
 

 

 

 

รายงานผลการด าเนินการฉบับสมบูรณ์ 
(ระหว่างเดอืนกรกฎาคม 2560 - มถิุนายน 2565) 

 
 
 

คณะทรัพยากรธรรมชาติ วิทยาเขตหาดใหญ่ 

คณะ/หน่วยงานร่วม 

คณะวิทยาศาสตร์และเทคโนโลยี วิทยาเขตปัตตานี 
คณะวิทยาศาสตร์และเทคโนโลยีอุตสาหกรรม วิทยาเขตสุราษฎร์ธานี 

 
 

เสนอ 

ส านักวิจัยและพัฒนา 
มหาวิทยาลัยสงขลานครินทร์ 

 

พฤศจิกายน 2565 
 

 

 

 

                Discipline of Excellence in Sustainable Aquaculture 
 

 

              สาขาความเป็นเลิศการเพาะเลี้ยงสัตว์น้ าอย่างยั่งยืน 



 
 
 
 
 
 
 
 
 
 

รายงานผลการด าเนินการฉบับสมบูรณ ์
(ระหว่างเดอืนกรกฎาคม 2560 - มถิุนายน 2565) 

 
 

สาขาความเป็นเลิศการเพาะเลี้ยงสตัว์น้ าอย่างย่ังยืน 
Discipline of Excellence in Sustainable Aquaculture 

 
 
 

คณะทรัพยากรธรรมชาต ิวทิยาเขตหาดใหญ่ 
คณะ/หน่วยงานรว่ม 

คณะวิทยาศาสตรแ์ละเทคโนโลยี วิทยาเขตปัตตานี 
คณะวิทยาศาสตรแ์ละเทคโนโลยีอตุสาหกรรม วิทยาเขตสุราษฎรธ์านี 

 
 
 
 

เสนอ 
 

ส านักวิจัยและพัฒนา 
มหาวิทยาลัยสงขลานครินทร์ 

 
 



DoE - Sustainable Aquaculture                                                                                                      i 

 

 

ค ำน ำ 
Preface 

 

รายงานฉบับนี้สาขาความเป็นเลิศการเพาะเลี้ยงสัตว์น้้าอย่างยั่งยืน คณะทรัพยากรธรรมชาติ 
วิทยาเขตหาดใหญ่ ร่วมกับ คณะวิทยาศาตรและเทคโนโลยี วิทยาเขตปตตานี และคณะวิทยาศาสตรและ
เทคโนโลยีอุตสาหกรรม วิทยาเขตสุราษฎร์ธานี มหาวิทยาลัยงขลานครินทร์  จัดท้าขึ้นเพ่ือรายงาน 
ผลการด้าเนินงานตลอดระยะเวลา 5 ปี  ตั้ งแต่ เดือนกรกฎาคม 2560 - เดือนมิถุนายน 2565 
เพ่ือเสนอต่อมหาวิทยาลัย ฯ ในการรายงานผลการด้าเนินงานตามดัชนีชี้วัด งบประมาณค่าใช้จ่าย และ
แนวทางการพัฒนาด้านการเพาะเลี้ยงสัตว์น้้าอย่างยั่งยืนของมหาวิทยาลัยสงขลานครินทร์ 
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บทสรุปผูบริหาร 

Executive Summary 

 

สาขาความเปนเลิศการเพาะเล้ียงสัตวน้ําอยางย่ังยืน มีวัตถุประสงคเพื่อสรางความเปนเลิศใน
สาขาการเพาะเลี้ยงสัตวน้ําอยางยั่งยืน ซึ่งเปนความรวมมือของคณะทรัพยากรธรรมชาติ วิทยาเขตหาดใหญ 
คณะวิทยาศาตรและเทคโนโลยี วิทยาเขตปตตานี และคณะวิทยาศาสตรและเทคโนโลยีอุตสาหกรรม 
วิทยาเขตสุราษฎรธานี ท่ีมีการเรียนการสอนและวิจัยดานการเพาะเลี้ยงสัตวน้ํา โดยมุงเนนการทําวิจัยที่
สนับสนุนความย่ังยืนของอุตสาหกรรมการเพาะเลี้ยงสัตวน้ํา การสรางเครือขายกับหนวยงานตาง ๆ ทั้ง
ภายในและภายนอกมหาวิทยาลัย การสนับสนุนการผลิตบัณฑิตระดับปริญญาโทและเอกของคณะที่เกี่ยวของ 
เปนแหลงรับทุนวิจัยตาง ๆ ดานการเพาะเลี้ยงสัตวน้ําและสาขาที่เชื่อมโยง และเปนแหลงบริการวิชาการท่ี
เกี่ยวของดานการเพาะเลี้ยงสัตวน้ําและผลผลิต 

จากการดําเนินงานตลอดระยะเวลา 5 ป ตั้งแตเดือนกรกฎาคม 2560 ถึงเดือนมิถุนายน 
2565 สาขาความเปนเลิศฯ มีนักศึกษาระดับปริญญาโทจํานวน 53 คน และ ปริญญาเอก 18 คน (67.94 
และ 69.23% ของเปาหมาย) จํานวนนักศึกษานอยกวาเปาหมาย มีความสอดคลองกับแนวโนมจํานวน
นักศึกษาที่ลดนอยลงทุกระดับในระดับมหาวิทยาลัย และระดับประเทศ สําหรับผลงานตีพิมพใน
วารสารวิชาการจากอาจารย มีทั้งหมด 125 เรื่อง โดยอยูในฐานขอมูล ISI จํานวน 62 เร่ือง (95.38% ของ
เปาหมาย) Scopus 38 เร่ือง (380% ของเปาหมาย) และ TCI 25 เรื่อง (71.42% ของเปาหมาย) และมี
ผลงานวิชาการที่ตีพิมพรวมกับนักวิจัยตางประเทศจํานวน 52 เรื่อง (260% ของเปาหมาย) สําหรับผลงาน
ตีพิมพในวารสารวิชาการของนักศึกษาจํานวน 30 เร่ือง คิดเปน 23.80% ของผลงานตีพิมพโดยอาจารยใน
โครงการฯ (ณ เวลาสิ้นสุดโครงการ นักศึกษาทั้ง 2 ระดับจํานวนหนึ่งกําลังศึกษา โดยสําเร็จการศึกษาจํานวน 
16 คน) สําหรับเงินทุนวิจัยจากภายนอกท่ีสาขาความเปนเลิศ ฯ ไดรับท้ังหมดเทากับ 53.312 ลานบาท คิด
เปน 88.85 % ของงบประมาณที่ต้ังเปาหมาย คณาจารยของสาขาความเปนเลิศ ฯ ไดเสนอขอรับการแตงตั้ง
เพื่อดํารงตําแหนงที่สูงขึ้นเปนไปตามเปาหมายไดแก ตําแหนงศาสตราจารย และรองศาสตราจารย สําหรับ
ตําแหนงผูชวยศาสตราจารยมีผูย่ืนเสนอและไดรับการแตงตั้ง 4 ทาน จากเปาหมาย 6 ทาน ในสวนของการ
ขอรับการสนับสนุนจากโครงการปริญญาเอกกาญจนาภิเษกไมมีการยื่นเสนอขอรับการสนับสนุน เนื่องจาก
ในชวงเวลาที่ดําเนินโครงการ ฯ มีการปรับเปลี่ยนการบริหารขององคการที่ใหทุนดังกลาว  

ผลงานวิจัยของคณาจารย นักวิชาการ และนักศึกษาของสาขาความเปนเลิศ ฯ ครอบคลุม
หวงโซการผลิตที่มีการคํานึงถึงระบบนิเวศของการเพาะเลี้ยงและผลกระทบตอสิ่งแวดลอม นําไปสูการ
นําไปใชประโยชนไดจริง โดยมีผลิตภัณฑ/นวัตกรรม และการจดสิทธิบัตร 8 ช้ิน ซึ่งองคความรูจากการวิจัย
สามารถนําไปเผยแพรและสงเสริมการเพาะเลี้ยงใหเกิดความยั่งยืนท้ังในสวนของการเพาะเลี้ยงสัตวน้ําและ
สาหราย ซึ่งเปนแหลงอาหารท่ีสําคัญระดับโลก ดังเชน การเลี้ยงปลาพลวงชมพูในระบบหมุนเวียนนํ้าแบบ  
อควาโปนิกส การปลูกพืชรวมกับการเลี้ยงสัตวน้ํา: การเกษตรแบบยั่งยืนเพ่ือความม่ันคงทางอาหารในระดับ
ชุมชนชายแดนใต การเพาะเลี้ยงสาหรายขนนกดวยนวัตกรรมตนแบบการเพ่ิมผลผลิต คุณภาพของผลิตภัณฑ
และการพัฒนาดานการตลาดของเกษตรกรท่ีเลี้ยงปลาดุกรายยอย โดยใชกระบวนการมีสวนรวม เปนตน 
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นอกจากนั้น นักวิจัยของสาขาความเป็นเลิศ ฯ ได้รับมอบหมายจากส้านักงานมาตรฐานการเกษตรแห่งชาติให้
จัดท้าข้อก้าหนดมาตรฐานฟาร์มเพาะเลี้ยงสัตว์น้้า ได้แก่ ฟาร์มเพาะเลี้ยงปลากัด (สัตว์น้้าประจ้าชาติ) และกุ้ง
เครย์ฟิช รวมถึงการท้าวิจัยร่วมกับนักวิจัยต่างประเทศทั้งในส่วนของมหาวิทยาลัยและภาคเอกชน โดยมี
รายละเอียดดังในรายงานฉบับนี้ นอกจากนี้ การได้ร่วมท้าวิจัยตลอดจนการเข้าร่วมประชุมและสัมมนาทาง
วิชาการทั้งในระดับประเทศและนานาชาติตลอดระยะเวลา 5 ปี ซึ่งส่วนใหญ่ใช้งบประมาณของต้นสังกัดเป็น
ปัจจัยส้าคัญต่อการพัฒนาบุคลากรสายวิชาการเป็นอย่างมาก เมื่อสิ้นสุดระยะเวลาการด้าเนินงาน สาขา
ความเป็นเลิศการเพาะเลี้ยงสัตว์น้้าอย่างยั่งยืนได้รับงบประมาณรวมทั้งสิ้น 11,998,743.- บาท (สิบเอ็ดล้าน
เก้าแสนเก้าหมื่นแปดพันเจ็ดร้อยสี่สิบสามบาทถ้วน) และมีรายจ่ายในการด้าเนินงานระยะเวลา 5 ปี รวม
ทั้งสิ้น 11,355,834.75.- บาท (สิบเอ็ดล้านสามแสนห้าหมื่นห้าพันแปดร้อยสามสิบสี่บาทเจ็ดสิบห้าสตางค์) ซ่ึง
งบประมาณท่ีได้รับและใช้จ่ายตลอดโครงการ มีมูลค่าน้อยกว่าที่เสนอขอในโครงการที่ได้รับการอนุมัติ  

เนื่องจากในช่วงระยะเวลาตั้งแต่เดือนมีนาคม 2563 ถึง เดือนมิถุนายน 2565 (2 ปี 3 เดือน
หลังของโครงการ) เป็นช่วงเวลาการเกิดการระบาดของโรคติดเชื้อ COVID19 ครั้งใหญ่ของโลก ส่งผลกระทบ
ต่อการด้าเนินงานของสาขาความเป็นเลิศ ฯ เป็นอย่างมาก โดยเฉพาะในส่วนที่เกี่ยวข้องจ้านวนนักศึกษาที่
สมัครเข้าเรียนทั้งระดับปริญญาโทและปริญญาเอก การประชุมเพ่ือประสานงานระหว่างวิทยาเขต และการ
ด้าเนินงานวิจัย ท้าให้ไม่สามารถบรรลุเป้าหมายดังที่ก้าหนดไว้ในบางประเด็น 

จากการด้าเนินงานของสาขาความเป็นเลิศการเพาะเลี้ยงสัตว์น้้าอย่างยั่งยืน ถึงแม้จะไม่
สามารถด้า เนินงานได้ เต็มศักยภาพด้วยสถานการณ์ของโรคระบาด ท้า ให้ เห็นศักยภาพของ
มหาวิทยาลัยสงขลานครินทร์ในการสร้างความเข้มแข็งด้านการเพาะเลี้ยงสัตว์น้้าให้มีความแข็งแกร่งระดับ
แนวหน้าของประเทศและภูมิภาคได้ เนื่องจากมีบุคลากรด้านวิชาการที่ครอบคลุมสาขาหลัก ด้านการ
เพาะเลี้ยงสัตว์น้้า ดังนั้น จึงควรมีการน้าศักยภาพของบุคลากรกลุ่มนี้เพ่ือก้าหนดยุทธศาสตร์และท้างาน
ร่วมกันอย่างจริงจัง 
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บทที่ 1 บทน ำ 
รำยงำนฉบับสมบูรณ์ (5 ปี) ระหว่ำงเดือนกรกฎำคม 2560 – มิถุนำยน  2565 

 
1.1 ชื่อสำขำควำมเป็นเลิศ 
     ภำษำไทย  สาขาความเป็นเลศิการเพาะเลี้ยงสัตว์น้้าอย่างยั่งยืน 
     ภำษำอังกฤษ Discipline of Excellence in Sustainable Aquaculture 
1.2 คณะ/หน่วยงำนที่สนับสนนุสำขำควำมเป็นเลิศ 
      คณะ/หน่วยงำนหลัก 

- คณะทรัพยากรธรรมชาต ิ
      คณะ/หน่วยงำนร่วม ( ระบุทุกคณะ/หน่วยงำน ) 

- คณะวิทยาศาสตร์และเทคโนโลยี วิทยาเขตปัตตาน ี
- คณะวิทยาศาสตร์และเทคโนโลยีอุตสาหกรรม วิทยาเขตสุราษฎรธ์านี 

1.3  ชื่อผู้บริหำรสำขำควำมเป็นเลิศฯ  ภำควิชำ/คณะ/หน่วยงำน   
ผู้ช่วยศาสตราจารย์ ดร.ชุติมา  ตนัติกิตติ  คณะทรัพยากรธรรมชาติ 

1.4  ชื่อบุคลำกรในสำขำควำมเป็นเลิศ  (ระบุให้ครบทุกคน )  ภาควิชา/คณะ/หน่วยงานและภาระงาน ในสาขาความเป็นเลิศ 
(จ้านวนช่ัวโมง/สัปดาห์)   

 

ที ่
 

ชื่อ-สกลุ                                     
ภำควิชำ/สำขำวิชำ/คณะ 

ภำระงำนใน
เครือข่ำยวิจัยนี้ 

(ชั่วโมง/สัปดำห์) 

ภำระงำนในเครือข่ำยวิจัยอื่นๆ
โดยระบุชื่อเครือข่ำยทุก
เครือข่ำย และภำระงำน

(ชั่วโมง/สัปดำห์) กรณีไม่สังกัด
เครือข่ำยอื่นให้ระบุว่ำ“ไม่มี” 

1 ผศ. ดร. นเรศ ซ่วนยุก 
วาริชศาสตร์และนวตักรรมการจัดการ 

คณะทรัพยากรธรรมชาต ิ
8 ไม่ม ี

2 ดร. พรพิมล เช้ือดวงผุย 
วาริชศาสตร์และนวัตกรรมการจัดการ 

คณะทรัพยากรธรรมชาต ิ
5 ไม่ม ี

3 ผศ.ดร. ธีญาภรณ์   แก้วทวี 
วาริชศาสตร์และนวัตกรรมการจัดการ 

คณะทรัพยากรธรรมชาต ิ
5 ไม่ม ี

4 ผศ.ดร. ยุทธพงษ์  สังข์น้อย 
วาริชศาสตร์และนวัตกรรมการจัดการ 

คณะทรัพยากรธรรมชาต ิ
5 ไม่ม ี

5 ดร. เอกนรินทร์  รอดเจริญ 
วาริชศาสตร์และนวัตกรรมการจัดการ  

คณะทรัพยากรธรรมชาต ิ
5 
 

ไม่ม ี

6 อาจารย์อานนท์  อุปบัลลังก ์
วาริชศาสตร์และนวัตกรรมการจัดการ   

คณะทรัพยากรธรรมชาต ิ
3 ไม่ม ี

7 ดร. นัทท์  นันทพงศ์ 
วาริชศาสตร์และนวัตกรรมการจัดการ   

คณะทรัพยากรธรรมชาต ิ
3 ไม่ม ี

8 รศ. ดร. ธ้ารงค์  อมรสกลุ 
คณะวิทยาศาสตร์และเทคโนโลย ี
(เกษียณอายรุาชการในปี 2564) 

3 ไม่ม ี

9 รศ. ดร. ระพีพร  เรืองช่วย คณะวิทยาศาสตร์และเทคโนโลย ี 3 ไม่ม ี
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ที ่ ชื่อ-สกลุ                                     ภำควิชำ/คณะ 
ภำระงำนใน

เครือข่ำยวิจัยนี้ 
(ชั่วโมง/สัปดำห์) 

ภำระงำนในเครือข่ำยวิจัยอื่นๆ
โดยระบุชื่อเครือข่ำยทุก
เครือข่ำย และภำระงำน

(ชั่วโมง/สัปดำห์) กรณีไม่สังกัด
เครือข่ำยอื่นให้ระบุว่ำ“ไม่มี” 

10 ผศ.ดร. ชลธี  ชีวะเศรษฐธรรม คณะวิทยาศาสตร์และเทคโนโลย ี 3 ไม่ม ี

11 รศ.ดร. ซุกรี  หะยสีาแม คณะวิทยาศาสตร์และเทคโนโลย ี 3 ไม่ม ี

12 ผศ.ดร. โชคชัย  เหลืองธุวปราณีต 
คณะวิทยาศาสตร์และเทคโนโลย ี
(เกษียณอายรุาชการในปี 2563) 

3 ไม่ม ี

13 ดร. สุพัฒน์ คงพ่วง คณะวิทยาศาสตร์และเทคโนโลย ี 3 ไม่ม ี

14 รศ.ดร. ภัททิรา  พงษ์ทิพย์พาท ี
โครงการจดัตั้งคณะนวัตกรรม

การเกษตรและประมง 
5 ไม่ม ี

15 ผศ.ดร. จรีพร  เรืองศร ี
โครงการจดัตั้งคณะนวัตกรรม

การเกษตรและประมง 
5 ไม่ม ี

16 นายอัครวิทย์  อิสสะโร 
วาริชศาสตร์และนวัตกรรมการจัดการ         

คณะทรัพยากรธรรมชาต ิ
3 ไม่ม ี

17 นายนพรัตน์  แท่นมาก 
วาริชศาสตร์และนวัตกรรมการจัดการ           

คณะทรัพยากรธรรมชาต ิ
3 ไม่ม ี

18 คุณอุษณีย์  อภิบาลแบ 
คณะวิทยาศาสตร์และเทคโนโลย ี
(ผู้ประสานงานวิทยาเขตปัตตานี) 

20 ไม่ม ี

19 นางสาวธีรวรรณ  แสงมณ ี
วาริชศาสตร์และนวัตกรรมการจัดการ                           

คณะทรัพยากรธรรมชาติ                               
(ผู้ประสานงานโครงการ) 

40 ไม่ม ี

 

1.5  วัตถุประสงค์ 

5.1)  สร้างความเป็นเลิศในสาขาการเพาะเลี้ยงสัตว์น้้าให้มีความแข็งแกร่งอันดับที่ 1 ของประเทศ โดยมุ่งเน้นงานวิจัยที่   
สนับสนุนความยั่งยืนของอุตสาหกรรมการเพาะเลี้ยงสัตว์น้้า โดยเฉพาะสัตว์เศรษฐกิจที่มีความส้าคัญล้าดับต้น ๆ ของ
ประเทศ เช่น กุ้งทะเล และปลาเศรษฐกิจ โดยมีความร่วมมือของวิทยาเขตหาดใหญ่ ปัตตานี และสุราษฏร์ธานี  ท่ีมีการ
เรียนการสอนและวิจัยด้านการเพาะเลี้ยงสัตว์น้้า 

5.2)  สร้างเครือข่ายและความร่วมมือในการท้างานวิจัยร่วมกับเครือข่ายวิจัยต่าง ๆ ในมหาวิทยาลัยสงขลานครินทร์ และ
หน่วยงานภายนอกมหาวิทยาลัย ท้ังภาครัฐและภาคเอกชน 

5.3)  ผลิตและเผยแพร่งานวิจัยที่มีคุณภาพ โดยเป็นงานวิจัยที่มุ่งเน้นการแก้ปัญหา และน้าไปสู่การใช้งานในเชิงพาณิชย์ 
รวมถึงงานวิจัยพ้ืนฐานที่มีความส้าคัญต่อการแก้ปัญหา 

5.4)  เป็นแหล่งสนับสนุนการผลิตบัณฑิตปริญญาโทและปริญญาเอกของคณะที่เกี่ยวข้องในมหาวิทยาลัยสงขลานครินทร์ 
5.5)  เป็นเครือข่ายการรับทุนผู้ช่วยวิจัยปริญญาเอกกาญจนาภิเษก  
5.6)  เป็นแหล่งในการรับทุนวิจัยต่างๆ ทางด้านการเพาะเลี้ยงสัตว์น้้า 
5.6)  เป็นแหล่งบริการวิชาการแก่ชุมชนในการตรวจสอบผลิตภัณฑ์จากการเพาะเลี้ยงสัตว์น้้า การถ่ายทอดเทคโนโลยี  
       ที่สามารถน้าไปใช้ในการวิเคราะห์ และตรวจสอบผลิตภัณฑ์ และการตรวจสอบสุขภาพสัตว์น้้า  
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1.6 ทิศทำงกำรวิจัย  
การวิจัยที่สนับสนุนความยั่งยืนของอุตสาหกรรมการเพาะเลี้ยงสัตว์น้้า การผลิ ตสัตว์น้้าที่มีคุณภาพและ
ปลอดภัยสู่ตลาดโลก ซึ่งสอดคล้องกับยุทธศาสตร์ของมหาวิทยาลัยและประเทศ 
และการพัฒนาในระดับสากล 
 

        กรอบงำนโครงกำรวิจัยของสำขำควำมเป็นเลิศ “กำรเพำะเลี้ยงสัตว์น้ ำอย่ำงย่ังยืน” 
การเพาะเลี้ยงสัตว์น้้าอย่างยั่งยืน  มีองค์ประกอบงานวิจัยในด้านต่าง ๆ ดังแสดงในภาพที่ 1ได้แก่ ระบบการ

เพาะเลี้ยงในระบบต่าง ๆ ท้ังน้้าจืด ชายฝั่งและทะเล ด้านสิ่งแวดล้อม คุณภาพน้้าและระบบนิเวศ ด้านอาหารสัตว์น้้า ด้านโรค 
สุขภาพสัตว์และการป้องกัน ด้านการใช้ทรัพยากรที่คุ้มค่าโดยท้าให้เกิดมูลค่าเพิ่ม และด้านพิษวิทยา โดยองค์ประกอบดังกล่าว
มีความสัมพันธ์ซึ่งกันและกันและความยั่งยืนของการเพาะเลี้ยงสัตว์น้้าควรมีความสมดุลย์ขององค์ประกอบดังกล่าว ทั้งนี้การ
ด้าเนินงานให้เกิดความยั่งยืนนั้นขึ้นอยู่กับชนิดของสัตว์น้้า สถานภาพของความรู้ความเช่ียวชาญด้านวิชาการที่เกี่ยวข้อง พื้นที่
ประกอบการ และสถานภาพทางสังคม (The World Bank, 2014) 

 

 

ภาพที่ 1  องค์ประกอบของการเพาะเลีย้งสัตว์น้้าอย่างยั่งยืนเพื่อความปลอดภัยต่อผู้บริโภค 
 

 มหาวิทยาลัยสงขลานครินทร์มีบุคลากรที่ด้าเนินงานวิจัยและเช่ียวชาญครอบคลุมองค์ประกอบหลักของการ
เพาะเลี้ยงสัตว์น้้าซึ่งมีส่วนส้าคัญต่อความยั่งยืนของอุตสาหกรรมการเพาะเลี้ยงของประเทศไทย ซึ่งสามารถแบ่งกลุ่มได้ 7 กลุ่ม 
ได้แก่ ระบบการเพาะเลี้ยงและวิศวกรรมการเพาะเลี้ยงสัตว์น้้า อาหารสัตว์น้้า โรคและสุขภาพสัตว์น้้า พันธุกรรมสัตว์น้้า 
เทคโนโลยีชีวภาพและชีวโมเลกุลของสัตว์น้้า สิ่งแวดล้อมและระบบนิเวศของระบบเลี้ยง โดยมีการด้าเนินงานวิจัยในปัจจุบัน
และในอนาคตดังนี้  
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1.6.1) ระบบกำรเพำะเลี้ยงและวิศวกรรมกำรเพำะเลี้ยงสัตว์น้ ำ 
-  การพัฒนารูปแบบการเลี้ยงกุ้งกุลาด้าที่มโีครโมโซมสามชุด (รศ.ดร. ภัททิรา) 
-  การสร้างเครื่องมือชักน้าการเกดิโครโมโซมสามชุดในกุ้งกุลาดา้ในระดับอุตสาหกรรม (รศ.ดร. ภัททิรา) 
-  การสร้างเครื่องคนไข่กุ้งเพื่อให้มีการฟักไข่แบบอัตโนมตัิ (รศ.ดร. ภัททิรา/ ผศ.ดร. จรีพร) 

                -  การอนุบาลลูกกุ้งกุลาด้าวัยอ่อนด้วยระบบน้า้ตะกอนชีวภาพ  (biofloc) (รศ.ดร. ภัททิรา/ผศ.ดร. จรีพร) 
-  การเลี้ยงกุ้งกุลาดา้บ่อดินด้วยระบบน้้าตะกอนชีวภาพ (biofloc) (รศ.ดร. ภัททิรา/ ผศ.ดร. จรีพร) 
-  ระบบการผลิตลูกพันธุ์กุ้งทะเลที่มีการใช้สาหรา่ยทะเล (ผศ.ดร. ชลธี) 
-  ต้นแบบการผลิตลูกพันธุ์กุ้งทะเลด้วยน้้าทิ้งจากซรีัมยางพาราของอุตสาหกรรมแปรรูปน้้ายาง (ผศ.ดร. ชลธี)  
-  การควบคุมการบลูมของแพลงก์ตอนพิษในบ่อเลี้ยงกุ้งด้วยแบคทเีรียจ้าเพาะ (ผศ.ดร. ธีญาภรณ์) 

     -  การเลี้ยงกุ้งในระบบปดิที่มปีระสิทธิภาพ (ความร่วมมือของนักวิจัยของสาขาความเป็นเลิศ) 
                -  Some biological aspects of spawner for breeding (รศ.ดร. ธ้ารงค์) 
                -  Some aspects in early life stage of fish larvae (รศ.ดร. ธ้ารงค์) 
                -  Potential of economical freshwater fish to culture at coastal zone (รศ.ดร. ธ้ารงค์) 
                -  Genetic analysis and breeding performance of freshwater fish (รศ.ดร. ธ้ารงค์) 
                -  Morphology and sensory organs development in the larvae of freshwater fish (รศ.ดร. ธ้ารงค์)  
                -  การพัฒนาระบบการเพาะเลี้ยงปลาพลวงชมพูเพื่อเปน็สัตว์น้้าเศรษฐกิจในพ้ืนท่ีจังหวัดชายแดนภาคใต้  
                -   ก า รส ร้ า ง เ ค รื่ อ ง เ ก็ บ เ กี่ ย ว เ พรี ย ง ทร าย  ( Perinereis nuntia)  ส้ า ห รั บ ใ ช้ ใ น ร ะดั บอุ ต ส าหก ร ร ม  
                         (รศ.ดร. ภัททิรา)  
                -  การเพาะเลี้ยงและการใช้ประโยชน์จากสาหร่ายไส้ไก่เชิงพาณิชย์ (รศ.ดร.ระพีพร/ผศ.ดร.โชคชัย) 
                -  ศักยภาพการเพาะเลี้ยงหอยหวานเชิงพาณิชย์ในโรงเรือนต้นทุนต่้า (ผศ.ดร. โชคชัย/ ดร. สุพัฒน์/ ผศ.ดร. ชลธี) 
                -  ต้นแบบการผลิตลูกพันธุ์กุ้งก้ามกรามด้วยน้้าทิ้งจากโรงงานอุตสาหกรรมแปรรูปอาหารทะเล (ผศ.ดร. ชลธี) 

