain
reaction (RT-PCR) with IHNVG-F and IHNVG-R primers targeting the entire G gene open reading
frame of IHNV followed by DNA sequencing and phylogenetic analysis to evaluate their genetic
relatedness to worldwide isolates including Korean isolates. Before adding the seawater, 25% of
rainbow trout (2/8) and 20% of masou salmon (4/20) were found to be IHNV-positive, respectively.
During seawater adaptation, 11% of rainbow trout (1/9) were IHNV-positive. After seawater
adaptation, 19% of rainbow trout (8/42) and 32% of masou salmon (30/95) were found to be IHNVpositive, respectively. The IHNV isolates were phylogenetically classified into genogroup JRt and
were most closely related to IHNV isolates (RtJe00, RtPc0215h, RtPc0314c, RtPc0314e and
RtPc0315d) from freshwater rainbow trout in Korea. Moreover, the IHNV isolates from masou
salmon showed 99.9% sequence identities to each other irrespective of type of water. From these
results, it can be concluded that IHNV would have been introduced from land-based freshwater
culture system to marine culture system by contaminated fish.
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Acquired resistance against VHSV infection in live VHSV
immersed olive flounder at 17°C
Soo-Jin Kim*, Jae-Ok Kim, Syed Shariq Nazir Qadiri, Rahul Krishnan and Myung-Joo Oh
Department of Aqualife Medicine, Chonnam National University, Yeosu, 550-749, Republic of Korea

Viral hemorrhagic septicemia virus (VHSV) is the etiological agent of viral hemorrhagic septicemia
(VHS). It is one of the most serious viral diseases affecting cultured olive flounder (Paralichthys
olivaceus) in Korea, since 2001. VHS occurs during winter/spring seasons when the water
temperature is low (9 to 15°C). Water temperature plays an important role in the spreading and
transmission of VHS. However, no mortality of Japanese flounder was observed at water temperature
of 20°C, indicating the effect of water temperature on VHSV infection in Japanese flounder. In this
study, we assessed the potential of VHSV immersion at 17°C to resist the VHSV infection. Also we
compared prevention efficiency between formalin-killed VHSV and live VHSV by immersion. Olive
flounder were immersed with formalin-killed VHSV and live VHSV at 10°C and 17°C. High cumulative
mortality was observed in VHSV immersed at 10°C whereas cumulative mortality was less than 20%
in negative and formalin-killed VHSV immersed groups at 10°C. After 4 weeks later, surviving olive
4.5

flounder were challenged with VHSV at a dose of 10

TCID50/100ȝl/fish at 10°C. Surviving rate were

shown 80% and 30% in live VHSV and formalin-killed VHSV immersed group, respectively. VHS
outbreaks occurred in formalin-killed VHSV immersed flounder at 17°C after challenge with VHSV at
10°C. It is indicated that VHSV immersion using non-susceptible water temperature has potential to
protect olive flounder against VHSV infection.
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Investigation of nervous necrosis virus (NNV) replication status using double
labeling RNA in situ hybridization method
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Department of Aqualife Medicine, Chonnam National University, Yeosu, Republic of Korea

Nervous necrosis virus (NNV) is causative agent of viral nervous necrosis (VNN), including high
mortality of cultured marine fishes worldwide. NNV genome consists of RNA1 and RNA2 segments,
but most of studies have detected NNV using in situ hybridization (ISH) based on RNA2 segment.
RNA1 encodes a RNA dependent RNA polymerase (RdRp), which has various roles such as
assembling the viral RNA, produce viral RNA templates and activate RNA synthesis (Ahlquist, 2002).
Although, several studies have investigated NNV replication status, there is no information about
RNA1 segment status. To better understand the viral life cycle, we applied double labeling ISH using
RNA

probes

with

two-color

staining

to

visualize

RNA1

and

RNA2

segments.

Also,

immunocytochemistry (ICC) assay were used to detect NNV antigen in cells.
RNA1 and RNA2 segment were synthesized by in vitro transcription and labeled with fluorescein or
digoxigenin (DIG) UTP, respectively. SSN-cell was infected with NNV, after which cells were sampled
at 12, 24, 48, and 72 hours post inoculation (hpi). The cells were fixed in formaldehyde and treated
with graded alcohol and used for ISH and also compared with immunocytochemistry (ICC) method.
Fixed slides were hybridized with both RNA probes (fluorescein and DIG). First hybridized probe was
detected by anti-DIG AP antibody using NBT/BCIP as a substrate, followed by detection of second
hybridized probe using anti-fluorescein-AP antibody with INT/BCIP substrate.
Viral segments were detected by RNA-ISH at 12 hpi while as NNV antigen was detected at 24 hpi
by ICC. RNA1 and RNA2 genes were co-expressed in the same area of the cells, while RNA1 was
detected separately. The results suggest that RNA1 might be expressed in the early replication stage,
with RNA2 expressed later. The NNV particles then assemble through initially expressed viral
genomic segments. In addition, RNA1 over expression may be important for sufficient assembly of
infectious particles.
Reference: Ahlquist, P., 2002. RNA-dependent RNA polymerases, viruses, and RNA silencing.
Science 296, 1270–1273. http://dx.doi.org/10.1126/science.1069132.
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Presence of pathogens for reportable communicable fish diseases has been consistently reported
worldwide including Korea. In this study, we investigated pathogens of the reportable diseases (KHVD,
SVC, EUS for cyprinidae fish and WSD, YHD for crustaceans) in Nakdong (Gyeongsangnam-do) and
Youngsan river (Jeollanam-do) by using PCR. Primer preparation and PCR condition were performed
according to OIE manual. Fish sampled from Nakdong and Youngsan river were 6 family 13 species
and 5 family 13 species, respectively. Cyrinidae fish were the most abundant fish species in both sites.
Crustaceans sampled were 2 species of shrimp in Nakdong river, 3 species of shrimp in Youngsan
river. Among the reportable diseases studied here, the only positive result was obtained from KHVD in
Nakdong river. DNA of KHVD pathogen were detected in pale chub (Zacco platypus) and swiri
(Coreoleuciscus splendidus) from Nakdong river. No disease pathogens were detected in the
Youngsan river. The same sites were visited again about two months later. However, no pathogens for
the reportable diseases were detected at all in any samples in this second investigation.
When the DNA of KHVD pathogens were detected, virus culture was attempted by inoculating
susceptible cell line with homogenate of KHVD positive tissue. However, cytopathic effect was not
observed in the cell culture. No KHV DNA was amplified from the supernatant of cell culture, either.
These results indicate that the DNA of KHV detected in Nakdong river is not proliferating, meaning it
is in the state of latency without pathogenicity. This is supported by the fact that no signs of KHVD
symptoms were observed from the external and anatomical appearances in any of fish samples
obtained from Nakdong river. However, KHVD requires constant monitoring since the state of latency
can be reverted by environmental stimuli such as the change of water temperature.
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Anisakis simplex and A. pegreffii are parasites of the alimentary tract of aquatic vertebrates.
Although they are reproductively isolated, they occur sympatrically in many areas including Korean
waters and the larval hybrid type is often found in many host fishes. A. simplex has been known as
the main cause of human anisakiasis, but A. pegreffii is recently becoming another cause of human
anisakiasis. In this study, we analyzed transcriptome profiles of A. simplex and A. pegreffii 3rd stage
larvae (ASL3, APL3) by RNA-seq, to discover species-specific different gene expressions and discuss
their biological functions. ASL3 were collected from chum salmon and APL3 were from chub mackerel.
RNA-seq was conducted with Illumina sequencer, and de novo assembly was conducted. Functional
annotations of the unigenes were conducted, and DEG analysis was conducted to explore
differentially expressed genes between 2 sibling species. Real time PCR was also conducted to
validate these differences. Among the transcripts, 1,282 genes were differentially highly expressed in
ASL3, while 1,596 were differentially highly expressed in ASL4. Several genes related with the
GTPase activation (Slcolal, DOCK5, USP6NL, RASA1, Nedd-41) were validated to be differentially
expressed in ASL3, while the genes related with the ATPase activation (Ash2l, EPHA2) wereG
differentially expressed in ASL4. All of these genes are known to be related with survival of
nematodes in C. elegans, and expected to have similar functions in anisakid nematodes, but currently
there is no information on these in other parasitic nematodes. A. simplex have whales, while A.
pegreffii have dolphins as their definitive hosts, respectively. Different intestinal physiological and/or
biochemical circumstances in each definitive host might have affected expression of these different
genes with similar functions in 2 sibling species. Other genes related with the pathogenic potentials
are currently being investigated.
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Effect of bio-silica additive diets on physiological response of
olive flounder (Paralichthys olivaceus)
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The Bio-silica is silicon derived from diatom. Diatoms are microalgae of a major group with a shell
of silica component in the oceans. According to our preliminary experiments have shown that diatom
diets affects the high growth rate and antimicrobial activity of Olive flounder. Therefore, we
investigated the effect of bio-silica from the diatom additive diets on growth and physiological
response of Olive flounder. Firstly, we investigated the antimicrobial activity of bio-silica. We used
origin diatom and bio-silica separated from diatoms, and tested the antimicrobial activity against two
pathogen, Edwardsiella tarda and Vibrio anguillarum. Moreover, we investigated the effect of diatom
(Melosira nummuloides) additive diets on physiological response of olive flounder. The experimental
diet was prepared using the basal diet supplemented with 1%, 2% and 3 % diatom added to 1%
Lactobacillus plantarum respectively. We added L. plantarum to increase digestibility as feed.
Samples were collected at 0 and 30 day, and then measured growth rate, survival rate, blood
chemical and antioxidant analysis.
The results of antibacterial activity were decreased E. tarda 3.13 log CFU/ml and V. anguillarums
4.71 log CFU/ml than control in origin diatom. Bio-silica were decreased E. tarda 3.58 log CFU/ml and
V. anguillarums 4.73 log CFU/ml than control. At the results of feed additive experiment, growth rate,
survival rate and feed efficiency were increased in the group of 1% diatom addition. The
concentrations of ions (Na+, K+, Cl- and Ca++) in serum were irrespective of the diatom addition. AST,
ALT, glucose and total protein in serum showed the highest in group of 1% diatom addition compared
to other groups. And the superoxide dismutase (SOD) activity was increased in a diatom additive
concentration-dependent way and more highest at the group of diatom 3% addition. Therefore, these
results suggested that diatom additive diets can increase the growth and antioxidant activity in olive
flounder.
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Description of Lysobacter sp. nov., isolated from marine starfish
Certonardoa semiregularis

So-Hyun Park*, Ji Hyun Kim, Kyung Mi Moon, Yonug Soo Ryu, Won Sun Choi and Moon Soo Heo
Department of Marine Life Science, Jeju National University, Korea 


A marine bacterium, designated strain RSM 43T, was isolated from marine strarfish Certonardoa
semiregularis in jeju Island, Republic of Korea. The strain RSM 43T were Gram-negative, aerobic,
yellow pigmented, rod shaped cell, motile by gliding and catalase & oxidase positive. The new isolate
grew at pH 7.0-11.0 (optimum, pH 7.5), in the presence of 0-3% (w/v) NaCl and at 15-40 °C (optimum,
25 °C). Neighbour-joining and maximum-likelihood phylogenetic trees, based on 16S rRNA gene
sequences showed that strain RSM 43T related to the genus Lysobacter and with highest 16S rRNA
gene sequence similarities to type strains of Lysobacter spongicola DSM 21749T (97.55%),
Lysobacter concretionis Ko07T (97.27%), Lysobacter daejeonensis GH1-9T (97.06%). The major fatty
acids were identified as iso-C16:0, iso-C15:0, iso-C11:0 3OH. The predominant menaquinone was Q-8.
The polar lipids consisted of phosphatidylethanolamine, phosphatidylglycerol, phosphatidylethanolamine, three unidentified aminolipids, three unidentified lipids and one unidentified phospholipid.
The genomic DNA G+C content was determined to be 69.77 mol%. On the basis of the phylogenetic
distinctiveness, physiological and biochemical test, chemotaxonomic data in this study, strain RSM
43T represents a novel species of the genus Lysobacter, for which the name Lysobacter sp. nov., is
proposed. The type strain is RSM 43T (=KACC 19636T =JCM 32745T).
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Koi herpesvrius (KHV) is one of the causative viral pathogens resulting in mass mortality among
cyprinids. In Korea, from 1998 to 1999, large outbreaks of KHV infection in farmed carps resulted in
the death of numerous fishes. KHV is a viral disease, and chemotherapy such as antibiotics has no
effect on this pathogen. Thus, the most effective way to prevent this disease is preventing virus inflow
in advance. In this study, we investigated pathogens of 5 reportable diseases (KHVD, SVC, EUS for
cyprinidae fish and WSD, YHD for crustaceans) in Andong lake (Gyeongsangbuk-do), Pyeongchang
river and Chuncheon lake (Gangwon-do) by using PCR. DNA was extracted from the gill and kidney
of fish and subjected to PCR. Primer preparation and PCR condition were performed according to
OIE manual. Fish sampled from Andong lake, Pyeongchang river and Chuncheon lake were 6 family
13 species, 7 family 19 species and 9 family 20 species, respectively. DNA of KHVD pathogen were
detected only in crucian carp (Carassius carassius) from Andong lake. No pathogens for reportable
diseases were detected in the Pyeongchang river and Chuncheon lake. The same sites were in
vestigated again about two months later, but no pathogens for the reportable diseases were detected
at all in any samples.
There was no evidence of viral (KHV) CPE observed in the CCB cell lines when the homogenates
from Andong samples were inoculated. A subculture from the original cell passage did not induce
CPE after 15 days of incubation and even after the subcultivation. These results indicate that the DNA
of KHV detected in Andong lake is not proliferating, meaning the virus is in the state of latency without
pathogenicity. This is supported by the fact that no signs of KHVD symptoms were observed from the
external and anatomical appearances in any of fish samples obtained from Andong lake. However,
constant monitoring should help the prevention of KHVD transmission and outbreak of this disease in
natural water system.
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Anti-scuticociliates effect of fish complementsG
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Kwan Ha Park and Sang Hoon Choi
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Scuticociliates have been recognized as histophagous parasites causing a severe lethality in
scuticociliates infected flounder. In the present study, the effect of complement on anti-scuticociliates
was investigated for the purpose of defending scuticociliatosis.
Complements have already been known playing a critical role in controling scuticociliate infection
through various studies. To study the possibility of anti-scuticociliates effect of complements from
different fish species, normal sera were harvested from carp (Cyprinus carpio), nile tilapia
(Oreochromis niloticus), eel (Anguilla japonica) and catfsh (Silurus asotus) as fresh water fishes, and
Japanese flounder (Paralichthys olivaceus), meller (Mugil cephalus), rockfish (Sebastes schlegelii),
red sea bream (Pagrus major) and sea bream (Acanthopagrus schlegelii) as seawater fishes,
respectively.
To analyze the anti-scuticociliates effect of complements, 50ȝl of each serum sample 2-fold diluted
in PBS were mixed with 50ȝl of 2×105 scuticociliates in 96-well plates and then complement titers for
anti-scuticociliate activity were determined as a reciprocal serum dilution rate at which parasites
showed no more motility or complete lysis. As a control, each different fish sera inactivated at 56°C for
30 min were used. As a result, complement titers were observed at 4-fold dilution rate in flounder, 8fold in catfsh, 16-fold in rockfish and tilapia, and 64-fold in mullet, respectively. No anti-scuticociliate
activity was not shown in the remaining fish species.
To investigate the difference of anti-scuticociliate complement activity prior to and after scuticociliate
3
infection in flounder, fish were infected by immersing 2×10 cells/ of scuticociliates for 48 hrs. Two

weeks after infection, anti-scuticociliate complement activity in sera from surviving individuals was
compared with that in normal sera. As a result, the anti-scuticociliate complement titer after infection
was observed up to 32-fold dilution rate. Non-specific immune parameters, however, ROI, lysozyme
and phagocytic activity showed no difference between infected and non-infected fish serum samples.
In summarizing the results, a high degree of anti-scuticociliate complement activity was observed in
some normal specific fish sera and the activity was much more elevated in flounder after parasites
infection than prior to. However, the longer time of complement exposed to parasites is and the larger
the number of parasites is, anti-scuticociliate complement activity was getting reduced. It is assumed
that the reason flounder individuals survived from parasites infection failed to get reinfected is not by
the up-regulated antibody effect but by the activated complement activity. In conclusion, for prevention
or treatment of scuticociliatosis in flounder farm, the study to develop feed additives to activate antiscuticociliate complement activity or specific fish complements as feed additives is to be performed.
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ٻ
Asian Hard Clam (Meretrix lusoria) lives in sand from intertidal flats to 30m depths of the Yellow sea
and the southern sea, and feed various planktons. Hard Clam is widely consumed as an important
food resource and considered as one of the economically important bivalve in aquaculture industry.
Mass mortalities, possibly caused by pathogenic organisms, during larvae production have been
concerned in Hard Clam aquaculture. However, the information on pathogens during the rearing
process is insufficient. This study was conducted to monitor the potential pathogenic bacteria,
particularly Vibrio species, may affect the survival and growth of the Hard Calm larvae. Larval
samples were collected before and after settlement. Phytoplankton (Tetraselmis suecica, Chaetoceros
simplex, Isochrysis galbana) and rearing water were also sampled. For phytoplankton, samples were
prepared according to the incubation days (3, 7, 10 days) and cultured in Marine Agar 2216 (MA) and
Thiosulphate-Citrate-Bile-Sucrose (TCBS) medium. For Hard Clam larvae, approximately 100
individuals of the larvae were pooled as one sample in each sample set, and MA and TCBS medium
were used to isolate the bacteria. The bacterial isolates were identified by sequencing with 16S rDNA
primer and Vibrio specific primers (pyrH gene, recA gene, rpoA gene).
Vibrio alginolyticus (50%, 4/8) was detected mainly in the Hard Clam larvae after settlement, and V.
xuii (50%, 3/6) and V. natriegens (16.7%, 1/6) were detected mainly in the Hard Clam larvae before
settlement. V. alginolyticus is known to infect various marine organisms and causes massive mortality.
In addition, sepsis due to skin exposure to seawater contaminated with V. alginolyticus has been also
reported in humans. It is still unclear if V.alginolyticus is pathogenic to Hard Clam larvae, and further
studies are necessary. V. xuii and V. natriegens are known to be harmless to human but reported to
be pathogenic to marine invertebrates. Vibrio sp. and Pseudoalteronas sp. were detected in both
phytoplankton and rearing water, and clear identification at the species level are currently being
conducted.
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Olive flounder (Paralichthys olivaceus) is the major species of aquaculture in South Korea. With
having a long history of the aquaculture, complex and diverse diseases have been a major problem
which caused negative impact on the production of aquaculture industry. Vibriosis is one of the
diseases which occurs and continuously damages olive flounder aquaculture. Bacterial disease
survey was performed during January to June 2017 from 20 olive flounder farms in Jeju island. A total
of 1710 fish samples were collected and isolated bacteria from external and internal organs of 560
fish. Within the isolates we have investigated on distribution of pathogenic and non-pathogenic
species and their features shown during the period and in organs. Total 27 species and 184 strains of
Vibrio were isolated during this survey. The V.gigantis, V.scophthalmi was dominantly isolated in
organs. Isolates have shown variety of patterns related to their characteristics in organs. Present
study reveals to support data with specific Vibrio species which isolates from cultured olive flounder
and it`s negative impacts which may occur in the future.
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The influence of water temperature variations on bacterial protecting effect in the
olive flounder (Paralichthys olivaceus), immunized with formalin killed
Streptococcus parauberius vaccine
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The flounder aquaculture industry(oliver flounder, paralichtys olivaceus) are popullar in korea
because of the high consumer demand. Recently, the flounder aquaculture industry has been
damaged by outbreaks of Streptococcus parauberius infection, Which cause largeous mortality and a
great amounts of economic losses. Vaccination is the most usefull means of preventing against
infectious disease in aquaculture. Especially, many expeiments have attempted to develop effective S.
parauberius vaccine for flounder. However, the vaccine efficacy was associated with many factors
including the level of hampered stress, pH and salinity, water temperature, antigen concentration and
administrational route. Among them, the water temperature were especially needed to be considered
especially.
We estimated the effectiveness of a Streptococcus parauberius vaccine at three temperatures(WT;
18, 22and 27°C) in oliver flounder (paralichtys olivaceus) for prevention of streptococcal disease. The
vaccine was prepared from formalin-killed Streptococcus parauberius (FKSi, 1x 109cells/mL).
Intraperitoneal(IP)vaccine trials were conducted at three water temperatures, 18, 22 and 27degrees C,
and mean fish weights,100g. Control flounder were injected with sterilized saline(pH.,7.4).
Experimental flounder challenged by IP injection with 1x107 colony-forming units(CFU)/fish of
Streptococcus parauberius at 2 weeks after immunization.
Intraperitoneal administration of the vaccine provided efficacious protection only in the at 22
degrees C regardless of whether the fish were immunized and challenged at 18 or 27 degrees C.
These results suggest that water temperature control may one of the important factor to increase
vaccine efficiency against Streptococcu parauberius.
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Cephalopods which make up a class of invertebrates that includes squid, cuttlefish, and octopus,
are well known for ability to instantly camouflage in order to surrounding environments or signaling. In
recent years, some reports said that a family of unusual proteins named reflectin in the skin cells of
certain squids function as a molecular machine to manipulate body coloration. In this study, we used
the Korean common octopus, Octopus minor for identification and characterization of a novel reflectin
(OmRef). From the sequences of the cloned cDNAs and subsequent confirmation by sequencing, we
determined the primary sequences of OmRef. The results showed that OmRef was composed of six
repeating domains and did not have introns. Through multiple alignment, the result of homologous
analysis showed that these conserved amino acid motifs of OmRef protein had high conservatism
during species evolution. A RT-qPCR was carried out to delineate the spatial expression pattern of
OmRef in 10 different tissues from healthy octopus with the gene-specific primers designed for
OmRef cDNA. Water temperature is an important factor for the growth of O. minor. The mRNA
expression levels of OmRef during heat stress at high temperature (24°C) were determined at various
time points. The expression of OmRef mRNA showed the different trend in the different tissues under
heat stress. The experimental results indicated that the expression of OmRef was sensitive to heat
stress, which suggests that this gene may play an important role for O. minor in responding to
environmental stress. Thus, this study sets a theoretical foundation for further in-depth studies on the
molecular protective mechanisms of the heat response in O. minor.
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The red lip mullet distributed across the sea in the world and significantly used as a food source.
According to the statistics published by the Korean ministry of maritime affairs and fisheries, 2012 the
mullets have accounted for the 8% of the total consumption and cultivation in Korea. Also, red lip
mullet cultivated mostly in the west coastal area of South Korea. They are susceptible to get diseases
from microorganisms like Lactococcus garvieae during the cultivation. Additionally, Amyloodinium and
Myxobolus infections reported previously. Here, Cathepsin D (CTSD) from red lip mullet was
characterized using different insilico tools. CTSD encodes a lysosomal aspartyl protease composed of
a protein dimer of disulfide-linked heavy and light chains, both produced from a single protein
precursor, and it is an aspartic endo-protease that distributed ubiquitously in lysosomes. The main
function of CTSD is to degrade proteins and activate precursors of bioactive proteins in pre-lysosomal
compartments. Evolutionary relationship identified CTSD belongs to the Cathepsin_D2, pepsin family
of proteinases superfamily. This protein cleaved into a light chain and heavy chain. CTSD consisted of
396 amino acids with a molecular weight of 42.97 kDa. Pairwise alignment of CTSD with other
orthologs showed highest sequence similarity 96.0% and identity 91.7% with Sparus aurata. The
catalytic sites of CTSD include two critical aspartic residues located on the light and heavy chains.
These two chains linked by hydrophobic bonds. Quantitative real-time PCR (qPCR) results showed
the highest spatial expression in blood, kidney, and liver; others have a very small level of expression
among twelve different tissues from healthy mullet fish. As these blood and kidney tissues actively
participating in the microbial invading process, intensive expression can be observed. Mullets
subjected to immune stimulation with lipopolysaccharides (LPS), polyinosinic:polycytidylic acid (Poly
I:C), Lactococcus garvieae to observe the temporal expression patterns. Blood tissue showed
upregulation happened 48 hours after postinfection. In response to the immune stimulation, CTSD
was found to be activated within phagolysosomes and may exert its pro-apoptotic effects either on
substrates in the phagolysosome or the cytosol after translocation from phagolysosomes. A fall in
cytosolic pH has identified as a consequence of bacterial phagocytosis and killing in phagocytes.
CTSD is an aspartic protease that depends critically on protonation of its active site Asp residue.
Along with Asp-protonation, lower pH also leads to a conformational switch in CTSD: The N-terminal
segment of the protease moves out of the active site as pH drops. Similar to other aspartic
proteinases, CTSD accommodates up to 8 amino acid residues in the binding cleft of the active site.
The metabolic degradation in CTSD plays a major role in defend against harmful microorganisms.
Altogether the CTSD gene can be identified as an immunologically important gene correspond to the
innate immune system
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Moderate expression of viperin against different immune challenges in
rock fish (Sebastes schlegelii)
K.A.S.N Shanaka*, Thanthrige Thiunuwan Priyathilaka and Jehee Lee
Department of Marine Life Sciences & Fish Vaccine Research Center, Jeju National University, Jeju SelfGoverning Province, Republic of Korea

Rock fish consider as an important species in offshore aqua culture in Korea. However, constrained
environment in aqua culture may lead to many viral diseases. Therefore, study on antiviral proteins
hold paramount importance. Viperin, also known as RSAD2 (Radical SAM domain-containing 2) is an
endoplasmic reticulum associated, antiviral protein. Viperin is induced by interferons. Especially,
many previous researches have revealed that elevated viperin levels with the presence of double
stranded RNA (ds RNA). Hence, this research was designed to elucidate the tissue specific
expression of viperin under different immune challenges. In silico study of Rock fish viperin, which is a
protein contains 349 amino acids, was disclosed a SAM binding conserved domain containing
CNYKCGFC sequence. Molecular weight was determined to be 40.24 kilodaltons (kDa). Furthermore,
the isoelectric point of the viperin was calculated to be 6.54. Alignment analysis revealed that 83.7%
similarity to Zebra fish (Danio rerio) viperin. Unchallenged tissue expression analysis with quantitative
real time PCR (qPCR) was revealed highest viperin expression in blood. Furthermore, spleen also
had a significant expression followed by blood. For the immune challenge three different immune
stimuli were used. They were Streptococcus iniae, Lipopolysaccharides (LPS) and Polyinosinicpolycytidylic acid (Poly I.C), which is a long synthetic analog of dsRNA. After injection, tissue samples
were collected at different time points. In blood of poly I.C injected samples, approximately 60-fold
increasement of viperin was detected after 24 hours. In spleen that value is approximately 50-fold
after 12 hours. In blood of S.iniae injected samples approximately 5-fold increasement of viperin was
detected after 72 hours. In blood for the LPS, approximately 11-fold increasement was observed after
24 hours. Above collected data shows the moderate expression of viperin upon different challenging
and tissue conditions, especially significant expression with the presence of double standard RNA
analog.
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Expression profile under immune stresses of big belly seahorse (Hippocampus
abdominalis) interleukin- 10 and its anti-inflammatory capacities
on LPS stimulated-macrophage RAW 264.7
M.D.Neranjan Tharuka* and Jehee Lee
Department of Marine Life Sciences & Fish Vaccine Research Center, Jeju National University, Jeju SelfGoverning Province, Republic of Korea

Interleukin-10 is a pleiotropic, anti-inflammatory cytokine that recognize as a significant
immunoregulator during infections with bacteria, viruses, fungi, protozoa and helminthes and activates
the JAK-STAT signaling pathway. IL-10 of big belly seahorse (Hippocampus abdominalis HaIL10) was
molecularly characterized at sequence, transcriptional level. HaIL10 has coding sequence of 570 bp
that encode respective protein with 189 amino acids in length. The HaIL-10 3D structure was similar
to that of the human IL-10 monomer. Nitric oxide (NO) production was significantly reduced by
recombinant HaIL-10 (rHaIL-10) in lipopolysaccharide (LPS)-induced murine macrophage RAW 264.7.
The expressions of COX-2 and iNOS were considerably reduced by rHaIL-10 in LPS-induced murine
macrophages RAW 264.7 cells. IL10 was expressed in all analyzed tissues with the highest in kidney
then in ovary, while lowest expressions were observed in spleen and stomach. Expressions levels of
HaIL-10 were significantly greater in the blood upon in vivo induction with LPS, poly (I:C), and
Streptococcus iniae. Our results show the involvement of HaIL-10 in the immune responses under
stress condition.
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Insights into the anti-inflammatory potential and associated molecular mechanisms
of macrophage migration inhibitory factor from Sebastes schlegelii
N. C. N. Perera*, G.I. Godahewa, and Jehee Lee
Department of Marine Life Sciences, School of Marine Biomedical Sciences, Jeju National University, Jeju SelfGoverning Province 690-756, Republic of Korea

Macrophage migration inhibitory factor (MMIF) a pleiotropic cardiokine is an important inflammatory
cytokine responsible for the innate immune responses upon pathogenic stimuli. MMIF is known to
regulate the macrophage function and involved in cell-mediated immunity. In the current study MMIF
sequence was identified from rockfish (RfMMIF) data base and fully characterized with bioinformatics
tools. The tissue specific mRNA expression and the temporal transcription pattern upon bacterial
stimuli were detected via qPCR. Additionally, cell stimulation assay and cytokine transcripts analysis
were accompanied with the rRfMMIF. Moreover, oxidoreductase activity of rRfMMIF was detected
through the insulin reduction assay. Putative open reading frame of RfMMIF encoded 115 aa with 12
kDa polypeptide and a pi of 7.4. The results of pairwise alignments discovered that 93 % of a highest
identity was shared with Oplegnathus fasciatus MMIF sequence. Phylogenetic results were verified
that RfMMIF has a close evolutionary relation with O. fasciatus homolog. According to the spatial
distribution liver tissue demonstrated the highest expressional level and followed by kidney. Significant
up regulations were detected in the RfMMIF upon bacterial stimuli. It was spotted that cell stimulation
with the rRfMMIF leads extensive inductions of other cytokines including IL 8, IL ȕ and TNF-receptor.
Time dependent, increase in turbidity in the insulin reductase assay displayed nil activity at pH 7
where high activity was observed at pH 8 in the existence of rRfMMIF. In silico and homology analysis
discovered that RfMMIF sequence is well conserved among the homologs and it shared relatively
higher homology with teleosts than non teleosts. Variation of the transcription pattern upon the
bacterial stimuli suggested that RfMMIF involve with the immune responses in rockfish. Enzymatic
redox activity of rRfMMIF proved the thiol-protein oxidoreductase activity of rRfMMIF.
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Bactericidal activity and non-specific immune responses of mixture of Pedicoccus sp.
PKS and hot water extract of Glycyrrhiza uralensis fischer in Paralchthys olivaceus
Kyung-Mi Moon*, So-Hyun Park, Ji-Hyun Kim, Young-Soo Ry, Won-Sun Choi and Moon-Soo Heo
Major of Aquatic Life Medicine, Faculty of Marine Biomedical Sciences, Jeju National University,
Jeju 690-756, Korea


In this study we isolated probiotic bacteria from Korea traditional fermented food. Isolated strain is a
gram positive Pedicoccus sp., widely known as an intestinal bacteriam with significant anti-pathogenic
activity. Researchs on Lactic acid bacteria have shown that extract of medicinal herbs have its
increased growth along with other growth substances Mn2+ or vitamin, amino acid. In this study, we
selected Glycyrrhiza uralensis fischer, rich in Glycyrrhizin (6~14%) with notable anti-inflammatory,
anti-cancer, antiviral, antiallergy, and anti-cholesterol activity. Hot water extract of Glycyrrhiza
uralensis fischer was collected with different temperatures (55, 65, 75, 85, 95°C). Pedicoccus sp. PSK
(5%) mixed with 55°C (1~2%) G. uralensis hot water extract (GuHWT), shows high growth when
compared with 75°C (1.5%) and 95°C (1.5%) GuHWT at pH 4.2~4.4. The GuHWT shows no
antibacterial activity against Pedicoccus sp. PSK. Hence, the isolated probiotic strain Pedicoccus sp.
PSK and GuHWT were mixed with flounder feed, fed for 4 weeks and their non-specific immune
responses were assessed in Paralchthys olivaceus, divided into three groups (n=10, triplicate) namely
Control, GuHWT and P+GuHWT. Results indicates that phagocytosis and lysozyme activity of
flounder fish fed with P+GuHWT increased significantly when compared with that of control and
GuHWT diet fed flounder. Hence, the present study highlights importance of probiotic, Pedicoccus sp.
PSK in combination with G. uralensis hot water extract in flounder fish aquaculture. This study
indicates that the probiotic and herbal extract mixture could potentially enchance the growth, nonspecific immune response in flounder fish Paralichthys olivaceus.
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Cloning of secretory and membrane-bound IgM
in rock bream (Oplegnathus fasciatus)

Jinhwan Park* and Suhee Hong
Department of Wellness Bio-Industrial, Gangneung Wonju National University, South Korea

Immunoglobulin is major effective molecule in humoral immunity of vertebrates. During a course of
antibody production, B cells expressing the right m-IgM on their surface will be chosen for clonal
expansion and differentiation into plasma cells. During differentiation, B cells suffer hypermutation for
affinity maturation to produce highly effective s-IgM. In Korea, rock bream iridovirus (RBIV) infection
have threatened rock bream (Oplegnathus fasciatus) aquaculture with mass mortality. In this study, for
better understanding on the humoral immunity of rock bream, 2 transcripts of immunoglobulin M (IgM)
heavy chain gene including membrane bound (m-IgM) and secretory (s-IgM) forms were sequenced
in rock bream. Consequently, s-IgM cDNA was 1902 bp in length encoding a leader region, a variable
region, four constant regions (CH1, CH2, CH3, CH4) and a C-terminal region with high structural
similarity to other species while m-IgM cDNA was 1689 bp in length encoding shorter three constant
regions (CH1, CH2, CH3) and two transmembrane regions (TM1 and TM2). In phylogenetic analysis,
the tree comprised two clearly distinct branches for fish and higher vertebrates. Rock bream s-IgM
and m-IgM were placed within the Perciform subgroup. The tertiary structure of rock bream IgM
shares a great similarity to human IgM, especially the functional region of complementaritydetermining regions (CDRs) loops that bind to the antigen.
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Effects of probiotic microorganisms on water quality, growth and innate
immunity of Pacific whiteleg shrimp Litopenaeus vannamei
Jun Sung Bae1*, Ji-Hoon Lee1, Jun Ho Choi1, Jung-Jin Park1, Chae Won Lee1, Eun Jin kim1,
Eun Ha Jeoung1, Young Hee Kim2 and Kwan Ha Park1
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R & D Center, Cheil-Bio Co., 452-1 Moknae-dong, Danwon-gu, Ansan-si, Gyeonggi-do, Korea

Pacific whiteleg shrimp is the single most important shrimp species in Korean aquaculture industry.
We developed a probiotic microorganism preparation intended to improve both water quality and
innate immunity of cultured shrimp. Two different microorganisms were prepared: one was to be
incorporated in the diet for oral supply to stimulate immunity, and the other into culture water to
improve water quality. These two preparations were simultaneously given to the shrimp for 73 days in
two different culture ponds before analysis of various parameters. Dissolve ammonia, nitrite and
nitrate concentrations were significantly reduced by the test preparations. The three innate immunity
parameters, total hemocyte counts, reactive oxygen species level, and phenoloxidase activity sere
altered by the test probiotics indicating stimulation of immune functions. Superoxide dismutase activity,
an indicator of antioxidant capacity, was not influenced by the preparation. A commercial probiotic
product, used as a reference and applied only to culture water, was also effective in improving the
water parameters. Both the new probiotic preparation and the reference product reduced the mortality
caused by a pathogenic bacteria Vibro alginolyticus although the reference product was weaker. Our
results indicate that the new probiotic preparation is useful for both water quality control and
protection against lethal infection.
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Effect of bacterial RNA on the innate immunity of olive
flounder (Paralichthys olivaceus)

Su Yeon Baek* and Ki Hong Kim
Department of Aquatic Life Medicine, Pukyong National University, Busan, Korea 


The recognition of pathogen-associated molecular patterns (PAMPs) by corresponding receptors
trigger the activation of innate immune responses, and each PAMP-specific stimulating properties
have been utilized for the development of immunostimulants or vaccine adjuvants. The innate immune
system also distinct between live and dead microorganisms through the recognition of vita-PAMPs.
Bacterial RNA is a representative vita-PAMP, and has been reported to be able to stimulate both
innate and adaptive immunity in mammals. However, no information is available about the effect of
vita-PAMPs on fish immunity. In the present study, the immunostimulatory effect of bacterial RNA
isolated from Escherichia coli was analyzed using juvenile olive flounder (Paralichthys olivaceus) as
experimental fish. In addition, the immunostimulatory effect of bacterial RNA was compared with that
of eukaryotic RNA isolated from Epithelioma papulosum cyprini (EPC) cells. Each RNA was injected
into olive flounder by intraperitoneal injection. Control fishes were received an equal volume of
nuclease free water by i.p. injection. Blood and kidney were taken from fish that were randomly
sampled from each group at 1, 3 and 7 days post-injection. Blood was sampled from each fish for the
analysis of humoral immunity, and the head-kidney leukocytes were isolated by Percoll density
gradient centrifugation for the measurement of respiratory burst activity using chemiluminescence
(CL). At 1 day and 3 days post-injection, the CL response of olive flounder phagocytes was
significantly enhanced by bacterial RNA compared to EPC RNA and control. Although the CL
response of leukocytes isolated from fish injected with EPC RNA was lower than that of bacterial RNA,
it still showed clearly higher activity than that of control fish. At 7 days post-injection, however, there
were no significant differences in all experimental groups compared to the controls. The results
suggest that bacterial RNA has an ability to enhance immunity of phagocytic cells of olive flounder.
Moreover, EPC RNA might be recognized as a danger signal by olive flounder, which may activate
olive flounder phagocytic cells. The action mechanism of bacterial RNA and eukaryotic RNA in fish
would be investigated by further analysis of immune-related genes expression and humoral immunity.
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Characterization and relative mRNA expression of chemokine
CCL10 from red lip mullet (Liza haematocheilus)
Hyerim Yang1,2*, Hyukjae Kwon1,2 and Jehee Lee1,2
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The superfamily of chemotactic cytokines are chemokines that has significant roles in migration,
tissue compartmentalization and diverse pathophysiological process such as, autoimmune diseases,
tumor growth, chronic and acute infections and allergic responses. In this study, CCL10 from red lip
mullet (Liza haematocheilus; MuCCL10) was molecularly characterized and determined the spatial
and temporal mRNA expression using qPCR. The open reading frame (ORF) of MuCCL10 was 342
bp with a predicted molecular weight of 12.697 kD and pI of 9.01. The ORF encoded a polypeptide of
113 amino acids and included signal peptide at 1 – 25 residues. Under normal physiological
conditions the MuCCL10 was highly expressed in spleen among the tissues tested. Temporal
expression pattern after immune stimulation in headkidney and spleen showed differential expression
patterns of MuCCL10. The mRNA expression of MuCCL10 was up-regulated in headkidney and
spleen at 6 h post injection (p.i.) of poly I:C. Additionally, mRNA expression showed significant upregulation at 48 h p.i of L. gaevieae in headkidney and spleen . Collectively, these results suggest that
MuCCL10 is involved in eliciting innate immune responses upon pathogenic infections in red lip mullet.
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Isolation and characterization of thrombospondins (TSPs)
from chum salmon (Oncorhynchus keta)
Sang Yoon Lee*, Min Jeung Jang, Min Jae Bang, Soo Hwan Kim and Yi Kyung Kim
Department of Marine Biotechnology, Gangneung-Wonju National University, Gangneung, Korea