-  การผลิตสาหร่ายสไปรูลินา (Spirulina) เชิงพาณิชย์ ในระบบน้้าทะเลจากสารอินทรีย์เหลือใช้ในน้้าทิ้งของ     
โรงงานแปรรูปอาหารทะเล (ผศ.ดร. ชลธี) 

-  ชุมชนต้นแบบการเพาะเลี้ยงสาหร่ายขนนกอย่างยั่งยืนโดยใช้วิทยาศาสตร์ เทคโนโลยีวิจยัและนวัตกรรม 
        (ผศ.ดร.ธีญาภรณ์ ) 
-  การพัฒนาฟาร์มต้นแบบอัจฉริยะการเลี้ยงปูทะเลเพื่อส่งเสริมเป็นสัตว์น้้าเศรษฐกิจชนิดใหม่ของประเทศไทย 

(โครงการย่อยภายใต้ช่ือโครงการ การพัฒนาห่วงโซ่ของสินค้าอาหารทะเล 4.0 ในพื้นที่ภาคใต้  (กรณีศึกษาปู
ทะเล)   (ดร.นัทท์ ) 

-  การพัฒนาตัวแบบเชิงธุรกิจการผลิตปูทะเลตลอดห่วงโซ่อุปทานโดยการมีส่วนร่วมของผู้มีส่วนได้ เสียเพื่อ    สร้าง
เป็นสินค้าเศรษฐกิจชนิดใหม่รองรับการเปลี่ยนแปลงและวิกฤติด้านเศรษฐกิจในจังหวัดปัตตานี  

       (รศ.ดร.ซุกรี) 
-  โครงการศึกษาข้อมูลเพื่อจัดท้ามาตรฐานการปฏิบัติทางการเพาะเลี้ยงท่ีดีส้าหรับฟาร์มเลี้ยงสาหร่ายทะเล 
      (รศ.ดร.ระพีพร) 

1.6.2) อำหำรสัตว์น้ ำ 
-  การพัฒนาอาหารสัตว์น้้าวัยอ่อน (ผศ.ดร. ชุติมา) 
-  การใช้เทคนิคทางชีวโมเลกุลในการประเมินการใช้สารอาหารในกุง้ (ผศ.ดร.ชุติมา/ผศ.ดร. นเรศ) 
-  การคัดเลือกแบคทีเรยีจากทะเลเพื่อเป็นแหล่งของสารสีและการประยุกต์ใช้ในกุ้งขาวแวนนาไม (Litopenaeus 

vannamei) (ผศ.ดร. นเรศ) 
-  การพัฒนาสูตรอาหารพ่อแม่พันธุ์กุ้งกุลาด้า (รศ.ดร. ภัททิรา/ดร. จรีพร) 
-  การพัฒนาสูตรอาหารส้าหรับกุ้งกุลาด้าที่มโีครโมโซมสามชุด (ผศ.ดร. ภัททิรา) 
-  การเสริมกรดอะมโินในอาหารกุง้ที่มีการใช้วัตถุดิบทางเลือกทดแทนปลาป่น (ผศ.ดร.ชุตมิา/ผศ.ดร. นเรศ) 
-  การใช้สารสกัดจากสมุนไพรเพื่อเตรียมหัวเช้ือแพลงก์ตอนพืชส้าหรับเพาะเลี้ยงสัตว์น้้าวัยอ่อน (ผศ.ดร.ธีญาภรณ์) 
-  อาหารมีชีวิตส้าหรับปลิงทะเลขาว (Holothuria scabra) วัยอ่อน  (ผศ.ดร. ภัททิรา/ ผศ.ดร. จรีพร) 
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-  การบ้าบัดเศษเหลือจากการแปรรูปสตัว์น้้าด้วยวิธีทางชีวภาพโดยใช้หนอนแมลงวันเพ่ือผลิตโปรตีนทางเลือก      
ส้าหรับใช้ทดแทนปลาป่นในอาหารสัตว์น้้า  ( ดร.นัทท์) 

1.6.3) โรคและสุขภำพสัตว์น้ ำ 
-  การคัดเลือกแบคทีเรียจากทะเลเพื่อเป็นโปรไบโอติกและการประยุกต์ใช้ในกุ้งขาวแวนนาไม (Litopenaeus   

vannamei) (ผศ.ดร. นเรศ) 
-  การเสริมสาหร่ายสไปรูไลนาในอาหารลูกกุ้งเพื่อลดการติดเชื้อแบคทีเรียก่อโรค (ดร. ธีญาภรณ์) 
-  ศึกษาความสัมพันธ์ของปัจจัยทางกายภาพและชีวภาพกับอุบัติการณ์การเกิดโรคตายด่วนในกุ้งทะเล 
     (ผศ.ดร. จรีพร) 
-  โรคสเตรปโตคอคโคซีสในปลานิล (Oreochromis niloticus) ที่มีสาเหตุจากแบคทีเรีย Streptococcus 

agalactiae ซีโรไทป์ Iaและซีโรไทป์III และการผลิตวัคซีนต้านทานโรค (ผศ.ดร. นเรศ) 
-  การใช้สารสกดัใบกระทุในการปอ้งกันโรคสเตรปโตคอคโคซีสในปลานิลแดงแปลงเพศ (ผศ.ดร. นเรศ) 
-  โรคฟรานซสิเซลโลซสี (Francisellosis) ในปลานิล (ผศ.ดร. นเรศ) 
-  โรคสเตรปโตคอคโคซีสในปลาหมอไทย (Anabas testudineus) และปลาดุกอุย(Clariasmacrocephalus) (ผศ.

ดร. นเรศ) 
-  การใช้ประโยชน์จากแบคทีเรียอาศัยร่วมกับฟองน้้าทะเล Xestospongia sp. ในการเพิ่มศักยภาพการผลิตสัตว์น้้า

เศรษฐกิจ (ผศ.ดร. นเรศ) 
-  การใช้เซลล์และสารสกัดจากแบคทีเรีย Zooshikella sp. เป็นชีวภัณฑต์้านทานโรคสเตปโตคอลโคซีสใน 

 ปลานิล (Oreochromis niloticus) (ผศ.ดร. นเรศ) 
-  Efficacy of Antizol to eradicate seabass parasite (Part 2)  (ผศ.ดร. นเรศ) 

1.6.4) พันธุกรรมสัตว์น้ ำ 
-  การพัฒนากุ้งกุลาด้าที่มโีครโมโซมสามชุดเข้าสูร่ะดับอุตสาหกรรม (รศ.ดร. ภัททิรา) 
-  การประเมินผลการเพาะเลี้ยงกุ้งกุลาด้าที่เพาะเลี้ยงด้วยลูกกุ้งที่ผ่านการพัฒนาสายพันธุ์ของ สวทช. ในบ่อ  เลี้ยง

ของเกษตรกร (ผศ.ดร. จรีพร/ รศ.ดร. ภัททิรา) 
-  การพัฒนาเครื่องมือผลิตกุ้งกุลาด้าที่มีโครโมโซมสามชุดแบบอัตโนมัติ เพื่อน้าไปใช้กับ โรงเพาะฟักอย่างมี  

ประสิทธิภาพ (รศ.ดร. ภัททิรา) 
-  การผสมเทียมปูทะเล  (รศ.ดร. ภัททิรา) 

1.6.5) เทคโนโลยีชีวภำพและชีวโมเลกุลของสัตว์น้ ำ 
-  การศึกษายีนต้านทานโรคในปลาเศรษฐกิจและกุ้ง (ผศ.ดร. นเรศ) 
-  ชีวโมเลกุลภูมิคุม้กันของกุ้งกุลดา้ที่มีโครโมโซมสามชุด (ผศ.ดร. จรพีร/ รศ.ดร. ภัททิรา) 
-  ชีวโมเลกุลภูมิคุม้กันของปลานิลเปรียบเทยีบระหว่างปลานลิและปลานิลลูกผสม (ผศ.ดร. จรีพร) 
-  ชีวโมเลกุลภูมิคุม้กันของปลานิลด้าที่ปรับปรุงพันธุ์ให้ทนต่อความเค็มสูง (ผศ.ดร. จรีพร) 

1.6.6) สิ่งแวดล้อมและระบบนิเวศของระบบเลี้ยง 
-  การวิเคราะห์ปรมิาณสารเคมีและวัตถุมีพิษท่ีมีผลกระทบต่อสตัว์น้า้ (ดร. พรพิมล) 
-  การผสมผสานระบบสารสนเทศภูมิศาสตรก์ับการตัดสินใจแบบหลายเกณฑเ์พื่อการคัดเลือกพื้นที่ท่ีเหมาะสมในการ

เลี้ยงสัตว์น้้า (ดร. สุพัฒน์) 
-  GIS modeling for open water aquaculture systems (ดร. สุพัฒน์) 
-  Green mussel (Perna viridis) culture for food security and marine resources conservation 
     (ดร. สุพัฒน์) 
-  การปลูกพืชไม่ใช้ดินร่วมกับการเลี้ยงปลา (ดร. สุพัฒน/์ ผศ.ดร. ระพีพร/ ผศ.ดร. โชคชัย) 
-  Suitable carrying capacity and ecological impacts of brackish water fish culture in the    

southernmost provinces of Thailand (รศ.ดร. ซุกรี/ ผศ.ดร. ศราวุธ/ ดร. สุพัฒน์) 
-  Habitat characteristics of potential aquatic animals to be used as future aquaculture species (รศ.

ดร. ซุกร/ี ผศ.ดร. ศราวุธ) 
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-  ผลิตภัณฑ์กล้าเช้ือเฮเทอโรโทรฟิคไนตริไฟอิงแบคทีเรียทนเค็มส้าหรับบ้าบัดสารอินทรีย์ไนโตรเจนในระบบ  การ
เลี้ยงกุ้ง (ผศ.ดร.ยุทธพงษ์/ผศ.ดร.ธีญาภรณ์/อ.อานนท์) 

-  ระบบบ้าบัดน้้าเสยีในการเลี้ยงกุ้งแบบสองขั้นตอนด้วยผลิตภณัฑ์กล้าเชื้อแบคทีเรยีและกา๊ซโอโซน  
       (ผศ.ดร.ยุทธพงษ์/ผศ.ดร.ธีญาภรณ์/อ.อานนท์) 

1.6.7) สัตว์น้ ำสวยงำมและพืชน้ ำ 
-  การเลี้ยงปลาร่วมกับพืชสวยงาม (ผศ.ดร. ระพีพร/(ดร.สุพัฒน์) 
-  การเพาะเลี้ยงปลาการ์ตูน (ผศ.ดร. ระพีพร/(ดร.สุพัฒน์) 
-  การเลี้ยงสาหรา่ย Cladoflora (ผศ.ดร. ระพีพร/(ดร.สุพัฒน์) 
-  Marine Ornamental Organisms (ผศ.ดร. นเรศ/ ผศ.ดร. ชุติมา/อัครวิทย์/นพรัตน์) 
-  โครงการศึกษาข้อมลูเพื่อจัดท้าเกณฑ์มาตรฐานสินค้าเกษตรปลากดัไทย (สตัว์น้้าประจ้าชาติ)/ (ผศ.ดร.ชุติมา) 
 

1.7 แผนภูมิกำรบริหำรจัดกำร 

โครงสร้ำงกำรบริหำร 

คณะกรรมกำรอ ำนวยกำร และคณะกรรมกำรที่ปรึกษำกรรมกำรอ ำนวยกำร  

 

 

 

 

ผู้อ ำนวยกำร

สำขำควำมเป็นเลิศ

งำนวิจัยและบัณฑิตศกึษำ

- ผู้อ้านวยการสาขาความเป็นเลิศ

- หัวหน้ากลุ่มวิจัย 

- เจ้าหน้าท่ีประสานงานฯ

งำนบริหำรธุรกำร

อาจารย์ผู้ประสานงาน

เจ้าหน้าท่ีประสานงานสาขาความเป็นเลิศ

ผู้ประสานงานของวิทยาเขต

งำนเผยแพร่ & บริกำรวิชำกำร

รองผู้อ้านวยการฯ

เจ้าหน้าที่ประสานงานสาขาความเปน็เลศิ

นักวิทยาศาสตร์

ผู้เชี่ยวชาญกรมประมง                  ที่ปรึกษา 
ตัวแทนภาคเอกชน                   ที่ปรึกษา 
ตัวแทนส้านักงาน BIOTEC                  ที่ปรึกษา 
รองอธิการบดีฝ่ายระบบวจิัยและบัณฑิตศึกษา                ที่ปรกึษา 
คณบดีคณะทรัพยากรธรรมชาต ิ                                ประธาน
กรรมการ 
คณบดี คณะวทิยาศาสตร์และเทคโนโลยี1                 กรรมการ 
คณบดี คณะวทิยาศาสตร์และเทคโนโลยีอุตสาหกรรม2               กรรมการ 
ผู้อ้านวยการส้านักวิจัยและพฒันา                              กรรมการ 
ผู้อ้านวยการสาขาความเป็นเลิศ                 เลขานกุาร 
นักวชิาการผู้ประสานงาน                          ผู้ช่วยเลขานกุาร 

 

เทคโนโลยีระบบ
และวิศวกรรมการ
เพาะเลี้ยงสัตวน์้้า 

อาหารสัตวน์้้า 
โรคและสุขภาพ

สัตว์น้้า 

พันธุกรรม 

สัตว์น้้า 

เทคโนโลยีชีวภาพและ
ชีวโมเลกุลของสัตว์น้้า 

สิ่งแวดลอ้มและ
ระบบนิเวศของ

ระบบเลี้ยง 

สัตว์น้้าสวยงามและ
พืชน้้า 
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กลางของสาขาความเป็นเลิศ ฯ ถึงแม้ว่านักวิจัยของสาขาความเป็นเลิศ ฯ มีความเชี่ยวชาญที่
ครอบคลุมด้านการเพาะเลี้ยงสัตว์น้้าอย่างยั่งยืน 

 

แนวทางการพัฒนาองค์ความรู้ด้านการเพาะเลี้ยงสัตว์น้้าอย่างย่ังยืน 

จากการด้าเนินงานของสาขาความเป็นเลิศการเพาะเลี้ยงสัตว์น้้าอย่างยั่งยืน ถึงแม้จะไม่
สามารถด้าเนินงานได้เต็มศักยภาพด้วยสถานการณ์ของโรคระบาด และระยะเวลาสั้น (5 ปี) ส้าหรับการ
ด้าเนินงานที่ครอบคลุมกรอบงานที่กว้างมากและต้องใช้เวลาที่ต่อเนื่อง จากข้อมูลโครงการวิจัยและ
กิจกรรมของอาจารย์ /นักวิจัย ตลอดระยะเวลาของการด้าเนินงาน ท้าให้ เห็นศักยภาพของ
มหาวิทยาลัยสงขลานครินทร์ในการสร้างความเข้มแข็งด้านการเพาะเลี้ยงสัตว์น้้าให้มีความแข็งแกร่งระดับ
แนวหน้าของประเทศและภูมิภาคได้ เนื่องจากมีบุคลากรด้านวิชาการที่ครอบคลุมสาขาหลักด้านการ
เพาะเลี้ยงสัตว์น้้า ดังนั้น จึงควรมีการน้าศักยภาพของบุคลากรกลุ่มนี้เพ่ือก้าหนดยุทธศาสตร์และท้างาน
ร่วมกันอย่างจริงจัง ซึ่งองค์ความรู้ที่สามารถด้าเนินการต่อเนื่องได้โดยมุ่งเน้นความยั่งยืน ได้แก่ 

 

• การเพาะเลี้ยงสาหร่ายทะเลครบวงจร – การผลิต การแปรรูป การตลาด การส่งเสริม โดย
น้าเทคโนโลยีที่ค้านึงถึงประสิทธิภาพการผลิต สิ่งแวดล้อม และการมีส่วนร่วมของชุมชน 
ภาคเอกชน และผู้มีส่วนได้ส่วนเสียกลุ่มต่าง ๆ  

ในปัจจุบันและอนาคต ผลผลิตพืช และสิ่งมีชีวิตขนาดเล็ก มีความส้าคัญมาก ทั้งในด้าน
อาหารและการทดแทนวัตถุดิบต่าง ๆ ทั้งในแง่การเป็นแหล่งอาหารและพลังงานทางเลือก 
ความสามารถในการผลิตแหล่งอาหารจากพืชและสาหร่ายเซลล์เดียว จึงมีบทบาทที่ส้าคัญ
อย่างมากในระดับโลก 

DoE – Sustainable Aquaculture ได้ด้าเนินการในส่วนนี้และประสบความส้าเร็จ ได้แก่ 
การเพาะเลี้ยงสาหร่ายขนนก สาหร่ายผมนาง สาหร่ายผักกาดทะเล และสาหร่ายไส้ไก่ ที่
ด้าเนินการแบบครบวงจรร่วมกับชุมชน และองค์กรภาครัฐในพ้ืนที่ เช่น โครงการกระบี่
โมเดล และการพัฒนาอุตสาหกรรมสาหร่ายทะเลไทยอย่างยั่งยืนผ่านรูปแบบธุรกิจเพ่ือ
สังคม เป็นต้น ดังนั้นการน้าเทคโนโลยีมาสนับสนุนในส่วนนี้ เช่น เทคโนโลยีพลังงาน
ทางเลือก ด้านการดูแลสิ่งแวดล้อม และเทคโนโลยีการแปรรูปที่เหมาะสม จะสามารถเพ่ิม
ประสิทธิภาพการผลิต ลดการใช้พลังงานและเกิดความยั่งยืน  

 

• การใช้ SMART technology เพ่ือการเพาะลี้ยงสัตว์น้้า 

อาจารย์และนักวิจัยด้านการเพาะเลี้ยงสัตว์น้้าของมหาวิทยาลัยสงขลานครินทร์ได้ริเริ่มการ
ท้าวิจัยที่ศึกษาการน้า SMART technology มาใช้ในการเพาะเลี้ยงสัตว์น้้า เช่น โครงการ
การเลี้ยงปลาพลวงชมพูในระบบหมุนเวียนน้้าแบบอควาโปนิกส์ และโครงการพัฒนาฟาร์ม
ต้นแบบระบบการเลี้ยงปูทะเลเพ่ือพัฒนาให้เป็นสัตว์น้้าเศรษฐกิจชนิดใหม่ของประเทศ ซึ่ง
เป็นความร่วมมือระหว่างสาขาวิชาวาริชศาสตร์และนวัตกรรมการจัดการ คณะ
ทรัพยากรธรรมชาติ และสถาบันวิจัยและนวัตกรรมดิจิทัล มหาวิทยาลัยสงขลานครินทร์  
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ซึ่งการน้าเทคโนโลยีดังกล่าวมีความส้าคัญอย่างมากในอุตสาหกรรมการเพาะเลี้ยงสัตว์น้้า 
และการเกษตรแขนงต่าง ๆ เนื่องจากปัจจัยหลายประการ เช่น การเปลี่ยนแปลงภูมิอากาศ 
การขาดแคลนแรงงาน การใช้พลังงานอย่างคุ้มค่าและการใช้พลังงานทางเลือกเพ่ือลด
ต้นทุนการผลิต ดังนั้น จึงควรมีการสนับสนุนให้มีการท้าวิจัยในเรื่องนี้ โดยความร่วมมือ
ของคณะที่เกี่ยวข้อง ได้แก่ คณะที่มีการท้าวิจัยด้านการเพาะเลี้ยงสัตว์น้้า และคณะที่มี
ความเชี่ยวชาญด้าน SMART technology   

• การเพาะเลี้ยงสัตว์/พืชน้้าในระบบน้้าหมุนเวียน/แบบผสมผสาน 

การท้าการเกษตรรวมถึงการเพาะเลี้ยงสัตว์และพืชน้้าบนพ้ืนฐานของ BCG Model (Bio-, 
Circular-, Green-Economy Model) เป็นหลักการส้าคัญที่น้ามาใช้เพ่ือการผลิตสัตว์/พืช
น้้าที่ยั่งยืน ซึ่งอาจารย์และนักวิจัยภายใต้โครงการสาขาความเป็นเลิศด้านการเพาะเลี้ยง
สัตว์น้้าอย่างยั่งยืนได้ท้าวิจัยในเรื่องนี้ และน้าไปเผยแพร่แก่เกษตรกรผู้สนใจ/ชุมชน เช่น 
การเลี้ยงปลาพลวงชมพูในระบบหมุนเวียนน้้าแบบอควาโปนิกส์ และการปลูกพืชร่วมกับ
การเลี้ยงสัตว์น้้า เป็นต้น ด้วยสถานการณ์ความปลอดภัยด้านอาหารได้ทวีความรุนแรงมาก
ขึ้น และมีความชัดเจนอย่างยิ่งในสภาวะของการเกิดโรคระบาด COVID19 ที่ส่งผลกระทบ
ให้เกิดการขาดแคลนอาหารทั่วโลก ปรากฎการณ์ดังกล่าวสะท้อนไห้เห็นถึงความส้าคัญ
ของความสามารถของประเทศไทยในการผลิตอาหารและการพ่ึงตนเองของประเทศ ดังนั้น
มหาวิทยาลัยสงขลานครินทร์จึงควรสนับสนุน ส่งเสริมการท้าวิจัยการเพาะเลี้ยงสัตว์/พืช
น้้าในระบบน้้าหมุนเวียน/แบบผสมผสาน ที่มีการประยุกต์ใช้เทคโนโลยีและสามารถน้าไป
ปฏิบัติติได้จริง 

• การศึกษาด้านวัตถุดิบทางเลือก 

สืบเนื่องจากปัจจัยจ้ากัดที่เกิดขึ้นในปัจจุบันและส่งผลถึงอนาคต ได้แก่ การเปลี่ยนแปลง
สภาพภูมิอากาศ ความไม่แน่นอนของสถานการณ์การเมืองของโลก และค่านิยมของการ
ลดการบริโภคผลิตภัณฑ์จากสัตว์ และการต่อต้านการทารุณกรรมสัตว์ รวมถึงการท้าการ
ประมงเพ่ือน้าวัตถุดิบมาใช้ในการเพาะเลี้ยงสัตว์น้้า การศึกษาเพ่ือแสวงหาวัตถุดิบอาหาร
สัตว์เพ่ือทดแทนวัตถุดิบจากการท้าการประมงทะเล และผลิตภัณฑ์จากสัตว์ ทั้งในส่วนของ
การเป็นแหล่งโปรตีน ไขมัน และสารอาหารที่จ้าเป็นชนิดต่าง ๆ  จึงมีความส้าคัญระดับต้น 
ๆ ของอุตสาหกรรมการเพาะเลี้ยงสัตว์น้้าและการเป็นผู้ผลิตที่ยั่งยืน ซึ่งอาจารย์/นักวิจัย
ของสาขาความเป็นเลิศฯ ของทั้ง 3 วิทยาเขต ได้ด้าเนินงานในส่วนนี้ เช่น การใช้เศษเหลือ
จากการแปรรูปปลาทูน่าเป็นแหล่งโปรตีนทดแทนปลาป่น และการใช้น้้ามันถั่วเหลืองและ
น้้ามันปาล์มเพ่ือทดแทนน้้ามันปลาในอาหารปลากะพง และก้าลังด้าเนินงาน เรื่องการ
บ้าบัดเศษเหลือจากการแปรรูปสัตว์น้้าโดยใช้หนอนแมลงวันเพ่ือผลิตโปรตีนทางเลือก
ส้าหรับใช้ทดแทนปลาป่นในอาหารสัตว์น้้า ส้าหรับแผนด้าเนินงานในอนาคต ทางอาจารย์
และนักวิจัยของสาขาความเป็นเลิศฯ มีแผนที่จะน้าเศษเหลือทางการเกษตรและผลพลอย
ได้จากโรงงานอุตสาหกรรมมาใช้ประโยชน์ในด้านต่าง ๆ ที่เกี่ยวกับการเพาะเลี้ยงสัตว์น้้า 
โดยเฉพาะการใช้เป็นแหล่งโปรตีนทางเลือกซึ่งเป็นประเด็นส้าคัญของงานวิจัยด้านการ
เพาะเลี้ยงสัตว์น้้าของโลก ซึ่งการด้าเนินงานดังกล่าว นอกจากจะเป็นการเพ่ิมมูลค่าให้กับ
วัตถุดิบเหลือทิ้งแล้ว ยังเป็นการลดขยะซึ่งอาจจะก่อให้เกิดปัญหาต่อสิ่งแวดล้อมได้   
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สอดคล้องกับการด้าเนินการตามแนวคิด การพัฒนาเศรษฐกิจแบบองค์รวม 3 มิติ  (BCG 
model) และแนวคิดของเสียเหลือศูนย์หรือ Zero waste ที่ส่งเสริมการหมุนเวียน
ทรัพยากรกลับมาใช้ใหม่เพ่ือให้เกิดประโยชน์สูงสุดอย่างยั่งยืน 

 

• การศึกษาการใช้ประโยชน์จากจุลินทรีย์ (microbial organism) ในการเพาะเลี้ยงสัตว์น้้า 

กลุ่มสิ่งมีชีวิตที่จัดอยู่ในประเภท microbial organism ได้แก่ แบคทีเรีย รา ยีสต์ สาหร่าย
เซลล์เดียว รวมถึงสารอนุพันธ์ ผลพลอยได้ หรือเศษเหลือที่เกิดขึ้นระหว่างการเลี้ยงหรือ
เก็บเก่ียวผลผลิต สามารถน้ามาใช้ประโยชน์ในการเพาะเลี้ยงสัตว์น้้าทั้งในส่วนของการผลิต
อาหารสัตว์น้้า การดูแลสภาพแวดล้อมของการเพาะเลี้ยง ด้านสุขภาพของสัตว์น้้า และ
ผลิตภัณฑ์สัตว์และพืชน้้า อาทิเช่น การใช้เป็นแหล่งโปรตีนและกรดอะมิโน แหล่งของ
ไขมันและกรดไขมันที่จ้าเป็นในกลุ่มโอเมก้า 3 และแหล่งของสารออกฤทธิ์ทางชีวภาพ เช่น 
สารสี สารกระตุ้นภูมิคุ้มกัน สารดึงดูดการกินอาหาร ตลอดจนใช้ในการบ้าบัดน้้าเสียและ
ควบคุมคุณภาพน้้า เช่น การใช้แบคทีเรียกลุ่ม Bacillus spp. ที่ผ่านการคัดเลือกสายพันธุ์
ส้าหรับน้ามาใช้เลี้ยงสัตว์น้้าในระบบ biofloc โดยทางอาจารย์และนักวิจัยของสาขาความ
เป็นเลิศฯ มีโครงการวิจัยที่เกี่ยวข้องกับการน้าจุลินทรีย์มาใช้ประโยชน์ ทั้งที่ด้าเนินการ
แล้วเสร็จ ซึ่งบางส่วนได้รับการตีพิมพ์เผยแพร่ในวารสารระดับนานาชาติ ตัวอย่างเช่น 
องค์ประกอบของวัคซีนเชื้อตายแบบผสมส้าหรับป้องกันโรคสเตรปโตคอคโคซีสในสัตว์น้้า
และกรรมวิธ๊การผลิตองค์ประกอบของวัคซีนดังกล่าว การประยุกต์ใช้สารสีที่ผลิตจาก
แบคทีเรีย Paracoccus carotinifaciens ในอาหารกุ้งขาว ตลอดจนสามารถพัฒนาเป็น
ต้นแบบผลิตภัณฑ์ส้าหรับน้าไปใช้ในเชิงพาณิชย์ในการเพาะเลี้ยงสัตว์น้้า เช่น การวิจัยกล้า
เชื้อเฮเทอโรโทรฟิคไนตริไฟอิงแบคทีเรียทนเค็มที่มีประสิทธิภาพในการก้าจัดสารอนินทรีย์
ไนโตรเจน และโดยงานวิจัยดังกล่าวมีการน้าไปใช้ประโยชน์ ในสภาพการเลี้ยงจริงของ
เกษตรกรและจดสิทธิบัตรเป็นที่เรียบร้อย (ดังรายงานในข้อ 2.2.9) 
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บทที่ 3  สรุปงบประมาณ  
 

 
งบประมาณที่อนุมัตติามข้อเสนอโครงการ ปีละ   4,000,000 บาท (งวดละ 50%) 