Thrombospondin (TSP) is involved in the glycoprotein family with antiangiogenic effects and
because of its dynamic role in extracellular matrix, they are considered to be cytoplasmic proteins.
TSP is a multifunctional protein family. The TSP family can be divided into two subgroups of 1-5,
consisting of A containing TSP-1 and -2 and B containing TSP-3, -4 and -5. TSP-1 and -2 are
homotrimers composed of three identical subunits, and TSP-3, -4 and -5 are homopentamers.
Chum salmon (Oncorhynchus keta) have the broadest natural distribution of Pacific salmon. The
range of spawning in Asia seems to be from the north-east coast of Korea to the Russian Arctic coast,
but is now the largest in hatcheries in northern Japan. So, chum salmon is one of the most popular
salmon species in Japan. Especially in Korea, chum salmon discharge activity continues to be carried
out until recently. In addition, research is being conducted in various fields using chum salmon.
The cDNA sequences of the chum salmon (Oncorhynchus keta) thrombospondin (TSP) isoforms
gene (TSP1, TSP2, TSP3A, TSP3B and TSP4B) have been determined, and the encoded amino acid
sequences have been analyzed. Chum salmon TSP amino acids were multiple aligned by the
CLUSTAL program. Similarity between amino acid sequences was determined for the TSPs structure
comparison of chum salmon and other species. Phylogenetic trees were constructed based on the
deduced amino acid sequences of full length TSPs using the Neighbor-Joining (NJ) algorithm within
MEGA program. The phylogenetic tree was constructed were validated by 1000 bootstrap repetitions.
The gene expression profiles of TSPs in tissues (brain+pituitary, eye, gill, intestine, kidney, liver, musle,
skin (include lateral line), skin (bright, dark), spleen were examined by RT-PCR.
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Protective effect of DNA vaccines against scuticociliatosis
in olive flounder (Paralichthys olivaceus)

Hyun Ju Lim* and Ki Hong Kim
Department of Aquatic Life Medicine, Pukyong National University, Busan, Korea


Scuticociliatosis caused by a facultative parasitic ciliate, Miamiensis avidus, has severely damaged
to culture farms of olive flounder (Paralichthys oliviaceus). In the present study, we aimed to know the
protective effect of DNA vaccines encoding a cysteine proteinase gene or a leucine rich repeat protein
gene of M. avidus against scuticociliatosis in olive flounder. Cysteine proteinases (CysP) of parasites
are known to play an important role in invasion into hosts and act as a virulence factor. Leucine rich
repeat proteins (LRR) usually locate on the cell surface, and are found in functionally diverse groups
of proteins, and are known to act as a major antigen of several parasites. In this study, we selected
two antigen proteins, CysP and LRR, from M. avidus as candidates of DNA vaccine antigen. To
enhance immunogenicity, the C-terminal of each antigen gene was fused with Vibrio anguillarum
flagellin-A (FlaA) gene that is an outer protein of bacterial flagella and serves as adhesion factor.
Furthermore, the N-terminal of each antigen gene was fused with the secretion signal of viral
hemorrhagic septicemia virus (VHSV) glycoprotein (vGsp), which make the expressed antigens be
secreted out of cells and could enhance the chance of being recognition by antigen presenting cells.
Consequently, six DNA vaccine vectors were constructed using the pcDNA 3.1(+) plasmid as a basic
vector; CysP or LRR alone (pc-C or pc-L), vGsp fused to the upstream of each antigen (pc-VC, pc-VL),
and FlaA linked to the downstream of vGsp-CysP and vGsp-LRR (pc-VCF, pc-VLF). Fingerlings of
olive flounder were intramuscularly vaccinated with 10 ȝg of each vector, and fish i.m. injected with
empty plasmids were used as a control. At 3 weeks post-immunization, fishes were intraperitoneally
challenged with M. avidus (5 ൈ 102 ciliates/fish). Dead fish during the experiment were necropsied to
confirm the presence of ciliates in the internal organs and the brain. The results showed that fishes
immunized with pc-VL, pc-VCF, and pc-VLF showed significantly lower mortalities than control and
other immunized groups. These results suggest that the fusion of scuticociliate antigen genes with
bacterial flagellin gene and/or with VHSV glycoprotein’s secretory signal can be a way to enhance
antigen immunogenicity. The protective mechanism by these antigens and by the present DNA
vaccine constructs should be investigated through further studies.
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An enzyme-linked immunosorbent assay (ELISA) for detection of olive flounder
antibodies to viral hemorrhagic septicemia virus (VHSV) using two
Novirhabdovirus antigens
Min-Seok Jang*, Myung-Joo Oh and Wi-Sik Kim
Department of Aqualife Medicine, Chonnam National University, Yeosu 59626, Republic of Korea


An enzyme-linked immunosorbent assay (ELISA) with two Novirhabdovirus antigens (viral
hemorrhagic septicemia virus, VHSV and infectious hematopoietic virus, IHNV) was used to detect
specific antibodies against VHSV from olive flounder (Paralichthys olivaceus) sera. In ELISA plates
with VHSV culture supernatants (VHSV-Ag plate), optical density (OD) values for sera from olive
flounder with VHS history (VHS sera) ranged from 0.08 to 2.96 (mean OD value: 0.64 ± 0.36), and
those of sera from fish with non-VHS history (non-VHS sera) ranged from 0.04 to 3.32 (0.26 ± 0.26).
In ELISA plates with IHNV culture supernatants (IHNV-Ag plate), the OD values (0.43 ± 0.28) for VHS
sera were quite low compared to those in VHSV-Ag plates, while the OD values for non-VHS sera
were almost similar. The high OD values in IHNV-Ag plates were comparable to those in ELISA plates
with fetal bovine serum (FBS), indicating the reaction of fish antibodies with FBS present in virus
culture supernatants. When the OD values for each serum were calculated by subtracting the OD
values in the IHNV-Ag plate from those in the VHSV-Ag plate, the corrected OD values were clearly
different between VHS sera (0.22 ± 0.18) and non-VHS sera (0.00 ± 0.02). The results were
completely in line with fish histories of VHS epizootics. It was considered that the corrected OD values
may represent the true values recognized by VHSV-specific antibodies.

- 470 -

PD-27

Establishment of specific antibodies against viral hemorrhagic septicemia virus in
infected olive flounder (Paralichthys olivaceus) diagnostic method
using enzyme-linked immunosorbent assay
Jin Hyeon Jang*, Jee Youn Hwang, Dong jun Kim, Tae hyeong Kim, Mun Gyeong Kwon, Jung Soo
Seo, Seong Don Hwang and Bo-Young Jee
Aquatic Disease Control Division, National Institute of Fisheries Science (NIFS), 216 Gijanghaean-Ro, Gijang-up,
Gijang-Gun, Busan 46083, Korea

The viral hemorrhagic septicemia virus (VHSV) causes viral hemorrhagic septicemia, a deadly
infection in fish. VHSV has extensive host range, and infects farmed and wild fish inhabiting both
freshwater and marine ecosystems. Enzyme-linked immunosorbent assay (ELISA) is highly useful in
diagnosing viral hemorrhagic septicemia. However, ELISA shows high, non-specific background
reaction with fish antibodies. In this study, we optimized the antigen and antibody concentrations used
for detecting specific antibodies in VHSV-infected olive flounder to reduce non-specific binding, and
improve the sensitivity of ELISA. The results suggested that OD values were valid when ELISA was
performed with 0.1 μg/well of virus, involving blocking with blocking buffer (Roth, Roti-Block),
1:300~1:600 dilution with flounder antisera, and 1:1000 dilution with anti-flounder IgM and HRPconjugated goat anti-mouse IgG for detecting the VHSV antibody in flounder sera. Furthermore, We
are developing a VHSV monoclonal antibody and conducted an ELISA test of 8 hydridoma cell lines.
As a result, 5 antibodies were tested for positive reactions. This research is a basic study on the
application of antibody detection in the diagnosis of viral hemorrhagic septicemia in the olive flounder.
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DNA vaccine encoding myristoylated membrane protein (MMP) of rock bream
iridovirus (RBIV) induces protective immunity in rock bream
(Oplegnathus fasciatus)
Myung-Hwa Jung* and Sung-Ju Jung
Department of Aqualife Medicine, Chonnam National University, Chonnam 550-749 Republic of Korea


Rock bream iridovirus (RBIV), which is a member of the Megalocytivirus genus, causes severe
mass mortalities in rock bream (Oplegnathus fasciatus) in Korea. Currently, there are no reports on
the relationship between the viral membrane protein-based DNA vaccine-induced antiviral effect and
the immune responses in rock bream against RBIV infection. In this study, we investigated the
potential of viral membrane protein to induce antiviral status protecting rock bream against RBIV
infection. We found that fish administered with ORF008L (myristoylated membrane protein, MMP)
vaccine exhibited significantly higher levels of survival compared to ORF007L (major capsid protein,
MCP). Moreover, ORF008L-based DNA vaccinated fish showed significant protection at 4 and 8
weeks post vaccination (wpv) than non-vaccinated fish after infected with RBIV (6.7 × 105) at 23 °C,
with relative percent survival (RPS) of 73.36% and 46.72%, respectively. All of the survivors from the
first RBIV infection were strongly protected (100% RPS) from re-infected with RBIV (1.1 × 107) at 100
dpi. In addition, the MMP (ORF008L)-based DNA vaccine significantly induced the gene expression of
TLR3 (14.2-fold), MyD88 (11.6-fold), Mx (84.7-fold), ISG15 (8.7-fold), PKR (25.6-fold), MHC class I
(13.3-fold), Fas (6.7-fold), Fas ligand (6.7-fold), caspase9 (17.0-fold) and caspase3 (15.3-fold) at 7
days post vaccination in the muscle (vaccine injection site). Our results showed the induction of
immune responses and suggest the possibility of developing preventive measures against RBIV using
myristoylated membrane protein-based DNA vaccine.
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Effect of a medicinal herb extract composed of
Artemisia iwayomogi and Angelica gigas in olive flounder
Jun Ho Choi*, Ji-Hoon Lee, Jung Jin Park, Ga Won Kim, Min Sun Lee, Jun Sung Bae,
Kwan Ha Park
Department of Aquatic Life Medicine, Kunsan National University

This study was designed to evaluate pharmacological effects of a medicinal extract composed of
Artemisia iwayomogi and Angelica gigas. Tests were performed both with laboratory and field tests in
olive flounder. In laboratory, test substances were incorporated in diets at 0.0025, 0.005 and 0.01%
and fed to olive flounder of 14 days. Whereas test substances were added at 0.0025 and 0.005% and
supplied to the same fish for 1 –4 weeks.
In the laboratory, growth, innate immunity, stress indicators and invivo antibacterial activity were
assessed. In the field test, behavior, mortality, cortisol level and lysozyme activity were examined
after test substances. It was observed that test herbal extracts did not influence the growth of fish.
However innate immune functions were enhanced by the extract. The test substance also lowered
mortality rate due to S. iniae infection. While the extract prevented cortisol elevation during stress, it
failed to affect glucose level. In the field tests, lower cortisol content was observed, and higher
lysozyme activity was found by test substance feeding.
These results suggest that the composite extract of Artemisa iwayomogi and Angelica gigas seems
to possess pharmacological activity in olive flounder to enhance immunity functions and to alleviate
stress responses in live flounder.
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Temperature-dependent immune response of olive flounder (Paralichthys olivaceus)
infected with viral hemorrhagic septicemia virus (VHSV)
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Olive flounder (Paralichthys olivaceus) is one of the most economically important aquaculture fish,
but its production is often affected by various diseases that cause serious economic losses. Viral
hemorrhagic septicemia (VHS) is a deadly infectious olive flounder disease caused by the VHSV,
which is a problematic pathogen in South Korean aquaculture farms during the last decade.
Temperature is an environmental factor that affects productivity in fish aquaculture. Researchers
reported that rearing olive flounder (Paralichthys olivaceus) at 20°C reduces the mortality caused by
viral hemorrhagic septicemia virus (VHSV) compared with those reared at 14°C.
In this study, we sequenced the whole transcriptome of the P. olivaceus using Illumina RNA-seq. De
novo assembly of control and virus-infected cDNA libraries of head kidney was accomplished with
2,007,532,438 raw reads, resulting in 244,578 unigenes with an average length of 533 bp and found
65,535 candidate coding unigenes with homology to other species by BLAST analysis. Functional
gene annotation was performed by Gene Ontology analyses. We made an expressed gene catalog
for the P. olivaceus to serve as a resource for marine environmental genomic and immunogenetic/genomic studies focused on uncovering the molecular mechanisms underlying the responses
of P. olivaceus to viral hemorrhagic septicemia virus (VHSV) under controlled temperature.
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Molecular insights of glutathione S-Transferase alpha in mullet Liza haemotocheila
D.M.K.P. Sirisena*, G.I. Godahewa, N.C.N. Perera and Jehee Lee
Department of Marine Life Sciences & Fish Vaccine Research Center, Jeju National University, Jeju 63243,
Republic of Korea

Glutathione S-transferases (GSTs) are the superfamily of multifunctional detoxification isoenzymes
and play important roles in innate immunity system. Glutathione S-transferase alpha (GSTĮ) is an
enzyme imported for detoxification of electrophilic compounds including environmental toxins, reactive
oxygen species (ROS), carcinogens and therapeutic drugs by conjugation with glutathione. Structural
analysis of mullet GSTĮ (MuGSTĮ) was practiced by using different bioinformatics tools. Pairwise
alignment results revealed that protein sequence matched to Channa striata with 80.3 % sequence
identity and 87.9% similarity. Results of the phylogenetic analysis of MuGSTĮ showed that Liza
haemotocheila belongs to the group of fish. Multiple sequence alignment showed that the soluble
glutathione S-transferase N-terminal domain (GST_NTER) in N terminal end and soluble glutathione
S-transferase C-terminal domain in C terminal end were highly conserved among other examined
GST orthologs. Hence, results of multiple sequence alignment suggested that the detoxification
function of GST protein might be conserved among its orthologs. Quantitative real-time PCR exhibited,
the highest MuGSTĮ mRNA expression was in blood followed by spleen, gill, head kidney, liver,
kidney, and heart tissue among 12 different tissues from healthy mullet fish. Since blood is a main
tissue which transports oxygen into host cells, generation of reactive oxygen species (ROS) and
including other toxic compounds in the blood is greater than the other organs. Thus, highest mRNA
expression of MuGSTĮ might be observed in blood cells as a detoxification agent. Blood cells was
used for analysis of temporal expression with polyinosinic-polycytidylic acid (Poly I:C), Lactococcus
garvieae and lipopolysaccharide (LPS) stimulants. Highest MuGSTĮ expression was indicated at 24
hours post infection with L. garvieae. The L. garvieae is a serious pathogenic bacterium which
coursed streptococcosis and lactococcosis in aquatic fish species. Collectively, results of the present
study revealed that MuGSTĮ act as a detoxification protein and as an immune-related substance in
the mullet fish.
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C-type lectins are a major type of proteins in lectin family which plays a vital role in the innate
immune system. The innate immune system is the first line of defence used in many organisms.
Collectin (Collagen containing C-type lectin) is one of the major C-type lectins which involved in
pathogen clearance. These proteins bind to conserved carbohydrates presents on the invading
pathogens by recognising pathogen-associated molecular patterns (PAMPs). Collectin contains four
regions which include two main domains, the N-terminal region, the collagen domain, alpha helical
coiled-coil and lectin domain. The lectin domain contains carbohydrate recognition sites (CRD) which
help to bind to the pathogens conserved surface carbohydrates. Extra-cellular collectin is
characterized into three major groups according to the location, which is Lung surfactant protein found
in a pulmonary surfactant (SP-A, SP-D), Mannan-binding proteins found in both serum and liver
(MBP-A, MBPC) and bovine serum proteins (conglutinin and collectin-43) found in serum. Collectin-11
(CLEC-11) is a mannan-binding lectin (MBL) which directly involve inactivation of the lectin
complement pathway in association with MBL-associated serine proteases. Phagocytosis of the
foreign pathogen taken place by activating the complement cascade which results in opsonisation and
agglutination. When collectins identify pathogens by PAMPs from its CRD, they bind to the pathogen
and activate the complement pathway. These proteins act as a chemo-attracter to phagocytes and
facilitate phagocytosis. In this study, the cDNA sequence of CLEC-11 was identified from
Liza haematocheila transcriptome databases and appellate as CLEC-11. The length of the sequence
was 1337 bp with an open reading frame (ORF) of 840 bp. The ORF encodes for 279 amino acids,
predicted molecular weight and theoretical pI of the protein were 29.8 kD and 5.54, respectively.
Protein sequence contains both collagen and lectin domains, and CRD sites. It naturally exists as a
trimer. The protein BLAST showed the highest identity of 92% and 97.1% similarity in pairwise
alignment with Lates calcarifer. Multiple sequence alignment and the constructed phylogenetic tree
gives evidence of high conservation of the domains through vertebrates and invertebrates in evolution.
Quantitative real-time PCR (qRT-PCR) showed that the highest mRNA expression under the normal
physiological conditions was in the liver. The transcriptional studies show a specific expression profile
of the gene under immunological stress by lipopolysaccharides, polyinosinic: polycytidylic acid and
Lactococcus garvieae at different time points in blood, liver and spleen tissues. The functional
activities of the protein are under study. Cumulative in-silico and transcriptomic results suggest that
the collectin plays a significant roll in innate immunity as the main C-type lectin.
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Walleye pollock (Gadus chalcogrammus) is one of the popular fish species in Korea and known to
frequently harbor anisakid nematodes. Despite many papers regarding walleye pollock having been
published, there is no information on the prevalence and distribution of anisakid nematodes from
walleye pollock in Korean waters. We investigated 716 walleye pollock caught from Goseong, the
East Sea of the Korean Peninsula during May 2015 - December 2016. In total, 1,085 nematodes were
collected and subsequently identified by PCR-RFLP analysis of internal transcribed spacer region of
ribosomal DNA. The prevalence and mean intensity of anisakid nematodes was 63.6% (68/107) and
4.4 larvae/fish (297/68) in samples of 2015, and 21.5% (131/609) and 6.0 larvae/fish (788/131) in
samples of 2016. The most abundantly isolated anisakid nematode was Anisakis simplex (Rudolphi,
1809) (73.5%, 798/1,085), followed by Contracaecum osculatum (Rudolphi, 1802) (3.1%, 34/1,085),
Hysterothylacium aduncum (Rudolphi, 1802) (2.9%, 31/1,085), Anisakis pegreffii (Campana-Rouget
and Biocca, 1955) (1.4%, 15/1,085), and a hybrid genotype (0.4%, 4/1,085). The mitochondrial DNA
cox2 gene sequences of randomly selected A. simplex showed the highest similarity (99.5%-98.8%)
with those from chub mackerel (Scomber japonicus) in Japan or from chum salmon (Oncorhynchus
keta) in Korea. The mtDNA cox2 gene sequences of C. osculatum showed the highest similarity
(99.0%) with those from bearded seals in Japan. All of these results give us clues to the geographical
distribution, migration route and prey items of walleye pollock caught off Korea; although A. pegreffii
has been described as dominant anisakid nematode in many marine fish species from Korean waters,
we found a different assemblage of anisakid nematodes in walleye pollock as mentioned above.
Similar assemblage of anisakid nematode was also reported from chum salmon in Korea, reflecting
similar migration route of these fish species, transport host of anisakid nematodes.

These

phenomena indicate that the geographical distribution of different anisakid nematode species is
closely related with those of their successive host at different trophic levels. Further extensive
analyses will be necessary to get more information on the biology of Korean walleye Pollock.
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Interleukin 11 (IL-11) is a multi-potential secretory cytokine which has pleotropic properties and
plays an anti-inflammatory and also anti-apoptotic role. IL-11 is a member of the hematopoietic
cytokine family and it also referred as an IL-6 family or gp130 cytokines. Functionally they involve as
title roles in hematopoiesis, immune response, inflammation, and cancers. IL-11 mRNA expressed in
many cell types such as fibroblast, chondrocytes, osteoblasts, keratinocytes, epithelial cells,
endothelial cells, tumor cells and etc. IL-11 shows notable anti-inflammatory activities by suppressing
pro-inflammatory cytokines gene expression such as TNFĮ, IL-1ȕ, IL-6, IL-10, IL-12, and TGFȕ and
also it can inhibit the formation of Nitric Oxide (NO). Currant study conducted to characterize teliosten
IL-11 orthologue from red lip mullet and determine its functional role in mullet cells. BLAST search
was conducted to confirm the identified IL-11 sequence from red lip mullet. Variety of online
bioinformatics tools, software’s and databases were employed to identify characteristic features of red
lip mullet IL-11. Total RNA was extracted from 11 tissues of healthy red lip mullet; namely, head kidney,
kidney, spleen, liver, gill, skin, intestine, stomach, heart, brain and blood. The mRNA was used for
synthesis of cDNA to investigate the relative expression of IL-11 in different tissues. Groups of healthy
red lip mullets were challenged with lipopolysaccharide (LPS), polyinosinic-polycytidylic acid (poly I:C)
and Lactococcus garviae. mRNA was extracted and cDNA was synthesized. The cDNA was subjected
to quantitative real-time PCR in order to determine expression levels of IL-11. Recombinant protein
was overexpressed in Escherichia coli BL21 strain and purified using pMAL™ Protein Fusion and
Purification System. The purified protein was treated to mullet kidney cell line with MBP as a control.
LPS was used to induce the inflammation in the cells. The cells were lysed and mRNA was extracted
in different time points. First strand cDNA was synthesized and qRTPCR was employed to determine
the TNF-Į level in cells during the experiment. The red lip mullet interleukin-11 composed with 200 of
amino acids, and its predicted molecular weight was 23.168 kDa. The Multiple sequence alignment
indicates that mullet IL-11 is also bearing the typical four bundle architecture of Į-helixes, as other IL11 orthologues. However, IL-11 sequence is barely conserved with its orthologs from different phyla.
Identity–similarity matrix shows higher identity with other fish IL-11 but less with other phyla.
Phylogenetic analysis also confirmed that mullet IL-11 cladded within the fish counterparts. The
functional assay indicates that IL-11 protein can reduce pro-inflammatory TNF-Į expression in mullet
kidney cells.
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Glutaredoxins (Grx) are thiol disulfide oxidoreductases which is ubiquitously distributed in all the
living organisms. They have broader substrate activity than thioredoxins (Trx). Hippocampus
abdominalis, commonly known as big-belly seahorse and the largest seahorse species found. It is
extensively used in the ornamental fish industry and traditional Chinese medicine. It is difficult to
maintain sustainability in food or ornamental maricultural systems due to environmental pollutants,
unfavorable climatic factors, and invasive pathogens. Therefore, understanding the immune
responses of Hippocampus abdominalis against bacterial and PAMP stimuli will facilitate the
development and maintenance in seahorse cultivation. Accordingly, aim of the study is to investigate
molecular properties of Grx1 from big-belly seahorse (ShGrx1) to get better understanding in related
to fish immunity. Here, ShGrx1 from seahorse cDNA library was identified and recombinantly
expressed In E. coli. Further, tissue expression profile and temporal expression were observed
against bacterial and PAMP stimuli. ORF of ShGRX1 is encoding a protein sequence with 106 aa and
predicted molecular mass is 11.77 kDa. Phylogenetic reconstruction and multiple sequence analysis
showed that ShGrx1 clustered with Grx1 orthologs distinctly. Further, ShGrx1 share the highest
identity (97%) with Hippocampus comes. Tissue specific expression profile demonstrated that ShGrx1
highly expressed in muscle followed by ovary. According to the temporal expression in blood, ShGrx1
exhibited significant transcript modulation towards polyinosinic:polycytidylic acid, lipopolysaccharides,
Edwardsiella tarda and Streptococcus iniae.

Hence, these results indicate that ShGrx1 can be

induced by PAMP stimuli with different expression profiles. Altogether, results in this study suggest
that ShGrx1 may be involving immune responses.
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Super oxide dismutase are metalloenzymes involving in the defensing system against the oxidation
produced by the superoxide anions (O2•-), hydroxyl radicals (HO•) and hydrogen peroxides (H2O2)
which are generated by the normal cellular metabolic processes. Cu ions have the ability in adapting
different redox states, and they are involving in basic biological functions of growth and development
as a catalytic cofactor. Zn2+ is required for the maintenance of enzyme stability and facilitate a wide
range of pH independent activity. In this study we are analyzing the immune related responses of
Cu/Zn SOD in Red lip mullet (Liza haematocheila) which is widely cultured in South Korea. The
deduced LhCU/Zn SOD protein is consisted with 231 amino acids with 25.1 kDa of predicted
molecular weight. The theoretical PI for this protein is 6.34. Multiple sequence analysis shows 8
conserved catalytic sites, 4- Cu binding sites and 4 -Zn binding sites. The phylogenetic analysis
reveals that LhCU/Zn SOD is clearly clustered together with other teleosts. We have done the
transcriptional analysis for several tissues and the highest expression was demonstrated in the
stomach tissue indicating the dietary involvement in generating SODs. The qPCR analysis of Liza
haematocheila treated with LPS, poly I:C and L.gaevieae express different expression patterns along
the time period. Treatment of poly I:C and LPS showed significant upregulations after 24 h p.i. while
L.garvieae treatment showed time dependent regulations without significance.
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Kazal-type serine protease inhibitor (KSPI) is one of the serpins, which plays a vital role to regulate
endogenous proteases, cell development, blood coagulation and immune response. In this study, we
identified and characterized KSPI homologue from big-belly seahorse (HaKSPI). The full-length cDNA
sequences of HaKSPI was 333 bp. The 255 bp of ORF encoded a protein of 85 amino acids. The
Homology studies indicated that HaKSPI showed the highest identity (84.7%) and similarity (89.4%)
with KSPI of Hippocampus comes. qRT-PCR results showed that HaKSPI ubiquitously expressed in
many tissues at different levels. Remarkably, The KSPI transcripts in the liver showed the highest
expression (P < 0.05). The biotic and abiotic challenges were conducted, and the liver tissue was
assessed for the gene modulation by qRT-PCR. The mRNA expression of HaKSPI in liver was
induced upon S.iniae, E.tarda, LPS and Poly I:C challenges. The recombinant protein of HaKSPI were
produced to characterize and study the KSPI specific functions. The recombinant protein of HaKSPI
strongly inhibited subtilisin compared to other tested proteases. Moreover, the recombinant protein
possessed the bacteriostatic activity against Gram-positive bacteria, Streptococcus iniae and Gramnegative bacteria, Edwardsiella tarda. Taken together, our results suggest that HaKSPI may play an
essential role in hepatic immune response in Hippocampus abdominalis.
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Localization of nervous necrosis virus (NNV) in brain tissue of sevenband grouper
(Hyporthodus septemfasciatus) using RNA in situ hybridization method
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Nervous necrosis virus (NNV) is one of the serious pathogen affecting cultured fishes worldwide. In
situ hybridization (ISH) has various advantages, such as the ability to study the expression and the
localization of target sequences at the cellular level. Several studies have detected NNV segment
using ISH, but most of them have used DNA probes and the focus has been mainly on NNV detection
while as viral localization has been rarely studied. Here, we developed an ISH assay using RNA
probe for localization of NNV in brain tissues of sevenband grouper after experimental challenge.
RNA2 segment were synthesized by in vitro transcription and labeled with digoxigenin (DIG) UTP. A
total of ten sevenband groupers were infected intramuscularly with NNV at a dose of 103.5 TCID50/fish
and dead fish were sampled for brain. Sampled tissues were fixed in formaldehyde and treated with
graded alcohol. Afterwards, fixed slides were hybridized with antisense RNA probe. Hybridized probe
was detected by anti-DIG-AP antibody using NBT/BCIP as a substrate.
During the experiment, no mortality was recorded for the negative control group. Whereas, in the
challenged group, sevenband grouper began to die at 3 day post infection (dpi) and cumulative
mortality was 100% at 5 dpi. While examining brain tissues using RNA-ISH, the hybridization signal
was specifically detected in the optic lobe, cerebellum, medulla, and hypothalamus. These results
demonstrate that labeled RNA probe efficiently localized NNV in brain tissue using RNA-ISH.
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The genus Aliivibrio was recently reclassified as a new genus, based on phylogenetic differences
from other genera in the family Vibrionaceae. Members of this genus are relatively common in marine
environments, and several species are known to cause cold-water vibriosis in salmonid fish. However,
the members of Aliivibrio are difficult to identify at the species level, since genetic homology of these
species is very high. In this study, we conducted identification of several Aliivibrio species isolates
from the walleye pollock (Gadus chalcogrammus) farms, based on Multilocus Sequence Analysis.
A total of 174 walleye pollock individuals cultured from Gosung, Yangyang and Gangneung were
randomly sampled during February 2016 ~ June 2018. During the same period, we also sampled
water from the walleye pollok tank. The sampled fish were dissected and bacterial isolation was
attempted from kidney and spleen, using Tryptic Soya Agar and Thiosulfate Citrate Bile Salts Sucrose
Agar medium. PCR amplification was conducted with 8 strains (fish 7, water 1) identified as Aliivibrio
species by biochemical characteristics. We selected 16S rDNA, gapA, gyrB, recA and rpoA gene as
target genes for Multilocus Sequence Analysis. The amplified PCR products were purified and
sequenced. The obtained sequence was combined with the sequences data of other Aliivibrio, Vibrio
and Photobacterium species from GenBank. Then, a neighbor-joining tree was created using the
MEGA 7 program.
Of 7 strains from fish, Aliivibrio logei was most frequently identified (42.8%, 3/7), followed by A.
salmonicida (28.6%, 2/7), A. sifiae (28.6%, 2/7). And 1 strain isolated from water was identified as A.
logei. A. logei and A. sifiae are reported as luminescent marine bacteria, while A. salmonicida is
known as the cause of cold water vibriosis. However, there were neither abnormal clinical signs nor
mortalities during the sampling period. Continuous monitoring and confirmation of pathogenicity by
experimental infection will be necessary because A. salmonicida is known to cause cold water
vibriosis.
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Peptidoglycan-recognition protein-SC2 precursor-like protein (PGRP-SC2) is a vital protein in innate
immunity. Peptidoglycan recognition proteins (PGRPs) are important family of pattern recognition
receptors and evolutionarily conserved bactericidal innate immunity proteins. PGRPs can bind
bacterial peptidoglycan, which exist in almost all bacterial cell walls, especially Gram-positive bacteria.
Herein, Peptidoglycan-recognition protein-SC2 (RfPGRP-SC2) was molecularly characterized from
rockfish (Sebastes schlegeli). The full cDNA sequence of RfPGRP-SC2 was identified from rockfish
cDNA database. In silico analysis was conducted to determine the conserved domains and
evolutionary position between other orthologs. Real-Time quantitative PCR (qRT-PCR) was
performed to determine the tissue specific distribution and expression profile of RfPGRP-SC2 in
response to pathogenic stress. The full-length of RfPGRP-SC2 was 3370 bp consisting of 369 bp
open reading frame encoding 122 amino acids. The putative molecular mass and isoelectric point
were 13.03 kDa and 6.49, respectively. The RfPGRP-SC2 contained peptidoglycan recognition
protein family (PGRP) N-terminal domain at 1-100 residues. The RfPGRP-SC2 was ubiquitously
expressed in all tissues examined and the highest expression level was detected in skin and blood.
After challenge experiment with Streptococcus iniae and polyinosinic:polycytidylic (Poly I:C), the
mRNA expression of RfPGRP-SC2 was significantly up-regulated. Taken together, our investigations
suggest that RfPGRP-SC2 is involved in innate immune responses upon pathogenic stress in rockfish.
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Microsatellites are the most worthwhile molecular markers used in genotyping and genetic breeding
studies. Here we identified highly polymorphic microsatellite loci that are amplified in four Haliotis spp.
including Haliotis discus discus, Haliotis discus hannai, Haliotis gigantea, and Haliotis madaka.
Genetic diversity was investigated in 1330 abalones obtained from six different locations of Korea
such as, Wando (1137), Gangwon-do (87), Wando-Yeoseodo (33), Incheon-Baengnyeongdo (31),
Sinan-Gageodo (21), and Yeosu-Yeondo (21). Population genetic structure was examined using the
obtained genotyping data. Kinship analysis was carried out to identify the genetically distant mating
pairs for abalone genetic breeding program. Initially, 339 microsatellite loci were amplified in abalone
genomic DNAs and highly polymorphic microsatellite loci were identified through a series of PCR.
Selected loci primers were fluorescent labeled, using FAM, NED, PET and VIC dye. Then multiplex
PCR with the 13 microsatellite loci was optimized to amplify in four different Haliotis spp. genomic
DNAs. Genetic diversity analysis revealed that all the abalone populations were heterozygous. All the
loci displayed higher number of alleles and Shannon index suggesting greater genetic diversity in
Haliotis spp. Population genetic analysis showed that there are genetically distant fast growth and
heat tolerant individual abalones within and between populations. Kinship analysis discovered the
accurate breeding pairs of fast growth and heat tolerant abalones with greater genetic distance. F1
generation analysis indicated that some of the individuals are consisted with the character of fast
growth. Hence, genetically distant individuals were bread to reduce the inbreeding rate and develop a
golden abalone seed.
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Woo-Ju Kwon*, Joon-Gyu Min and Hyun-Do Jeong
Department of Aquatic Life Medicine, Pukyong National University

Cell culture technique has been used for many years to produce important biological materials such
as therapeutic, hormones, enzymes, antibodies, interferons, and virus vaccine. In late 1960’s,
Microcarrier technology for virus has been production has been widely used at an industrial scale as it
offers numerous advantages over traditional cell culture techniques. Nevertheless, until recently, few
studies have been applied to the production of fish pathogenic virus. Thus, this study constitutes
valuable information of the development of a large-scale fish cell culture on Microcarrier for producing
megalocytivirus.
The most frequently used cytodex 1 type carriers in various microcarrier are 130-220um, average
180 um, in size and have a 6,800 bead of 1 mg, which have a surface area of 4.4 cm2. After Cytodex
1 (5mg/ml) was hydrated in PBS and sterilized in autoclaving according to the manufacturer’s
instructions, PMF cells (1x105 cells / ml) developed in our laboratory were mixed well in 250 ml
spinner flask. After 1 days of cultivation, the cells were flattened and attached homogeneously on the
surface of cytodex 1 almost all numbers of cells added. After 7 days of cultivation, PMF cells showed
over 90% confluency on the surface of cytodex 1 in the suspension, which is averaged 30 cells/bead
under light microscope. Based on the particle numbers of cytodex 1, it was assumed that
approximately 1x106 cells/ml of suspension was obtained in spinner flask.
In optimization experiment for culturing of PMF on cytodex 1 in 250 ml spinner flask, we confirmed
three important features, which are including stirring speed (70 rpm), cytodex 1 density in the
suspension (5mg/ml) and L15 medium with 5% FBS for the most efficient cell growth in microcarrier
culture system. Cultured PMF cells for 7 days were inoculated with megalocytivirus subgroup II virus
(1x105 copies/ml). The peak virus titer was 1.22 x 108 copies/ml at 7 days post inoculated.
In conclusion, PMF cells were successfully attached to Microcarrier bead like other animal cells.
Optimized conditions for PMF cell culture on Microcarrier in this study can support efficient growth of
cells (1.2x106 cells/ml) and production of megalocytivirus (1.22 x 108 copies/ml). The developed cell
culture system has a great potential to effectively produce and low-cost megalocytivirus for industrial
vaccine production.
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Vibriosis is the one of major bacterial diseases in cultured marine fish in Korea. An epidemic trait of
Vibrio genus, especially Vibrio spp. derived from cage cultured marine fish is lacking yet. Furthermore,
the identification of Vibrio species using classical biochemical method is required a long time
consuming, and it is difficult to discriminate the species due to lack of database. Although several
methods based on the molecular techniques such as PCR and sequencing have been developed, an
error of species discrimination may occur depending on the target gene selection due to highly
homologous between Vibrio species. Therefore, PCR primers should be designed from the specific
genes contributing classifiable in the genus Vibrio have to select to design for PCR primers. Of note,
various species were isolated from cultured marine fish between 2012 and 2017: Vibrio harveyi
(20.5%, n=55), V. scophthalmi (12.3%, n=33), V. atlanticus (8.2%, n=22), V. gigantis (6.3%, n=17), V.
anguillarum (6.3%, n=17), V. alginolyticus (4.1%, n=11), V. lentus (4.1%, n=11), Photobacterium
piscicola (4.1%, n=11), P. damselae (3.7%, n=10), V. splendidus (2.9%, n=8). To identify Vibrio genus
and discriminate ten Vibrio species, we designed specific primers targeting RNA polymerase sigma
factor (rpoD), recombination protein F (recF), transcriptional regulator (toxR) genes, known as
housekeeping genes. And two multiplex PCR sets were consisted as followed: M-PCR set 1 targeting
V. anguillarum (125 bp), V. gigantis (292 bp), V. atlanticus (372 bp), V. harveyi (601 bp) and V.
scophthalmi (740 bp); M-PCR set 2 targeting V. lentus (113 bp), V. splendidus (218 bp), P. piscicola
(279 bp), V. alginolyticus (371 bp) and P. damselae (519 bp). Additionally, each multiplex PCR assay
is made up of primer sets targeting the Vibrio genus (1075 bp) as internal control. Designed primers
yielded specific diagnostic results for target the Vibrio genus and ten Vibrio species in multiplex PCR
assays. The detection limits of multiplex PCR were 5 pg to 5 ng of DNA concentration similar to single
PCR reaction. The novel multiplex PCR assays could contribute to identify the Vibrio genus and
discriminate major Vibrio species, and also provide reliable and informative diagnostic tool in the
aquaculture industry.