ส ำหรับกำรเบิกจำ่ยจริงมรีำยละเอยีด ดังปรำกฏในข้อ 1), 2), 3) 4), 5)   
3.1 รายรับ 

งบประมำณที่ไดร้ับจำกมหำวิทยำลัยรวมทั้งสิ้น 11,998,743 บำท (สิบเอ็ดล้ำนเก้ำแสนเก้ำหมื่นแปดพันเจ็ด
ร้อยสีส่ิบสำมบำทถ้วน) โดยมสีัดสว่น มหำวิทยำลัย:วิทยำเขตหำดใหญ่:วิทยำเขตปตัตำนี:วิทยำเขตสุรำษฎร์ธำนี เท่ำกับ 35: 8.4: 
8.3: 8.3% และมีกำรเบิกจ่ำยจ ำนวน 6 งวด ซึ่งครอบคลุม 3 ปีงบประมำณ (ดังรำยละเอียดในตำรำงกำรเบิกเงินงวด) แต่
ด ำเนินกำร 5 ปี ตำมข้อตกลงในโครงกำร  

 

งบประมาณที่ได้รับจากมหาวิทยาลัยและวิทยาเขตระยะเวลา 5 ปี ตั้งแต่ 2560-2565 

  

คณะ/หน่วยงานที่สนับสนนุ จ านวนเงิน (บาท) วันที่ได้รับการสนับสนุน 
มหาวิทยาลัย 35% 

งวดที่ 1  ปีท่ี1 (2560) 
งวดที่ 2  ปีท่ี 1 (2560) 
งวดที่ 1 ปีท่ี 2 (2561) 
งวดที่ 2 ปีท่ี 2 (2562) 
งวดที่ 1 ปีท่ี 3 (2563) 
งวดที ่ 2 ปีท่ี 3 (2563) 

 
668,000 
668,000 
668,000 
668,000 
668,000 
668,000 

 
4 กรกฎำคม 2560 
3  กันยำยน 2561 
4 มิถุนำยน 2562 
8 เมษำยน 2563 
29 เมษำยน 2564 
26 มกรำคม 2565 

วิทยาเขตหาดใหญ่  8.4 % 
งวดที่  1  ปีท่ี1 (2560) 
งวดที่ 2  ปีท่ี 1 (2560) 
งวดที่ 1 ปี ที่ 2 (2561) 
งวดที่ 2 ปีท่ี 2  (2562) 
งวดที ่1 ปีท่ี 3  (2563) 

             งวดที่ 2 ปีที ่3 (2563) 

 
200,000 
200,000 
200,000 
200,000 
200,000 
200,000 

 
25 กรกฎำคม 2560 
14  กันยำยน 2561 
10  มิถุนำยน 2562 
25 มิถุนำยน 2563 
17 กันยำยน 2564 
26 มกรำคม 2565 

วิทยาเขตปัตตานี 8.3% 
งวดที่ 1 ปีท่ี 1  (2560) 
งวดที่ 2 ปีท่ี  1 (2560) 
งวดที่ 1  ปีท่ี 2 (2561) 
งวดที่ 2  ปีท่ี  2 (2562) 
งวดที่ 1 ปีท่ี 3 (2563) 

             งวดที่ 2 ปีที่ 3 (2563) 

 
166,000 
166,000 
166,000 
166,000 
166,000 
166,000 

 
2 สิงหำคม 2560 
5  ตุลำคม 2561 

12 มิถุนำยน 2562 
21 เมษำยน 2563 

12  พฤษภำคม 2564 
4  กุมภำพันธ์ 2565 

วิทยาเขตสุราษฎร์ธานี 8.3% 
งวดที่ 1 ปีท่ี 1 (2560) 
งวดที่ 2 ปีท่ี 1 (2560) 
งวดที่ 1 ปีท่ี 2 (2561) 
งวดที่ 2 ปีท่ี 2 (2562) 
งวดที่ 1 ปีท่ี 3 (2563) 

             งวดที่ 2 ปี่ที่ 3 (2563) 

 
166,000 
166,000 
166,000 
166,000 
166,000 
166,000 

 
13  กันยำยน 2560 

5 ตุลำคม 2561 
8 กรกฎำคม 2562 
15 มิถุนำยน 2563 

14  พฤษภำคม 2564 
20 พฤษภำคม 2565 
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งบประมาณที่ได้รับจากคณะที่เข้าร่วมโครงการ ระยะเวลา 5 ปี ตั้งแต่ 2560-2565 

 
งบประมาณที่ได้รับจากคณะทรัพยากรธรรมชาติ และคณะวิทยาศาสตร์และเทคโนโลยี 

 

คณะ/หน่วยงานท่ีสนับสนุน 
ปีท่ี 1 ปีท่ี 2 ปีท่ี 3 รวมทั้งสิ้น 

(บาท) งวดที่ 1 งวดที่ 2 งวดที่ 1 งวดที่ 2 งวดที่ 1 งวดที่ 2 

มหำวิทยำลัย (35%) 668,000 668,000 668,000 668,000 668,000 668,000 4,008,000 

วิทยำเขตหำดใหญ่ (8.4%) 200,000 200,000 200,000 200,000 200,000 200,000 1,200,000 

วิทยำเขตปัตตำนี (8.4%) 166,000 166,000 166,000 166,000 166,000 166,000 996,000 

วิทยำเขตสุรำษฎร์ธำนี 
(8.4%) 

166,000 166,000 166,000 166,000 166,000 166,000 996,000 

คณะทรัพยำกรธรรมชำติ 
(20%) 

400,000 400,000 400,000 400,000 400,000 400,000 2,400,000 

คณะวิทยำศำสตร์และ
เทคโนโลยี (20%) 

399,581 399,581 400,000 400,000 400,000 399,581 2,398,743 

รวมทั้งสิ้น 1,999,581 1,999,581 2,000,000 2,000,000 2,000,000 1,999,581 11,998,743 

 

  

คณะ/หน่วยงานที่สนับสนนุ จ านวนเงิน (บาท) วันที่ได้รับการสนับสนุน 
คณะทรัพยากรธรรมชาติ 20% 

งวดที่ 1 ปีท่ี 1 (2560) 
งวดที่ 2 ปีท่ี 1 (2560) 
งวดที่ 1 ปีท่ี 2 (2561) 
งวดที่ 2 ปีท่ี 2 (2562) 
งวดที่ 1ปีท่ี 3 (2563) 
งวดที่ 2 ปีท่ี 3 (2563) 

คณะวิทยาศาสตร์และเทคโนโลยี 20% 
งวดที่ 1 ปีท่ี 1 (2560) 
งวดที่ 2 ปีท่ี 1 (2560) 
งวดที่ 1 ปีท่ี 2 (2561 
งวดที่ 2 ปีท่ี 2 (2562) 
งวดที่ 1 ปีท่ี 3 (2563) 
งวดที่  2 ปีท่ี 3 (2563) 

 
400,000 
400,000 
400,000 
400,000 
400,000 
400,000 

 
399,581 
399,581 
400,000 
400,000 
400,000 
399,581 

 
  
  
  

  
 
 

 
 
 
 
 
 
 

 
 

งบประมาณที่ได้รับทั้งสิ้น 
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     18 กรกฎำคม 2560
10 กันยำยน 2561
10 มิถุนำยน 2562

 12 พฤษภำคม 2563 7 
พฤษภำคม 25647 
กุมภำพันธ์ 2565

22  กันยำยน 2560
11  ตุลำคม  2561
28  มิถุนำยน 2562
5 พฤษภำคม 2563
20 พฤษภำคม 2564
10 กุมภำพันธ์ 2565



3.2 ส าเนาบัญชีสมุดเงินฝาก 
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3.3  รายละเอียดดอกเบี้ย และยอดเงินคงเหลือ 

 
  ดอกเบี้ย 

คร้ังท่ี จ านวนเงิน (บาท) วันที ่
1 0.34 25/06/17 
2 3,690.78 25/12/17 
3 3468.62 25/06/18 
4 2382.93 25/12/18 
5 568.87 25/06/19 
6 1342.54 25/12/19 
7 734.24 25/06/20 
8 68.94 25/12/20 
9 240.85 25/06/21 
10 273.93 25/12/21 
11 1331.12 25/06/22 
12 826.00 25/12/22 

รวมเป็นเงินทั้งสิ้น 14,929.16 (หนึ่งหมื่นสี่พันเก้าร้อยยี่สิบเก้าบาทสิบหกสตางค์) 
 
 
 
สรุปรายการงบประมาณ และยอดเงินคงเหลือ 

 
รายการ (บาท) 

รายรับเข้าบัญชี  

- งบประมำณที่ไดร้ับ 11,998,743.- 

- ดอกเบี้ยทั้งสิ้น 14,929.16 

-  เปิดบัญชี วันท่ี 8 พฤษภำคม  2560 ชุติมำบริจำค 500.- 

 

1. รวมงบประมำณทีไ่ดร้ับ+ดอกเบี้ย*+เปิดบัญชี 12,014,172.16 

2. งบประมำณที่จ่ำยท้ังสิ้น 11,385,834.75 

 3. ยอดเงินคงเหลือในบัญชี ณ. วันท่ี 27     ม.ค. 66  628,337.41 

 * ตั้งแต่เริ่มเปดิ บัญชี ถึง วันท่ี 27 ม.ค. 66 
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3.4  รายการใช้จ่าย 
 

ที ่ รายการ จ านวนเงิน 
งบประมาณ 

ตามแผน 5 ปี ใช้จ่ายจริง 
 ค่าจ้างผู้ประสานงานส่วนกลาง  (15,000 / เดือน)   900,000.- 880,000.- 

 

ปีท่ี 1 - ค่ำจ้ำงนำงสำวจำมจุรี อนันต์กุล กรกฎำคม 2560  10,000.- 
       - ค่ำจ้ำงเหมำนำงสำวธีรวรรณ แสงมณี เดือนละ 15000.- 

           ระหว่ำงเดือน กันยำยน 2560 - มิถุนำยน 2561 

10,000.- 
150,000.- 

  

1 
ปีท่ี 2 - ค่ำจ้ำงเหมำนำงสำวธีรวรรณ แสงมณี 

           ระหว่ำงเดือนกรกฎำคม 2561- มิถุนำยน 2562 
180,000.- 

 

ปีท่ี 3 - ค่ำจ้ำงเหมำนำงสำวธีรวรรณ แสงมณ ี
              ระหว่ำงเดือนกรกฎำคม 2562 - มิถุนำยน 2563 

180,000.- 

ปีท่ี 4 - ค่ำจ้ำงเหมำนำงสำวธีรวรรณ แสงมณี 
              ระหว่ำงเดือนกรกฎำคม 2563 - มิถุนำยน 2564 

180,000.- 

ปีท่ี 5 - ค่ำจ้ำงเหมำนำงสำวธีรวรรณ แสงมณี 
              ระหว่ำงเดือนกรกฎำคม 2564 - มิถุนำยน 2565 

180,000.- 

   
2  

ทุนสนับสนุนบัณฑิตศึกษา  
 ค่าธรรมเนียมการศึกษาภาคการศึกษาละ 

28,000.-บาท ดังนี้ 
 3,920,000 3,192,000 

 2.1 ระดับปริญญาโท  
• นางสาวอมรรัตน์ อุตสาหะ 
- ภำคกำรศึกษำที่ 1/2560 
- ภำคกำรศึกษำที่ 2/2560 
- ภำคกำรศึกษำที่ 1/2561 
- ภำคกำรศึกษำที่ 2/2561 

 
 
 

112,000 
 
 

  

 • นางสาวอมราวดี เทพคุม 
- ภำคกำรศึกษำที่ 2/2560 
- ภำคกำรศึกษำที่ 1/2561 
- ภำคกำรศึกษำที่ 2/2561 
- ภำคกำรศึกษำที่ 1/2562 

 
 

112,000 
 

 

  

 • นางสาวเยาวภา เพ็งสกุล 
- ภำคกำรศึกษำที่ 1/2560 
- ภำคกำรศึกษำที่ 2/2560 
- ภำคกำรศึกษำที่ 1/2561 
- ภำคกำรศึกษำที่ 2/2561 

 
 

112,000 
 

 
 
 

 • นางสาวปาริฉัตร สังข์ทอง 
- ภำคกำรศึกษำที่ 1/2560 
- ภำคกำรศึกษำที่ 2/2560 
- ภำคกำรศึกษำที่ 1/2561 
- ภำคกำรศึกษำที่ 2/2561 

112,000 
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ที ่ รายการ จ านวนเงิน 
งบประมาณ 

ตามแผน 5 ปี ใช้จ่ายจริง 
 ทุนสนับสนุนบัณฑิตศึกษา  

 ค่าธรรมเนียมการศึกษาภาคการศึกษาละ 28,000.-บาท ดังนี้ 
 

 
  

• นางสาวภาวินีย์ กลีบทอง 
  -  ภำคกำรศึกษำที่ 2/2560 

-  ภำคกำรศึกษำที่ 1/2561 
-  ภำคกำรศึกษำที่ 2/2561 
-  ภำคกำรศึกษำที่ 1 /2562 

 
112,000 

 
 
 

  

 • Dg siti Rahayu Binti Zaihurin 
- -  ภำคกำรศึกษำที่ 2/2560 

-  ภำคกำรศึกษำที่ 1/2561 
-  ภำคกำรศึกษำท่ี 2/2561 
-  ภำคกำรศึกษำที่ 1 /2562 

 
112,000 

 
 
 

  

 • Ms. Rocelene Veraann Rukimin 
-  ภำคกำรศึกษำที่ 2/2560 
-  ภำคกำรศึกษำที่ 1/2561 
-  ภำคกำรศึกษำที่ 2/2561 
-  ภำคกำรศึกษำที่ 1 /2562 

 
 

112,000 
 

  

 • นางสาวอรอนงค์  ศรีประเสริฐ 
-  ภำคกำรศึกษำที่ 2/2560 
-  ภำคกำรศึกษำที่ 1/2561 
-  ภำคกำรศึกษำที่ 2/2561 
-  ภำคกำรศึกษำที่ 1 /2562 

 
 

112,000 
 

  

 • นางสาวสุดารัตน์  จันทคาม 
-  ภำคกำรศึกษำที่ 1/2561 
-  ภำคกำรศึกษำที่ 2 /2561 

 
56,000 

 
  

 • นางสาวสุเมษา  พ่วงพี 
-  ภำคกำรศึกษำที่ 1/2561 
-  ภำคกำรศึกษำที่ 2 /2561 
- ภำคกำรศึกษำที่ 1/2562 
- ภำคกำรศึกษำที่ 2/2562 

 
 

112,000 
 

 

 
 
 
 

 

 

 • นางสาวธัญญภัทร   ช านินา 
-  ภำคกำรศึกษำที่ 1/2561 
-  ภำคกำรศึกษำที่ 2 /2561 
- ภำคกำรศึกษำที่ 1/2562 
• - ภำคกำรศึกษำที่ 2/2562 

 
 

112,000   

 • นางสาวกนกวรรณ   มาเอียด 
-  ภำคกำรศึกษำที่ 1/2561 
-  ภำคกำรศึกษำที่ 2 /2561 

 
56,000 
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ที ่ รายการ จ านวนเงิน 
งบประมาณ 

ตามแผน 5 ปี ใช้จ่ายจริง 
 ทุนสนับสนนุบัณฑิตศึกษา  

 ค่าธรรมเนียมการศึกษาภาคการศึกษาละ 28,000.-บาท ดังนี้    

 • นางสาวธนพรรณ  จอมบดินทร์ 
-  ภำคกำรศึกษำที่ 1/2561 
-  ภำคกำรศึกษำที่ 2 /2561 
- ภำคกำรศึกษำที่ 1/2562 
- ภำคกำรศึกษำที่ 2/2562 

 
 

112,000 
 

 

  

 • นายศักราช พัฒน์เอี่ยม   
-  ภำคกำรศึกษำที่ 1/2561 
-  ภำคกำรศึกษำที่ 2 /2561 
- ภำคกำรศึกษำที่ 1/2562 
- ภำคกำรศึกษำที่ 2/2562 

 

 
 

112,000 
 

 

  

 • นายวศินะ  รุ่งเรือง 
-  ภำคกำรศึกษำที่ 1/2561 
-  ภำคกำรศึกษำที่ 2 /2561 
- ภำคกำรศึกษำที่ 1/2562 
- ภำคกำรศึกษำที่ 2/2562 

 

 

  

 • นางสาวศจีณัฐ  ศรีทองธรรม 
-  ภำคกำรศึกษำที่ 1/2561 
-  ภำคกำรศึกษำที่ 2 /2561 
- ภำคกำรศึกษำที่ 1/2562 
- ภำคกำรศึกษำที่ 2/2562 

 
 

112,000 
 
 

  

 • นางสาววรรณิษา แสงแก้ว 
-  ภำคกำรศึกษำที่ 1/2561 
-  ภำคกำรศึกษำที่ 2 /2561 
- ภำคกำรศึกษำที่ 1/2562 
- ภำคกำรศึกษำที่ 2/2562 

 
 

112,000 
 
 

  

 • นางสาวมัณฑณา  ดอนนกลาย 
-  ภำคกำรศึกษำที่ 2/2561 
-  ภำคกำรศึกษำที่ 1/2562 
- ภำคกำรศึกษำที่ 2/2562 
- ภำคกำรศึกษำที่ 1/2563 

 
 

112,000 
 

  

 • นางสาวนิรอยฮานนะห์  นิมา 
-  ภำคกำรศึกษำที่ 1/2561 
-  ภำคกำรศึกษำที่ 2 /2561 
- ภำคกำรศึกษำที่ 1/2562 
- ภำคกำรศึกษำที่ 2/2562 

 
 

112,000 
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ที ่ รายการ จ านวนเงิน 
งบประมาณ 

ตามแผน 5 ปี ใช้จ่ายจริง 
 • นางสาววันวิสา  สังข์วงศ ์

- ภำคกำรศึกษำที่ 1/2562 
- ภำคกำรศึกษำที่ 2/2562 
-  ภำคกำรศึกษำท่ี 1/2563 
-  ภำคกำรศึกษำที่ 2/2563 

 
 

112,000 
 

 

  

 • นายวัชริศ  ต่ันไพโรจน์ 
- ภำคกำรศึกษำที่ 1/2562 
- ภำคกำรศึกษำที่ 2/2562 

 
56,000 

 
  

 • นายภูษณ  แก้วคง 
   - ภำคกำรศึกษำที่ 1/2562 

- ภำคกำรศึกษำที่ 2/2562 
-  ภำคกำรศึกษำที่ 1/2563 
-  ภำคกำรศึกษำที่ 2/2563 

 
 

112,000 
 

 

  

 • นางสาวชลนัดา  ก าเหนิดดี 
-  ภำคกำรศึกษำที่ 1/2562 
-  ภำคกำรศึกษำที่ 2/2562 
-   ภำคกำรศึกษำที่ 1/2563 
-   ภำคกำรศึกษำที่ 2/2563 

 
 

112,000 
 

  

 • นายอภิสิทธิ์   กิ้มต้ัน 
- ภำคกำรศึกษำที่ 1/2562 
- ภำคกำรศึกษำที่ 2/2562 
-  ภำคกำรศึกษำที่ 1/2563 
-  ภำคกำรศึกษำที่ 2/2563 

 
 

112,000 
 

  

 • นางสาวซ าซียะห์  แวสมาแอ 
- ภำคกำรศึกษำที่ 1/2562 
-  ภำคกำรศึกษำที่ 2/2562 
-  ภำคกำรศึกษำที่ 1/2563 
-  ภำคกำรศึกษำที่ 2/2563 

 
 

112,000 
 

  

 • นางสาวฮานาน  หะยีมะดีเย๊าะ 
- ภำคกำรศึกษำที่ 1/2562 
- ภำคกำรศึกษำที่ 2/2562 
-  ภำคกำรศึกษำท่ี 1/2563 
-  ภำคกำรศึกษำที่ 2/2563 

 
 

112,000 
 
 

  

 • IHSAN HANI BINTI RADZI 
- ภำคกำรศึกษำที่ 2/2562 
- ภำคกำรศึกษำที่ 1/2563 
-  ภำคกำรศึกษำที่ 2/2563 
-  ภำคกำรศึกษำที่ 1/2564 

 
112,000 
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ที ่ รายการ จ านวนเงิน 
งบประมาณ 

ตามแผน 5 ปี ใช้จ่ายจริง 
 • นายนพดล พัวพัน 

- ภำคกำรศึกษำที่ 2/2562 
- ภำคกำรศึกษำที่ 1/2563 
-  ภำคกำรศึกษำที่ 2/2563 
-  ภำคกำรศึกษำที่ 1/2564 
 

 
 

112,000 
 
 
 

  

 • นายฮากีม  มะหะหมัด   
- ภำคกำรศึกษำที่ 1/2563 
-  ภำคกำรศึกษำที่ 2/2563 
-  ภำคกำรศึกษำที่ 1/2564 
-  ภำคกำรศึกษำที่ 2/2564 

 
 

112,000 
 
 

  

 • สุธาทิพย์  คงปล้อง 
- ภำคกำรศึกษำที่ 1/2563 
-  ภำคกำรศึกษำที่ 2/2563 
-  ภำคกำรศึกษำที่ 1/2564 
-  ภำคกำรศึกษำที่ 2/2564 

 
 

112,000 
  

 สนับสนุนค่าครองชีพนักศึกษา 5,000บาท/คน/เดือน 
โดยเบิกจ่ำยเป็นงวด งวดละ 20,000 บำท (4 เดือน) 
รำยละเอียดดังนี ้

 4,200,000 3,520,000 

 • นางสาวอมรรัตน์ อุตสาหะ 
- ค่ำครองชีพงวดที่ 1 ระหว่ำง เดือน ก.ย.-ธ.ค. 60 
- ค่ำครองชีพงวดที่ 2 ระหว่ำง เดือน ม.ค.-เม.ย. 61 
- ค่ำครองชีพงวดที่ 3ระหว่ำง เดือน พ.ค.-ส.ค. 61 
- ค่ำครองชีพงวดที่ 4 ระหว่ำง เดือน ก.ย.- ธ.ค. 61 
- ค่ำครองชีพงวดที่ 5 ระหว่ำง เดือน ม.ค.- เม.ย. 62 
- ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมือ่ส ำเร็จกำรศึกษำ  

120,000   

 • นางสาวอมราวดี เทพคุม 
- ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.-ธ.ค. 60 
- ค่ำครองชีพงวดที่ 2 ระหว่ำง เดือน ม.ค.-เม.ย. 61 
- ค่ำครองชีพงวดที่ 3ระหว่ำง เดือน พ.ค.-ส.ค. 61 
- ค่ำครองชีพงวดที่ 4 ระหว่ำง เดือน ก.ย.- ธ.ค. 61 

100,000   

 นางสาวเยาวภา เพ็งสกุล 
- ค่ำครองชีพงวดที่ 1 ระหว่ำง เดือน ก.ย.-ธ.ค. 60 
- ค่ำครองชีพงวดที่ 2 ระหว่ำง เดือน ม.ค.-เม.ย. 61 
- ค่ำครองชีพงวดที่ 3ระหว่ำง เดือน พ.ค.-ส.ค. 61 
- ค่ำครองชีพงวดที่ 4 ระหว่ำง เดือน ก.ย.- ธ.ค. 61 
- ค่ำครองชีพงวดที่ 5 ระหว่ำง เดือน ม.ค.- เม.ย. 62 
- ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมือ่ส ำเร็จกำรศึกษำ 
-  

120,000   
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ที ่ รายการ งบประมาณ 

สนับสนุนค่าครองชีพนักศึกษา 5,000บาท/คน/เดือน 
โดยเบิกจ่ายเป็นงวด งวดละ 20,000 บาท (4 เดือน) 
รายละเอียดดังนี้ 

จ านวนเงิน ตามแผน 5 ปี ใช้จ่ายจริง 

 • นางสาวปาริฉัตร สังข์ทอง 
- ค่ำครองชีพงวดที่ 1 ระหว่ำง เดือน ก.ย.-ธ.ค. 60 
- ค่ำครองชีพงวดที่ 2 ระหว่ำง เดือน ม.ค.-เม.ย. 61 
- ค่ำครองชีพงวดที่ 3ระหว่ำง เดือน พ.ค.-ส.ค. 61 
- ค่ำครองชีพงวดที่ 4 ระหว่ำง เดือน ก.ย.- ธ.ค. 61 
- ค่ำครองชีพงวดที่ 5 ระหว่ำง เดือน ม.ค.- เม.ย. 62 
- ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมือ่ส ำเร็จกำรศึกษำ 

120,000   

 • นางสาวภาวินีย์ กลีบทอง 
- ค่ำครองชีพงวดที่ 1 ระหว่ำง เดือน ก.ย.-ธ.ค. 60 
- ค่ำครองชีพงวดที่ 2 ระหว่ำง เดือน ม.ค.-เม.ย. 61 
- ค่ำครองชีพงวดที่ 3ระหว่ำง เดือน พ.ค.-ส.ค. 61 
- ค่ำครองชีพงวดที ่4 ระหว่ำง เดือน ก.ย.- ธ.ค. 61 
- ค่ำครองชีพงวดที่ 5 ระหว่ำง เดือน ม.ค.- เม.ย. 62 
- ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมือ่ส ำเร็จกำรศึกษำ 

120,000   

 • Dg siti Rahayu Binti Zaihurin 
- ค่ำครองชีพงวดที่ 1 ระหว่ำง เดือน ม.ค.-เม.ย. 61 
- ค่ำครองชีพงวดที่ 2 ระหว่ำง เดือน พ.ค.-ส.ค. 61 
- ค่ำครองชีพงวดที่ 3 ระหว่ำง เดือน ก.ย.- ธ.ค. 61 
- ค่ำครองชีพงวดที่ 4 ระหว่ำง เดือน ม.ค.- เม.ย. 62 
- ค่ำครองชีพงวดที่ 5 ระหว่ำง เดือน พ.ค.-ส.ค. 62 
- ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมือ่ส ำเร็จกำรศึกษำ 

120,000   

 • Ms. Rocelene Veraann Rukimin 
- ค่ำครองชีพงวดที ่1 ระหว่ำง เดือน ม.ค.-เม.ย. 61 
- ค่ำครองชีพงวดที่ 2 ระหว่ำง เดือน พ.ค.-ส.ค. 61 
- ค่ำครองชีพงวดที่ 3 ระหว่ำง เดือน ก.ย.- ธ.ค. 61 
- ค่ำครองชีพงวดที่ 4 ระหว่ำง เดือน ม.ค.- เม.ย. 62 
- ค่ำครองชีพงวดที่ 5 ระหว่ำง เดือน พ.ค.-ส.ค. 62 
- ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมือ่ส ำเร็จกำรศึกษำ 

120,000   

 • นางสาวอรอนงค์  ศรีประเสริฐ 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ม.ค.-เม.ย. 61 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน พ.ค.-ส.ค. 61 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน ก.ย.- ธ.ค. 61 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ม.ค.- เม.ย. 62 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน พ.ค.-ส.ค. 62 
- ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 
 

120,000   
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ท่ี 
 

รายการ งบประมาณ 

สนับสนุนค่าครองชีพนักศึกษา 5,000บาท/คน/เดือน 
โดยเบิกจ่ายเป็นงวด งวดละ 20,000 บาท (4 เดือน)รายละเอียดดังนี้ จ านวนเงิน ตามแผน 5 ปี ใช้จ่ายจริง 

 • นางสาวสุดารัตน์  จันทคาม 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.- ธ.ค. 61 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน ม.ค.- เม.ย. 62 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน พ.ค.-ส.ค. 62 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ก.ย.-ธ.ค. 62 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน ม.ค.-เม.ย. 63 
-  ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 

100,000   

 • นางสาวสุเมษา  พ่วงพี 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.- ธ.ค. 61 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน ม.ค.- เม.ย. 62 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน พ.ค.-ส.ค. 62 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ก.ย.-ธ.ค. 62 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน ม.ค.-เม.ย. 63 
-  ค่ำครองชีพงวดสุดท้ำยเมื่อส ำเรจ็กำรศึกษำ 
-  ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 

120,000   

 • นางสาวธัญญภัทร   ช านินา 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.- ธ.ค. 61 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน ม.ค.- เม.ย. 62 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน พ.ค.-ส.ค. 62 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ก.ย.-ธ.ค. 62 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน ม.ค.-เม.ย. 63 
-  ค่ำครองชีพงวดสุดท้ำยเมื่อส ำเรจ็กำรศึกษำ 
-  ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 

120,000   

 • นางสาวกนกวรรณ   มาเอียด 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.- ธ.ค. 61 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน ม.ค.- เม.ย. 62 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน พ.ค.-ส.ค. 62 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ก.ย.-ธ.ค. 62 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน ม.ค.-เม.ย. 63 
- ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 