- 487 -

PD-44

Comparisons of major capsid protein (MCP) and DNA polymerase (DPOL) gene
sequence of megalocytiviruses from diseased fishes in marine aquaculture in Korea

Young Chul Kim*, Hae Ryeon Jeon, Won Joo Chun, Da won Lee, Jee Youn Hwang,
Jung Soo Seo, Moon-Gyeong Kwon, Bo Young Jee and Seong Don Hwang
Aquatic Disease Control Division, National Institute of Fisheries Science, Busan, Korea


We identified structural and non-structural gene regions encoding major capsid protein (MCP) and
DNA polymerase (DPOL) of megalocytiviruses collected from infected cultured fish in 2013-2017 in
Korea. In both PCR methods (using 1-F/1-R and 4-F/4-R primer sets) of the Manual of Diagnosis
Tests for Aquatic Animals of the World Organization for Animal Health (OIE), megalocytivirus
amplicons were generated from the tissue of fishes, including rock bream (Oplegnathus fasciatus),
red sea bream (Pagrus major), and rock fish (Sebastes schlegeli), from 15 outbreak regions in the
aquatic farms of the South Sea and Jeju Island. The phylogenetic analysis shows that the genomic
sequences of complete MCP and partial DPOL genes belonged to RSIV type-subgroup2. Interestingly,
these genes formed a cluster indicating closer relatedness to GSIV-K1, RIE12-1, and RBIV-C1, which
were previously isolated from Japan and China, than with RBIV-KOR-TY1 isolated from Korea.
However, the nucleotide sequence identities of the MCP and DPOL genes of these viruses were high,
at >99.8% and >99.7%, respectively. Comparisons of nucleotide and amino acid sequences showed
minimal differences between the obtained strains in the MCP gene, however, one or two nucleotide
sequences substitutions of the DPOL gene were detected in nine strains, including a silent mutation
detected in five strains. These findings suggest a slow rate of evolution of megalocytiviruses in this
region, but the potential for mutations and new pathogenic strains warrants continuous surveillance.
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Suppression of HIF-1Į gene expression level inEpithelioma papulosum cyprini
cells using a CRISPR interference vector system

Minjun Shin* and Ki Hong Kim
Division of Fisheries Science, Pukyong National University, Busan, Korea


Hypoxia-inducible factor-1 (HIF-1) is a heterodimer of HIF-1Į and HIF-1ȕ, and its key role in the
regulation of cellular responses to hypoxia has been well-demonstrated in mammals. Recently, the
important role of HIF-1 not only in responses to hypoxia but also in innate immune responses under
non-hypoxic conditions has been demonstrated in mammals. However, little information is available
on the role of HIF-1 in response to infections in fish. The application of the clustered regularly
interspaced short palindromic repeats/CRISPR-associated (CRISPR/Cas) system into eukaryotic cells
has brought an extraordinary advancement in the genome editing technology. Recently, the CRISPR
system expanded to the regulation of gene expression through the use of catalytically inactive dead
Cas9 (dCas9); up-regulation through CRISPR activation (CRISPRa) and down-regulation through
CRISPR inhibition (CRISPRi). Previously, we had knocked-out HIF-1Į gene of Epithelioma
Papulosum Cyprini (EPC) cells using a CRISPR/Cas9 vector. In this study, as the current methods of
loss-of-function analysis are insufficient to address the role of HIF-1Į, we further tried to downregulate HIF-1Į gene of EPC cells using CRISPRi vectors. To do this, we constructed vectors that
contain CMV promoter-driven single-guide RNA targeting several ORF regions of HIF-1Į gene, and a
cassette expressing dCas9 through a CMV promoter. EPC cells were transfected with each vector
and selected using antibiotics. Using the present CRISPRi system, we could get results that the
coexpression of the catalytically inactive Cas9 (dCas9) and guide RNAs targeting the endogenous
HIF-1Į locus in EPC cells results in a robust and specific knockdown of HIF-1Į. Therefore, the
present CRISPR and CRISPRi systems for the knockout or knockdown of HIF-1Į would allow us to
investigate the role of HIF-1Į in relation to defense against infectious agents.
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Construction of chimeric recombinant SHRV and VHSV expressing
heterologous glycoproteins

Kyung Min Lee* and Ki Hong Kim
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Rhabdoviruses of fish such as Infectious hematopoietic necrosis virus (IHNV), viral hemorrhagic
septicemia virus (VHSV), snakehead rhabdovirus (SHRV) and hirame rhabdovirus (HIRRV) are
classified as the genus Novirhabdovirus, whereas spring viremia of carp (SVCV) is included in the
genus Vesiculovirus and has no NV gene in the genome. The glycoprotein of rhabdoviruses is spiked
on the viral envelop and plays multiple-critical roles in viral infection and replication. The attachment to
cell membrane, the fusion of viral envelop to endosomal membrane, and the connection to matrix
protein are performed by the envelop-spiked glycoprotein. Furthermore, the conformation changes of
rhabdoviral glycoprotein according to temperature changes has been reported in several fish
rhabdoviruses like VHSV and IHNV. Therefore, the glycoprotein can be considered to be involved in
the infectivity of each fish rhabdovirus at a specific range of temperature. VHSV occurs at low
temperatures (below 20 C), while SHRV mainly occurs at high temperatures (28 to 31 C) but can
replicate at low temperature (up to 15 C) in cell line. The occurrence of SVCV is in spring at water
temperature below 20 C, but can replicate at high temperatures (up to 28 C) in cell line. In this study,
we rescued several kinds of chimeric viruses that are expressing heterologous glycoproteins –
recombinant SHRV expressing SVCV glycoprotein instead of SHRV glycoprotein (rSHRV-GSVCV),
rSHRV-GVHSV, rVHSV-GSVCV, rVHSV-GSHRV – using reverse genetic technology, and evaluated their
replication ability at different temperatures. The growth of each chimeric virus was analyzed by plaque
assay using Epithelioma Papulosum Cyprini (EPC) cells. The results showed that the growth of
rSHRV-GVHSV, rVHSV-GSVCV and rVHSV-GSHRV was restricted at 15 to 20 C and the plaques of
these viruses appeared in 3 days. While, rSHRV-GSVCV replicated at a wide range of temperature 15
to 28 C and the plaques appeared in 2 days. These results indicate that the glycoprotein of
rhabdoviruses is a critical factor that can determine the temperature range of each virus.
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De-novo transcriptome sequencing and analysis of a freshwater snail
(Semisulcospira coreana) and identification of gene expression
profiles fed with Chlorella powder supplement
Sang Yoon Lee*, Sang-Min Lee, Hwa Jin Lee, Yi Kyung Kim
Department of Marine Biotechnology, Gangneung-Wonju National University, Gangneung, Korea

The demand for Semisulcospira spp is increasing due to the utilization of various nutrients including
chlorophyll as a health functional material. However, the production of inland fisheries is decreasing.
Therefore, there is no analysis of transcriptome level that can analyze the expression profiles of
various genes, although large - scale artificial seed production and feed nutrition research are still in
progress. Therefore, in this study, we tried to analyze various gene profiles expressed at the
transcriptome level by feeding chlorella - supplemented feed to S. coreana.
A total of 13.1 G raw readings were obtained in the control and experimental groups and 134,402
transcripts with an average length of 694 bp and an N50 of 1,058 bp were obtained through de novo
assembly using the CLC Genomics Workbench v 11.0. De novo assembly reads were annotated
using BLASTx NR, Gene Ontology (GO), InterProScan, and Kyoto Encyclopedia of Genes and
Genomes (KEGG). The GO analysis was analyzed by up-regulation, down-regulation, and moderately
up/down-regulation of differentially expressed genes, and chlorophyllase (CLH) and antioxidant
enzymes were selected for expression. There were GO terms that existed or did not exist in each
expression region as a result of analysis at Top 20 GO terms level in each expression section. CLH, a
rarely reported animal, expressed two isoforms in S. coreana and increased expression in the
chlorella feed intake group. Antioxidant enzymes SOD-1 and TPx also increased in the experimental
group and CAT was slightly decreased. GPx and GST showed various patterns in which expression
was decreased or increased by various isoforms. The above results provide the first insight into the
physiological response of S. coreana to chlorella ingestion at the transcriptome level and will be the
basis for the study of S. coreana gene resources.
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Whole genome sequence of acute hepatopancreatic necrosis (AHPND)
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Acute hepatopancreatic necrosis disease (AHPND) is a serious disease that has caused served
damage and significant losses to shrimp industry in the world. The genome-scale characterizations of
AHPND causative Vibrio parahaemolyticus aid to reveal different molecular mechanisms. However,
these bacteria are also known for foodborne pathogens to human when consuming in raw form or
semi boiled shrimp. In this study, we generated genome sequences of seven V. parahaemolyticus
strains which induce the AHPND of shrimp in Korea. The V. parahaemolyticus genome has two
chromosomes and one to three plasmids. The plasmids had two V. parahaemolyticus virulence genes
(PirA and PirB) encoding a binary photorhabdus insect-related toxin that causes AHPND in shrimp.
The structural annotations resulted with a different number of genes, which ranges from 4,677 to
5,069 genes. These genomes were compared with other four groups of known genomes, i.e. AHPND
causative strains (only for shrimp and not for human), non-pathogenic (for both shrimp and human),
pathogenic (for both shrimp and human) and non-pandemic (only for shrimp and not for human). Our
results show that these genomes were categorized as shrimp pandemic pathogens and not for
humans. Comparatively, these groups of bacterial and its host mechanism in shrimp are remains
unstudied. Therefore, these genomes could be an additional genetic resource to hinder the unknown
mechanism.
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Identification and evaluation of reference genes for expression studies by
RT-PCR during embryonic development of Octopus minor 
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Octopus minor (Sasaki 1920) is a cephalopod mollusc in the order Octopoda with long arms and is
widely distributed along the coastal waters of Korea, China and Japan. It is a very meaningful
endemic species, not only because of its high economic value in fisheries, but also due to its
important roles in marine ecosystems and biological diversity. Unfortunately, numbers of O. minor
have been decreasing in recent years because of environmental problems such as global warming
and destruction of mudflats. It has been attributed to decreasing reproductive output and over
exploitation from fisheries. Molecular data is required to help understand the potential source of
declining numbers of O. minor. To measure gene expression profile is very important to gain
molecular data. RT-qPCR is one of the most robust techniques of gene expression studies due to its
higher sensitivity, specificity and broad dynamic range. For accurate and reliable results, use of a
suitable internal control gene is essential to normalize the expression level in RT-PCR. The aim of this
study was to identify and evaluate a suitable reference gene to normalize target gene expression
during adult and embryonic development of O. minor. Furthermore, we demonstrated significant effect
on Hox gene Lox5 expression fold change during embryonic development of O. minor. To our
knowledge, this is the first study that identifies and evaluates reference genes for RT-PCR analysis in
different life-stages of O. minor and could be useful as basis for evaluations of reference genes in
other octopus.
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Increased nitric oxide concentration in failure to thrive (FTT) spats of Manila clam
Ruditapes philippinarum when exposed to a pro-inflammatory drug

Seung Hyeon Kim* and Kyung Il Park
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This study measured nitric oxide (NO) concentration using Griess assay in three shell length groups
of spats aged 2.5 months that had been exposed to various concentrations of a pro-inflammatory drug
(lipopolysaccharide, LPS). The shell lengths of small-, medium-, and large-size groups were 0.115
mm, 2.2mm, and 6.6 mm, respectively, suggesting that there was significant variation in the shell
length even though they were fertilized simultaneously. The NO concentration increased significantly
as the LPS concentration increased specifically, NO was the highest in spats of small size followed by
spats of medium and large sizes. Thus, our study showed that failure to thrive (FTT) spats are more
susceptible to inflammation-inducing environments. We conclude that NO measurement using Griess
assay is useful for evaluating the health of spats, and FTT spats are likely to have a low resistance to
inflammatory conditions and poor health.
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The pharmacokinetic characterization of erythromycin thiocynate in cultured
olive flounder by single intramuscular administration

Jung Soo Seo*, Sung-Hee Jung, Bo-Young Jee and Mun-Gyeong Kwon
National Institute of Fisheries Science

The pharmacokinetics of erythromycin thiocynate (EM) after intramuscular administration was
studied in the cultured olive flounder, Paralichthys olivaceus, using LC/MS/MS. After single
administration EM (5 and 10 mg/kg body weight) by intramuscular injection in olive flounder (332±20 g,
20±0.5°C). The EM concentration in the serum was determined at 1, 3, 6, 9, 24, 72, 120, 168, 264,
360, 504 and 720 h post-dose. Non-compartment model by WinNonlin program was applied to
analyze in the kinetic profile of EM intramuscular administration to the fishes. The residual pattern of
EM was immediately decreased on after single administration. Concentrations of EM to the fishes
were not measurable at 168 hours (7 days) after treatment in all samples. These results are helpful
for determining withdrawal time and efficacy dose of EM intramuscular administration of bacterial
disease in culturing olive flounder.
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survival rate and histological change of Carassius auratus
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TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin) is an endocrine toxic substance emitted from garbage
incinerator, automobile exhaust, pulp paper mill, etc. It accumulates in the body and is known to
cause continuous toxicity through the food chain. Weight loss, reproductive and immune system
problems, and cancer incidence have been reported in mammals. But, there are not many studies on
TCDD toxic effects on aquatic animal. Thus, the purpose of this study was to observe the
histopathological changes of Carassius auratus by TCDD and identify the specific features of each
organ according to the TCDD. In this study, a total of 840 C. auratus (SL: 38.77 ± 8.25 mm TW: 1.19 ±
0.45 g) were used for the analysis. The experimental groups were divided into the 7 groups (negative
control, vehicle control, 0.002, 0.004, 0.008, 0.016, 0.031 ug/L). Specimens for light microscopy were
produced using the paraffin sectioning method. In addition, H-E stain, Masson’s trichrome stain and
AB-PAS reaction were performed. Specimens for transmission electron microscope were performed
according to the methodology of Cormack (2001) and were observed by TEM (JEM-1200EXII, JEOL,
Japan). Survival rate was low in all exposure group except for 0.016 ug/L group. Histological change
in the gill lamella epithelial layer. Also blood vessel and pillar cell were dilated. Gill filament epithelial
cells were hypertrophy and hyperplasia. Histological change in the kidney was observed as
hypertrophy of interstitial cell, disruption of intercellular junction, necrosis of some epithelial cell of
renal tubule, alteration of organelle, increasing of blood cell and closing of lumen of renal tubule.
Histopathological symptoms in fish were first reaction to pollutant, so it was used as basic data for
environmental monitoring. As a result of this study, it can be used as an index to evaluate the effect of
TCDD acute exposure on survival rate and organ structure of fish.
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Detection of virulence factors and characterization of antimicrobial resistance of
Vibrio parahaemolyticus isolated from commercial fisheries products
Ye-Ji Lee*, Gil-Hyeon Chung, Hyun-A Park, Ji-Hyeok Kim and Eunheui Kim
Department of Aqualife Medicine, Chonnam National University

V. parahaemolyticus is a halophilic gram-negative bacterium and is one of the causative agents of
human enteritis. The number of foodborne illnesses caused by V. parahaemolyticus is gradually
decreasing, but it needs to be monitored continuously since it occurs every year. V. parahaemolyticus
has virulence factors such as tdh and trh genes harmful to humans. Several virulence factors,
including tdh, have been reported to be present on a small chromosome called chromosome 2. Most
of the V. parahaemolyticus has a high resistance to ampicillin, but the exact mechanism has not been
identified yet. Antimicrobial resistance of pathogens can be caused by the acquisition of mobility
factors such as R-plasmids or integrons of many antimicrobial resistant strains. In this study, We
investigated the virulence factors of four strains of V. parahaemolyticus isolated from marine fisheries
in 2017, the existence of ȕ-lactamase gene and mobility factors, and the transferability of ampicillin
resistance.
In order to identify the virulence genes tdh and trh, and ȕ-lactamase genes, PCR was performed
using primers targeting for gene of VPA0477, CMY-2, PER-1, 2 and VEB-2 in 4 V. parahaemolyticus
isolates and in the standard strain. In addition, DNA extraction by alkaline lysis method was performed
for the detection of transferable R-plasmid and class 1 integron structure was confirmed by PCR with
specific primer. The transferability of ampicillin resistance from V. parahaemolyticus to the Escherichia
coli and fish pathogenic Edwardsiella tarda was confirmed by broth mating. Transconjugants were
isolated in the culture media supplemented with the drug and the selective labeling agent.
As a result, about 500 bp DNA band was showed in the PCR products of tdh in a standard strain
and in one of the isolates, but trh was detected in only the standard strains. Therefore, the three
isolates of V. parahaemolyticus were not considered to be pathogenic to human. The PCR analysis
showed VPA0477 gene products for class A ȕ-lactamase in the 4 strains of V. parahaemolyticus and
in the standard strain resistant to ampicillin and amoxicillin. However, other ȕ-lactamase genes were
not detected. And transferable plasmids were not detected but the class 1 integron was detected as a
750 bp band in PCR analysis in all of the tested strains. Ampicillin resistance factors from V.
parahaemolyticus were not transferred to E. coli, whereas transconjugants with ampicillin and
amoxicillin resistance were isolated in conjugation test of V. parahaemolyticus and E. tarda. The
transconjugants were confirmed to be E. tarda showing 278 bp DNA product in PCR analysis with
specific primers. These results showed that only few of the V. parahaemolyticus isolated from
fisheries products was considered pathogenic to human. And their antibacterial resistance factor can
be transferred to fish pathogen but the correlation between resistance genes and class 1 integron
structure should be further studied.
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Antimicrobial resistance and histamine production of Morganella morganii
isolated from commercial fisheries products
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Morganella morganii is a Gram-negative organism of the genus Morganella, an opportunistic
infectious bacterium that causes urinary tract infections in mainly immunocompromised patients and
can also cause serious diseases such as pneumonia, sepsis, and bacterial peritonitis. M. morganii is
known to have histidine decarboxylase enzymes that decarboxylate histidine to histamine, and
histamine poisoning when consuming fish containing large amounts of histamine causes allergic
symptoms such as urticaria and headache. In this experiment, we investigated the antimicrobial
resistance profile of M. morganii isolated from commercial fisheries products and the presence of
histidine decarboxylase enzyme.
Samples were collected sixteen times from April to September 2017. A total of 138 samples from 13
kinds of fisheries including flounder were used. The samples homogenized with alkaline peptone
water were cultured at 35°C for 24 hours on the TCBS medium. The isolates were determined
Morganella sp. through biochemical test and were analyzed the 16S rRNA gene sequence as needed.
Antimicrobial susceptibility testing of M. morganii strains was carried out by disk diffusion method
against thirteen antibacterial agents including ten antibiotics showing the high resistance frequency in
major causative microorganisms of domestic infection related medical, and three antibiotics mainly
used in aquaculture such as ceftazidime (CAZ), cefotaxime (CAT), imipenem (IPM), ampicillin (AMP),
amoxicillin (AML), nalidic acid (NA), ciprofloxacin (CIP), colistin (CT), gentamycin (CN), amikacin (AK),
oxytetracycline (OTC), erythromycin (E) and tetracycline (TE). For the detection of histamine
production, PCR was performed using a primer targeting the histidine decarboxylase gene (hdc gene),
and 709 bp product was detected by electrophoresis.
Among the 97 strains isolated on TCBS, 24 strains were identified as M. morganii, and the isolation
rate of M. morganii (24.7%) is higher than that of V. parahaemolyticus (four out of 97 isolates, about
4%) from fisheries products. Twenty-four strains of M. morganii were susceptible to AML, CT, and E
(100%), and the 22 strains (91.6%) were resistant to AMP and 20 strains (83.3%) were resistant to
OTC and TE, respectively. PCR products showed a band of 709 bp in all 24 isolates including the
standard strain (KCCM 11497 M. morganii) indicating the presence of hdc gene. Although the
damages caused by this bacterium is not so serious, but it is necessary to pay attention to the
diseases such as pneumonia and sepsis caused by this like opportunistic bacteria. In addition,
resistance is transferred to other bacterial pathogens is likely to occur due to the multiple resistance
about various drugs, and it is considered that the risk of allergic food poisoning is high because of the
histidine decarboxylase gene is detected in all 24 isolates.
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Differential expression of cytochrome P450 1A in eel, Anguilla japonica
Eun-Ji Jeon*, Na-Young Kim, Myoung-Sug Kim, Mi-Young Joe and Sung-Hee Jung
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CYP1A was known for biomarker of aquatic pollution and expressed the liver. We investigated the
expression of cytochrome P450 1A(CYP1A) by mixed herbal medication, Artemisiae iwayomogii
Herba and Angelicae gigantis, in eel. For feeding trial, weight gain of fish fed for three months the two
group, non-treated group(control) and 0.05% treated group. Tissue-specific mRNA of CYP1A was
expressed predominantly the all tissue. To compared the immune expression following stimulation
with LPS, it was intraperitoneally injected at a concentration of 0.02 mg/g body mass. CYP1A
increased significantly expression in the liver. In effects the environmental and disease, the
expression was highly increased and metabolited.
Following oral administration of 0.05% mixed herbal medication for three month, CYP1A expression
was time dependent decreased the kidney and intestine tissue. The inhibition of CYP1A by mixed
herbal medication was examined in eel. The biomarker was decursin and decursionl angelate in
mixed herbal medication. The role of decursin and decursionl angelate were protected the liver and
CYP1A metabolism.
These results collectively demonstrated that CYP1A was biomarker for environmental and disease
in eel, and mixed herbal medication was effective liver protection.
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Due to the evolving resistance of microorganisms to existing antibiotics, there have been increasing
needs for new antibiotics not only in human but also in aquatic medicine. To suggest solutions to this
situation, we have attempted to find natural substances that can play a role in treatments of antibioticresistant bacteria. In the present study, we investigated antibacterial activities of 7 sesquiterpene
lactones isolated from bay leaf and their combined effects with antibiotics such as oxytetracycline
(OTC) against fish pathogenic bacteria. Four reference strains (Vibrio anguillarum KCTC2711,
Edwardsiella tarda KCTC12267, Streptococcus iniae KCTC3657 and V. harveyi KCCM40866) and
two OTC-resistant strains (V. harveyi FF10 and Yh21m1) were tested. Antibacterial activities of
sesquiterpene lactones were measured by broth microdilution method. Combined effects of antibiotics
and sesquiterpene lactones were determined based on FICI (fractional inhibitory concentration index)
values calculated using a checkerboard method. Among 7 sesquiterpene lactones, only zaluzanin C
showed significant antibacterial activities showing MIC values of 500 and 250 ȝg/ml against V.
anguillarum KCTC2711 and all the three V. harveyi strains. In combined effects with OTC, zaluzanin C
demonstrated synergistic effects against V. anguillarum KCTC2711 and OTC-resistant V. harveyi
FF10 and Yh21m1 with FICIs of 0.5. In addition, zaluzanin C and reynosin showed synergistic effects
with amoxicillin against S. iniae KCTC3657 (FICIs < 0.38) and with OTC against V. anguillarum
KCTC2711 (FICIs < 0.5), respectively, while they did not show any antibacterial activity by itself
against each corresponding strain. These results suggested that sesquiterpene lactones and bay leaf
can be used not only as antibiotic alternatives but also as antibiotics adjuvants against fish pathogenic
bacteria including antibiotics-resistant strains.
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Until now, cell lines derived olive flounder is difficult to stabilize subculture for in vitro experiments
and has no sensitivity various infection viruses of occurred viral diseases in olive flounder. Therefore,
the development of the susceptible cell line in various viruses is required urgently for prevention and
treatment study against viral diseases.
We made KTS (Korea fin Tissue in Sea flounder) cell line as immortal cell line separated from fin
tissues in olive flounder, and studied to susceptibility test of infectious viral diseases in olive flounder,
function analysis and potential of gene expression by immunostimulant (CpG-ODN 2007 and poly I:C)
through the new permanent cell line.
The KTS cell line has been subcultured 250 times for over 4 years. Range of stable growth
temperature for the KTS cell is from 25 to 30°C and temperature of optimum growth at 27°C.
Furthermore, KTS cell line has higher growth temperature and wider range temperature than another
cell lines. This cell line is suitable for isolating growth viruses of more than 27°C. In the chromosome
analysis, KTS cell line was shown 46 small than other cell lines derived olive flounder. Respectively,
these VHSV, IHNV, HRRV and MABV viruses showed CPE 100% at 2 weeks later except in wild type
LCVD and VNN in cultured cell line.
It was detected signal by fluorescence microscope at 48h after pEGFP transfection on KTS cell line.
Notably, we conformed that the KTS cell stimulated CpG-ODN1668 or poly (I:C) showed stronger
expression of TLR3 or TLR9 genes compared with cell stimulated PBS. Therefore, this suggest that
KTS cell line can be performing genetics study as ability of these relation receptor genes expression
analysis using transfection technique and stimulation associated immune genes.
In conclusion, we separated KTS cell line from the fin tissue of olive flounder (Paralichthys
olivaceus) and was cultured permanent cell line. Furthermore, we will performed that progress
cytopathology, genetics and virus mechanism analysis studies using ability of gene expression and
transfection in KTS cell line.
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Comparison of three inoculation routes of artificial infection of Streptococcus
parauberis in the olive flounder Paralichthys olivaceus
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Streptococcus parauberis is an etiologic agent of streptococcosis in the olive flounder Paralichthys
olivaceus. Intraperitoneal (IP) and intermuscular (IM) injections are generally used to artificially infect
bacterial pathogens into fish. However, a study on S. parauberis in olive flounders showed that
subcutaneous (SC) injections are more effective than IP and IM injections. In this study, we compared
all three routes of administration (intraperitoneally, intravascularly via the tail, and subcutaneously via
the base of the dorsal fin) for experimental injections of the S. parauberis PR5 strain (serotype Ib) in
the olive flounder (average weight = 53.7±8.6g).The fish that were IP injected with 108, 107, 106, and
105 cfu/fish exhibited mortality rates of 50%, 40%, 40%, and 30%, respectively, 14 days post-injection.
No mortality was observed in fish that received IP injections at less than 104 cfu/fish. Fish that were
subcutaneously injected with 108, 107, 106, 105, 104, 103, and 102 cfu/fish showed mortality rates of
90%, 90%, 40%, 40%, 30%, 30%, and 30%, respectively. In contrast, fish that were IV injected with
108, 107, 106, 105, 104, 103, and 102 cfu/fish showed mortality rates of 100%, 70%, 40%, 50%, 20%,
40%, and 10%, respectively. All the olive flounders that were administered S. parauberis by IV
injection at a concentration of 108 cfu/fish died within a maximum of three days. Artificially infected fish
that died exhibited similar histopathological signs, regardless of injection methods. However, serious
necrosis and bacterial proliferation in ellipsoidal cells of the spleen tissue were revealed
predominantly in moribund or dead fish, 1–2 days after IV injections. Based on these results, both the
SC and IV routes may be more comparable to the IP route for the artificial infection of S. parauberis in
the olive flounder. However, the IV injection technique can be difficult to learn, and thus, the SC
injection route may be the more attractive method of artificial infection of S. parauberis in the olive
flounder.
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Spirulina (Spirulina maxima) has attracted in various biomedical applications. The present study was
attempted to find out the positive immune stimulation and disease resistance of Spirulina (Spirulina
maxima) pectin nanoparticles (SMPNPs) supplemented diet in adult zebrafish (Danio rerio) against
the fish pathogenic Aeromonas hydrophila. Nontoxic SMPNPs supplementation 4% (w/w) with
commercial feed was performed for 6 weeks and then zebrafish was challenged with A. hydrophila
(7.79×10 cfu/mL) by intraperitoneal injection. In order to investigate the effect of SMPNPs
supplementation on fish immunity, transcriptional expression of immune responses genes was
investigated in gut by qRT-PCR.
The average survival rate of SMPNPs supplemented group was 76.7% compared to 34.4% in
control group) without SMPNPs. Moreover, SMPNPs supplemented diet fed zebrafish gut showed upregulation of immune response genes such as lysozyme (lyz-c) and musin (muc2.1). Overall results
suggest SMPNPs could be potential immunostimulant which can be applied for formulation of fish
diets.
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Spirulina is a microalgae that has long been known for its high nutritional value and associated
health benefits. In this study, pectin nanoparticles were prepared using pectin extracted from Spirulina
(Spirulina maxima) and which was named as SMPNPs. Zebrafish (Danio rerio) larvae at 2 h post
fertilization (hpf) were exposed to SMPNPs (25 and 50 ȝg/mL) until 120 hpf. Then, SMPNPs exposed
larvae were incubated at 34°C for 2 h (heat stress to facilitate infection processes) and challenge with
pathogenic Edwardsiella piscicida (1.0×10΅ colony forming units/mL). Larvae with pre-exposed
SMPNPs showed significantly higher survival rate in concentration dependent manner against E.
piscicida while control larvae (without SMPNPs exposure) had the lowest survival at end the 96 h
post-infection. Moreover, transcriptional expression of immune response genes was induced in
SMPNPs exposed larvae. These results suggest that exposure of SMPNPs could enhance the
immune responses in zebrafish larvae and thereby develop the disease resistance against
Edwardsiella piscicida, which could be due to its immune modulatory properties.
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MicroRNAs (miRNAs) are small non-coding RNA molecules which have been identified as
important regulators of gene expression. Therapeutic application of miRNAs is limited due
premature degradation in extracellular environment by endonucleases. In this study, we
encapsulated the miRNA-24 mimics in chitosan nanoparticles (CNPs) using ionic gelation method.
The physico-chemical and morphological characterization were performed by light scattering and
transmission electron microscopic analysis, respectively. Average particle size and zeta potential of
encapsulated miRNA-CNPs were 300 nm and +35.6 mV, respectively. The miRNA-24 mimics
encapsulation with CNPs using cross-linker tripolyphosphate (TPP) resulted high encapsulation
efficiency (>93%). Transmission electron microscopy (TEM) micrographs revealed the irregular
morphology of encapsulated miRNA-24 mimics. Moreover, encapsulated miRNA-24 showed low
and concentration dependent toxicity with zebrafish larvae and suggesting that it has potential to be
applied for reprograming immune responses.
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In situ hybridization offers applications in clinical diagnosis as the technique can detect pathogen
specific nucleotide sequences in infected cells. Here, we generated two differentially labeled
antisense RNA probes with an aim to detect VHSV mRNA in an in vitro model using FHM cells.
Digoxigenin (DIG) and Flourescein (FITC) labeled antisense RNA probes targeting positive-stranded
viral mRNA were generated using glycoprotein (G) gene specific primers containing T7 promoter
sequences. The purified RT-PCR product was used as template for in vitro transcription using the DIG
and FITC RNA labeling kit (Roche). FHM cells were propagated in four well chamber slides and
confluent cells were infected with VHSV at a multiplicity of infection (moi) of 2. Formalin fixed VHSV
infected cells were treated with a pre-treatment buffer, rinsed and hybridized with the complementary
RNA probe. Non-specific sites were blocked, excess probe washed and hybridized DIG and FITC
labeled RNA probes were detected by anti-DIG-AP antibody (using NBT-BCIP as a substrate) and
anti-FITC-AP antibody (using INT-BCIP as a substrate), respectively. To correlate the signal intensity a
parallel sampling was done at 3, 9, 12, 24 and 72 hours post infection (hpi) from infected cells and
culture supernatants to quantify the viral mRNA transcript using quantitative real time (q)RT-PCR.
Viral mRNA was d etected as early as 9hpi in formalin fixed slides after hybridization with both the
antisense RNA probes and afterwards signal intensified with corresponding time points particularly at
24 and 72 hpi.

The signal intensity also correlated with viral mRNA quantification by qRT-PCR from

infected FHM cells and culture supernatants. Although, mRNA transcript quantification was not
significantly different until 12hpi but RNA-ISH was able to localize individual mRNA transcripts at
earlier time points. Also, DIG labeled probe gave more pronounced signal than FITC labeled probe.
Our results underline the significance of in-situ hybridization technique to localize and detect VHSV in
infected cells and the assay can augment in-vitro viral detection along with conventional isolation in
cell culture.
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virus (VHSV) in infected FHM cells
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Immunocytochemistry (ICC) is a protein based laboratory technique to confirm the localized
expression of antigen in the infected cells via combination of specific antibodies with target protein.
The technique involves cell seeding followed by fixation and immunostaining, and finally detection and
visualization using light microscope. As ICC allows researchers to localize the antigen in question,
therefore, it offers applications in diagnostic pathology. In this line, present in-vitro study aimed to
evaluate the diagnostic sensitivity of ICC to detect VHSV in infected fathead minnow (FHM) cells.
Four well chamber slides were used to grow FHM cells and afterwards confluent cells were infected
with VHSV at a multiplicity of infection (moi) of 2. Infected FHM cells were fixed with methanol
followed by blocking of endogenous peroxidase activity as well as non-specific protein binding sites.
Primary antibody used in the current ISH assay was raised in mice against glycoprotein (G) of VHSV.
Indirect detection was carried out using horse radish peroxidase (HRP) conjugated goat anti-mouse
IgG secondary antibody and final colorimetric detection was performed using 3.3`–diaminobenzidine
(DAB) substrate. Further, ICC signal intensity was correlated with the viral quantification assay by
conventional 50% tissue culture infectivity dose (TCID50) in a time dependent manner from the
infected cells and culture supernatants. Sampling was done at 3, 6, 9, 12, 24, 48 and 72 hours post
infection (hpi). Positive signal was detected first at 12 hpi in the methanol fixed FHM cells. Afterwards,
signal intensity increased with corresponding time points in particular after 24 hpi. The results of the
ICC assay were consistent with viral quantification assay by TCID50. Although, viral titer increased
significantly at each time point post-infection, however, titer peaked at 24 hpi which correlated with
ICC signal strength. We conclude that ICC assay can be used to compliment in vitro VHSV detection
especially in early stages after infection when cytopathic effect is not evident and also to substantiate
the preliminary confirmation of the viral aetiological agent.
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Data normalization using stably expressing reference gene is a crucial factor in quantitative gene
expression studies. The ideal reference gene for qPCR should have constant expression in different
tissues/cells or developmental stages and unaffected by the experimental situations under which the
study is performed. The reports on gene expression profiling studies in seven-band grouper are
scarce; however to understand the biology of the fishes and pathogenesis, it is important to examine
the functional genes involved in these aspects. Thus, the identification of a suitable reference gene in
seven-band grouper is crucial for the accurate profiling of gene expression. The objective of the
current study was to validate housekeeping genes of seven-band grouper to identify a candidate
reference gene as internal control for expression profiling studies during NNV infection. Four
commonly used housekeeping genes, viz, of actin- ȕ, EF1Į, ARP and GAPDH were evaluated as
internal reference in NNV infected H. septemfasciatus. Expression profiles of these four genes were
estimated in 12 tissues of healthy and infected grouper by qPCR. Expression stability of these genes
was calculated using delta Ct method, BestKeeper, NormFinder and geNorm algorithms. All statistical
analysis were performed using GraphPad Prism with a level of significance p<0.05. Tissue specific
variations were observed in all the four genes in infected and live fishes. EF1Į and Actin-ȕ was the
most stably expressing gene in healthy and infected tissues respectively. in healthy fishes, overall
ranking order of stability of candidate reference genes determined by RefFinder was ARP > EF1Į >
actin- ȕ > GAPDH whereas in infected fish, geomean value ranged as actin- ȕ > EF1Į > GAPDH >
ARP. Consensus ranking using RefFinder suggested EF1Į (1.624)

to be the least variable and

highly stable in the healthy and infected animals followed by actin- ȕ (1.646), ARP (2.181) and
GAPDH (3.464). This forms the pilot study on the validation of reference genes in H.septemfasciatus,
in the context of NNV infection.
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The calcium independent type I transmembrane cell-cell adherence proteins; nectins, belonging to
the immunoglobulin super family constituted by 4 members viz., Nectin-1, 2, 3 and 4. Previous studies
demonstrated that several neurotropic viruses exploit nectins as cellular receptors mediating their
entry. In light of this, present study investigated the role of nectin-4 proteins in NNV infection.
Molecular docking studies to predict the interaction of nectin-4 was performed in ClusPro server using
default parameters using the PDB derived structure of NNV- capsid and homology modeled nectin-4
structure based on H. septemfasciatus brain transcriptome data. The temporal expression and
expression profile of nectin-4 in brain, gill and kidney post challenge with NNV in vivo was analyzed
using quantitative real time PCR analysis. Eukaryotic expression construct of nectin-4 on pcDNA3.1
were used to transfect SSN-1 cells and the expression was confirmed using qPCR. The transfected
cells were evaluated for its ability to enhance the NNV replication by comparing the replication
kinetics in a single step growth curve. Docking simulation revealed that the N-terminal arm (N-arm,
residues 34–51) of the NNV coat interacts with the V and C2 motifs in the Ig like ectodomain of
nectin-4. Significant up-regulation of nectin-4 expression was observed post NNV challenge in vivo in
brain followed by the gill and kidney. Experimental infection of the transfected cell lines with NNV
resulted in cytoplasmic vacoulation that formed 24 to 48 h post infection. In contrast, no visible
cytopathic effects were seen in the wild-type cells at this time point. Comparison of the replication
kinetics of NNV in a single-step growth curve demonstrated significantly faster replication in cell lines
expressing Nectin-4 compared to non transfected cells (P < 0.05; t test comparison of mean viral
growth rates). These results suggest that H. septemfasciatus nectin-4 protein could potentially act as
a receptor in NNV entry. However the observations have to be confirmed with more investigations and
could shed light into the molecular basis of NNV pathogenesis.
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Offshore pot (conger eel) fishery is a type of fishery in which bait is put inside a long cylinder-shaped
trap made of plastic (one end is closed and the other end is installed with a funnel) to lure conger eels
into the pot. In general, the main lines of 10,000 conger eel pot are set in a sandy mud ground (water
depth: 80-100m) when at 5-6 p.m., and are hauled after about 4 hours. It takes about 7 and 10 hours
to set and haul the lines respectively. squid and anchovy are mainly used as bait. The number of days
operated per year is 280-300 days, and the number of crew on board is 11 (5 foreigners). As of now,
a total of 57 ships are operated, and the average tonnage and horsepower of an over 57-ton ship is
77 ton and 932 hp, and its full length, width and depth are 26.7m, 6.2m and 2.64m respectively. The
body of the ships is made of FRP (fiber-reinforced plastic) in order to store caught conger eels in a
fish hold.
Slide-type plastic eel pot are used, and other fishing equipment used in offshore pot fishery include
automatic main line hauler, automatic eel pot separator, eel pot carrying and loading system, main
line hauling winch, eel pot casting system, etc. The fishing system needs to be improved as follows:
First, bow thrusters need to be installed to control the main line and heading direction of ships in the
process of hauling lines and thus to smoothly haul eel pot. Second, an automatic device for
separating conger eel from eel pot needs to be developed to ensure 2-3 persons (currently 3-4
persons) can operate. Third, an automatic bait injection system needs to be developed to reduce the
number of persons required to put bait into eel pot to 3-4 persons, down from 4-6 persons that are
required when the current method of setting the lines of eel pot is used. Fourth, currently, crewmen
have to dive into a live fish hold installed with water holes to move and unload conger eels, which
requires excessive labor and a long time to unload them. By installing a seawater circulation system,
the freshness of conger eels can be maintained and labor can be saved.
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Retention probability comparison between diamond mesh codend
and T90 codend in the towed trawl gear
Pyungkwan Kim*, Chang-Doo Park and In-Ok Kim
Fisheries Engineering Research Division, National Institute of Fisheries Science, Busan, Korea