120,000   

 
 
 
 
 
 

• นางสาวฐิติชญา   แสงประดับ 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.- ธ.ค. 61 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน ม.ค.- เม.ย. 62 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน พ.ค.-ส.ค. 62 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ก.ย.-ธ.ค. 62 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดือน ม.ค.-เม.ย. 62 

80,000.-   
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ที ่

รายการ งบประมาณ 
สนับสนุนค่าครองชีพนักศึกษา 5,000บาท/คน/เดือน 
โดยเบิกจ่ายเป็นงวด งวดละ 20,000 บาท (4 เดือน) 
รายละเอียดดังนี้ 

จ านวนเงิน ตามแผน 5 ปี ใช้จ่ายจริง 

 • นายศักราช พัฒน์เอี่ยม   
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.- ธ.ค. 61 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน ม.ค.- เม.ย. 62 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน พ.ค.-ส.ค. 62 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ก.ย.-ธ.ค. 62 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน ม.ค.-เม.ย. 63 
-  ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 

120,000   

 • นายวศินะ  รุ่งเรือง 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.- ธ.ค. 61 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน ม.ค.- เม.ย. 62 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน พ.ค.-ส.ค. 62 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ก.ย.-ธ.ค. 62 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน ม.ค.-เม.ย. 63 
- ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 

120,000   

 • นางสาวศจีณัฐ  ศรีทองธรรม 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.- ธ.ค. 61 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน ม.ค.- เม.ย. 62 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน พ.ค.-ส.ค. 62 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ก.ย.-ธ.ค. 62 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน ม.ค.-เม.ย. 63 
- ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 

120,000   

 • นางสาววรรณิษา แสงแก้ว 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ม.ค.- เม.ย. 62 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน พ.ค.-ส.ค. 62 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน ก.ย.-ธ.ค. 62 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ม.ค.-เม.ย. 63 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน พ.ค.-ส.ค. 63 
-  ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 

120,000   

  
• นางสาวมัณฑณา  ดอนนกลาย 

-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ม.ค.- เม.ย. 62 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน พ.ค.-ส.ค. 62 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน ก.ย.-ธ.ค. 62 
-  ค่ำครองชีพงวดที่ 4ระหว่ำง เดือน ม.ค.-เม.ย. 63 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน พ.ค.-ส.ค. 63 
-  ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 
 

120,000   
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 รายการ งบประมาณ 
สนับสนุนค่าครองชีพนักศึกษา 5,000บาท/คน/เดือน 
โดยเบิกจ่ายเป็นงวด งวดละ 20,000 บาท (4 เดือน) 
รายละเอียดดังนี้ 

จ านวนเงิน ตามแผน 5 ปี ใช้จ่ายจริง 

 • นางสาวนิรอยฮานนะห์  นิมา 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.- ธ.ค. 61 
-  ค่ำครองชีพงวดที ่2 ระหว่ำง เดอืน ม.ค.- เม.ย. 62 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน พ.ค.-ส.ค. 62 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ก.ย.-ธ.ค. 62 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน ม.ค.-เม.ย. 63 
-  ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 

120,000   

 • นางสาววันวสิา  สังข์วงศ์ 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.-ธ.ค. 62 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน ม.ค.-เม.ย. 63 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน พ.ค.-ส.ค. 63 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ก.ย.-ธ.ค. 63 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน ม.ค.-เม.ย. 64 
-  ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 

120,000   

 • นายภูษณ  แก้วคง 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.-ธ.ค. 62 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน ม.ค.-เม.ย. 63 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน พ.ค.-ส.ค. 63 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ก.ย.-ธ.ค. 63 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน ม.ค.-เม.ย. 64 
-  ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 

120,000   

 • นางสาวชลนัดา  ก าเหนิดดี 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.-ธ.ค. 62 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน ม.ค.-เม.ย. 63 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน พ.ค.-ส.ค. 63 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ก.ย.-ธ.ค. 63 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน ม.ค.-เม.ย. 64 
-  ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 

120,000   

 • นางสาววชิราภรณ์   สืบโหร 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.-ธ.ค. 62 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน ม.ค.-เม.ย. 63 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน พ.ค.-ส.ค. 63 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ก.ย.-ธ.ค. 63 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน ม.ค.-เม.ย. 64 
-  ค่ำครองชีพงวดที ่6 งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 
 

120,000   
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ที ่ รายการ งบประมาณ 
สนับสนุนค่าครองชีพนักศึกษา 5,000บาท/คน/เดือน 
โดยเบิกจ่ายเป็นงวด งวดละ 20,000 บาท (4 เดือน) 
รายละเอียดดังนี้ 

จ านวนเงิน ตามแผน 5 ปี ใช้จ่ายจริง 

 • นายอภิสิทธิ์   กิ้มต้ัน 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.-ธ.ค. 62 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน ม.ค.-เม.ย. 63 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน พ.ค.-ส.ค. 63 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ก.ย.-ธ.ค. 63 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน ม.ค.-เม.ย. 64 
-  ค่ำครองชีพงวดที่ 6 

120,000   

 • นางสาวซ าซียะห์  แวสมาแอ 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.-ธ.ค. 62 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน ม.ค.-เม.ย. 63 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน พ.ค.-ส.ค. 63 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ก.ย.-ธ.ค. 63 

80,000   

 • นางสาวฮานาน  หะยีมะดเีย๊าะ 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.-ธ.ค. 62 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน ม.ค.-เม.ย. 63 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน พ.ค.-ส.ค. 63 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ก.ย.-ธ.ค. 63 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน ม.ค.-เม.ย. 64 
- ค่ำครองชีพงวดที่ 6 

120,000   

 • IHSAN HANI BINTI RADZI 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ม.ค.-เม.ย. 63 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน พ.ค.-ส.ค. 63 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน ก.ย.-ธ.ค. 63 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดือน ม.ค.-เม.ย. 64 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน พ.ค.-ส.ค. 64 
- ค่ำครองชีพงวดที่ 6   งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 

120,000   

 • นายนพดล พัวพัน 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.-ธ.ค. 62 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน ม.ค.-เม.ย. 63 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน พ.ค.-ส.ค. 63 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ก.ย.-ธ.ค. 63 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน ม.ค.-เม.ย. 64 
-  ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 
 

120,000   
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 รายการ 
 

งบประมาณ 

สนับสนุนค่าครองชีพนักศึกษา 5,000บาท/คน/เดือน 
โดยเบิกจ่ายเป็นงวด งวดละ 20,000 บาท (4 เดือน) 
รายละเอียดดังนี้ 

จ านวนเงิน ตามแผน 5 ปี ใช้จ่ายจริง 

  
• นายฮากีม  มะหะหมัด   
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.-ธ.ค. 63 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน ม.ค.-เม.ย. 4 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน พ.ค.-ส.ค. 64 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ก.ย.-ธ.ค. 64 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน ม.ค.-เม.ย. 65 
-  ค่ำครองชีพงวดที่ 6 งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 

120,000   

 • นางสาวสุธาทิพย์  คงปล้อง 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.-ธ.ค. 63 
-  ค่ำครองชีพงวดที ่2 ระหว่ำง เดอืน ม.ค.-เม.ย. 64 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน พ.ค.-ส.ค. 64 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ก.ย.-ธ.ค. 64 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน ม.ค.-เม.ย. 65 
-  ค่ำครองชีพงวดที่ 6  งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 
 

120,000   

 2.2 ระดับปริญญาเอก 
- ค่าธรรมเนียมการศึกษาระดับบัณฑิตศึกษา คนละ 28000/ ภาค
การศึกษา/คน  รายละเอียดดังนี้ 

784,000 2,296,000 784,000 

  
• นางสาวบัลลกิา หลงอะหล ี

- ภำคกำรศึกษำที่ 1/2560 
- ภำคกำรศึกษำที่ 2/2560 
- ภำคกำรศึกษำที่ 1/2561 
- ภำคกำรศึกษำที่ 2/2561 
- ภำคกำรศึกษำที่ 1/2562 
- ภำคกำรศึกษำท่ี 2/2562 

168,000   

 • นายกานตกานท์  เทพณรงค์ 
-  ภำคกำรศึกษำที่ 1/2560 
- ภำคกำรศึกษำที่ 2/2560 
- ภำคกำรศึกษำที่ 1/2561 
- ภำคกำรศึกษำที่ 2/2561 
- ภำคกำรศึกษำที่ 1/2562 
- ภำคกำรศึกษำที่ 2/2562 
 

168,000   

151



ที ่ รายการ งบประมาณ 
 - ค่าธรรมเนียมการศึกษาระดับบัณฑิตศึกษา คนละ 28000/ ภาค

การศึกษา/คน  รายละเอียดดังนี้ 
จ านวนเงิน ตามแผน 5 ปี ใช้จ่ายจริง 

 • Mr. Solomon Boga Valdon 
-  ภำคกำรศึกษำที่ 2/2561 
-  ภำคกำรศึกษำที่ 1/2562 
-  ภำคกำรศึกษำที่ 2/2562 
-  ภำคกำรศึกษำที่ 1/2563 
-  ภำคกำรศึกษำที่ 2/2563 
-  ภำคกำรศึกษำที่ 1/2564 

168,000   

 • นางสาวเสาวลักษ์ มาละวะ 
-  ภำคกำรศึกษำที่ 1/2563 
-  ภำคกำรศึกษำที่ 2/2563 
-  ภำคกำรศึกษำที่ 1/2564 
-  ภำคกำรศึกษำที่ 2/2564 
-  ภำคกำรศึกษำที่ 1/2565 
-  ภำคกำรศึกษำที่ 2/2565 

168,000   

 • นายราโชว์  ขาวช านาญ 
-  ภำคกำรศึกษำที่ 2/2563 
-  ภำคกำรศึกษำที่ 1/2564 
-  ภำคกำรศึกษำที่ 2/2564 
-  ภำคกำรศึกษำที่ 1/2565 

112,000   

  
-  สนับสนุนค่าครองชีพนกัศึกษา 7,000บาท/คน/เดือน 

โดยเบิกจ่ำยเป็นงวด งวดละ 28,000 บำท (4 เดือน) 
รำยละเอียดดังนี ้

 3,444,000 1,008,000 

  
• นางสาวบัลลกิา หลงอะหล ี
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.-ธ.ค. 60 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน ม.ค.-เม.ย. 61 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน พ.ค.-ส.ค. 61 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ก.ย.- ธ.ค. 61 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน ม.ค.- เม.ย. 62 
-  ค่ำครองชีพงวดที่ 6  ระหว่ำง เดือน พ.ค.-ส.ค. 63 
-  ค่ำครองชีพงวดที่ 7 ระหว่ำง เดอืน ก.ย.- ธ.ค. 63 
- ค่ำครองชีพงวดที่ 8   ระหว่ำง เดือน ม.ค.-เม.ย. 64 
-  ค่ำครองชีพงวดที่ 9  ( เมื่อส ำเรจ็กำรศึกษำ)  

    252,000   
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รายการ งบประมาณ 

สนับสนุนค่าครองชีพนักศึกษา 7,000บาท/คน/เดือน 
โดยเบิกจ่ำยเป็นงวด งวดละ 28,000 บำท (4 เดือน) 
รำยละเอียดดังนี ้

จ านวนเงิน ตามแผน 5 ปี ใช้จ่ายจริง 

 • นายกานตกานท์  เทพณรงค์ 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ก.ย.-ธ.ค. 60 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน ม.ค.-เม.ย. 61 
-  ค่ำครองชีพงวดที ่3 ระหว่ำง เดอืน พ.ค.-ส.ค. 61 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ก.ย.- ธ.ค. 61 
-  ค่ำครองชีพงวดที่ 5 ระหว่ำง เดอืน ม.ค.- เม.ย. 62 
-  ค่ำครองชีพงวดที่ 6  ระหว่ำง เดือน พ.ค.-ส.ค. 63 
-  ค่ำครองชีพงวดที่ 7 ระหว่ำง เดอืน ก.ย.- ธ.ค. 63 
- ค่ำครองชีพงวดที่ 8   ระหว่ำง เดือน ม.ค.-เม.ย. 64 
-  ค่ำครองชีพงวดที่ 9 งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 

252,000   

 • Mr.Solomon Boga Valdon 
-  ค่ำครองชีพงวดที่ 1 ระหว่ำง เดอืน ม.ค.-เม.ย. 62 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน พ.ค.-ส.ค. 62 
-  ค่ำครองชีพงวดที่ 3 ระหว่ำง เดอืน ก.ย.- ธ.ค. 62 
-  ค่ำครองชีพงวดที่ 4 ระหว่ำง เดอืน ม.ค.- เม.ย. 63 
-  ค่ำครองชีพงวดที่ 5  ระหว่ำง เดือน พ.ค.-ส.ค. 63 
-  ค่ำครองชีพงวดที่ 6 ระหว่ำง เดอืน ก.ย.- ธ.ค. 63 
- ค่ำครองชีพงวดที่ 7 ระหว่ำง เดือน ม.ค.- เม.ย. 64 
-  ค่ำครองชีพงวดที่ 8  ระหว่ำง เดือน พ.ค.-ส.ค. 64 
- ค่ำครองชีพงวดที่ 9  งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 

252,000   

 • นางสาวเสาวลักษ์ มาละวะ 
- ค่ำครองชีพงวดที่ 1 ระหว่ำง เดือน ก.ย.- ธ.ค. 63 
-  ค่ำครองชีพงวดที่ 2 ระหว่ำง เดอืน ม.ค.- เม.ย. 64 
-  ค่ำครองชีพงวดที่ 3  ระหว่ำง เดือน พ.ค.-ส.ค. 64 
-  ค่ำครองชีพงวดที ่4 ระหว่ำง เดอืน ก.ย.- ธ.ค. 64 
- ค่ำครองชีพงวดที่ 5 ระหว่ำง เดือน ม.ค.- เม.ย. 65 
-  ค่ำครองชีพงวดที่ 6 ระหว่ำง เดือน พ.ค.- ส.ค 65 
-  ค่ำครองชีพงวดที่ 7 ระหว่ำง เดือน ก.ย.- ธ.ค. 65 
-   ค่ำครองชีพงวดที่ 8 ระหว่ำง เดือน ม.ค.- เม.ย. 66 
-  ค่ำครองชีพงวดที่ 9  งวดสุดท้ำยเมื่อส ำเร็จกำรศึกษำ 

252,000   
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รายการ 
จ านวนเงิน 

งบประมาณ 

ตามแผน 5 ปี ใช้จ่ายจริง 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. 

3. หมวดค่าใช้สอย   
3.1  ค่าตอบแทนผู้บริหารสาขาความเป็นเลิศ  150,000 150,000 
- ปีท่ี 1 ระหว่ำงเดือนกรกฎำคม 2560 - มิถุนำยน 2561 30,000   
- ปีท่ี 2 ระหว่ำงเดือนกรกฎำคม 2561 - มิถุนำยน 2562 30,000   
- ปีท่ี 3 ระหว่ำงเดือนกรกฎำคม 2562 - มิถุนำยน 2563 30,000   
- ปีท่ี 4 ระหว่ำงเดือนกรกฎำคม 2563 - มิถุนำยน 2564 30,000   
- ปีท่ี 5 ระหว่ำงเดือนกรกฎำคม2564 - มิถุนำยน 2565 30,000   

3.2 ค่าจ้างเหมาเพื่อการประสานงานของวิทยาเขตปัตตานี 
 และสุราษฎร์ธานี 

 360,000 252,000 

- ปีท่ี 1 ระหว่ำงเดือนกรกฎำคม 2560 - มิถุนำยน 2561 72,000   
- ปีท่ี 2 ระหว่ำงเดือนกรกฎำคม 2561 - มิถุนำยน 2562 72,000   
- ปีท่ี 3 ระหว่ำงเดือนกรกฎำคม 2562 - มิถุนำยน 2563  
-  (ค่ำจ้ำงเหมำเพื่อกำรประสำนงำนของวิทยำเขตปัตตำนี) 

36,000   

- ปีท่ี 4 ระหว่ำงเดือนกรกฎำคม 2563 - มิถุนำยน 2564 
(ค่ำจ้ำงเหมำเพื่อกำรประสำนงำนของวิทยำเขตปัตตำนี) 

36,000   

- ปีท่ี 5 ระหว่ำงเดือนกรกฎำคม 2564 - มิถุนำยน 2565 
(ค่ำจ้ำงเหมำเพื่อกำรประสำนงำนของวิทยำเขตปัตตำนี) 36,000   

3.3  ค่าใช้จ่ายในการจัดกิจกรรมวิชาการ/ประชุมคณะกรรมการ/ 
ประชุมวางแผนประจ าปี 

 240,000 147,015 

- ค่ำใช้จ่ำยในกำรจัดประโครงกำร 6th PSU – UOM Joint Seminar 
in Aquatic Science 28-5 ธันวำคม  2560 19,130   

- ค่ำใช้จ่ำยในกำรจัดสัมมนำนำนำชำติทำงด้ำนกำรประมงครั้งท่ี 8 
ประจ ำปี 2018 The 8 th International Fishery Symposium 
2018 (ISF2018) ณ โรงแรมเจบี หำดใหญ่ ระหว่ำงวันท่ี 19-21 
พฤศจิกำยน 2561 

30,000   

- ค่ำใช้จ่ำยในกำรจัดประชุมคณะกรรมกำรสำขำควำมเป็นเลิศฯ 24,000   

- ค่ำใช้จ่ำยในกำรจัด โครงกำร DoE  progress report  
   ครั้งที่ 2 ในวันที่ 1 มีนำคม 2562 ณ ห้อง 206 
   คณะทรัพยำกรธรรมชำติ 

19,260   

 - ค่ำโปสเตอร์ในกำรเข้ำร่วมแสดงผลงำนวิชำกำร PSU Research 
Expo 2020 เมื่อวันท่ี 14 กุมภำพันธ์ 2563 ณ ศูนย์ประชุมนำนำชำติ
ฉลองสิรริำชสมบตัิ ครบ 60 ปี 

5,080   

- ค่ำใช้จ่ำยในกำรจัดสัมมนำนำนำชำติ The First International 
Conference on Sustainable Agriculture and Aquaculture 
(ICSAA) :   BCG for Well Being and Food Security  ระหว่ำง
วันที่ 11-12  มกรำคม 2564  ณ มหำวิทยำลัยสงขลำนครินทร์ ณ 
ช้ัน 8 ตึก LRC ม.สงขลำนครินทร์ 

21,545   
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 3.3 ค่าใช้จ่ายในการจัดกิจกรรมวิชาการ/ประชุมคณะกรรมการ/ 
ประชุมวางแผนประจ าปี (ต่อ) 

จ านวนเงิน ตามแผน 5 ปี ใช้จ่ายจริง 

- ค่ำตีพิมพ์และเผยแพร่บทควำมในวำรสำรสงขลำนครินทร์       
(สืบเนื่องจำกงำน ICSAA ) 

28,000   

3.4 การน าเสนอที่ประชุมวิชาทั้งในและต่างประเทศ  39,000 11,715 
- ค่ำลงทะเบียนเข้ำร่วมกำรประชุมวิชำกำร  ISI 2018   ของ  
     Md. Arefin Rahman นักศึกษำในสังกัดสำขำควำมเป็นเลิศฯ   1,500   

- ค่ำเบี้ยเลี้ยงเดินทำงไปเข้ำร่วม KU-PSU Joint Symposium 
ณ Kanazawa University ของ รศ. ดร. ธ ำรงค์ อมรสกุล 

 
4,230   

- ค่ำใช้จ่ำยในกำรเข้ำร่วมน ำเสนอผลงำนวิชำกำร ณ USM 
ประเทศมำเลเซีย ของนำงสำวบัลลิกำ หลงอะหลี นักศึกษำทุน 
DoE 
 

4,985   

- ค่ำโปสเตอร์น ำเสนอผลงำน และแลกเปลี่ยนประสบกำรณ์
เครือข่ำยวิจัยประจ ำปี 2563   ในวันศุกร์ที่ 27 พฤศจิกำยน 
2563 ห้องประชุม LRC2 ช้ัน 8ตึก LRC ณ ม.สงขลำนครินทร์ 

1,000   

3.5 ค่าใช้จ่ายเพ่ือเสริมสร้างความเข้มแข็งทางวิชาการการศึกษาดู
งาน/ฝึกอบรม 

 340,000 68,714.38 

- ค่ำเดินทำงไปปฎิบัติงำน ณ สำธำรณรัฐอินโดเนยีเซียของ ผศ.
ดร.ชุติมำ  ตันติกิตติ เพื่อเข้ำร่วมประชุมวิชำกำร 
International Fisheries Symposium 2017 ในหัวข้อ 
“Projecting ASEAN FEN-PLUS for Sustainable 
Aquaculture, Fisheries and Aquatic Ecosystem” 
ระหว่ำงวันท่ี 6-11 พ.ย. 2560 
 

 
 

26,580.34 
  

- ค่ำเดินทำงไปปฎิบัติงำน ณ University of Miyazaki ประเทศ
ญี่ปุ่น ของ ผศ.ดร.ชุตมิำ  ตันติกิตติ เพื่อเข้ำร่วมโครงกำร 
Sakura Science Program วันท่ี 21-25 กุมภำพันธ์ 2561 
 

 
42,134.04 

  

3.6 ค่าตอบแทนวิทยำกรภำยในและต่ำงประเทศ  180,000 3,000 
 - ค่ำตอบแทน ดร. จ ำเริญศรี ถำวรสุรรณ  จำกศูนย์วิจยัสุขภำพ

สัต์น้ ำสงขลำ  1 มีนำคม 2561 
1,000 

  

- ค่ำตอบแทน ดร.อัตรำ ไชยมงคล จำกศูนย์วิจัยและพัฒนำกำร
เพำะเลี้ยงสัตว์น้ ำชำยฝั่งสงขลำ เขต 6 1 มีนำคม 2561 

1,000 
  

- ค่ำตอบแทน ดร.พุทธ  ส่องแสงจนิดำ 5 ธันวำคม 2560 
1,000 
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ที ่
 
 
 
 
 
 
 
 
 
 
 
 
 
 

รายการ 
 งบประมาณ 

จ านวนเงิน ตามแผน 5 ปี ใช้จ่ายจริง 
3.7 ค่าเดินทางและที่พัก   226,000 10,590 

- ค่ำเดินทำงและที่พักเพื่อเข้ำร่วม  DoE progress report ณ 
คณะทรัพยำกรธรรมชำติ ของคณำจำรย์และนักศึกษำทุน DoE 
วิทยำเขตสุรำษฎร์ ระหว่ำงวันท่ี 28 กุมภำพันธ์-1 มีนำคม 2561 

8,870   

- ค่ำเดินทำงไปปฎิบัติงำน ณ งำนศูนย์วิจัยและพัฒนำกำร
เพำะเลี้ยงสัตว์น้ ำชำยฝั่งสงขลำ เขต 6 ของ ผศ.ดร.ชุติมำ  ตันติ
กิตติ พร้อมด้วย ดร.เอกนรินทร์ รอดเจริญ และ Dr.Sara วันที่ 
14  สิงหำคม 2561 

660   

- ค่ำเดินทำงไปปฎิบัติงำน ณ อ.สทิงพระ จ.สงขลำ ของ              
ดร.เอกนรินทร์ รอดเจรญิ  21 สิงหำคม 2561 1,060   

3.8 ค่าสาธารณูปโภค  45,000 7,190 
- ค่ำโทรศัพท์มือถือส ำหรับผู้ประสำนงำน และอื่นๆ 7,190   

3.9 ค่าบ ารุงรักษาครุภัณฑ์  269,000 50,000 

- ค่ำบ ำรุงรักษำครุภณัฑ์ (ปัตตำนี) 50,000   

 3.10 ค่าจ้างเหมาจ่ายผู้ช่วยวิจัย/สืบค้นข้อมลู 
- Md. Arefin Rahman ระหว่ำง 1 กรกฎำคม 2564 - 30 

เมษำยน 2565 เดือนละ 15,000.- บำท 
- นำยวัชริศ ตั่นไพโรจน์ ระหว่ำง เดอืนพฤษภำคม - มิถุนำยน 

2565  เดือนละ 15,000 บำท 
- นักวิจัยหลังปริญญำเอก  Md. Arefin Rahman ระหว่ำงเดือน 

พฤษภำคม 2565- มิถุนำยน 2565 เดือนละ 30,000 บำท 

150,000 
 

30,000 
 

60,000 

 240,000 

4 ค่าวัสดุ  (476,000) (164,430.37) 
 4.1 ค่าหมึกพิมพ์และวัสดุคอมพิวเตอร์   96,000 14,430.37 

4.2  ค่าวัสดุส าหรับห้องปฎิบัติการรวม (3 Units)  380,000 150,000 
- วัสดุส ำหรับห้องปฎิบัติกำรสุรำษฎร์ธำนี  50,000   
-  วัสดุส ำหรับห้องปฎิบัติกำรหำดใหญ่ 50,000   
-  วัสดุส ำหรับห้องปฎิบัติกำรปัตตำนี 50,000   

5 ค่าครุภัณฑ์  762,000 617,180 
 - คอมพิวเตอรส์ ำหรับผู้ประสำนงำน 19,480   

- เครื่องช่ังไฟฟ้ำทศนิยม 2 ต ำแหน่ง (BSA3202S-CW 
“Sartorius” ห้องปฏิบัติกำรหำดใหญ่  

48,000   

- ชุดถ่ำยภำพและประมวลผลสำรพนัธุกรรมจำกเจล ห้องปฏิบตัิกำร
สุรำษฎร์ธำนี 

199,700   

- เครื่องวัดคณุภำพน้ ำแบบสนำมหลำยตัวแปร (Multi-probe) 
ห้องปฏิบัติกำรปตัตำน ี

200,000   

- ชุดรับสญัญำณภำพแบบดิจิตอล ห้องปฏิบัติกำรหำดใหญ่ 150,000   
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ที ่ รายการ จ านวนเงิน 
งบประมาณ 

ตามแผน 5 ปี ใช้จ่ายจริง 
6 ค่าสิ่งก่อสร้าง  622,000 200,000 
 • ปรับปรุงห้องปฏิบัติการ 

- ปรับปรุงโรงเรือนเพำะเลีย้งสัตว์น้ ำห้องปฏิบัติกำร 
สุรำษฎร์ธำน ี

200,000 
 

  

7. ค่าใช้จ่ายในการสร้างเครือข่ายความร่วมมือทางวิชาการ 
- ค่ำใช้จ่ำยในกำรจัด Workshop/ ประชุมวิชำกำรระดับภูมิภำค  

- 590,000 30,000 

 - ค่ำใช้จ่ำยในกำรเดินทำงส ำหรับนักศึกษำในโครงกำรหลักสูตรร่วม 
ระยะเวลำ 6-12 เดือน  

-  - 

8. ทุนเร่ิมต้นส าหรับนักวิจัยใหม ่  590,000 50,000 
 - ทุนสนับสนุนงำนวิจัยเรื่อง กำรเลีย้งปลำพวงชมพูในระบบ

หมุนเวียนน้ ำแบบอควำโปนิกส์  50,000   

รวมท้ังสิ้น 20,000,000 11,385,834.75 
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3.5  ตารางสรุปค่าใช้จ่าย ตั้งแต่ปีที่ 1- ปีท่ี 5  

ที ่
รายการ 

ปีท่ี 1 ปีท่ี 2 ปีท่ี 3 ปีท่ี 4 ปีท่ี 5 รวม 

งบประมาณ ใช้จ่ายจริง งบประมาณ ใช้จ่ายจริง งบประมาณ ใช้จ่ายจริง งบประมาณ ใช้จ่ายจริง งบประมาณ ใช้จ่ายจริง งบประมาณ ใช้จ่ายจริง 

1 ค่าจ้างเจ้าหน้าท่ีประสานงานโครงการ 1 คน 
ส่วนกลาง เดือนละ 15,000 บาท 180,000 160,000 180,000 180,000 180,000 180,000 180,000 180,000 180,000 180,000 900,000 880,000 

2 สนับสนุนบัณฑิตศึกษาทุน             
 2.1 ระดับปริญญาโท 

  -  ค่ำธรรมเนียมกำรศึกษำระดับบัณฑิตศึกษำ 
คนละ 56,000/ ปี 

504,000 504,000 952,000 896,000 840,000 924,000 784,000 560,000 784,000 308,000 3,920,000 3,192,000  