Towed fishing gears such as trawl, seine were considered one of the most efficient fishing gears in
fishing industries. In Korea, fisheries based on the towed gears produce approximately 19% of the
gross domestic sea water fisheries production. Considering their industrial importance in Korean
fisheries, it is also required to insure the sustainability of the fishing method and gears related issues.
In towed gears, bycatch, discard and bottom effect were one of the major issues during their fishing
operations and practices. In the light of resource utilization, discard and bycatch are the factors need
to be addressed. Concerning with the problems, researchers have been conducting various
experiments and trials for towed fishing gears. The essential part to address the matters is to find out
the behavioral properties in capture process. Based on the findings, it would be possible to approach
toward the phenomenon. In late 1980s, British scientists tried to conduct direct observations during
trawling operations. It was based on underwater vehicle with a diver and also connected with a
research vessel via acoustic communication tools. Bycatch reduction devices are one of the most
effective methods in towed fishing gears. However, there is reluctance for fishermen to use the
reduction devices in Korea. As an alternative method, it could be considered to change netting
materials of codend. There has been research on square mesh applications to codends. In Korea,
there has a comparison research between diamond mesh and square mesh. In early 2000s, Turned
90 degree called T90 mesh was introduced in fishing industry. It has been proved the effectiveness on
bycatch reduction and reducing drag forces from the last research. Although there has not been
research on tuned mesh codend in Korea, feasibility study was conducted based on mesh shape;
diamond, T90. From the field experiment by a research vessel, there was difference on selection
length. In case of white croaker (Agyrosomus argentatus), there was an increase of selection length.
In a T90 mesh coded, 50% selection length was increased 14.42% compared to a diamond mesh
codend.
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Recently, marine litter containing lost fishing gear is increasing in the coastal waters, subsequently
damaging the fishery production and activities. Consequently, the government voted for the ‘Fishing
Gear Magagement Act’ on December 13th, 2016, and focusing their efforts on integrating and
controlling the whole process of fishing gear from its production and distribution to the collection of
lost fishing gear in order to assure the safety of fishermen from marine accidents and prevent the
desolation of the oceans caused by lost fishing gear (fishing net, ropes, etc.). To accomplish these
goals, more studies are needed on the developments of buoys that primarily identify fishing gear, a
control system that detects fishing gear in a distance, and control technologies on fishing gear, etc.
For that, it is urgent to conduct studies on development of buoys capable of automatic identification of
fishing gears, development of control systems enabling detection of fishing gears at a remote distance
and integrated management technology for fishing gears. This study, a series of research into the
development of fishing gear automatic identification monitoring system, was intended to report the
results of the survey that we conducted to determine the position and optical quantity of fishing gear
automatic identification buoys attached to the fishing gears on coastal gill-net fishing boats targeted
for installation of the fishing gear automatic identification buoys. In this study, a survey was performed
of those engaged in coastal gill-net fishery at Jeju-si and Seogwipo-si in May 2018 in connection with
development of fishing gear automatic identification system. Regarding the area of damage in fishing
gear, the damage in lower part of fishing gear constituted 45.2%, the highest, followed by the upper
part with 38.7%, bottom part with 9.7%, top and center part with 3.2%. As for the cause of loss of
fishing gear, strong tidal current made up 50.0%, the highest, followed by cut in fishing gear with 33.3%
and natural disaster with 12.5%. Based on the result of survey, the fishermen held a positive view
towards the fishing gear automatic identification systems while they also expressed a negative view in
terms of convenience and financial aspects of product maintenance. And 2 units of fishing gear
automatic identification system buoy, top of buoy for its attachment, and 2 units of underwater location
devices were found to be optimal, as well as the attachment position at both ends of the net.
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Marine ranches have been formed to expand intrinsic fishing grounds based on conversion of
coastal fishing grounds into ranches, to prevent contamination of coastal fishing grounds and reckless
over-exploitation of resources by fishermen, and to increase productivity of fishing grounds so as to
expand the supply of fishery products. Among 4.14 million fishing boat users nationwide, the number
of fishing boat users in Jeju-do stands at approximately 360,000(accounting for 8%), out of whom
118,000(comprising roughly 33%) are the fishing boat users in the Gosan Port situated at the heart of
the pilot marine ranch area in Jeju-do. There has been a growing need for promoting the use of
fishing boats amid recent increase in the number of people using the fishing boats for leisure and
hobby activities, supported by the well-arranged infrastructures in the surrounding areas. In this study,
the site survey and questionnaire survey were conducted in order to help map out the measures
stimulating the use of fishing boats engaged in seawater related to the pilot marine ranch of Jeju-do.
The analyses were performed by using the fishing boat-related data retained at administrative
organizations. It was found that 76% of Hangyeong no. 1 fishing boats of Gosan Port were engaged
in fishing in waters off the coast of Gorsan-ri, the highest rate, followed by family-unit fishing boats
comprising 68.4% of all fishing boat users. Regarding the route of visit, social shopping mall
accounted for 42%, the largest proportion. Concerning the degree of satisfaction among the users. As
for the problem related to fishing boats, 27.6% of fishing boat users pointed out that the deterioration
and obsoleteness of fishing boats were the greatest problems. In this study, we carried out the data
investigation, site survey, onboard survey, questionnaire survey, and boarding declaration
systematically in order to derive the measures that could promote the use of fishing boats in the
seawaters of Chaguido, and performed comprehensive review and analyses on the findings 1) review
of the policies of local governments based on projects for modernization of fishing boats; 2) local
governments' support for periodic release of seedling of community fish species; 3) expansion of
amenities in the area around the Gosan Port; 4) introduction and operation of interactive/experiential
programs related to the use of fishing boats in conjunction with local governments and fishing villages;
and 5) promotion for family-unit users via social shopping and social media. It is considered that the
use of fishing boats can be further promoted if aforesaid 5 items are adopted as the measures to
promote fishing boats in seawaters where the pilot marine ranch of Jeju-do is situate and then
presented to concerned policy planning departments for implementation at policy level.
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The objective of this study was to estimate physical properties of net twine with newly developed
biodegradable resins. The physical properties tests were carried out to estimate breaking strength,
elongation and stiffness in dry and wet conditions, respectively. For the breaking strength and
elongation tests, the tensile strength tester (Instron 3365, USA) was used and the KS K 0412(2005)
test was applied. The measured values were saved in a computer by measuring every 0.1 second to
1/1,000g. The clamp spacing was 400mm in Instron test. The maximum value and elongation value
were obtained from 20 cases where the center of the net twine was broken. Stiffness test was
measured by Brandt method. The specimen was made by winding a net twine uniformly 20 times in a
cylinder with a diameter of 4cm. Results of breaking strength test, the linear strength of all four new
biodegradable net twine were around 85% or more for nylon net twine in dry condition. And when the
linear strength of biodegradable net twine was wet, it showed more than 90% of the nylon strength.
The elongation didn't differ significantly between dry and wet condition. Results of elongation test, all
four net twine showed more than 80% in dry and 65% in wet for nylon net twine. In all four new net
twine, BDP-14 showed the highest breaking strength value and BDP-15 showed the highest
elongation value. The results of knot strength were more than 90% of the nylon strength.
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The anchovy boat seine fishery is one of the most important fisheries which accounts for about
10% of the total production of adjacent water fisheries. The main target species of this fishery is
anchovy (Engraulis japonicus). For the sustainable use of anchovy, the fishing power of anchovy
boat seiner is very important. Therefore, the change of fishing power index were analyzed to
identify the development of the vessel and gear technology that may have improved the fishing
efficiency of the anchovy boat seine fishery from 1960s to 2010s. The factors affecting fishing
power were selected the main engine power (hp), the scale of net, the fish finder (SONAR), the
positioning system, the net hauler, the side roller and the fish pump in the anchovy boat seine
fishery. The main engine power increased from 40 hp to 650 hp in order to trawl a larger net. The
scale of net increased from 360 m to 680 m, especially since 1990, when the usage of hydraulic
net drum and side roller have been used, it has increased more than 100m. Surveys on the supply
and upgrading of fishing equipment utilized visiting research. Black-and-white fish finders were installed
from the mid-1960s, and since the mid-1980s, color fish finders and SONAR were introduced and
utilized respectively. The net hauling was made entirely manpower in the early days, and then the
usage of hydraulic net drum and side roller was started at the middle of 1980s. Since 1990, the
hydraulic net drum and side roller was generalized, and the fish pump was introduced in the
middle of 1990s, when the anchovy boat seine fishery began to be used. The effect of each item
on the fishing power index was obtained from the question investigation of the captains and fishing
master working at the anchovy boat seine. As a result, the relative fishing power index in the anchovy
boat seine was increased from 1.00 in 1980 to 1.07 in 1990, to 1.36 in 2000 and to 1.71 in 2010. The
results are expected to contribute to reasonable fisheries stock management.
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The small yellow croaker (Larimichthys polyactis) is one of the representative high-class fish
species in Korea. The catch of small yellow croaker in adjacent water fisheries has been
continuously decreasing from 59,226 tons in 2011 to 19,271 tons in 2016. The small yellow
croaker is caught by gillnet, stow net and bottom trawl, among which about 55 ~ 65% is caught
by gillnet. For the sustainable use of small yellow croaker, the fishing power of small yellow
croaker drift gillnet is very important. Therefore, the change of fishing power index were analyzed
to identify the development of the vessel and gear technology that may have improved the fishing
efficiency of the small yellow croaker drift gillnet fishery from 1960s to 2010s. The factors
affecting fishing power were selected the gross tonnage of fishing vessel, the main engine power
(hp), the number of fisher, the mesh size, the number (length) of used net, the fish finder, the
positioning system and the net hauler in the croaker drift gillnet fishery. The gross tonnage
increased from 13 to 40 tons, and the main engine power increased from 35 hp to 900 hp in order
to move the offshore fishing ground more quickly. The mesh size was gradually reduced to 60.6
mm from the 1980s, and to 51 mm from the 2000s, when 75 mm was used in the 1960s. In the
1960s, it was hauled out by manpower. However, since 1970, the single net drum hauler was
introduced and utilized, then triplex net drum hauler was utilized in 1995, and the quintuplex net
drum hauler was utilized in 2010. Due to the mechanization of the net hauler, the number (length) of
used net gradually increased from 7.5 km in the 1960s to 22.5 km in the mid-1980s and to 45 km
in 2010. Color fish finders and positioning system were introduced and utilized from the mid-1980s.
Surveys on the supply and upgrading of fishing equipment utilized visiting research. The effect of each
item on the fishing power index was obtained from the question investigation of the captains working at
the croaker drift gillnet. As a result, the relative fishing power index in the yellow croaker drift gillnet
was increased from 1.00 in 1980 to 1.20 in 1990, to 1.56 in 2000 and to 1.88 in 2010. The results are
expected to contribute to reasonable fisheries stock management.
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According to the data of the National Disaster Information Center for 10 years, most of the fishing
gear loss caused by strong winds occurred in the West Sea (81%, about 27.6 billion won), indicating
that the West Sea is very vulnerable to strong winds. Despite the fact that the fishing gear losses are
repeated every year, there is no alternative and fishermen are suffering repeated economic losses
every year. Therefore, it is necessary to investigate the influence of the environmental external force
of the West Sea on the fishing gear which is repeatedly lost in the West Sea. Trapnet in the West Sea
is one of the most lost fishing gears. In this study, a numerical modeling is conducted to analyze the
tension of an anchor line according to the size and drag coefficient of a buoy when the trapnet is
influenced by the wave and the current simultaneously. A mass-spring model was used to analyze the
behavior of trapnet underwater under the influence of waves and current. In the simulation of
numerical model, the wave condition was wave height of 3, 4, 5, 6 m and a period of 4.4s, and the
flow speed was 0.7 m/s. The drag coefficients of buoy were 0.8, 0.4 and 0.2, respectively. The size of
buoy was 100, 50 and 25% based on the cylindrical buoy (0.0311

) used for swimming crab trap.

The drag coefficient of the trapnet, which is the main model for numerical analysis, was obtained by a
circular water channel experiment using a 6-component load cell. As a result of the simulation, the
tension of the anchor line decreased with decreasing buoy's drag coefficient and size, and the higher
the wave height, the greater the decrease rate of the tension. When the buoy drag coefficient and size
decreased to 1/4, the tension of the anchor line decreased to 1/2 and the tension of the anchor line
was lower than the holding power of the anchor even at 6 m of wave height. Therefore, it can be seen
that reducing the buoy drag coefficient and size appropriately reduces the trapnet load from the wave,
which also reduces the possibility of trapnet loss.
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According to the ratio of industrial accidents announced by the Korea Maritime Institute (KMI) in
2015, the construction industry was 0.72%, mining industry 1.25%, agriculture 0.9%, and fishery
5.56%, the fishery was significantly higher than other industries. In the fishery, entrapment, stenosis,
and cut off by fishing equipment, such as net hauler and side rollers, account for 70.1% of all
accidents. However, studies on marine accidents such as collision and fire of fishing vessels (Kang et
al., 2007; Kim et al., 2017) have been actively conducted, but studies on reduction of fishing operation
accidents are insufficient. Therefore, in this study, we analyzed fishing operation accidents arising
from coastal purse seine fishing using fishing equipment such as net hauler and side rollers. The
fishing operation accidents were analyzed by the fishermen’s accident compensation insurance from
2015 to 2017 and marine safety investigation reports and classified into 8 types such as falls from
height, Slips & trips, Bumping, Struck by object, Contact with machinery, Collapsing, Pressing, Etc.
The classified fishing operation accidents data was analyzed through National Transportation Safety
Board (NTSB)’s 4M (Man, Machine, Media, Management) model and the accident prevention
measures were presented using Harvey's 3E (Engineering, Education, Enforcement) model. The
accident prevention measures presented through this study are expected to be the basic data that
can reduce the accident rate of coastal purse seine fishing and it is expected to be used as the
educational and promotional material for fishermen.
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Maturity and spawning of the Pointhead flounder, Hippoglossoides pinetorum was investigated
based on samples collected in the coastal waters off Gangwon-do, East Sea from January 2012 to
December 2013. We analyzed monthly changes in maturity stage, gonadosomatic index (GSI), egg
diameter, fecundity, and total length at 50% group maturity. The average total length of H. pinetorum
was 25.0 cm and 21.9 cm for females and males, respectively. The spawning period was May to July
from monthly changes gonadosomatic index (GSI) and maturity stages. Gangwon-do was found to be
delayed in spawning period than Gyeongbuk-do. The mature eggs diameter was 300~700 ໃ. We
found that the spawning period was May to July, wherein fecundity ranged from 86,912 eggs at 25.0
cm total length (TL) to 758,574 eggs at 32.0 cm TL. The relationship between TL and fecundity (F)
2
was F=63.574TL-1471.3(R =0.7603), and F increased with increasing TL. We estimated the TL at 50%

group maturity as 25.6 cm for females and 19.9 cm for males. H. pinetorum should consider the
spawning ecology according to the sea area for efficient resource management. Future, we want to
study the relationship between growth, maturity and water temperature changes in East Sea.
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To understand the characteristics and strength of the cold water that has caused damage to marineculturing farms along the eastern coast of Korea, surface and water column temperatures were collected
from temperature loggers deployed at a sea squirt farm during August-November 2007 and June 2016September 2018 in Guryongpo, and from a Real-time Information System for aquaculture environments
operated by NIFS during July-August 2013, 2014 and 2015 in Youngdeok. During the study period,
surface temperature at Guryongpo decreased sharply when south/southwestern winds prevailed (the 1826th of August and 20-22nd of September 2007 and the 13-15th of July 2015) as a result of upwelling.
However, the deep-water (20-30m) temperature increased during periods of strong north/northeasterly
winds (the 5-7th and 16-18th of September 2007) as a result of downwelling. Among the cold water events
that occurred at Guryongpo, the mass death of cultured fish followed strong cold water events (surface
temperatures below 10) that were caused by more than two days of successive south/southeastern
winds with maximum speeds higher than 5 m/s. A Cold Water Index (CWI) was defined and calculated
using maximum wind speed and direction as measured daily at Pohang Meteorological Observatory.
When the average CWI over two days (CWI2d) was higher than 100, mass fish mortality occurred. The
four-day average CWI (CWI4d) showed a high negative correlation with surface temperature from JulyAugust in the Guryongpo area (R2 = 0.5), suggesting that CWI is a good index for predicting strong cold
water events and massive mortality. In October 2007, the sea temperature at a depth of 30 m showed a
high fluctuation that ranged from 7-23, with frequency and spectrum coinciding with tidal levels at Ulsan,
affected by the North Korean Cold Current. If temperature variations at the depth of fish cages also
regularly fluctuate within this range, damage may be caused to the fish industry along the eastern coast of
Korea.

- 520 -

PT-12

Seasonal variations of pH and aragonite saturation at the oyster-farming
bays in the southeast coast of Korea
JeongHee Shim1*, Jeong-Min Shim1 and Jung-No Kwon
1

Fisheries Resources and Environment Division, East Sea Fisheries Research Institute, NIFS, Gangneung, Korea
2

Marine Environmental Research Division, National Institute of Fisheries Science, Busan, Korea


About 80~90% Pacific oyster Crassostrea gigas, of annual mass production in Korea are widely
cultured in southeast coast including Tongyeong and Geoje, where assigned areas for shellfish
production especially for export to other countries have been conducted a sanitary survey program by
Nation Institute of Fisheries Science. Carbonate and environmental parameters as well as oyster
body properties were observed at Tongyeong, Geoje and Jinhae Bays for 4 times (in Feb., Aug. 2014,
Apr. and Oct. 2015 as representative of winter, summer, spring and fall respectively). Surface
temperature in oyster culturing beds showed clear seasonal variation with about 6~12°C and 24~29°C
in Feb. and Aug. 2014, and 14~18°C and 22~26°C in Apr. and in Oct. 2015. Surface pHNBS also
ranged with about 8.20~8.53 and 7.28~8.95 in Feb. and Aug. 2014, and 8.04~8.40 and 7.91~8.32 in
Apr. and in Oct. 2015. High pH with low salinity in summer resulted from input of land discharge in
rainy seasons, however high pH at small bays in Apr. and Oct. 2015 resulted from massive primary
production by phytoplankton bloom, supported by high chlorophyll a concentration. Specifically in
oyster growing season, aragonite saturation state (ȍarag) in bottom water ranged about 0.2~2.9 (mean
2.1) and 2.2~5.0 (mean 3.2) in Feb. 2014 and Oct. 2015 respectively, suggesting low pH
environments arose seasonally in coastal area due to some mechanisms. These results suggest that
seasonal ocean-acidification state might affect seriously on oyster shell growth and mass production
in southeast coast of Korea.
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The transducer directivity of conventional single-beam echo sounder strongly limit detection of
fish size information in the acoustic field survey. To overcome this limitation, a cost-effective and
reliable method for estimating fish size distribution is to use the dual-aperture technique for
eliminating the influence for the fluctuation of the echo signal due to the directivity characteristics
of the acoustic transducer. For this, a dual-beam acoustic transducer for using in combination
with a 50 kHz single-beam echo sounder was designed and developed. The developed dualbeam transducer was designed and constructed as a circular array pattern using 8 Tonpilz
elements operating at a frequency of 50 kHz. All of 8 elements was used for pulse transmission
and to obtain simultaneously the echo signal for the narrow beam of the dual beam system. One
of the Tonpilz elements, which is placed in the center of the circular array, was electrically
separated to obtain the echo signal for the wide beam. A reduction of the side-lobe levels was
achieved by adjusting the driving voltage for Tonpilz elements arranged to the outside circle and
center of circular array using two weighting transformers. The performance characteristics of the
developed dual-beam transducer were measured and analyzed.