 - ค่ำครองชีพนักศึกษำ 5,000 บำท/คน/เดือน 504,000 380,000 952,000 1,020,000 840,000 800,000 784,000 700,000 784,000 620,000 4,200,000 3,520,000 
 2.2 ระดับปริญญาเอก  

- ค่ำธรรมเนียมกำรศึกษำ คนละ 56,000/ปี 112,000 112,000 280,000 140,000 504,000 224,000 672,000 112,000 728,000 196,000 2,296,000 
784,000 

 
 - ค่ำครองชีพนักศึกษำ 7,000 บำท/คน/เดือน  168,000 112,000 420,000 224,000 756,000 252,000 1,008,000 224,000 1,092,000 196,000 3,444,000 1,008,000 
3 หมวดค่าใช้สอย             
 3.1 ค่ำตอบแทนผู้บริหำรสำขำควำมเป็นเลิศฯ 30,000 30,000 30,000 30,000 30,000 30,000 30,000 30,000 30,000 30,000 150,000 150,000 
 3.2 ค่ำจ้ำงเหมำเพื่อกำรประสำนงำนของวิทยำ

เขตปัตตำนี และสุรำษฎร์ 72,000 72,000 72,000 72,000 72,000 36,000 72,000 36,000 72,000 36,000 360,000 252,000 

 3.3 ค่ำจ่ำยในกำรจัดกิจกรรมวิชำกำร/ประชุม
คณะกรรมกำร/ประชุมวำงแผนประจ ำปี  100,000 49,130 50,000 24,000 50,000 19,260 20,000 5,080 20,000 49,545 240,000 147,015 

 3.4 กำรน ำเสนอที่ประชุมวิชำกำร ทั้งในและ
ต่ำงประเทศ 100,000 5,730 100,000 4,985 70,000 - 60,000 1,000 60,000  390,000 11,715 
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ที่ 
รายการ 

ปีที่ 1 ปีที่ 2 ปีที่ 3 ปีที่ 4 ปีที่ 5 รวม 

งบประมาณ ใช้จ่ายจริง งบประมาณ ใช้จ่ายจริง งบประมาณ ใช้จ่ายจริง งบประมาณ ใช้จ่ายจริง งบประมาณ ใช้จ่ายจริง งบประมาณ ใช้จ่ายจริง 

 3.5 ค่ำใช้จ่ำยเพื่อเสริมสร้ำงควำม
เข้มแข็งทำงวิชำกำรศึกษำ/ดูงำน 

100,000 68,714.38 100,000 - 70,000 
- 
 

40,000 - 30,000 - 340,000 68,714.38 

 3.6 ค่ำตอบแทนวิทยำกรภำยในและ
ต่ำงประเทศ 50,000 1,000 40,000 2,000 30,000 - 30,000 - 30,000  180,000 3,000 

 3.7 ค่ำเดินทำงและที่พัก 53,000 8,870 53,000 1,720 40,000 - 40,000 - 40,000 - 226,000 10,590 

 3.8 ค่ำสำธำรณูปโภค             
 - ค่ำโทรศัพท์มือถือส ำหรับผู้

ประสำนงำน และอื่นๆ 9,000 3,490 9,000 990 9,000 990 9,000 1,130 9,000 590 45,000 7,190 

 3.9 ค่ำบ ำรุงรักษำครุภณัฑ์  150,000 50,000 52,000 - 67,000 - - - -   50,000 

 3.10 ค่ำจ้ำงเหมำผู้ช่วยวิจัย/สืบค้นข้อมูล - - - - - - - - - 240,000  240,000 
4  ค่าวัสดุ             
 4.1 ค่ำหมึกพิมพ์ และวัสดุคอมพิวเตอร ์ 30,000 3,580 30,000 1,940 12,000 2,500 12,000 4,500 12,000 1,910.37 96,000 14,430.37 
 4.2 ค่ำวัสดุส ำหรับห้องปฏิบตัิกำรรวม 

(3 Unit) 150,000 150,000 140,000 - 54,000 - 33,000 - 3,000  
 

380,000 
 

150,000 

5 ค่าครุภัณฑ์  600,000 617,180 162,000 - - - - - -   617,180 

6 ค่าสิ่งก่อสร้าง        -     
 - ปรับปรุงห้องปฏิบัติกำร  

622,000 200,000 - - - - - - -   200,000 
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ที่ 
รายการ 

ปีที่ 1 ปีที่ 2 ปีที่ 3 ปีที่ 4 ปีที่ 5 รวม 

งบประมาณ ใช้จ่ายจริง งบประมาณ ใช้จ่ายจริง งบประมาณ ใช้จ่ายจริง งบประมาณ ใช้จ่ายจริง งบประมาณ ใช้จ่ายจริง งบประมาณ ใช้จ่ายจริง 

3.  
7 

ค่าใช้จ่ายในการสร้างเครือข่ายความ
ร่วมมือทางวิชาการ           590,000 - 

 - ค่ำใช้จ่ำยในกำรจัด Workshop/
ประชุมวิชำกำรระดับภูมิภำค 

50,000 - 50,000 30,000 30,000 - 50,000 - - - 150,000 30,000 

 - ค่ำใช้จ่ำยในกำรเดินทำงส ำหรับ
นักศึกษำในโครงกำรหลักสูตรร่วม
ระยะเวลำ 6-12 เดือน 

100,000 - 100,000 - 100,000 - 70,000 - 70,000 - 
 

440,000 
 
- 

8. ทุนเร่ิมต้นส าหรับนักวิจัยใหม่  280,000 - 160,000 50,000                                                        100,000 - 50,000 -  - 590,000 50,000 

 
รวมท้ังสิ้น 4,000,000 2,527,694.38 4,000,000 

 
2,677,635 

 
4,000,000 2,468,750 4,000,000 

 
1,853,710 
 

4,000,000 1,858,045.37 20,000,000 
 

11,385,834.75 
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1)  หลักฐานผลงานตีพิมพ์ในวารสารวิชาการของอาจารย์ (สำเนาหน้าแรกของบทความ) 

  1.1)  ผลงานตีพิมพ์ในวารสารวิชาการระดับนานาชาติในฐาน ISI 

       -  รายงาน  6  เดือนแรก  ปีที่ 1   ระหว่างเดือน กรกฎาคม 2560 ถึงเดือน ธันวาคม 2560 
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Streptococcus agalactiae serotype Ib, an emerging pathogen 

affecting climbing perch (Anabas testudineus) and Günther’s 

walking catfish (Clarias macrocephalus) polycultured in 

southern Thailand 

 

 

Chutima Klingklib  Naraid Suanyuk* 

 

Abstract 

 

 Streptococcus agalactiae (Group B Streptococcus; GBS) causes serious damage to fish aquaculture worldwide. 
The present study reports S. agalactiae infection in climbing perch (Anabas testudineus) and Günther’s walking catfish 
(Clarias macrocephalus) polycultured in southern Thailand between 2011 and 2015. During the disease outbreak, a 
mortality rate of 10-40% was observed, affecting climbing perch and Günther’s walking catfish weighing from 60-150 
g and 30-90 g, respectively. The infected fish exhibited a variety of symptoms typical of streptococcosis, including 
lethargy, exophthalmia, corneal opacity, ascites, haemorrhage and erratic swimming. One hundred and twenty six 
isolates from the infected fish were identified as S. agalactiae serotype Ib by biochemical, serological, as well as molecular 
analyses. The S. agalactiae isolates from the present study were completely sensitive to chloramphenicol, erythromycin, 
lincomycin and oxytetracycline, but resistant to oxolinic acid and sulfamethoxazole/trimethoprim. Investigation into 
virulence-associated genes (bca, bac, scpB, lmb and GBSi1) indicated that the S. agalactiae isolates from climbing perch 
and Günther’s walking catfish contained only bca, which differed from S. agalactiae previously isolated from infected 
tilapia. The S. agalactiae isolates from the present study were found to be strongly virulent for climbing perch with 80-
100% mortality within 7 days following intraperitoneal (i.p.) injection with S. agalactiae at a concentration of 107 
CFU/ml. Major histopathological changes of naturally infected climbing perch revealed diffuse haemorrhage in several 
organs. To our knowledge, this is the first isolation of S. agalactiae serotype Ib from climbing perch and Günther’s 
walking catfish polycultured in southern Thailand. 
 

Keywords: Anabas testudineus, Clarias macrocephalus, Streptococcus agalactiae serotype Ib, pathology 
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In vitro and in vivo assessments of Rhodomyrtus tomentosa leaf
extract as an alternative anti-streptococcal agent in Nile tilapia
(Oreochromis niloticus L.)

Pinanong Na-Phatthalung,1 Sasitorn Chusri,2 Naraid Suanyuk3 and Supayang Piyawan Voravuthikunchai1,*

Abstract

Purpose. Rhodomyrtustomentosa is a Thai medicinal plant that has been attracting attention for its remarkable antibacterial

properties against Gram-positive pathogenic bacteria. The purpose of this study was to evaluate the antibacterial properties

of R. tomentosa leaf extract against Streptococcus agalactiae and Streptococcus iniae isolated from infected tilapia.

Methodology. The anti-streptococcal activity of R. tomentosa was determined using broth microdilution assays.

Results. The extract demonstrated strong antibacterial activity against the fish pathogens, with minimum inhibitory

concentrations (MICs) ranging from 7.8--62.5 µg ml�1. It was found to possess a dose-dependent bacteriostatic effect on this

organism. Scanning electron microscopy revealed irregular and long chains of swollen cells, as well as corkscrew shapes

andincomplete separation of cell division of S. agalactiae cells following the treatment at sub-MIC. Moreover, S. agalactiae

cells pre-treated with the extract became more sensitive to oxidative stress induced by H2O2 than the untreated cells. Based

on the mortality of Nile tilapia after intraperitoneal infection of S. agalactiae at median lethal dose (LD50), the pre-treated

cells caused a significant (P<0.01) reduction in mortality of S. agalactiae-infected Nile tilapia.

Conclusion. The results suggested that R. tomentosa could be further developed as a simple and effective agent for the

treatment of streptococcosis in Nile tilapia.

INTRODUCTION

The culture of Nile tilapia (Oreochromis niloticus L.) is one
of the fastest-growing food-producing industries in several
countries, particularly China, Egypt, Philippines, Indonesia
and Thailand. Worldwide, the scale of tilapia production
increased from 1.0million tonnes in 2001 to 3.6million
tonnes in 2014. Thailand is the fourth largest producer of
farmed Nile tilapia, producing 97 000 tonnes, which is
approximately eight times less than China, a major exporter
of tilapia [1]. Although tilapia is a fast-growing fish for
farming and can tolerate unfavourable water quality, it has
been found to be susceptible to streptococcal infections [2].
Streptococcus agalactiae and Streptococcus iniae are major
aetiological agents of warm-water streptococcosis in tilapia
[3], as well as in other fish species such as barcoo grunter
(Scortum barcoo) [4], gilthead seabream (Sparus aurata),
red porgy (Pagrus pagrus) [5] and Asian seabass (Lates

calcarifer) [6]. The disease has become a major problem in
tilapia farming and has contributed to severe economic
losses due to a high mortality rates of up of to 90% [7].
Recent studies have documented that S. agalactiae was the
main causative agent involved in streptococcosis in tilapia
production in Thailand, while the disease caused by S. iniae
and co-infection of both pathogens were found in a few
cases [3].

Control of streptococcosis in cultured tilapia is imple-
mented mainly through antibiotic therapy. The massive use
of antimicrobial agents has resulted in the selection and
development of antibacterial resistance and transfer of resis-
tant genes in fish pathogens as well as other bacteria in the
aquatic environment [8, 9]. Prolonged antibiotic treatment
can additionally lead to their residues appearing in fish
products, which may have adverse effects on human health
[10]. Moreover, the European Union has prohibited the

Received 16 November 2016; Accepted 14 February 2017
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(Crustacea, Isopoda, Cirolanidae) from the Andaman Sea coast of Thailand. ZooKeys 695: 1–17. https://doi.
org/10.3897/zookeys.695.13771

Abstract
Cirolana phuketensis sp. n. was collected from coral rubble from the Andaman sea coast of Thailand. C. 
phuketensis sp. n. is described and fully illustrated; C. phuketensis sp. n. can be recognized by the presence 
of transverse sutures on pereonites 2–4, pereonite 7 having three transverse sutures forming a nodulose 
ridge, antennula peduncle with articles 1 and 2 fully fused; pleotelson dorsal surface with 2 sub-median 
longitudinal carinae, each of which has one prominent tubercle, lateral margins weakly convex, and poste-
rior margin narrow and rounded; 6 molariform robust setae pereopod 1 on inferior margin of merus and 
the penial openings are two low tubercles. A dichotomous key to species of Cirolana in Thailand is given.

Keywords
Isopoda, Cirolanidae, Cirolana, new species, the Andaman Sea, Thailand

Introduction

Thailand lies in the tropical zone between Pacific Ocean and Indian Ocean. This region 
has high marine biodiversity (Briggs 2000, 2005; Briggs and Bowen 2013; Carpenter 
et al. 2011) but knowledge of marine crustaceans still remains minimal in the region, 
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BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Effect of shading colours on growth and pigment

content of Gracilaria fisheri (Xia & Abbott) Abbott,

Zhang & Xia (Gracilariales, Rhodophyta)
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Abstract

Sporeling and tissue propagation of agarophytic sea-

weed, Gracilaria fisheri, aimed to investigate the opti-

mal shading colour for the preservation. This study

was conducted under different shading colours

indoor and outdoor experiments. The indoor experi-

ment: tissues and sporelings of the seaweed were cul-

tured in plastic chambers under fluorescent lights

and were wrapped with white, green, blue and red

colour PVC sheets of light intensity of 20 � 1

lmol m�2 s�1. The outdoor tissues were cultured in

the plastic tanks under different shadings of Saran

sheets: white, green, blue and black covering the

hoop-houses with light intensity of 110 � 10

lmol m�2 s�1. The results showed that different

shading colours strongly influenced growth of

G. fisheri sporelings and tissues but little effect on pig-

mentation. After 40 days, the highest growth rates

of G. fisheri tissues and sporelings were found under

red light with 1.44 and 1.89% day�1 respectively.

There was no significant difference (P > 0.05) on

pigment content of tissues indoor, whereas it was

found that chlorophyll concentration of the sporel-

ings under green light with 416.8 lg g�1 fresh

weight was significantly higher (P < 0.05) than

those in other treatments. After 8-week culture, out-

door tissues showed the highest growth rate with

1.71% day�1 in the green hoop-house. The study

has found that G. fisheri cultivation was less influ-

enced by epiphytes in the back hoop-house with

15%. This study showed the feasibility of successful

cultivation of G. fisheri sporelings and tissues.

Keywords: Gracilaria fisheri, sporeling, tissue

culture, shading colours, pigment content

Introduction

There has long been reported that light quantity

significantly influences growth morphology and

pigmentation of macroalgae (Figueroa, Aguilera &

Niell 1995). In addition, it was mentioned that

white light plays an important role in the overall

biomass and on the photomorphogenesis; green

light affects the spore germination (Kim, Mao,

Kraemer & Yarish 2015); blue light stimulates

pigment and protein synthesis; and red light

favours thallus expansion, cell division and carbon

accumulation with high photosynthetic efficiency

(Figueroa et al. 1995). However, Figueroa et al.

(1995) also mentioned that long-term cultivation

of the few green and brown algae might be nega-

tively affected in either red or blue light condition.

Besides, there is little information about the effects

of light quality on growth and pigmentation of

seaweed and the relation between the algal

growth and its pigmentation (Figueroa et al.

1995). Seaweed tissue culture is a certain biotech-

nology that may be useful for propagation of

marine seed stock (Baweja, Sahoo, Garcia-Jimenez

& Robaina 2009) and improvement in the quality

of phycocolloids due to the fast growing strain of

seaweeds (Kaliaperumal 1998).

Gracilaria accounts for 60–80% in the global

agar production (Yeong, Phang, Reddy & Khalid

2014). However, Gracilaria production is long har-

vested from wild stock but it has been moving to

approximately one-third of harvest from culture by

1991 (Glenn, Moore, Fitzsimmons & Azevedo

1996). Gracilaria fisheri is a commercial species

that is commonly extracted for agar yield (Chira-

part, Munkit & Lewmanomont 2006). This alga is

© 2016 John Wiley & Sons Ltd 1119
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MITOGENOME ANNOUNCEMENT

The complete mitochondrial genome of the snakeskin gourami, Trichopodus
pectoralis (Regan 1910) (Teleostei: Osphronemidae)
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ABSTRACT
We sequenced and assembled three whole mitogenome sequences of the commercially important
snakeskin gourami Trichopodus pectoralis isolated from Malaysia (introduced), Viet Nam (native) and
Thailand (native). The mitogenome length range from 16,397 to 16,420 bp. The final partitioned nucleo-
tide alignment consists of 14,002 bp and supports the monophyly of the genus Trichopodus (95% ultra-
fast bootstrap support) with T. trichopterus forming a sister group with the members of T. pectoralis.
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The snakeskin gourami Trichopodus pectoralis commercially
used as ornamental and food fish, and it is the largest and
most significant species among the trichogastrids. It is native
to the central plain of Thailand, extending from Chao Phraya
Basin to Cambodia and Vietnam, Laos (Boonsom 1985), but, it
is now prevalent across Southeast Asia countries due to
numerous past introductions. Three snakeskin gourami speci-
mens were collected from Vietnam, Thailand, and Malaysia,
and stored at the Institute of Oceanography, Universiti
Malaysia Terengganu, with voucher ID UMTGen01310–01312.
Genomic DNA (gDNA) extraction from �20mg of fin clip was
performed using the Solokov protocol (Sokolov 2000).
Approximately 100–200 ng of purified gDNA was subse-
quently sheared to 500 bp using a M220 focused-ultrasonica-
tor (Covaris, Woburn, MA), processed using NEBNext Ultra
DNA library prep kit and sequenced on the MiSeq desktop
sequencer (Illumina, San Diego, CA) located at the Monash
University Malaysia Genomics Facility using a run configur-
ation of 2� 250 bp. For isolates UMTGen01311 and
UMTGen01312, mitogenome assembly was performed using
MITObim v 1.8 (Hahn et al. 2013), using the COX1 gene frag-
ment of the species as the bait for iterative mapping assem-
bly. For isolate UMTGen01311, the complete mitogenome of
isolate UMTGen01312 was used instead of the bait for refer-
ence-based assembly. Each mitogenome was circularized
(Gan et al. 2014) and annotated using MitoAnnotator (Iwasaki
et al. 2013).

Protein coding genes (PCGs) were partitioned and aligned
based on gene and codon position using TranslatorX (Abascal

et al. 2010) while the 12S and 16S ribosomal RNA genes
aligned using Muscle, generating 41 nucleotide alignments
(13 PCGs x 3 codon positions þ2 rRNA). Each alignment was
subsequently trimmed with TrimAl version 1.9 (Capella-
Guti�errez et al. 2009) and concatenated. Best-fit partitioning
scheme was calculated using ModelFinder version 1.5.3
(Nguyen et al. 2015) and a maximum-likelihood (ML) tree was
constructed with 1000 ultrafast bootstrap approximation
option. The consensus tree was visualized using FigTree 1.4.2
(http://tree.bio.ed.ac.uk/software/figtree/). Additional nucleo-
tide similarity search to verify the taxonomy of Trichopodus
microlepis (NC_027238) was performed using BlastN (Altschul
et al. 1997).

ModelFinder identified five partitions as the best-fit parti-
tioning scheme as follows (-# after gene name indicates
codon position): Partition 1¼ 12S and 16S rRNA; Partition2¼
ATP6-1,NAD3-1,NAD4-1,COB-1,NAD4L-1,NAD1-1,NAD2-1,ATP8-1,
NAD5-1,COX1-1,COX2-1,COX3-1,NAD6-1; Partition3¼ATP6-2,
NAD4-2,NAD6-2,NAD2-2,ATP8-2,NAD5-2,COB-2,NAD4L-2,NAD1-2,
NAD3-2,COX2-2,COX1-2,COX3-2; Partition 4¼ATP6-3,NAD1-
3,NAD3-3,NAD5-3,NAD4-3,COX3-3,NAD4L-3,COB-3,ATP8-3,COX2-3,
NAD2-3,COX1-3 and Partition 5¼NAD6-3.

The final partitioned nucleotide alignment consists of
14,002 bp length and supports the monophyly of the genus
Trichopodus (95% ultrafast bootstrap support) with
Trichopodus trichopterus forming a sister group with members
of Trichopodus pectoralis reported in this study (Figure 1). It is
also worth noting that GenBank entry NC_027238 was initially
submitted as Trichopodus microlepis, however the COX1, COB,

CONTACT Min Pau Tan mptan@umt.edu.my School of Fisheries and Aquaculture Sciences, Universiti Malaysia Terengganu, 21030 Kuala Nerus,
Terengganu, Malaysia�These authors contributed equally to this work.
� 2017 Universiti Malaysia Terengganu. Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, dis-
tribution, and reproduction in any medium, provided the original work is properly cited.
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1) หลักฐานผลงานตีพิมพ์ในวารสารวิชาการของอาจารย์ (สำเนาหน้าแรกของบทความ) 

  1.1)  ผลงานตีพิมพ์ในวารสารวิชาการระดับนานาชาติในฐาน ISI 

       -  รายงาน  6  เดือนหลัง  ปีที่ 1   ระหว่างเดือน มกราคม 2561 ถึงเดือน มิถุนายน 2561 
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Abstract: Aerobic denitrification microbes have great potential to solve the problem of NO3
−-N

accumulation in industrialized recirculating aquaculture systems (RASs). A novel salt-tolerant aerobic
denitrifier was isolated from a marine recirculating aquaculture system (RAS) and identified as
Halomonas alkaliphile HRL-9. Its aerobic denitrification performance in different dissolved oxygen
concentrations, temperatures, and C/N ratios was studied. Investigations into nitrogen balance and
nitrate reductase genes (napA and narG) were also carried out. The results showed that the optimal
conditions for nitrate removal were temperature of 30 ◦C, a shaking speed of 150 rpm, and a C/N ratio
of 10. For nitrate nitrogen (NO3

−-N) (initial concentration 101.8 mg·L−1), the sole nitrogen source of
the growth of HRL-9, the maximum NO3

−-N removal efficiency reached 98.0% after 24 h and the
maximum total nitrogen removal efficiency was 77.3% after 48 h. Nitrogen balance analysis showed
that 21.7% of NO3

−-N was converted into intracellular nitrogen, 3.3% of NO3
−-N was converted

into other nitrification products (i.e., nitrous nitrogen, ammonium nitrogen, and organic nitrogen),
and 74.5% of NO3

−-N might be converted to gaseous products. The identification of functional
genes confirmed the existence of the napA gene in strain HRL-9, but no narG gene was found. These
results confirm that the aerobic denitrification strain, Halomonas alkaliphile HRL-9, which has excellent
aerobic denitrification abilities, can also help us understand the microbiological mechanism and
transformation pathway of aerobic denitrification in RASs.

Keywords: aerobic denitrification; nitrogen-removal; salt-tolerant; napA; narG

1. Introduction

In recent years, the aquaculture industry has developed rapidly and provided abundant aquatic
resources for human beings. Nevertheless, this industry also introduced serious environmental
problems [1,2], such as eutrophication in receiving water. Recirculating aquaculture systems (RASs)
are considered an important development trend in the aquacultural industry because of their efficient,
environmentally friendly, and systemic controllability and high product quality [3]. The treatment

Int. J. Environ. Res. Public Health 2019, 16, 4451; doi:10.3390/ijerph16224451 www.mdpi.com/journal/ijerph
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Promotion of Lactobacillus plantarum on growth and resistance 

against acute hepatopancreatic necrosis disease pathogens in 

white-leg shrimp (Litopenaeus vannamei) 
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Abstract 

 

 Acute hepatopancreatic necrosis disease (AHPND), or early mortality syndrome (EMS), causes high mortality 
in cultivated penaeid shrimps, which leads to heavy losses for shrimp farming industry. V. parahaemolyticus with a toxin 
PirAB-encoding extrachromosomal plasmid are considered as common pathogenic agents. The present study aimed to 
assess the effects of potential probiotics on growth and resistance of shrimp to AHPND infection. Results confirmed 
typical clinical signs and histopathological features in AHPND-infected shrimps. Among 11 Vibrio isolates from 
AHPND-infected shrimps, strain XN9 was the most virulent and was identified as V. paraheamolyticus using AP3-based 
PCR amplification and API 20E kits. In vitro screening of potential probiotics was performed based on 26 marine and 
fermented food-derived bacteriocin-producing bacterial strains with broad inhibitory spectra from our previous 
research. Among these candidates, only two strains, Lactobacillus plantarum T8 and T13, exerted antimicrobial activities 
against all tested Vibrio isolates. Further in vitro trials showed that T8 enhanced significant growth and survival of 
shrimps after bath challenge with XN9. Although it had no significant effect on shrimp growth, T13 expressed better 
protection of shrimp from the AHPND pathogen immersed compared to the T8 treatment, or the control. This study 
presents the first evidence on the positive effects of probiotic candidates on growth and resistance of white-leg shrimp 
against V. paraheamolyticus causing AHPND. 
 

Keywords: AHPND, aquaculture, Lactobacillus plantarum, Litopenaeus vannamei, probiotics, Vibrio parahaemolyticus 
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Morphological characterization 
of the progenies of pure and 
reciprocal crosses of Pangasianodon 
hypophthalmus (Sauvage, 1878) 
and Clarias gariepinus (Burchell, 
1822)
Tosin Victor Okomoda  1, Ivan Chu Chong Koh2, Anuar Hassan2, Thumronk Amornsakun3 & 
Sherif Md Shahreza2,4

Twenty-five traditional and thirty-four geometric morphometric comparisons were carried out on 
pure and reciprocal crosses of Pangasianodon hypophthalmus (Sauvage, 1878) and Clarias gariepinus 
(Burchell, 1822). Thirty fish samples each of the C. gariepinus (CH), P. hypophthalmus (PH), Pangapinus 
(♀PH × ♂CG) and the two distinct morphotypes of the Clariothalmus (♀CG × ♂PH) (Clarias-like and 
Panga-like) between the ages of four and six months were used for this study. Phenotypically, the 
Clarias-like Clariothalmus and the Pangapinus progenies were indistinguishable from their maternal 
parents while the Panga-like Clariothalmus was a phenotypic intermediary of the putative parents but 
looks more closely to the paternal parent. Hence, both univariate proportion and multivariate analysis 
of the collected data successfully separated the different fishes into three multivariate spaces. The 
analysis of the dendrogram with complete linkage and Euclidean distance further showed the close 
relationship of the isolated Panga-like Clariothalmus progenies to the paternal parent, however, Clarias-
like Clariothalmus and the Pangapinus were completely intermingled with their maternal parents. The 
most important index of discrimination of these fishes into different multivariate spaces was the fin 
characteristic which showed 100% exclusive ranges for the individual groups in many cases.

The need for genetic improvement and aquaculture diversification has been the justification for hybridization in 
fishes. It is one of the biotechnological breeding tools used to develop new genetic stocks of fish for aquaculture/
fisheries industries and a viable alternative to selective breeding when there is little additive genetic variation in 
the desired traits of pure stocks to be exploited1. However, successful genetic improvement through hybridization 
and other biotechnology tools requires proper identification and classification of species2. Hybrid identification 
is a problem linked to natural resources management because fertile hybrids could interbreed with pure species 
leading to genetic introgression. Despite the reliability of genetic approach, morphological characterization is still 
widely exploited due to its rapidity and the ease of field applicability3,4.