Fig. 1. Directivity patterns of single wide-beam element (red) and eight narrow-beam elements
(black) for the dual-beam transducer developed in this study.
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Sidescan sonar systems are widely used as an artificial reef management tool to survey overall
reef-associated abundances among artificial reef structures that can be used to provide fish
habitats. Because the acoustic shadow zone which appears on the seabed image provides the
shape information related to reef structure features, the sidescan sonar is particularly useful in
evaluating and mapping the settlement conditions of the artificial reefs that were already installed.
With these interests, a sidescan transducer operating at a popular frequency of 200 kHz was
designed and developed. The transducer assembly at both sides of towbody was constructed as
2 parallel line arrays arranged by an inter-element spacing of 52mm with 10 rectangular PZT
elements (length 51mm, width 4.5mm, height

8.5mm) per line array. The aperture size of

transducer assembly is approximately 536 mm and the transducer surface at both sides was
tilted downward from the horizontal by a depression angle -45°. The -3 dB horizontal and vertical
beam angles in the along-track and the across-track directions were 2.8° and 35.6°, respectively.
The performance characteristics of the designed sidescan transducer were measured and
evaluated.

Fig. 1. Photograph of a 200 kHz sidescan sonar transducer developed in this study (a). Directivity
patterns for horizontal (b) and vertical planes (c) of the developed sidescan sonar transducer.
The -3 dB horizontal and vertical beam angles in the along-track and the across-track directions
were 2.8° and 35.6°, respectively.
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To classify seafloor sediments using a probabilistic neural network (PNN), the frequencydependent characteristics of broadband acoustic scattering, which make it possible to
qualitatively categorize seabed type, were collected from three different geographical areas in
Korea. The echo data samples from three types of seafloor sediment were measured using a
chirp sonar system operating over a frequency range of 20-220 kHz. The spectrum amplitudes for
frequency responses of 35-75 kHz were fed into the PNN as input feature parameters. The PNN
algorithm could successfully identify three seabed types: mud, mud/shell and concrete sediments.
The percentage probabilities of the three seabed types being correctly classified were 86% for
mud, 66% for mud/shell and 72% for concrete sediment.

Fig. 1. Frequency-dependent characteristics of acoustic scattering signals acquired at a
mud/shell sediment site (Dojangpo bay) of the southern waters, Korea, using the chirp data
acquisition and processing system.
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Friction occurs between the mud-ship and the tidal flats during the contact between the bottom of
the mud-ship and the surface of the tidal flats. The force generated here is the electrostatic attraction
between the contact surface irregularities between the mud-ship and tidal flats and the contact objects.
This is the ratio of the magnitude of the frictional force between the mud--ship and the tidal flats (in
the case of static friction, the maximum static frictional force) to the magnitude of the vertical drag.
The horizontal force required to continuously move the mud-ship at the surface of the tidal flat is the
force acting on the surface, expressed as the value of the horizontal component, usually ȝ. On the
floor of the mud-ship that moves on the shore, kinetic frictional forces act in the direction of
obstructing the movement. In addition, if the mud-ship that is stationary on the tidal flat is pushed by
the horizontal force, the mud-ship does not move if the pushing force is small. At this time, against the
pushing force, the pushing force is applied on the floor of the mud-ship and the static frictional force is
acting in the opposite direction. The magnitude of the frictional force is proportional to the magnitude
of the vertical pushing force of the mud-ship, which is called the coefficient of friction. The coefficient
of friction is determined by the state of mud-ship and mud-slip contact surface and motion, and is not
influenced by contact surface size or speed. If the mud-ship is placed on the horizontal plate and the
tilt angle is gradually increased. When the tilt angle exceeds a certain value, the mud-ship begins to
slip down. The angle of inclination just before the mud-ship moves is the friction angle(ଝ). The
maximum static friction force is ଝcosଝ because the force pressing vertically on the mud flat surface
is cosଝ when the mud-ship weight(mg), the static friction coefficient (ଝ) acting on the slope and the
mud-ship and the friction angle (ଝ). This value is equal to the force (sinଝ) that the ridge slides
parallel to the slope of the tidal flat, so that sinଝ =ଝcosଝ is established. Therefore, since ଝ=tanଝ,
knowing the friction angleଝ, the coefficient of static friction(ଝ) between the mud-ship and the tidal flat
contact surface can be obtained. The friction force acting on the mud-ship moving on the surface of
the tidal flat is proportional to the force acting perpendicular to the tidal flat surface, just like the case
of static friction. This coefficient of friction is assumed to be independent of the mud-ship velocity that
slides along the surface of the cliff face and is determined experimentally according to the surface
condition between the mud-ship and the tidal flats. The value of kinetic friction coefficient is measured
to be smaller than the value of static friction coefficient, so that the maximum static frictional force is
larger than the kinetic frictional force.
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Oyster shucking has been the focus of research and development for a long time, but to date there
is no low cost automated oyster shucking machine commercially available. Automating oyster
shucking is a difficult task due to the construction of the oyster shell and meat, the wide variation in
oyster shell shape, and the effects of environmental parameters on oyster growth and shell shape.
Oyster physical and thermal properties, various methods of applying energy to shuck oysters,
automated oyster orientation, and oyster meat grading are discussed. Oyster Shucking has
traditionally been done manually by skilled people usually referred to as shucking. One of the major
problems with manual shucking is that there is a major shortage of skilled shucking. Thus, from the
research standpoint there is a need to develop a low cost automated shucking machine that will
produce raw shucked meats. Ideally, this machine will not require orientation of the oysters before
entering the automated oyster shucking machine. The super high pressure system appears to be an
applicable technology for automated oyster shucking. Automated oyster shucking machine is shown
schematically in Fig. 1 and consists of pressure vessel of cylindrical design, two end closures, a
means for restraining the end closures (for examples, yoke, threads, pin), a low pressure pump, an
intensifier which uses liquid from the low pressure pump to generate super high pressure process
fluid for system compression, and necessary system controls and instrumentation. The six
components of a super high pressure processing system can be arranged to treat unpackaged oyster
shucking in a semi-continuous manner.
While significant effort has been focused on oyster
shucking processing, including hundreds of patents
and other research efforts, many areas of research
remain.

Variations

on

traditional

mechanical

techniques, as well as improvements on thermal,
super high pressure, or other techniques may
provide additional improvements to oyster shucking
efficiency and meat quality and safety.
Fig. 1. Schematically figure
.
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Fishing vessels have different operating hours and characteristics depending on the industry.
Therefore, dragnet or trawlnet fishing vessels operating near Jeju Island have low-speed operation
characteristics of three to five knot. It was thought that collecting and analyzing AIS information that
contained the operational characteristics of a fishing vessel could explore the fishing field. Therefore,
we collected AIS information on fishing vessels operating near Jeju Island, extracted and analyzed the
distribution of the fishing vessels appearance density, and inferred the movements of the fishing
grounds. AIS (SLR200, UK) was received by fishing vessels operating near Jeju Island from
September 16, 2016 to September 16, 2017. The information received was saved to the hard disk
through a program called AisDecoder (NA, 2018) and analyzed through replay. The appearance
density analysis was divided into 18,360 grids, which are 1 NM horizontally and vertically, at Lat. 32.5°
to 34.2° and Long 125°E ~ 128°E waters. It was implemented by counting the number of fishing
vessels appearing on the same grid on a monthly basis. Even though several identical fishing vessels
appeared within the same grid during the process, only one vessel was counted within 24 hours. To
visually distinguish the frequency of appearance of fishing vessels in each grid observed, eight steps
were divided into the colors of the grid, and the location of the field was displayed in Google Maps to
show the relative position of each grid. In November 2016, sea areas with high frequency of
appearance were belt-shaped between 20 and 30 nautical miles from Jeju Island's west coast. In
December, waters with high frequency of appearance appeared along the Jeju Strait, forming a band
in both directions. It also formed a column shape in 180 degrees from Seogwipo Port, and the sea
area within a radius of 20 nautical miles around 32°45ƍN and 126°10ƍE position was revealed high
frequency of appearance. We can predict that the fishing operation with dragnet or trawlnet will be
active in these seas.
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As a project for the creation of fishes resources, the artificial reefs are being dropped into the sea in
Korea. Artificial reefs play a role as a hiding place and help fish to find food. In this study, the
response of fish to artificial structures was analyzed by recreating the sea environment in an indoor
water tank. The experiment was carried out by installing a structure (L28 cm × W21 cm × H22 cm) in
a rectangular water tank (L100 cm × W60 cm × H60 cm). Black seabream (Acanthopagrus schlegelii)
was used as experiment fish. The mean weight and length of the experimental fishes were 40.53 g
and 145.8 mm, respectively. In order to analyze the behavior of the experimenter, a camera equipped
with an infrared function was installed and images were recorded using a digital recording device
(H0401L, NADATEL Co., Korea). The fish (target) in the recorded images was tracked by software. To
compare the behavior of experimental fishes in an watertank with obstacles, the experiments were
performed after removing obstacles. For the behavior analysis of the fish, AMD (average moving
distance for 1 min) was used for indicator. In an experiment in a water tank with obstacles, The AMD
(AMD in obstructions) just before and after sunrise were respectively 5.78 m (0.54 m) and 3.87 m
(1.45 m). The AMD (AMD within the obstacle) just before and after sunset were espectively 4.81 m
(1.58 m) and 5.34 m (1.75 m).
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Recently, the aquaculture industry has been developing methods to utilize light to increase the
productivity of cultured marine products. Founder (Paralichthys olivaceus) is a major aquaculture
species in South Korea. The flounder occupies the largest portion of the fish culture (more than 50%)
and a lot of research on the flounder have been done. The effect of LED light wavelength on the
growth of juvenile flounder has been studied. In this study, we investigated the effect of LED light
wavelength on the survival rate of flounder fishes for the purpose of productivity improvement.
Rectangular water tank (H500 × L450 × W450 mm) was used for the flounder hatching and rearing.
The LED lights were red (630 nm), green (500 nm), and blue (460 nm) in the three tanks
(experimental group). Fluorescent lamps were installed in the control tank. The light amount (ȝmol) of
the light source emitted from each water tank was made the same. The light cycle was from 06:00 to
18:00. The water temperature in the water tank was maintained at 20 ~ 23 Ȕ and the water in each
water tank was replaced with cooling water (19 ± 0.5 Ȕ) 40 ~ 50% per day. From the third day after
hatching, nutrient-enriched rotifers were supplied and from the 10th day after hatching, the altemia
was supplied together. 10 ~ 20 individuals were kept in the seawater per ml of the rearing water tank.
Water purification agent was added 1 ~ 4 times a day. Survival rate of the larvae was measured up to
10 days after hatching of the flounder, and the experiment was repeated three times in total. As a
result of three repeated experiments, the averaged survival rates of the experimental groups (green,
red, blue) were compared with the control group. On the third day after hatching, the survival rate of
the larvae compared to the control group was the highest at 10.2 times under red light and 4.2 times
under green light. The survival rate under blue light was almost the same as that of control group.
Survival rate of the larvae at 6 days after hatching was highest at 6.6 times under red light and 3.1
times higher under green light than in the control group. In the blue light water tank, the survival rate
was 0.7 times lower than the control group. On the 9th day after hatching, the survival rate of the
larvae was the highest at 2.8 times under blue light compared with the control, and under green light
and almost same in the red light. The survival rate of red group was almost the same as that of the
control, and the survival rate of green group was 0.4 times lower than that of the control.
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The aim of this study is to investigate in the operating status of coastal composite fishing boats in
Jeju province, South Korea, so as to develop the next-generation Korean standard fishing boat. We
carried out a field survey on coastal composite fishing boats at 20 fishing ports in Jeju province. The
investigating items were 1) the fishing gears and equipments, 2) target species, 3) the size of fishing
boats, 4) the number of working days per voyage and 5) crews. The results presented that the boats
in the most of the fishing ports for anglings and long lines were commonly used attracting fish lamps
and jigging machines as the fishing gears. The target species mainly included hair tail (Trichiurus
lepturus), long finned squid (Doryteuthis kensaki), red tilefish (Branchiostegus japonicus). Yellow tail
(Seriola quinqueradiata) was also added at Moslpo and mackerel (Scomber japonicus) was at
Sungsan. It was found that the tonnage classes of boats were a little different between the fishing
ports. Various tonnage classes from 1 to 9 tons was found at Kimneong, Sungsan, Mosulpo,
Shinchangri, Hanrim, Aeweol, Dodu, Kangjung, Bomok, Seoguipo and Jeju city. However, 3 - 4 tons
mainly occupied at Beobhwan, Pyosun and Namweon; 3 - 5 tons at Daepo and Chaguido; 2 - 3 tons
at Wimi. Similarly, there was a difference in the number of working days per voyage between the
fishing ports. While the boats at Beobhwan, Kangjung, Daepo, Hwasoon, Chaguido, Bukchon and
Hahyo generally operates until 3 days, the boats at Mosulpo, Shinchangri, Hanrim, Aeweol, Dodu,
Jeju city, Kimneong, Sungsan, Pyosun, Namweon and Wimi operates until 5 days. Furthermore, the
maximum number of crews were within 3 persons at Daepo, Hwasoon, Chaguido, Bukchon, Hahyo
and Beobhwan, and 4 persons at Bukchon, Pyosun, Namweon and Wimi. It even reached 7 persons
at Kangjung, Mosulpo, Shinchangri, Hanrim, Aeweol, Dodu, Jeju city, Kimneong and Sungsan.
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G
South Korea is the world’s largest producer and consumer of sea squirt. In 2017, domestic
production in Gyeongnam, Gyeongbuk, and Gyeongwon reached 23,596, 2,229, and 8,815 tons,
respectively, a total of 34,640 tons. Gyeongnam comprised the largest share of production, at 68%.
While the amount of labor used in the sea squirt production process differs depending on region and
the production quantity of that year, it averages to at least 10 persons. The sea squirt production
process can be divided into four steps: separation through hanging lines, sorting, cleaning, and
loading. The separation of sea squirt s is a very difficult part of the sea squirt production process, as
the clumps of sea squirt s, which are strongly adhered to one another, must be separated
individually. To solve these problems, a sea squirt separation device was developed and introduced
into the field; however, with a separation rate of about 50% or below, it is difficult to expect much
utility. In this study, we propose a conceptual design to develop a new sea squirt separation device
that overcomes the performance limitations of the existing sea squirt separation device. Based on
the conceptual design, we describe the structure and characteristics of the sea squirt separation
device and analyze the feasibility of performance improvement. In addition, in February, the peak of
sea squirt production, we plan to manufacture a prototype based on the proposed sea squirt
separation conceptual design and analyze its sea squirt separation performance (separation rate,
damage rate, processing speed, etc.) through field experiments.

- 531 -

PT-23

Analysis of the Greenhouse gases emission from the major
offshore fisheries using LCA method

Jae-Hyun Bae1, Hyun-young Kim1, Yong-Su Yang1, Chun-Woo Lee2,
Subong Park3, Ahrim Kang4 and Jihoon Lee5*
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Energy consumption is one of the important issue concerns within the fishing industry in connection
to the environmental effects and fuel costs also. Furthermore, Fuel consumption in fishing operation is
one of the environmental impacts such as Greenhouse gases emissions. The emission of GHGs has
been an especially important issue since the Cancun meeting in Mexico in 1992, Kyoto protocol in
2005 and Paris agreement in 2016. However, Investigations on the GHG emissions from the Korean
fisheries did not much perform. Therefore, the quantitative analysis of GHG emissions from Korean
fishery industry is needed as a first step to find a relevant solution to reduce GHG emissions from
fisheries. The purpose of this research is to investigate the degree of GHG emissions from the major
offshore fisheries such as offshore gillnet, offshore longline, offshore jigging and anchovy drag net
fishery for five years. The fuel use coefficient for each fishery is calculated. The annual GHG emission
for each fishery is calculated using the Life Cycle Assessment (LCA) method. The results will be used
to reduce the GHG emissions from the major offshore fisheries effectively. Thus, the result from this
study will be used to analyze the total GHG emissions (Carbon footprint) of fishes through producing
and transporting from major offshore fisheries. Furthermore, the results will be helpful to reduce the
GHG emissions from the highly emitted GHG from a production process with coincidences of
responsible fishery with declared by UN. It will be also helpful to establish the management plan by
government for the GHG emissions from fishery. The data will be used as a base line data to make an
Eco-label for each species in connection to introduce the CO2 history system.G
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Develoment of aquaculture cage system for Pacific abalone, Haliotis discus hannai
grow-out in the discharge channel of a power plant
Taeho Kim* and Inyeong Kwon
Division of Marine Technology, Chonnam National University, Yeosu, Korea

The aquaculture potential offered by the thermal discharges of power stations is widely recognized.
Their suitability for fish farming largely depends on the cooling water sources and on the design and
operation of the power station. Water of varying quality and salinity is used to generate steam and
drive the turbines, which then drive the generators, whereas the waste steam is fed to a condenser
and discharged as thermal effluent. The heated water that is discharged from the steam-electric
generating stations has been considered to be a nuisance and a direct threat to aquatic life. The
survival rates of caged fish in discharge canals have been extremely poor, and thus, it is necessary to
develop the aquaculture cage system for culturing new species such as abalone which is relatively
well tolerated in high temperature environments than fish. The rigid aquaculture system was designed
for deployment within a constructed channel flow environment. The structure consists of a modular
assembly encompassing five containment components. Each component has the general dimensions
of 5.47 m for the length, 5.04 m for the width, and 2.70 m for the height. The structural materials were
assumed to be made of basic carbon steel galvanized with zinc. The entire abalone containment
structure contains sixteen boxes (each with sixteen plastic plate shelters in a box) filled with abalone
and kelp (in each individual caged container). The containers are organized in a 4×3 symmetric
geometry within the framed structure. Each container can be raised above the frame to facilitate feed
supply, husbandry and maintenance by compressed air. A total of 240 plastic shelters for the abalone
grow-out could be installed in the system, and approximately 114,100 individuals with 37.87± 3.29 mm
in shell length were cultured in all shelters. The upper, lower, and side parts of the containers are all
surrounded by stainless steel netting (mesh size: 20 mm). Also, each abalone shelter consists of 6
sheets of polyethylene plates (thickness: 2.4 mm; space of plate: 132 mim) with an outer frame (PP
pipe diameter: 32 mm). The size of the shelter is 1000×960×250 mm (L×B×D). During development,
in-situ tests were conducted to assess the performance of the submersion mechanism and the
reliability of the cage system in the discharge channel of a coal-fired power plant (containing 6000
MW turbines) in Dangjin, South Korea. In addition, the impact of the coolant water on the survival
and growth rate of Pacific abalone was evaluated for about 3 months. The successful performance of
the cage system during the tests shows promise for such a system to be feasible to choose an
appropriate aquaculture product to maximize growth rates of abalone in winter season.
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