Traditional methods for morphological identification are based on principal component analysis and discri-
minant function analysis of linear measurements5. Discriminant function analysis of morphological data can be 
used to separate two or more groups of fish individuals into multivariate spaces. However, many authors have 
elucidated the fact that the result from the traditional morphological measurement is sometimes contradictory 
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Trophic Ecology of Eight Sympatric Nemipterid Fishes (Nemipteridae) in 

the Lower Part of the South China Sea 

Introduction 
 

Trophic ecology knowledge is crucial to 

understand functional role of fish species in a 

particular ecosystem (Blaber, 1997; Wotton, 1998; 

Cruz-Escalona, Abitia-Cardenes, Campos-Davila, & 

Galvan-Magana, 2000; Linke, Platell, & Potter, 2001; 

Almeida, 2003; Hajisamae, Yeesin, & Ibrahim, 2006; 

Hajisamae, 2009). It is one of the most appropriate 

factors that provides help to define the success of a 

species in the habitat (Almeida, 2003) and understand 

food web dynamics (Trueman, Johnston, O'Hea, & 

MacKenzie, 2014; Espinoza, Samantha, Tayler, 

Aaron, & Ingo, 2015). Community structure of co-

existing species can be described by the position of 

these species along different resource dimensions of 

space and time (Pianka, 1969; Ross, 1986; 

Bohorquez-Herrera, Cruz-Escalona, Adams, & 

Peterson, 2015). Understanding the factors affecting 

species co-existence is very important in ecological 

studies (Baeta & Ramon, 2013). In marine 

community, body sizes of both fish and its prey have 

been related directly to foraging success (Persson, 

1990; Juanes, 1994; Hughes, 1997; Scharf et al., 

2000; Karpouzi & Stergious, 2003). Diets of most 

fishes change with growth, but the timing of changes 

varies from species to species and is often associated 

with changes in lifestyle, habitats (Blaber, 2000) and 

morphological characteristics (Labropoulou & 

Papadopoulou-Smith, 1999). The ultimate objective 

of dietary change is to maximize energy intake, 

enhance growth rate and minimize the risk of 

predation in competing for food with bigger predators 

(Brown, 1985). Many studies reported relationship 

between prey size and fish morphology or fish 

behavior including mouth dimension, visual acuity, 

digestive capacity and swimming performance (Keast 

& Webb, 1966; Galis, 1990; Kaiser & Hughes, 1993; 

Juanes, 1994; Juanes & Conover, 1994; Hart, 1997). 

Intra-specific and inter-specific food partitioning is a 

strategy for a survival of the species within the 

ecosystem and has been recognized as an important 

factor structuring fish community in a particular 

habitat (Carrete, 2010). Diet composition of a 

particular species has an important application to the 

sympatric and co-existing species. Nemipteridae or 

threadfin breams are important fish resources for both 

artisanal and commercial fisheries (Russell, 1990). 

They are extensively found in tropical indo-pacific 

regions (Russell, 1993), and have become important 
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 Abstract 

 

Trophic ecology of eight species of nemipterid fish including Nemipterus mesoprion, N. hexodon, N. nemurus, N. 

nematophorus, N. tambuloides, N. peronii, N. furcosus and Scolopsis taeniopterus were studied to investigate their diet 

composition and trophic relationships between them. Our findings revealed that they were specific predators feeding mainly 

on shrimp and fish. N. nemurus and N. tambuloides were the most piscivorous species of them all, and N. mesoprion was a 

specific shrimp predator. In general, there were highly significant differences of stomach fullness (FL) and average number of 

food item (AF) among species (P<0.01). Size classes significantly affected FL of five species including N. nematophorus, N. 

mesoprion, N. nemurus, N. tamboloides and S. taeniopterus (P<0.05) and AF of four species including N. nemurus, S. 

taeniopterus, N. hexodon and N. Peronii (P<0.05). Sex was an influential factor on FL of N. mesoprion (P<0.01) and N. 

preonii (P<0.05) and AF of N. hexodon (P<0.05) and N. peronii (P<0.05). Maturity stages significantly affected FL of N. 

mesoprion (P<0.01) and S. taeniopterus (P<0.05) , however, they had no impact on AF of any species (P>0.05). The co-

existence of these species in the bottom waters of this habitat requires partitioning of available food resources. 

 

Keywords: Feeding ecology, thread fin bream, demersal fish, Gulf of Thailand, fish biology. 
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BSTRACT

T

he feeding habits of two sympatric squid species,

 U

roteuthis (Photololigo)

ch

inensis

 an

d

 U

roteuthis (Photololigo) duvaucelii

 f

rom the southwestern Gulf of Thailand

we

re studied. They fed on low numbers of food types (AF) and had a low diet breadth;

1

.18 and 0.01 for

 U

. (P.) chinensis

 an

d 1.49 and 0.05 for

 U

. (P.) duvaucelii

, r

espectively.

T

hree major prey types (fishes, crustaceans and molluscs) were always detected and

can

nibalism was observed. Fish was the greatest contributor to the diet of both species,

co

ntributing 89.5% for

 U

. (P.) chinensis

 an

d 69.9% for

 U

. (P.) duvaucelii

. F

ish size

s

ignificantly affected fullness index (FL) and AF for

 U

. (P.) chinensis

 (P < 0

.001) and

 U

. (P.)

d

uvaucelii

 (P < 0

.001). Depth affected the FL of

 U

. (P.) chinensis

 (P < 0

.001) but not of

 U

.

(

P.) duvaucelii

 (P > 0

.05). Maturity stages of both male and female

 U

. (P.)

ch

inensis

 i

nfluenced FL (male:

 P < 0

.001; female:

 P < 0

.05) and AF (male:

 P < 0

.05;

f

emale:

 P < 0

.01). The FL of squid from cast nets was higher than those from trawls. The

mu

ltivariate results showed dietary grouping between size classes of both

K
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1)  หลักฐานผลงานตีพิมพ์ในวารสารวิชาการของอาจารย์ (สำเนาหน้าแรกของบทความ) 

  1.1)  ผลงานตีพิมพ์ในวารสารวิชาการระดับนานาชาติในฐาน ISI 

       -  รายงาน  6  เดือนแรก  ปีที่ 2   ระหว่างเดือน กรกฎาคม 2561  ถึงเดือน ธันวาคม 2561 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



Optimization of the cytogenetic
protocol for Pangasianodon
hypophthalmus (Sauvage, 1878) and
Clarias gariepinus (Burchell, 1822)
Victor T. Okomoda1, Ivan C.C. Koh2, Anuar Hassan2,
Thumronk Amornsakun3, Julia H.Z. Moh4 and Sheriff Md Shahreza2,4

1Department of Fisheries and Aquaculture, University of Agriculture Makurdi, Makurdi, Benue,
Nigeria

2Aquaculture and Fisheries, Universiti Malaysia Terengganu, Kuala Nerus, Terengganu, Malaysia
3 Technology and Industries, Prince of Songkla University, Mucang, Puttani, Songkla, Thailand
4 Institute of Tropical Aquaculture (AKUATROP), Universiti Malaysia Terengganu, Kuala Nerus,
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ABSTRACT
To obtain well spread chromosomes, the cytogenetic protocol for Pangasianodon
hypophthalmus and Clarias gariepinus were optimized. This includes, the colchicine
concentration (0.01%, 0.025%, 0.05%)/exposure duration (1, 3, and 5 h),
hypotonic solution (distilled water or 0.075M KCl solution)/exposure duration
(30 min, 1, and 2 h), the time of cell suspension preparation (at hypotonic treatment
or before slide preparation) and chromosome aging period (0, 3, and 7 days in
Carnoy’s fixative). In addition, the type (i.e., fin, gill or kidney) and the amount of
tissue (10, 50, 100 or 150 mg) were also investigated. Regardless of the species, the
result obtained showed that well-spread chromosomes could be obtained using
the following optimized protocol: Juveniles are injected with 0.05% colchicine (at
one ml kg-1) and allowed to swim for 3 h. Then, 50 mg of gill tissue is made into cell
suspension in 0.075M KCl for 1 h. The cell suspension is treated in Carnoy’s fixative
(changed three times at 20 min interval) and then aged for 3 days. Finally,
chromosome slides are made and stained with 10% Giemsa for 1 h.

Subjects Aquaculture, Fisheries and Fish Science
Keywords African catfish, Metaphase, Colchicine, Asian catfish, Giemsa stain

INTRODUCTION
The first level of genome analysis of any organism involves karyotyping of mitotic
chromosomes to determine the genome organization at the cytological level (Gorman, 1973).
It is an essential tool in providing basic information on breeding programs such as
inter-specific/intergeneric hybridization (Crego-Prieto et al., 2013), polyploidy induction
(Christopher, Murugesan & Sukumaran, 2010; Gilna, Kuzma & Otts, 2014; Thresher et al.,
2014), and genetic improvement of commercial exploited or novel fish stocks targeted
toward commercialization (Zhu et al., 2012). An effective method of chromosome
preparation is essential for cytogenetic research (Shao et al., 2010). Several techniques have
been optimized to obtain well spread mitotic chromosomes in fish and this may differ for
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a-Melanocyte-stimulating hormone directly increases
the plasma calcitonin level and involves calcium
metabolism in goldfish

Takahiro Ikari . Yuki Kobayashi . Yoichiro Kitani . Toshio Sekiguchi .

Masato Endo . Akira Kambegawa . Kiyoshi Asahina . Atsuhiko Hattori .

Yoshiaki Tabuchi . Thumronk Amornsakun . Kanta Mizusawa .

Akiyoshi Takahashi . Nobuo Suzuki

Received: 27 June 2018 / Accepted: 18 September 2018 / Published online: 29 September 2018

� The Author(s) 2018

Abstract The effects of a-melanocyte-stimulating hormone (a-MSH) on calcium metabolism were examined

with goldfish. The scales on the left side of goldfish bodies were removed to allow the regeneration of scales

under anesthesia. Thereafter, the influences of a-MSH injection (low dose: 0.1 lg/g body weight; high dose:

1 lg/g body weight) on plasma calcitonin (calcium-regulating hormone) and the calcium content of the scales

were investigated. Ten days after removing the scales, we measured the plasma calcitonin and calcium content

of both regenerating scales on the left side and ontogenic scales on the right side. At both doses of a-MSH

injection, plasma calcitonin concentrations in the a-MSH-treated group were significantly higher than those in

the control group. The mRNA expressions of a-MSH-receptors were detected in the ultimobranchial glands

(secretory organ of calcitonin), indicating that a-MSH directly functions in ultimobranchial glands and pro-

motes calcitonin secretion. Furthermore, we found that the calcium content of regenerating scales in a-MSH-

treated goldfish was higher than that in control goldfish, while the calcium content of ontogenic scales on the

right side was significantly decreased by a-MSH injection. There was a significant co-relationship between

plasma calcitonin and the calcium content of regenerating scales. The mRNA expression of calcitonin

receptors in regenerating scales was remarkably higher than that in ontogenic scales. These results imply that

calcitonin functions to promote scale regeneration resulting from the inhibition of bone resorption because
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Hematological parameters of pure and reciprocal crosses
of Pangasianodon hypophthalmus (Sauvage, 1878) and Clarias
gariepinus (Burchell, 1822)
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& A. Hassan2

& T. Amornsakun3
& M. S. Shahreza2,4

Received: 8 November 2017 /Accepted: 5 December 2017 /Published online: 21 December 2017
# Springer-Verlag London Ltd., part of Springer Nature 2017

Abstract
Comparative study on the hematological parameters of pure and reciprocal crosses of the African and Asian catfish was done to
establish a reference range for fingerlings of the novel fish. Blood was collected from Clarias gariepinus (CG), Pangasianodon
hypophthalmus (PH), Pangapinus (♀PH ×♂CG), and the two observed morphotypes (Clarias-like and Panga-like) of
Clariothalmus (♀CG×♂PH) obtained from similar breeding history. Result obtained revealed that red blood cell counts and
white blood cell counts were significantly lower in Panga-like Clariothalmus (1.08 × 106/mm3 and 6.99 × 103/mm3, respectively)
compare to other groups with similar higher counts (between 2.09 × 106/mm3 and 2.65 × 106/mm3; 13.60 × 103/mm3 and
17.27 × 103/mm3, respectively). However, Pangapinus and pure P. hypophthalmus had significantly higher values of packed cell
volume (33.10 and 32.50%, respectively) and hemoglobin content (12.63 and 11.72 g/dL, respectively); similar values were
recorded in those fish with Clarias maternal origin (between 25.00–27.80% and 6.67–8.03 g/dL, respectively for PCV and Hb).
Calculated values for mean corpuscular volume was higher in Panga-like Clariothalmus (198.8 fL and 80.26 pg, respectively)
while mean corpuscular hemoglobin and mean corpuscular hemoglobin concentration values were higher in the Pangapinus and
pure P. hypophthalmus (between 48.10–56.98 pg and 38.28–35.96 g/dL, respectively). This result obtained is suggestive that the
Panga-like Clariothalmus may have reduced fitness as compared to the other progenies. The baseline values established in this
study could serve as a standard for physiological, pathological, and toxicological references in future studies.

Keywords African catfish . Asian catfish .Morphotype . PCV . Hb

Introduction

One of the physiological parameters of utmost importance in
animals is the blood (Hesser 1960; Rey Vazquez and Guerrero

2007). It involves the evaluation of the total red blood cell
counts (RBC), total white blood cell counts (WBC), hemoglo-
bin content (HGB), packed cell volume (PCV), mean corpus-
cular volume (MCV), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin concentration (MCHC)
(Campbell 2004; Mmereole 2009), and many more. Normal
hematological parameters vary in different fishes, ages, sexes,
and stages of sexual maturity (Golovina 1996; Luskova 1997;
Hrubec et al. 2001; Gabriel et al. 2004; Noga 2010). In addi-
tion, hematological parameters are closely related to the re-
sponse of the animal to the environment; hence, the environ-
ment where fishes live exert significant influence on its hema-
tological characteristics (Barton 2000; Kori-Siakpere et al.
2005; Gabriel et al. 2004; Solomon and Okomoda 2012).

Hematological parameters are often used as an important
index for the assessment of the health status of the fish (Ruane
et al. 2000; Okomoda et al. 2013). This is because it gives the
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Effect of body size and sub‑optimal water quality on some 
hemato‑immunological parameters of spotted babylon snail 
Babylonia areolata

Jareeporn Ruangsri1  · Jumreonsri Thawonsuwan2 · Sunee Wanlem3 · Boonsirm Withyachumnarnkul4
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Abstract
Cellular and humoral effectors are imperative for the innate defense mechanisms of invertebrates, including the spotted 
babylon snail Babylonia areolata, a marine gastropod belonging to the family Buccinidae. In this study, we have investi-
gated the influence of body size [5–8 g (small), 10–12 g (medium) and 15–17 g (large)], and culture waters of varied quality 
[natural seawater, low salinity, low alkalinity, high total ammonia nitrogen (TAN) and artificial seawater] on some hemato-
immunological parameters [total hemocytic counts (THC), hemolymphatic glucose, total protein concentration, phenoloxi-
dase (PO), agglutinating and lysozyme activity] of the snail. Growth performance measures and survival of test snails were 
also evaluated after rearing them in culture water of varied quality. Body size did not influence most parameters assessed, 
except that the lysozyme and PO activities of medium and large-size snails were higher than those of the small-size snails. 
Sub-optimal culture water quality affected hemato-immunological factors, growth and/or survival of the spotted babylon 
snail. Seawater with low salinity, low alkalinity and a high TAN level caused decreased THC, hemolymphatic glucose, and 
PO activity; increased lysozyme activity; and clearly retarded growth of the snail. The snails held in artificial seawater could 
not survive after 4 weeks, suggesting the lack of certain essential factors necessary for their survival.

Keywords Growth performance · Innate defense · Culture water · Artificial seawater · Marine gastropod

Introduction

Spotted babylon snail Babylonia areolata Link 1807 is a 
marine gastropod belonging to the family Buccinidae. Its 
wide geographical distribution extends from Sri Lanka and 
the Nicobar Islands through the Gulf of Thailand, along the 
Vietnamese and Chinese coasts to Taiwan (Altena and Git-
tenberger 1981). This snail is generally carnivorous and 
inhabits littoral zones, especially in muddy sand areas of 
varied depth (5-20 m) (Chaitanawisuti et al. 2009, 2011a; 
Panichasuk 1996). Spotted babylon snail is popular as food 
in many Asian countries, particularly in China, Hong Kong, 
Japan, Taiwan, Thailand and Vietnam (Chaitanawisuti et al. 
2011b; Di et al. 2013). The snails are mostly caught wild but 
this natural resource is steadily declining due to overfishing, 
habitat destruction and habitat contamination (Chaitanawisuti 
et al. 2011b; Vedamanikam and Hayimad 2013). The snail 
has high commercial value and there is a growing demand 
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Shape Determination in Fishes
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Abstract
Background and Objective: Erythrocyte shape determination has largely been gone through visual observation only. This study describes
for the very first time a standardized method for normal erythrocyte shape determination in fishes using the values of the cell axis ratio. 
Materials and Methods: Blood smear was made from two important freshwater species namely Pangasianodon  hypophthalmus  and
Clarias  gariepinus. Erythrocyte measurements of the cell and nuclear axis were done under the microscope, while the cell axis ratio was
calculated (as minor axis/major axis). Visual assessment was done to categorize the erythrocyte into two (rounded and oval) or three
(strongly rounded, slightly oval and strongly oval) groups. This was then matched with its corresponding cell axis ratio to formulate two
standardized decision rules for shape determination. Descriptive statistics of the measured and calculated parameters were done using
Minitab 14. Results: Decision rule Type A: Rounded erythrocyte have cell axis ratio between 1.0 and 0.75, while the oval cell is below 0.75.
Decision rule Type B: Strongly rounded erythrocyte have cell axis ratio between 1.0 and 0.90, slightly oval cell is between 0.89 and 0.75
and strongly oval cell below 0.75. Conclusion: This novel approach to shape determination of normal fish erythrocyte proposed in this
study have been shown to be easier, simpler and accurate than visual observation alone, hence, preventing false generalization.
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Ecosystem Services of a Wetland
in the Politically Unstable
Southernmost Provinces of Thailand

Ainee Aedasong1 , Saowalak Roongtawanreongsri1,
Sukree Hajisamae2, and David James3

Abstract

This study aims to answer questions about the importance and utilization of wetland provisioning ecosystem services (ES) in

the disturbed southernmost provinces of Thailand, calling for the need for sustainable wetland management. Generally,

natural resources management in the unrest area has been neglected because security-related policies have usually received

higher priority. The study surveyed a sample of 328 households to explore the types and importance of provisioning wetland

ES that have value to the local people. The statistics used to analyze data are percentage, mean, standard deviation, and

calculation of the value of provisioning ES. Quantitative data were presented to a participatory workshop of 22 stakeholders

to explore guidelines for wetland management. The results indicate that wetland plays a vital role in the livelihood of the

local community by providing a variety of provisioning ES. Nine of the 13 ES addressed in the study were perceived as

important to very important by the local people. Based on the guidelines provided by the stakeholders, an initial strategy has

been formulated in the study.

Keywords

wetlands, ecosystem services, value, southernmost, politically unstable

Introduction

Wetlands are natural ecosystems important in fulfilling

human well-being and poverty eradication (Barbier,
2011; Ramsar Convention Secretariat, 2016; Rebelo,

McCartney, & Finlayson, 2010; Sellamuttu et al.,
2012). They provide all four types of ecosystem services
(ES): provisioning such as food (Das, Behera, & Mishra,

2015; Gosling, Shackleton, & Gambiza, 2017; K€obbing,
Beckmann, Thevs, Peng, & Zerbe, 2016; Mehvar,
Filatova, Sarker, Dastgheib, & Ranasinghe, 2019;

Merriman et al., 2018; Walker, 2019), fresh water
(Prasada, Dhamira, & Masyhuri, 2019; Turyahabwe,

Kakuru, Tweheyo, & Tumusiime, 2013), raw material
(Mehvar et al., 2019); regulating such as wastewater
treatment and natural disaster prevention (Liu, Xu,

Yue, Teng, & Hu, 2018; Liu et al., 2019; Liu, Zhao,
et al., 2018; Zhu, Ryan, & Gao, 2019), pollination
(Vickruck, Best, Gavin, Devries, & Galpern, 2019), hab-

itat for plant and animal species (Clarkson, Ausseil, &
Gerbeaux, 2018; Sun, Zhen, & Giashuddin Miah, 2017),
and climate regulation (Merriman & Murata, 2016);

cultural services such as tourism and recreation (Do,
2019; Ondiek, Kitaka, & Oduor, 2016; Paudyal, Baral,
& Keenan, 2018); and supporting services such as nutri-
ent cycling (Hong, Zhang, Ma, Gu, & Lee, 2019).

Despite their many services, the current situation
regarding wetlands around the world is one of the decline
and deterioration. Between 1970 and 2015, both inland
and coastal wetland areas decreased by about 35%
(Ramsar Convention on Wetlands, 2018), particularly in
developing countries (Chaikumbung, Doucouliagos, &
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Trophic Ecology of Eight Sympatric Nemipterid Fishes (Nemipteridae) in 

the Lower Part of the South China Sea 

Introduction 
 

Trophic ecology knowledge is crucial to 

understand functional role of fish species in a 

particular ecosystem (Blaber, 1997; Wotton, 1998; 

Cruz-Escalona, Abitia-Cardenes, Campos-Davila, & 

Galvan-Magana, 2000; Linke, Platell, & Potter, 2001; 

Almeida, 2003; Hajisamae, Yeesin, & Ibrahim, 2006; 

Hajisamae, 2009). It is one of the most appropriate 

factors that provides help to define the success of a 

species in the habitat (Almeida, 2003) and understand 

food web dynamics (Trueman, Johnston, O'Hea, & 

MacKenzie, 2014; Espinoza, Samantha, Tayler, 

Aaron, & Ingo, 2015). Community structure of co-

existing species can be described by the position of 

these species along different resource dimensions of 

space and time (Pianka, 1969; Ross, 1986; 

Bohorquez-Herrera, Cruz-Escalona, Adams, & 

Peterson, 2015). Understanding the factors affecting 

species co-existence is very important in ecological 

studies (Baeta & Ramon, 2013). In marine 

community, body sizes of both fish and its prey have 

been related directly to foraging success (Persson, 

1990; Juanes, 1994; Hughes, 1997; Scharf et al., 

2000; Karpouzi & Stergious, 2003). Diets of most 

fishes change with growth, but the timing of changes 

varies from species to species and is often associated 

with changes in lifestyle, habitats (Blaber, 2000) and 

morphological characteristics (Labropoulou & 

Papadopoulou-Smith, 1999). The ultimate objective 

of dietary change is to maximize energy intake, 

enhance growth rate and minimize the risk of 

predation in competing for food with bigger predators 

(Brown, 1985). Many studies reported relationship 

between prey size and fish morphology or fish 

behavior including mouth dimension, visual acuity, 

digestive capacity and swimming performance (Keast 

& Webb, 1966; Galis, 1990; Kaiser & Hughes, 1993; 

Juanes, 1994; Juanes & Conover, 1994; Hart, 1997). 

Intra-specific and inter-specific food partitioning is a 

strategy for a survival of the species within the 

ecosystem and has been recognized as an important 

factor structuring fish community in a particular 

habitat (Carrete, 2010). Diet composition of a 

particular species has an important application to the 

sympatric and co-existing species. Nemipteridae or 

threadfin breams are important fish resources for both 

artisanal and commercial fisheries (Russell, 1990). 

They are extensively found in tropical indo-pacific 

regions (Russell, 1993), and have become important 
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 Abstract 

 

Trophic ecology of eight species of nemipterid fish including Nemipterus mesoprion, N. hexodon, N. nemurus, N. 

nematophorus, N. tambuloides, N. peronii, N. furcosus and Scolopsis taeniopterus were studied to investigate their diet 

composition and trophic relationships between them. Our findings revealed that they were specific predators feeding mainly 

on shrimp and fish. N. nemurus and N. tambuloides were the most piscivorous species of them all, and N. mesoprion was a 

specific shrimp predator. In general, there were highly significant differences of stomach fullness (FL) and average number of 

food item (AF) among species (P<0.01). Size classes significantly affected FL of five species including N. nematophorus, N. 

mesoprion, N. nemurus, N. tamboloides and S. taeniopterus (P<0.05) and AF of four species including N. nemurus, S. 

taeniopterus, N. hexodon and N. Peronii (P<0.05). Sex was an influential factor on FL of N. mesoprion (P<0.01) and N. 

preonii (P<0.05) and AF of N. hexodon (P<0.05) and N. peronii (P<0.05). Maturity stages significantly affected FL of N. 

mesoprion (P<0.01) and S. taeniopterus (P<0.05) , however, they had no impact on AF of any species (P>0.05). The co-

existence of these species in the bottom waters of this habitat requires partitioning of available food resources. 

 

Keywords: Feeding ecology, thread fin bream, demersal fish, Gulf of Thailand, fish biology. 
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Development of a system for measuring calcitonin
in the stingray Dasyatis akajei (a cartilaginous fish):
the possible involvement of stingray calcitonin in gonadal
development
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Abstract To elucidate the physiological role of calcitonin (CT) in stingrays (cartilaginous fish), an enzyme-

linked immunosorbent assay (ELISA) system using a specific antibody against stingray CT has been devel-

oped. Synthetic stingray CT was subcutaneously injected into mice four times—once every 2 weeks—together

with an adjuvant. We purified the IgG antibody fraction using the protein A affinity chromatography from

collected antiserum. Evaluating the antibody titer, we found the antibody’s optimum dilution ratio to be 600

times. Competitive ELISA has been developed using the antibody diluted 600 times. Our antibody did not

cross-react with teleost CTs and muscle extraction, but cross-reacted with stingray plasma and the extract of

the ultimobranchial gland, the secretary organ of stingray CT. Using this ELISA, we measured the plasma CT

level in stingrays and examined its correlation with several mineral concentrations. Plasma CT did not show

significant correlation to calcium, magnesium, inorganic phosphorus, sodium, chlorine, or urea, although there
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INTRODUCTION

Anabas testudineus, commonly known as the 
climbing perch, is an indigenous species of Asia, i.e., 
Malaysia and Thailand (Talwar and Jhingran, 1992).  It is 
also an important fish species due to its high demand, 
especially in Thailand, as it has notable nutritive benefits 
for consumers (Chotipuntu and Avakul, 2010).  This spe-
cies has been classified as vulnerable, as it is exposed to 
overfishing and pollution, and no culture approach has 
been established (Mijkherjee et al., 2002).  Hence, most 
of the practiced cultures of climbing perch are semi–
intensive, apparently depending on a diet prepared by 
the cultivator (Bungas et al., 2013).  The optimal growth 
performance of climbing perch relies upon feeding them 
a diet with a protein level of around 20–40% (Hossain et 
al., 2012).

The climbing perch is a species that can grow natu-
rally in various habitats, such as rice fields, irrigated 
canals, and ditches.  Traditionally, the largest natural 
source of climbing perch production is from catching 
them in rice fields.  However, the productivity of this fish 
had declined due to some problems in rice–producing 
areas and pesticide usage (Tan et al., 1973; Ali, 1990; 
Mohsin and Ambak, 1983).  

In Southeast Asia, aquaculture plays an important 
role in the production of economically important aquatic 
organisms.  However, suitable areas for the culturing of 
aquatic organisms are limited.  Consequently, the coastal 
zone might be a potential alternative area for fish cul-
ture.  Moreover, some shrimp ponds in the coastal zone 
have been abandoned, due to the outbreak of shrimp dis-
ease (Chotipuntu and Avakul, 2010).  The possibility of 
using some abandoned shrimp ponds for the culture of 
freshwater fish such as the climbing perch should be 
studied.  However, these ponds in the coastal zone might 
be in high–salinity water areas, which may affect the 
productivity of freshwater fish culture.

Water salinity is one critical factor that affects the 
survival rate, distribution, and metabolism of fish.  Many 
studies on the climbing perch have focused on physiol-
ogy, biology, nutrition, artificial breeding, and other sub-
ject, but few have focused on the effect of environmental 
parameters on the survival of this species (Amornsakun 
et al., 2005).  Little published research on the effect of 
water salinity on this fish was found.  Therefore, there is 
a need to study the effect of water salinity on the climb-
ing perch.  The objectives of this study were to evaluate 
the effect of water salinity on the hatching rate and the 

Effects of Water Salinity on the Egg Hatching, Growth, and Survival of Larvae and 
Fingerlings of Climbing Perch, Anabas testudineus

Thumronk AMORNSAKUN1, Sajeenuth SRITHONGTHUM1, Ponpanom PROMKAEW2, 
Anuar bin HASSAN3, Hajime MATSUBARA4, Yutaka TAKEUCHI4, Koki MUKAI, 

Yohei SHIMASAKI, Yuji OSHIMA and Nobuo SUZUKI5*

Laboratory of Marine Environmental Science, Faculty of Agriculture, Kyushu University, 
Nishi–ku, Fukuoka City, Fukuoka 819–0395, Japan

(Received May 7, 2019 and accepted May 8, 2019)

A study on the effect of water salinity ranging from 0 ppt to 30 ppt on the hatching success of climbing 
perch, Anabas testudineus, was conducted in a 15–liter glass aquarium (water volume 10 liters) containing 
100 eggs.  Fertilization rates at 0, 5, 10, 15, 20, 25, and 30 ppt were 76.67, 61.33, 77.00, 47.33, 1.67, 0.33, and 
0%, respectively.  The fertilization rate at 0–10 ppt did not change.  When the water salinity increased, the 
fertilization rate decreased.  Hatching rates at 0, 5, 10, 15, 20, 25, and 30 ppt were 91.33, 87.90, 86.20, 77.49, 
0.00, 0.00, and 0.00%, respectively.  The hatching rate at 0–10 ppt was significantly (P < 0.05) higher than 
that at 15, 20, 25 and 30 ppt.  The times (1,255–1,300 minutes) of hatching out among water salinity of 0–15 
ppt did not change.  The survival tolerance of climbing perch larvae in different water salinities (0–30 ppt) 
within 24 hours was then studied using a 50–liter glass aquarium (water volume 30 liters) containing 50 lar-
vae at each level of water salinity.  All treatments were done in triplicate.  The survival rates of fish larvae in 
0, 5, 10, 11, 12, 13, 14, 15, 20, 25, and 30 ppt were 100, 100, 100, 83.3, 83.3, 73.3, 70, 70, 0, 0, and 0%, 
respectively.  The survival rates at water salinities of 0–12 ppt were not significantly different.  The gain rate 
of total body length at 8 weeks at water salinities of 0, 5, 10, 11, and 12 ppt were 1.77, 1.41, 1.36, 1.36, and 
1.63 cm, respectively.  The gain rates of total body length at 0–12 ppt were not significantly different.  We 
conclude that water salinity in the range of 0–12 ppt is suitable for climbing perch culture.

Key words:  fertilization rate, hatching rate, hatching out, water salinity tolerance, climbing perch
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Abstract: It has been reported that spinal deformity was induced in developing fish by the addition
of polycyclic aromatic hydrocarbons (PAHs). To examine the mechanism of the disruption of fish
bone metabolism, the effect of benz[a]anthracene (BaA), a kind of PAH, on plasma calcium, inorganic
phosphorus, osteoblasts, and osteoclasts was investigated in this study. We also measured several
plasma components to analyze the toxicity of BaA on other metabolisms. BaA (1 or 10 ng/g body
weight) was intraperitoneally injected (four times) into nibbler fish during breeding, for 10 days,
and it was indicated, for the first time, that injecting high doses of BaA to nibbler fish induced
both hypocalcemia and hypophosphatemia. Furthermore, in the scales of nibbler fish treated with
high doses of BaA, both osteoclastic and osteoblastic marker messengerRNA (mRNA) expressions
decreased. These results are a cause of disruption of bone metabolism and, perhaps, the induction
of spinal deformities. In addition, we found that total protein, metabolic enzymes in the liver, total
cholesterol, free cholesterol, and high-density lipoprotein cholesterol levels significantly decreased
in BaA-injected fish. These results indicate that BaA may affect liver diseases and emphasize the
importance of prevention of aquatic PAH pollution.

Int. J. Environ. Res. Public Health 2020, 17, 1391; doi:10.3390/ijerph17041391 www.mdpi.com/journal/ijerph
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Abstract

This study aims to answer questions about the importance and utilization of wetland provisioning ecosystem services (ES) in

the disturbed southernmost provinces of Thailand, calling for the need for sustainable wetland management. Generally,

natural resources management in the unrest area has been neglected because security-related policies have usually received

higher priority. The study surveyed a sample of 328 households to explore the types and importance of provisioning wetland

ES that have value to the local people. The statistics used to analyze data are percentage, mean, standard deviation, and

calculation of the value of provisioning ES. Quantitative data were presented to a participatory workshop of 22 stakeholders

to explore guidelines for wetland management. The results indicate that wetland plays a vital role in the livelihood of the

local community by providing a variety of provisioning ES. Nine of the 13 ES addressed in the study were perceived as

important to very important by the local people. Based on the guidelines provided by the stakeholders, an initial strategy has

been formulated in the study.
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Introduction

Wetlands are natural ecosystems important in fulfilling

human well-being and poverty eradication (Barbier,
2011; Ramsar Convention Secretariat, 2016; Rebelo,

McCartney, & Finlayson, 2010; Sellamuttu et al.,
2012). They provide all four types of ecosystem services
(ES): provisioning such as food (Das, Behera, & Mishra,

2015; Gosling, Shackleton, & Gambiza, 2017; K€obbing,
Beckmann, Thevs, Peng, & Zerbe, 2016; Mehvar,
Filatova, Sarker, Dastgheib, & Ranasinghe, 2019;

Merriman et al., 2018; Walker, 2019), fresh water
(Prasada, Dhamira, & Masyhuri, 2019; Turyahabwe,

Kakuru, Tweheyo, & Tumusiime, 2013), raw material
(Mehvar et al., 2019); regulating such as wastewater
treatment and natural disaster prevention (Liu, Xu,

Yue, Teng, & Hu, 2018; Liu et al., 2019; Liu, Zhao,
et al., 2018; Zhu, Ryan, & Gao, 2019), pollination
(Vickruck, Best, Gavin, Devries, & Galpern, 2019), hab-

itat for plant and animal species (Clarkson, Ausseil, &
Gerbeaux, 2018; Sun, Zhen, & Giashuddin Miah, 2017),
and climate regulation (Merriman & Murata, 2016);

cultural services such as tourism and recreation (Do,
2019; Ondiek, Kitaka, & Oduor, 2016; Paudyal, Baral,
& Keenan, 2018); and supporting services such as nutri-
ent cycling (Hong, Zhang, Ma, Gu, & Lee, 2019).

Despite their many services, the current situation
regarding wetlands around the world is one of the decline
and deterioration. Between 1970 and 2015, both inland
and coastal wetland areas decreased by about 35%
(Ramsar Convention on Wetlands, 2018), particularly in
developing countries (Chaikumbung, Doucouliagos, &
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Dietary exposure to melamine and cyanuric acid induced
growth reduction, oxidative stress and pathological
changes of hepatopancreas in Pacific white shrimp
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Abstract This study examined the effects of dietary melamine (MEL) and cyanuric acid (CYA) singly and in

combination on growth, nutrient utilization, immunological responses, oxidative stress, and histological

changes in Pacific white shrimp. Seven experimental isonitrogenous (35%) and isolipidic (8%) diets were

formulated, namely diet 1 (a control diet without MEL and CYA); diets 2–5 (with MEL and CYA at

2.5 ? 2.5, 5 ? 5, 7.5 ? 7.5 and 10 ? 10 g kg-1 diet); diet 6 (with only MEL at 10 g kg-1 diet) and diet 7

(with CYA alone at 10 g kg-1 diet). The shrimp with initial body weight 2.37 ± 0.02 g were fed with these

diets for 10 weeks. The results indicate that all the diets with MEL and CYA singly or in combination had

adverse effects on growth and nutrient utilization relative to the control diet (p\ 0.05). Total protease and

trypsin activities were significantly lowered by all diets containing MEL (p\ 0.05). Haemolymph parameters,

including total hemocyte count, phenoloxidase (PO) activity, respiratory burst, and lysozyme activity, were

significantly decreased (p\ 0.05) in shrimp receiving MEL alone (10 g kg-1 diet) and at high combination

dosages (10 ? 10 g kg-1 diet). Moreover, MEL and CYA induced oxidative stress, damaged hepatopancreas,

decreased antioxidant responses, increased lipid peroxidation, and caused abnormality of hepatocytes.

Keywords Pacific white shrimp � Melamine � Cyanuric acid � Growth � Histology � Oxidative stress

Introduction

Feed contamination is a worldwide major current concern with regard to consumer health, economic losses,

and safety and reliability of food products (Maule et al. 2007; Pettersson 2012; O’Keefe and Campabadal

2015). In general, melamine (MEL) and its derivatives including cyanuric acid (CYA), ammeline (AMN), and

ammelide (AMD), are commonly used in thermoplastic materials, such as dishware, laminating resins, coating

materials, and fire retardants (Casu et al. 1997; Roviello et al. 2015). Moreover, the US Food and Drug

Administration (2007) reported illegal adulteration of animal feed with MEL and CYA in many countries.
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ORIGINAL RESEARCH

Development of a system for measuring calcitonin
in the stingray Dasyatis akajei (a cartilaginous fish):
the possible involvement of stingray calcitonin in gonadal
development

Takashi Takagi . Toshio Sekiguchi . Yuichi Sasayama . Atsuhiko Hattori . Takushi X. Watanabe .

Yoichiro Kitani . Yoshiaki Tabuchi . Hajime Matsubara . Ajai K. Srivastav .

Tran Ngoc Hai . Thumronk Amornsakun . Nobuo Suzuki

Received: 31 March 2019 / Accepted: 5 August 2019

� The Author(s) 2019

Abstract To elucidate the physiological role of calcitonin (CT) in stingrays (cartilaginous fish), an enzyme-

linked immunosorbent assay (ELISA) system using a specific antibody against stingray CT has been devel-

oped. Synthetic stingray CT was subcutaneously injected into mice four times—once every 2 weeks—together

with an adjuvant. We purified the IgG antibody fraction using the protein A affinity chromatography from

collected antiserum. Evaluating the antibody titer, we found the antibody’s optimum dilution ratio to be 600

times. Competitive ELISA has been developed using the antibody diluted 600 times. Our antibody did not

cross-react with teleost CTs and muscle extraction, but cross-reacted with stingray plasma and the extract of

the ultimobranchial gland, the secretary organ of stingray CT. Using this ELISA, we measured the plasma CT

level in stingrays and examined its correlation with several mineral concentrations. Plasma CT did not show

significant correlation to calcium, magnesium, inorganic phosphorus, sodium, chlorine, or urea, although there
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was a correlation among the factors involved in osmoregulation, such as sodium, chlorine, and urea. On the

other hand, plasma CT was significantly correlated to body weight and length. Furthermore, there was a

significant correlation between plasma CT and gonad weight. Since plasma CT was correlated with the weight

of liver, which is involved in the synthesis of egg yolk protein, we examined the influence of 17b-estradiol
(E2) on CT secretion. After E2 injection, the plasma CT level increased significantly. This is the first study to

demonstrate that E2 induced plasma CT secretion in cartilaginous fish.

Keywords Calcitonin � Sexual maturation � ELISA � Stingray � Cartilaginous fish

Introduction

Calcitonin (CT) is a peptide hormone that is produced in C-cells of the thyroid glands of mammals and in

ultimobranchial glands (UBG) of non-mammalian vertebrates (Dacke 1979; Wendelaar Bonga and Pang 1991;

Sasayama 1999). This hormone lowers the serum calcium (Ca) concentration when administered to some

mammals, such as rats, rabbits, and humans, by inhibiting osteoclastic activity (Dacke 1979; Azria 1989). In

teleosts as well as mammals, furthermore, it has been demonstrated that CT suppressed osteoclastic activity in

both freshwater and seawater teleosts (Suzuki et al. 2000; Sekiguchi et al. 2009, 2017; Kase et al. 2017).

Cartilaginous fish, as well as other vertebrates, have been reported to possess UBG, and the administration

of shark UBG extraction to rats induces hypocalcemia, as does homologous CT (Copp et al. 1967). We

previously showed by immunohistochemical methods that the stingray, Dasyatis akajei, possesses a pair of

large UBGs that contain abundant CT (Sasayama et al. 1984). Using the stingray, therefore, the amino acid

sequence of CT has been determined (Takei et al. 1991). Stingray CT is more closely related structurally to the

CT of the salmon lineage (sequence homology 65–78%) than those of mammals (31–38%) (Sasayama et al.

1992). In addition, the injection of synthetic stingray CT enables hypocalcemic activity in rats (Sasayama et al.

1992), similar to the effect of extraction from shark UBG (Copp et al. 1967). On the other hand, we examined

the effects of ultimobranchialectomy (UBX) on plasma minerals in the stingray Dasyatis akajei (Suzuki et al.

1995). However, plasma Ca level did not influence by UBX in stingrays (Suzuki et al. 1995). Therefore, the

function of CT in cartilaginous fish has not been clarified until now, although stingray and shark CTs can

regulate the Ca balance in mammals. Cartilaginous fish such as sharks, skates, rays, and chimaeras accumulate

urea and trimethylamine oxide in the body due to osmotic pressure adjustment as an organic osmolyte in

marine and euryhaline elasmobranchs (Dacke 1979; Bentley 1998; Hazon et al. 2003). By this regulation, the

osmotic pressure in the body is almost equal to that of seawater. The osmotic pressure in teleosts is around

one-third that of seawater and is lower than that of cartilaginous fish (Dacke 1979; Bentley 1998). Considering

these physiological conditions, the effect of CT on cartilaginous fish may be different from that on teleosts.

To elucidate the physiological role of CT in cartilaginous fish, we started with the stingray. The primary

structure of CT of this cartilaginous fish has been determined (Takei et al. 1991); there is also synthesized CT,

which causes physiological activity in rats (Sasayama et al. 1992). For these reasons, we used the stingray as an

experimental material in the present study. Thus, we first developed an enzyme-linked immunosorbent assay

(ELISA) system using a specific antibody against stingray CT. Using this ELISA, we measured the plasma CT

level in the stingray and analyzed the correlation between CT and several mineral concentrations. Furthermore, the

correlation of CT with body weight, body length, gonad weight, and liver weight were examined. Moreover, we

examined the influence of female sex hormone, 17b-estradiol (E2), on plasma CT secretion.

Materials and methods

Animals

Dasyatis akajei stingrays ranging from 100–3500 g (n = 30) in body weight were caught by fishermen with

fixed nets or gill nets around the Yokata fishing port of Toyama Bay (Fig. 1). In the case of stingrays, sex

distinctions can be made easily by the presence or absence of a clasper, a male feature. Collected stingrays

were carried to the tank by car. Prior to the experiments, fish were acclimatized in an aquarium (120 cm 9
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60 cm 9 45 cm) for 1–2 days after collection. Thereafter, the experiment was started. To avoid the effects of

sex hormones, juvenile stingrays 100–200 g (n = 10) were used for the experiment regarding the influence of

E2 injections on plasma CT concentrations. Experiments with stingrays were performed according to the

recommendations of the ethical guidelines of Kanazawa University and the University of Toyama.

Development of an ELISA system using a specific antibody against stingray CT

Synthetic stingray CT, provided by the Peptide Institute, Inc. (Osaka, Japan), was used in the present study.

Stingray CT (100 lg/ml) diluted with 0.9% NaCl was prepared. Then, an equal volume of polyvinyl

pyrrolidone (0.5 mg/ml) was added to the CT solution, and the mixture was stirred at room temperature for

2 h. After that, adjuvant (Ribi ImmunoChem Research Inc., Hamilton, MT, USA) was added and vigorously

stirred. Finally, a CT solution (50 lg/ml) was prepared.

The prepared CT solution (200 ll/individual) was subcutaneously injected into five mice under ether

anesthesia every 2 weeks for a total of four times. Blood was collected from the tail vein after the second and

third injections, and the titer of antiserum against stingray CT was examined. On day 10, after four doses,

blood was drawn from mice under ether anesthesia. The collected blood was centrifuged at 25,0009g for

10 min at 4 �C. We purified the antibody as an IgG fraction from the collected antiserum using affinity

chromatography with protein A (Bio-Rad Laboratories, K.K., Tokyo, Japan). NaN3 (0.1%) was added to the

purified IgG solution. Experiments with mice were performed in accordance with the recommendations of the

ethical guidelines of the University of Toyama.

Next, the purified antibody titer was examined. The ELISA procedures have been described in detail by

Robertson (1981) and Suzuki (2001). The synthetic stingray CT was diluted in a carbonate/bicarbonate buffer

(0.1 M, pH 9.6) at a concentration of 80 ng/ml. Then, aliquots of 100 ll were transferred to 96 wells of

polystyrene microtiter plates (Corning Inc., New York, NY, USA). The plates were sealed and incubated at

25 �C for 20–28 h. The coated plates were washed four times with a washing solution (10 mM phosphate

buffer solution containing 0.05% Tween 20: PBST, pH 7.4) just before incubation. The aliquots of diluted

antibody (100 ll) were transferred to CT-coated plates and incubated at 4 �C for 24 h. After incubation, the

plates were washed four times with PBST. Aliquots of 100 ll of 1:10,000 dilution of biotinylated goat IgG (E

432, Dako Japan Co., Ltd., Kyoto, Japan) with a diluting solution (PBS without 0.1% NaN3) were added and

incubated with constant agitation for 2 h at room temperature (around 25 �C). After incubation, biotinylated
goat IgG was discarded, and the plates were washed four times with PBST. Then, aliquots of 100 ll of a
1:10,000 dilution of peroxidase-conjugated streptavidin (P 397, Dako Japan Co., Ltd., Kyoto, Japan) with a

Noto Peninsula

Toyama Bay

Yokata fishing port

Toyama city
Kanazawa city

20km

Fig. 1 Map of the area from which stingrays were collected for the present study. This map is based on Digital Map 25000 (Map

Image) provided by Geospatial Information Authority of Japan. Filled triangle: Yokata fishing port; filled circle: Toyama city;

filled square: Kanazawa city
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diluting solution (PBS without 0.1% NaN3) were added and incubated in wells with constant agitation for 1 h

at room temperature. After incubation, the plates were washed four times with PBST. Just before color

development, 8 mg of o-phenylenediamine dihydrochloride (Wako Co., Ltd., Osaka, Japan) was added to

12 ml of 0.1 M citric acid and 0.2 M Na2HPO4 solution (pH 4.5) containing 2.4 ll of hydrogen peroxide (30%
solution, Wako Co., Ltd., Osaka, Japan). Aliquots of 100 ll of this solution were added and incubated in wells

with constant agitation at room temperature for 10–15 min. After incubation, the reaction was stopped by the

addition of 50 ll of 3 N sulfuric acid. The optical density of the reaction product in the plates was measured at

492 nm with a microplate reader (MTP-100, Corona Electric Co., Ltd., Tokyo, Japan).

Competitive ELISA has been developed using the determined dilution of the antibody as described in

Robertson (1981) and Suzuki (2001). In separate glass tubes, 250 ll of the antibody with a diluting solution

(10 mM phosphate buffer solution containing 0.1% bovine serum albumin and 0.1% NaN3:PBS, pH 7.4) was

pre-incubated with the same volume of the serial concentration of synthetic stingray CT (12.5–800 ng/ml) or

diluted plasma samples for 3 days at 4 �C. Thereafter, the stingray CT-coated plates were washed four times

with PBST. After pre-incubation, aliquots of 100 ll of diluted stingray CT or diluted plasma samples were

transferred to CT-coated plates and incubated at 4 �C for 24 h. Then, a standard curve was made as described

above. The plasma CT levels of stingrays were calculated using the standard curve.

The specificity of the antibody was checked using teleost CTs, such as synthetic salmon and eel CTs

(Sigma-Aldrich, Inc., St. Louis, MO, USA). In addition, the extraction from the UBG or muscle of stingrays

and the diluted stingray plasma were examined to evaluate the antibody specificity.

Measurement of plasma CT, mineral concentrations, body weight, body length, gonad weight, and liver

weight

Under anesthesia with ethyl 3-aminobenzoate, methanesulfonic acid salt (Sigma-Aldrich) at a dilution of

1/3000, blood was collected from stingray hearts with heparinized syringes. The collected blood was cen-

trifuged at 25,0009g for 10 min at 4 �C. The plasma samples were immediately frozen and kept at - 50 �C
until analysis. Thereafter, the body weight, body length, gonad weight, and liver weight of each stingray were

measured. The Ca, magnesium (Mg), and sodium (Na) levels in stingray plasma samples were determined by

atomic absorption spectrophotometry (180–70 type; Hitachi-Zeeman; Hitachi Co., Ltd., Tokyo, Japan). The

chlorine (Cl) levels in stingray plasma were measured with a chloridemeter (C-50 type, Jookoo Sangyo Co.,

Ltd., Tokyo, Japan). Inorganic phosphorus (Pi) levels in plasma samples were measured using the method of

Fiske and Subbarow (1925). Urease-indophenol (Searcy et al. 1967) was used to measure plasma urea in the

stingray.

Influence of E2 injection on plasma CT levels in the stingray

Juvenile stingrays (100–200 g) were weekly anesthetized with ethyl 3-aminobenzoate, methanesulfonic acid

salt (Sigma-Aldrich) in chilled seawater (4 �C) at a dilution of 1/10,000. Thereafter, blood was initially

sampled from the tail vein. E2 was melted by ethanol and then mixed with oil. The prepared E2 (1 lg/g body

weight) was injected intraperitoneally into six stingrays. The control stingrays (n = 4) were injected

intraperitoneally with vehicle solution in the same manner. During the experimental period of 5 days, seawater

was exchanged at least once a day to prevent the accumulation of NH4?. Five days after injection, both groups

were anesthetized again, and blood was collected from the tail vein. The collected blood was centrifuged at

25,0009g for 10 min at 4 �C. Plasma samples were immediately frozen and kept at - 50 �C until analysis.

Plasma CT and Ca levels were measured as described above.

Statistical analysis

The statistical significance of the correlation was examined using linear regression analysis (Figs. 5, 6, and

Table 1). The statistically significant difference from the initial values in the control or experimental group

was assessed by paired t test (Figs. 7 and 8). In all data, the selected significance level was p\ 0.05.
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Results

The titration curve of a specific antibody against stingray CT

Using the purified IgG by an affinity chromatography with protein A, the antibody titration curve against

stingray CT was examined. The data of the antibody titration curve are shown in Fig. 2. Since it is known that

around 40% of the maximum color development is the optimum dilution concentration, we decided to use a

600-time dilution in the following experiment.

Analysis of the antibody specificity

The antibody specificity was examined using salmon (Fig. 3a) and eel CTs (Fig. 3b). This antibody was not

cross-reacted with teleost CTs. The antibody was cross-reacted with both the extraction of UBG (Fig. 4a) and

plasma (Fig. 4b) in the stingray but was not cross-reacted with the extraction from muscle in the stingray

(Fig. 4a). The variances of intra- and inter-assays were within 5% and 10%, respectively.

Table 1 Relationships among plasma calcitonin (CT), calcium (Ca), magnesium (Mg), inorganic phosphorus (Pi), sodium (Na),

chlorine (Cl), and urea

CT Ca Mg Pi Na Cl Urea

CT –

Ca 0.136

Mg 0.176 0.346

Pi 0.084 0.348 0.192

Na 0.154 0.451* 0.328 0.263

Cl 0.055 0.407* 0.383* 0.216 0.695***

Urea 0.246 0.204 0.124 0.541** 0.659*** 0.608*** –

Data indicate each r value

*, **, and *** indicate statistically significant differences at p\ 0.05, p\ 0.01, and p\ 0.001, respectively

A
B

S 
(4

92
nm

)

0

0.5

1

1.5

2

2.5

3

3.5

100 1000 10000 100000
Dilution of antibody

Fig. 2 The titration curve of the specific antibody against stingray CT. Synthetic stingray CT was subcutaneously injected into

mice, together with an adjuvant. We purified the IgG antibody fraction using protein A affinity chromatography from the collected

antiserum. Thereafter, the antibody titration curve against stingray CT was examined. The data indicate the mean of triplication
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Correlation of plasma CT with mineral concentrations, body weight, body length, gonad weight, and liver

weight

The data for the correlation between plasma CT and mineral concentrations are shown in Table 1. There was

no significant difference in the plasma CT concentration between males and females. Therefore, we analyzed

the data of both sexes together. Plasma CT did not have a significant correlation to Ca, Mg, Pi, Na, Cl, urea,

although there was a close correlation among the factors involved in osmoregulation, such as Na, Cl, and urea.

Plasma Ca had a significant correlation with plasma Na and Cl. Also, a significant correlation was obtained

between plasma Mg and Cl. Plasma Pi had a significant correlation with plasma urea.

On the other hand, plasma CT had a significant correlation with body weight (r = 0.625, Fig. 5a) and body

length (r = 0.543, Fig. 5b). In addition, there was a significant correlation between plasma CT and gonad

weight (r = 0.471, Fig. 6a). Plasma CT was also significantly correlated with liver weight (r = 0.514, Fig. 6b).

Effect of E2 injection on plasma CT levels in the stingray

Five days after the injection of E2, the plasma CT level increased significantly (Fig. 7). In the case of vehicle

injection, there was no significant difference between the initial and final values (Fig. 7).

On the other hand, plasma Ca levels did not change after E2 injection, at least in present conditions (Fig. 8).
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Fig. 3 Cross-reaction of the antibody against stingray CT (filled circle) to salmon (unfilled circle) (a) and eel (unfilled triangle)

(b) CTs. Our purified antibody did not cross-react with salmon and eel CTs. The standard curve shows mean ± SE (n = 3). The

data for salmon and eel CTs indicate the mean of triplication
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Fig. 4 Analysis of the specificity of the antibody. The extraction from the ultimobranchial gland (UBG) (unfilled triangle) or

muscle (unfilled circle) of the stingray (a), and the diluted stingray plasma (unfilled triangle) (b) were examined to evaluate the

specificity of the antibody. The standard curve (filled circle) shows mean ± SE (n = 3). The data for the UBG, muscle extraction,

and plasma of the stingray indicate the mean of triplication
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Fig. 6 Correlation of plasma CT with gonad weight (a) or liver weight (b). Plasma CT has a significant correlation with gonad

weight (n = 30, r = 0.471, p\ 0.01) and liver weight (n = 30, r = 0.514, p\ 0.01)
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Fig. 7 Effect of vehicle (a) or E2 (b) injection on plasma CT levels in the stingray. E2 (1 lg/g of body weight) was injected

intraperitoneally after initial blood sampling. Stingrays in the control group were injected with vehicle in the same manner as

experimental stingrays. Blood sampling was then performed on day five. The asterisk indicates a statistically significant

difference, at p\ 0.01, from the initial values in the control (n = 4) or experimental group (n = 7). The data show mean ± SE
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Discussion

We developed an ELISA system using a specific antibody against stingray CT. This antibody did not cross-

react with teleost CTs because the amino acid identities of stingray CT to salmon CT and eel CT were 66 and

75%, respectively (Suzuki et al. 1999a). In addition, our antibody cross-reacted with the stingray plasma and

the extraction of UBG. Thus, this ELISA system is useful for analyzing stingray plasma CT levels.

Using this ELISA system, we measured stingray plasma CT concentrations. As a result, plasma CT did not

show a significant correlation with Ca, Mg, Pi, Na, Cl, or urea. We previously reported that the effects of UBX

on plasma minerals and urea concentrations were examined in the stingray Dasyatis akajei (Suzuki et al.

1995). Our previous study indicated that plasma Ca, Mg, Pi, Na, Cl, and urea concentrations were not

influenced by UBX in stingrays (Suzuki et al. 1995). In eels, Anguilla japonica (Suzuki et al. 1999b), and

goldfish, Carassius auratus auratus (Suzuki et al. 2004), we reported that plasma CT had a significant

correlation with plasma Ca. Therefore, the function of CT in stingrays (cartilaginous fish) may be different

from that in teleosts. On the other hand, divalent salts, such as Ca and Mg, correlated with Cl because they

exist in the form of CaCl2 or MgCl2 in seawater. Furthermore, there was a very strong correlation among Na,

Cl, and urea directly related to osmotic pressure. The correlation between phosphorus and urea is unknown.

We think that there may be new regulatory mechanisms.

On the other hand, we found that plasma CT levels in large stingrays were higher than those in small

stingrays, and that plasma CT has a significant correlation with body weight and body length. These results

indicate that CT may play some role related to body growth. In addition, there was a significant correlation

between plasma CT and gonad weight. Since plasma CT was correlated with liver weight and involved in the

synthesis of egg yolk protein, vitellogenin (Hiramatsu et al. 2015), we examined the influence of E2 on CT

secretion in an in vivo experiment. Five days after E2 injections, plasma CT levels had increased. There was a

significant difference between the initial and final values. Previously, using Scatchard analysis, immunoblot

analysis, and gel chromatography, we demonstrated that two forms of estrogen receptor protein were present

in the cytosol of stingray UBG (Yamamoto et al. 1996). Therefore, we believe that E2 directly functions in

stingray UBG and promotes CT secretion from UBG. It has been reported that CT plays some roles in the

reproductive physiology of quail (Dacke et al. 1976), rats (Lu et al. 1998), and mice (Wang et al. 1998). In

female fish, also, the plasma CT level increases in sockeye salmon (Oncorhynchus nerka) (Watts et al. 1975),

eels (Anguilla japonica) (Yamauchi et al. 1978), rainbow trout (Salmo gairdneri) (Björnsson et al. 1986), and

brown trout (Salmo trutta) (Norberg et al. 1989) during the reproductive period. In the case of goldfish

(Carassius auratus auratus), three subtypes of estrogen receptor were expressed in the UBG (Suzuki et al.

2004). After E2 administration, plasma CT levels increased in goldfish (Carassius auratus auratus) (Suzuki

et al. 2004) as well as stingrays. Thus, CT has some significant function in the reproductive physiology of

stingrays as well as other vertebrates.
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We previously reported that plasma CT levels of teleosts such as eels (Anguilla japonica) and goldfish

(Carassius auratus auratus) ranged from undetectable to 2599 pg/ml (Suzuki et al. 1999b, 2004). The plasma CT

level in the stingray was higher than those of eels (Anguilla japonica) and goldfish (Carassius auratus auratus). In

the bonnethead shark (Sphyrna tiburo), a high level of plasma CT has been also reported (Nichols et al. 2003). In

this shark, the developing embryo is the principal target of maternally produced CT during gestation (Nichols et al.

2003). During lactation, plasma CT levels increased in mammals such as humans (Greer et al. 1984) and deer

(Chao et al. 1985). As stingrays are ovoviviparous fish, CT may be involved in an action (fetal growth) different

from that in oviparous teleosts such as eels (Anguilla japonica) and goldfish (Carassius auratus auratus).

In female teleosts, E2 promoted the synthesis of vitellogenin, which is a major component of egg protein, and a

Ca-binding protein (Kwon et al. 1993; Tinsley, 1985). At the same time, E2 activated osteoclasts in their scales and

promoted Ca resorption from the scales (Persson et al. 1995; Suzuki et al. 2000). Consequently, plasma vitellogenin

and Ca levels increased in a manner corresponding to the increase in the E2 level (Norberg et al. 1989). In female

goldfish (Carassius auratus auratus) and nibbler fish (Girella punctate), CT has a significant function in protecting

scales from the excess degradation of Ca at vitellogenesis (Suzuki et al. 2000). However, our present data indicated

that plasma Ca levels did not change after E2 injection. Since the stingray itself does not possess hard bones and

osteoclasts as do teleosts, the function of CT may be different from that of teleosts. The purpose of this study is to

investigate the secretagogue action of CT by estrogen. Therefore, small individuals were used in order to eliminate

the influence of endogenous hormones, whereas it is necessary to use mature females to investigate the correlation

among vitellogenin, CT, and Ca. Furthermore, in the case of leopard sharks (Triakis semifasciata), Glowacki et al.

(1985) reported that the administration of salmon CT produced hypercalcemia, although the injection of salmon CT

to bass (teleost) produced hypocalcemia. Therefore, these results indicate that CT has some function in carti-

laginous fish under several physiological conditions.
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Abstract: It has been reported that spinal deformity was induced in developing fish by the addition
of polycyclic aromatic hydrocarbons (PAHs). To examine the mechanism of the disruption of fish
bone metabolism, the effect of benz[a]anthracene (BaA), a kind of PAH, on plasma calcium, inorganic
phosphorus, osteoblasts, and osteoclasts was investigated in this study. We also measured several
plasma components to analyze the toxicity of BaA on other metabolisms. BaA (1 or 10 ng/g body
weight) was intraperitoneally injected (four times) into nibbler fish during breeding, for 10 days,
and it was indicated, for the first time, that injecting high doses of BaA to nibbler fish induced
both hypocalcemia and hypophosphatemia. Furthermore, in the scales of nibbler fish treated with
high doses of BaA, both osteoclastic and osteoblastic marker messengerRNA (mRNA) expressions
decreased. These results are a cause of disruption of bone metabolism and, perhaps, the induction
of spinal deformities. In addition, we found that total protein, metabolic enzymes in the liver, total
cholesterol, free cholesterol, and high-density lipoprotein cholesterol levels significantly decreased
in BaA-injected fish. These results indicate that BaA may affect liver diseases and emphasize the
importance of prevention of aquatic PAH pollution.
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The Sultan fish, or ‘Jelawat’, Leptobarbus hoevenii is a cyprinid 
with a natural distribution in streams, rivers and lakes of some 
Southeast Asian countries, including Malaysia and Thailand (Mohsin 
& Ambak, 1983; Vidthayanon et al., 1997). It has value as a fresh-
water food fish (Mohsin & Ambak, 1983; Roberts, 1989), and its 
flesh is rich in protein, vitamin B and minerals (Tee et al., 1989). The 
Sultan fish has been introduced into several countries, including 
Taiwan and China, for aquaculture and as an ornamental species 
(Liao et al., 2001; Xiong et al., 2015). Captive breeding, seed pro-
duction and farming techniques of this fish have been established 
(Liao et al., 2001; Meenakarn, 1986; Saidin et al., 1988; Truong 
et al., 2003), and there is information available about its feeding 
and nutritional requirements (Au et al., 2020). However, the major 
sensory modalities used by L. hoevenii at early life-history stages to 
detect prey are still unknown.

Fish possess visual, chemical (olfaction and gustation) and me-
chanical (water movement detection) senses that contribute to prey 
detection. Feeding success of the early life-history stages of fish has 
a major influence on their survival and growth. Marine fish larvae 
inhabiting clear waters are primarily visual feeders (Blaxter, 1986; 
Hunter, 1981), whereas non-visual feeding, common in anadromous 
or freshwater species, is important in turbid estuaries and tropical 
rivers, and for feeding at night (Mookerji & Rao, 1993; Sampson 
et al., 2013). In striped bass Morone saxatilis, ablation of free neu-
romasts had a negative effect on feeding (Sampson et al., 2013), 
and free neuromasts are involved in prey detection and feeding of 

the willow shiner Gnathopogon elongatus caerulescens (Mukai, 2006; 
Mukai et al., 1994). The senses used for prey detection and feed-
ing of freshwater fish are species-specific (Picapedra et al., 2018) 
and the information about sensory modality of feeding in the early 
life-history stages of freshwater fish is limited.

Identifying the main sensory modality for prey detection and 
feeding in cultured fish species is necessary to develop effective 
protocols for feed management and mass production (Cobcroft & 
Pankhurst, 2003; Kawamura et al., 2003). The present study was 
conducted to identify the major sensory modality for prey detection 
and feeding in the early juvenile stage of L. hoevenii.

Early juvenile L. hoevenii (total length 2.97 ± 0.32 cm) were 
provided by the Inland Aquaculture Research and Development 
Regional Center 12 in Songkhla, Thailand. The feeding experiment 
was also conducted at this centre. The fish were maintained in three 
stocking tanks (tank capacity 1 ton; 200 individuals per tank) that 
were provided with flow-through water and aeration. They were fed 
with Moina sp. once daily at 12:00 noon.

Feeding experiments were conducted to determine the major 
sense involved in prey detection and feeding in L. hoevenii. In these 
trials, four treatments (with each comprising two test conditions) 
were designed to selectively prevent the fish from detecting the 
prey by their visual, mechanical or/and chemical sense(s). The treat-
ments were as follows: (1) visual obstruction—where the feeding 
experiment was conducted under light (natural light, 562–680 lux, 
measured using a lux meter, Lutron Brand, LX-101 Model) or dark 
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Simple Summary: The mahseer, particularly the Tor species, is of significant cultural and economic
importance as a high-value freshwater food fish in the Southeast (SE) Asian region. However, overex-
ploitation of natural stocks because of high demand and their deteriorating habitat has resulted in a
marked decline of Tor species in the wild. There are 13 Tor species that inhabit SE Asian rivers. All these
species share distinct morphology, which is the presence of the median lobe. The unique characteristics,
including body color, mouth position, and number of lateral scales, distinguish one species from another.
Nonetheless, the taxonomy of the Tor species remains unstable and confusing, with contradictory data
presented by different authors from different countries for a single Tor species. Therefore, in this review,
we have gathered data for the SE Asian Tor species, outlining their distribution, morphology, and genetic
identification. In addition, the present review also proposes a list of valid Tor species in the SE Asian
region. The proposed list will serve as a standard and template for improving SE Asia’s Tor taxonomy,
enhancing the study’s continuity, and a better understanding of specific Tor species.

Abstract: The king of rivers or mahseer comprises three genera: Tor, Neolissochilus, and Naziritor,
under the Cyprinidae family. The Tor genus has been classified as the true mahseer due to the
presence of a median lobe among the three genera. The Tor species are widely distributed across
Southeast (SE) Asia, and 13 Tor species have been reported previously: Tor ater, Tor dongnaiensis, Tor
douronensis, Tor laterivittatus, Tor mosal, Tor mekongensis, Tor putitora, Tor sinensis, Tor soro, Tor tambra,
Tor tambroides, Tor tor and Tor yingjiangensis. However, the exact number of valid Tor species remains
debatable. Different and unstandardized approaches of applying genetic markers in taxonomic
identification and morphology variation within the same species have further widened the gap and
ameliorated the instability of Tor species taxonomy. Therefore, synchronized and strategized research
among Tor species researchers is urgently required to improve and fill the knowledge gap. This
review is a current update of SE Asia’s Tor species, outlining their distribution, morphology, and
genetic identification. In addition, the present review proposes that there are ten valid Tor species in
the SE Asian region. This list will serve as a template and standard to improve the taxonomy of the
SE Asian Tor species, which could serve as a basis to open new directions in Tor research.

Keywords: distribution; genetic marker; mahseer; morphology; Southeast Asia; Tor
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A B S T R A C T   

The optimal mixed feeding schedule for mono-sex male Nile tilapia (Oreochromis niloticus) was investigated in the 
current study. The fish (4.01 ± 0.02 g initial weight and 5.84 ± 0.04 cm initial length) were fed up to satiation 
with high protein (HP, 32.80 % protein on dry basis) and low protein (LP, 28.64 % protein on dry basis) diets in 
different schedules: alternately every other day (1HP/1 L P), alternately every other week (7HP/7 L P) and 
alternately every two weeks (14HP/14 L P), in comparison to continuously feeding by HP (positive control) or by 
LP (negative control) alone. At the end of eight weeks of trial, superior growth performance and feed utilization 
were observed in fish receiving HP, 1HP/1 L P and 7HP/7 L P relative to the remaining treatments. The specific 
activity of digestive enzymes (pepsin, trypsin, amylase, lipase, and activity ratio of amylase to trypsin) was 
modulated, indicating physiological responses for improving nutrient utilization due to the different feeding 
regimens. All fish mainly utilized carbohydrates rather than lipid and protein, or probably the protein-sparing 
effect was predominant, as indicated by the positive correlation between amylase specific activity and protein 
efficiency ratio (r = 0.681, P < 0.01), across five feeding schedules. There were no negative effects of mixed 
feeding schedules on flesh quality and carcass composition in any experimental group. However, based on 
economic analysis, fish receiving 1HP/1LP schedule had reduced cost of tilapia production relative to the other 
treatments. Therefore, the optimal feeding schedule for mono-sex male tilapia is 1HP/1LP, which should be used 
as a practical feeding guideline for mono-sex male Nile tilapia production.   

1. Introduction 

Nile tilapia (Oreochromis niloticus) is an important aquaculture 
product globally, while the tropical and subtropical countries are the 
main production areas. Similar to other fish species, expenditure in 
aquaculture production depends on feed that incurs more than 50 % of 
the costs (El-Sayed, 1998; FAO, 2020). Therefore, the general approach 
of replacing animal protein feedstuffs with cheaper animal protein or 
plant protein sources has been conceived (Abdel-Tawwab and Abbass, 
2016; Khan et al., 2013; Yildirim et al., 2014). However, the research 
findings are not easily adapted to practice in the feed industry (Adewolu 
and Adoti, 2010) since some feedstuffs are regional and not acceptable 
for use in feed manufacturing. For Nile tilapia, various feeding guide-
lines have been optimized for effectively improving growth and feed 
utilization, concurrently reducing the amount of feed use, including the 

optimal feeding frequency, time of feeding, amount of feed, feed 
brand/type, feeding method, feed monitoring and feeding schedule 
(Abdel-Tawwab and Ahmad, 2009; Romana-Eguia et al., 2013; Santiago 
and Laron, 2002). 

Mixed feeding schedule (MFS) that switches between high protein 
(HP) and low protein (LP) diets has been applied to improve growth 
performance and feed utilization, reduce waste from leftover feed, and 
reduce feed costs, for various fish species (Abdel-Tawwab and Ahmad, 
2009; Ali et al., 2005; Jindal et al., 2010; Sardar et al., 2011; Sevgili 
et al., 2006). Nile tilapia had dietary protein requirements that are 
weight dependent, ranging from high to low from fry to adult stage 
(Abdel-Tawwab et al., 2010; Balarin and Haller, 1982; El-Sayed and 
Teshima, 1991). Therefore, feed change from HP to LP types generally 
occurs during the rearing period. MFS cycles have been optimized for fry 
(Suloma et al., 2017), fingerling and broodstock (Santiago and Laron, 
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Abstract: It has been reported that spinal deformity was induced in developing fish by the addition 

of polycyclic aromatic hydrocarbons (PAHs). To examine the mechanism of the disruption of fish 

bone metabolism,  the  effect  of  benz[a]anthracene  (BaA),  a  kind  of  PAH,  on  plasma  calcium, 

inorganic phosphorus, osteoblasts, and osteoclasts was investigated in this study. We also measured 

several plasma components to analyze the toxicity of BaA on other metabolisms. BaA (1 or 10 ng/g 

body weight) was intraperitoneally injected (four times) into nibbler fish during breeding, for 10 

days, and it was indicated, for the first time, that injecting high doses of BaA to nibbler fish induced 

both hypocalcemia and hypophosphatemia. Furthermore, in the scales of nibbler fish treated with 

high doses of BaA, both osteoclastic and osteoblastic marker messengerRNA (mRNA) expressions 

decreased. These results are a cause of disruption of bone metabolism and, perhaps, the induction 

of spinal deformities. In addition, we found that total protein, metabolic enzymes in the liver, total 

cholesterol, free cholesterol, and high‐density lipoprotein cholesterol levels significantly decreased 

in BaA‐injected fish. These results indicate that BaA may affect liver diseases and emphasize the 

importance of prevention of aquatic PAH pollution. 
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bstract

Cir

olana khamensis

 sp. nov

.

 and C. p

arawongat

 sp. nov. are described from specimens collected in the western Gulf of Thailand at depths of 8 metres and 1metre, respectively. Both species belong to the Cir

olana

 ‘pleonastica-group’ with tubercles on the dorsal surfaces, transverse sutures on the pereonites,pleonite 3 not posteriorly produced and pleonite 4 posterolaeral margin rounded. Cir

olana khamensis

 sp. nov. can be distinguished from other speciesof Cir

olana

 ‘pleonastica-group’ by lateral margin of uropodal exopod having five robust seatae and a continuous row of plumose marginal setae, pereonites 1–3 each with a single transverse impressed line; antennula peduncle with articles 1 and 2 distinct and articulated peduncle; pleotelson dorsal surface with twosub-median longitudinal carinae, each of which has four prominent tubercles. Cir

olana parawongat

 sp. nov

.

 can be distinguished by pereonites 1–3 without asingle transverse impressed line and having nine tubercles on pleonite 4 and 5. A dichotomous key to Cir

olana ‘pleonastica

-group’ in South-East Asia region isgiven.
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The Sultan fish, or ‘Jelawat’, Leptobarbus hoevenii is a cyprinid 
with a natural distribution in streams, rivers and lakes of some 
Southeast Asian countries, including Malaysia and Thailand (Mohsin 
& Ambak, 1983; Vidthayanon et al., 1997). It has value as a fresh-
water food fish (Mohsin & Ambak, 1983; Roberts, 1989), and its 
flesh is rich in protein, vitamin B and minerals (Tee et al., 1989). The 
Sultan fish has been introduced into several countries, including 
Taiwan and China, for aquaculture and as an ornamental species 
(Liao et al., 2001; Xiong et al., 2015). Captive breeding, seed pro-
duction and farming techniques of this fish have been established 
(Liao et al., 2001; Meenakarn, 1986; Saidin et al., 1988; Truong 
et al., 2003), and there is information available about its feeding 
and nutritional requirements (Au et al., 2020). However, the major 
sensory modalities used by L. hoevenii at early life-history stages to 
detect prey are still unknown.

Fish possess visual, chemical (olfaction and gustation) and me-
chanical (water movement detection) senses that contribute to prey 
detection. Feeding success of the early life-history stages of fish has 
a major influence on their survival and growth. Marine fish larvae 
inhabiting clear waters are primarily visual feeders (Blaxter, 1986; 
Hunter, 1981), whereas non-visual feeding, common in anadromous 
or freshwater species, is important in turbid estuaries and tropical 
rivers, and for feeding at night (Mookerji & Rao, 1993; Sampson 
et al., 2013). In striped bass Morone saxatilis, ablation of free neu-
romasts had a negative effect on feeding (Sampson et al., 2013), 
and free neuromasts are involved in prey detection and feeding of 

the willow shiner Gnathopogon elongatus caerulescens (Mukai, 2006; 
Mukai et al., 1994). The senses used for prey detection and feed-
ing of freshwater fish are species-specific (Picapedra et al., 2018) 
and the information about sensory modality of feeding in the early 
life-history stages of freshwater fish is limited.

Identifying the main sensory modality for prey detection and 
feeding in cultured fish species is necessary to develop effective 
protocols for feed management and mass production (Cobcroft & 
Pankhurst, 2003; Kawamura et al., 2003). The present study was 
conducted to identify the major sensory modality for prey detection 
and feeding in the early juvenile stage of L. hoevenii.

Early juvenile L. hoevenii (total length 2.97 ± 0.32 cm) were 
provided by the Inland Aquaculture Research and Development 
Regional Center 12 in Songkhla, Thailand. The feeding experiment 
was also conducted at this centre. The fish were maintained in three 
stocking tanks (tank capacity 1 ton; 200 individuals per tank) that 
were provided with flow-through water and aeration. They were fed 
with Moina sp. once daily at 12:00 noon.

Feeding experiments were conducted to determine the major 
sense involved in prey detection and feeding in L. hoevenii. In these 
trials, four treatments (with each comprising two test conditions) 
were designed to selectively prevent the fish from detecting the 
prey by their visual, mechanical or/and chemical sense(s). The treat-
ments were as follows: (1) visual obstruction—where the feeding 
experiment was conducted under light (natural light, 562–680 lux, 
measured using a lux meter, Lutron Brand, LX-101 Model) or dark 
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Abstract
White scar oyster Crassostrea belcheri is a commercially important bivalve species in Thailand. Appropriate genetic markers 
are needed for effective management to elevate its production efficiency. Type II microsatellites of C. belcheri were identi-
fied and characterized using an Illumina paired-end shotgun sequencing. A total of 14,743,710 reads were generated for 
which 198,849 reads containing microsatellites and 217,998 microsatellite loci were found. Twenty out of 60 microsatellite 
loci (33.33%) were polymorphic and these microsatellites were further tested against DNA bulks (N = 10 each) originating 
from 7 different geographic locations in Thai waters. Results indicated that newly developed microsatellites can be used for 
genetic diversity analysis of C. belcheri. Genotyping of C. belcheri collected from Surat Thani (Gulf of Thailand; N = 50) 
were performed. The number of alleles per locus ranged from 2 to 12 (average = 4.95). Observed and expected heterozy-
gosities ranged from 0.0000 to 0.9400 (average = 0.3419) and 0.1139 to 0.8190 (average = 0.5844), respectively. Genome 
information and 20 newly isolated microsatellites will facilitate further studies in population genetics, stock management, 
and genetic improvement of C. belcheri in Thailand.

Keywords Oyster · Crassostrea belcheri · Next-generation sequencing · Microsatellites · Pair-end sequencing

Introduction

White scar oyster (Crassostrea belcheri) is an economically 
important oyster species in Thailand. Molecular markers 
coupled with the basic knowledge of population genetics 
can be utilized to increase its production and management 
efficiency of natural resources. Allozymes have been used 
for evaluating genetic diversity in C. belcheri [1, 2]. How-
ever, limited number of loci and low levels of polymorphism 
were found [3]. Therefore, more effective molecular markers 
are needed for genetic studies of C. belcheri.

Microsatellites are the marker of choice for conservation 
and population genetics as they are a co-dominantly segre-
gated marker with high variability and abundance frequent 
distribution in eukaryotic genomes [4]. However, the main 
limitation for the use of microsatellites of non-model species 
is the availability of suitable loci for a particular applica-
tion. Typically, they can be developed through cross-spe-
cies amplification of primers of closely related taxa or iso-
lated from repeat-enriched DNA libraries of target species 
[5]. The former approach may result in low amplification 
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Abstract: An online analytic service system was designed as a web and a mobile application
for shrimp farmers and shrimp farm managers to manage the growth performance of shrimp.
The MySQL database management system was used to manage the shrimp data. The Apache Web
Server was used for contacting the shrimp database, and the web content displays were implemented
with PHP script, JavaScript, and HTML5. Additionally, the program was linked with Google Charts
to display data in various graphs, such as bar graphs and scatter diagrams, and Google Maps API
was used to display water quality factors that are related to shrimp growth as spatial data. To test the
system, field survey data from a shrimp farm in southern Thailand were used. Growth performance
of shrimp and water quality data were collected from 13 earthen ponds in southern peninsular
Thailand, located in the Surat Thani, Krabi, Phuket, and Satun provinces. The results show that the
system allowed administrators to manage shrimp and farm data from the field sites. Both mobile
and web applications were accessed by the users to manage the water quality factors and shrimp
data. The system also provided the data analysis tool required to select a parameter from a list box
and shows the association between water quality factors and shrimp data with a scatter diagram.
Furthermore, the system generated a report of shrimp growth for the different farms with a line
graph overlay on Google Maps™ in the data entry suite via mobile application. Online analytics for
the growth performance of shrimp as provided by this system could be useful as decision support
tools for effective shrimp farming.

Keywords: shrimp; water quality; web application; mobile application; google map

1. Introduction

Agriculture has played an important role in the Thai economy and affects local foods
and related culture. The agricultural development approach taken by Thailand has evolved
from import substitution to export industry orientation and has been supported by na-
tional policies and plans [1]. Aquaculture has long been a very important agricultural
sector in Thailand. Amongst other intensive aquaculture, the black tiger shrimp Penaeus
monodon is an indigenous marine shrimp species of Thailand. Since it was first developed
in 1989 in the coastal areas of central Thailand, namely in Samut Sakorn, Samut Songkram,
and Samut Prakarn [1], it has become the most valuable aquaculture produce in the country
for more than two decades. Black tiger shrimp aquaculture has been developed continu-
ously and has spread throughout the coastal areas of the country, making Thailand the
world’s leading farmed black tiger shrimp producer and exporter. The production of this
marine shrimp species peaked at about 420,000 mt (metric tons)/year in 1998 and 1999 [2].
However, black tiger shrimp aquaculture was hard-hit with several problems between
2002 and 2004. The slow growth phenomenon may have been caused by inbreeding,
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Abstract
Bigfin reef squid (Sepioteuthis lessoniana) has been successively cultured through mul-
tiple generations, but little is known about the factors affecting feeding regimens. 
In the current study, optimal feeding frequency of five-week-old bigfin reef squids 
was investigated in laboratory conditions. The squids (1.48 ± 0.03 g initial weight) 
were assigned to four feeding frequencies: two (2TD), three (3TD), four (4TD) or five 
(5TD) times daily, and they were fed with post-larval stage of Pacific white shrimp 
(Litopenaeus vannamei) over the three weeks of experiment. At the end of the feed-
ing trial, the squids receiving 4TD and 5TD had the highest growth and feed utiliza-
tion, and the least size variation among the treatment groups. Significant decrease in 
chymotrypsin-specific activity was observed in squids receiving 5TD relative to 2TD 
(p < 0.05), while a moderate level was observed across the remaining treatments. 
This matched the available and unavailable nutrients present in faeces, assessed from 
thermal responses. Mantle quality, in terms of RNA concentration, was the highest 
in squids fed 4TD or 5TD, while protein concentration and RNA/protein ratio did not 
differ across the four feeding frequencies tested. Also, the most crude lipid was ob-
served in squids fed 5TD, followed by 4TD that were superior to 2TD or 3TD treat-
ments, while crude protein and ash did not differ. These findings indicate that feeding 
four or five times daily is most appropriate. This practical feeding protocol can be used 
for mariculture of this species.

K E Y W O R D S
digestive enzyme, feed utilization, feeding regime, mantle quality, size variation
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1  |  INTRODUC TION

Vibriosis is a potentially serious infectious disease caused by Vibrio 
spp. These bacteria are Gram negative and are ubiquitous in ma-
rine environment and in estuarine ecosystems (Austin, & Austin, 
2007). They can be found free- living in the water column, as part 

of a biofilm, or in association with a host (Thompson et al., 2004). 
Vibriosis affects large numbers of fish and shellfish species, both 
cultured and feral. A number of species under the genus Vibrio, for 
example, V. anguillarum, V. damsela, V. fluvialis, V. furnissii, V. alginolyt-
icus, V. harveyi, V. parahaemolyticus, V. vulnificus, V. salmonicida and V. 
cholerae cause serious diseases in both aquatic animals and humans 
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Abstract
Zooshikella marina, a marine bacterium that produces a red pigment, has been shown 
to possess various antimicrobial activities. The present study reports on in vitro an-
tibacterial activity of cell and extract from Z. marina against Vibrio parahaemolyticus, 
V. harveyi, V. alginolyticus and V. vulnificus, responsible for vibriosis in aquatic animals. 
Cross streak and agar well- diffusion techniques revealed the inhibitory effects of Z. 
marina against V. harveyi, V. alginolyticus and V. vulnificus. The minimum inhibitory 
concentration and minimum bactericidal concentration of Z. marina extract against 
pathogenic bacteria ranged from 64 to 1,024 µg/mL. A time- kill kinetics assay showed 
that treatments with Z. marina extract significantly reduced the numbers of viable V. 
harveyi, V. alginolyticus and V. vulnificus from those in control groups (p<0.05). Electron 
microscopy showed morphological changes of pathogenic bacteria exposed to the 
extract, revealing irregular, ruptured and dead cells when treated with 0.25xMIC. 
In addition, Vibrio spp. cells pre- treated with the extract were more sensitive to 
lysozyme and H2O2 than untreated cells. Determination of cytotoxicity indicated that 
Z. marina extract at concentrations of 1.95– 1,000 µg/mL did not show haemolytic 
activity towards Asian seabass (Lates calcarifer) erythrocytes. In vivo study on inva-
sion and persistence in Asian seabass fed with dietary supplementation with cell and 
extract from Z. marina revealed significantly decreased V. vulnificus from the fish tis-
sue within 5– 14 days (p<0.05). Our findings reveal the potential antimicrobial activity 
of Z. marina cell and its extract which is safe and could be used in controlling vibriosis 
in aquaculture.

K E Y W O R D S
antimicrobial, Asian seabass, Pacific white shrimp, vibriosis, Zooshikella marina
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Simple Summary: Replacement effects of soybean meal (SBM) with fermented palm kernel meal
(FPKM) as a protein source was investigated in sex-reversed red tilapia. The two-month-old fish
were fed fish meal-SBM-based diets with replacement by FPKM at 25% (25FPKM), 50% (50FPKM),
75% (75FPKM) and 100% (100FPKM) for 12 weeks, while an FPKM-free diet (0FPKM) was used as a
control. Based on growth performance, feed utilization, digestive enzyme activities, flesh quality,
carcass composition, hematological parameters and liver histoarchitecture, the 50% replacement level
of SBM by FPKM support this alternative. Findings from the current study support the use of FPKM
in aquafeed production, providing a low-cost diet for tilapia farming.

Abstract: The solid-state fermentation by effective microorganisms (containing photosynthetic bac-
teria, lactic acid bacteria, nitrogen-fixing bacteria, yeast and Bacillus sp.) improved the nutritive
values of palm kernel meal (PKM). Increased crude protein (20.79%), nitrogen-free extract (40.07%)
and gross energy (19.58%) were observed in fermented PKM (FPKM) relative to raw PKM while
crude lipid (15.65%), crude fiber (36.45%) and ash (29.54%) were decreased. Replacement of soybean
meal (SBM) with FPKM as a protein source was investigated for its effects in sex-reversed red tilapia
(Oreochromis niloticus × O. mossambicus). The two-month-old fish (14.85 ± 0.28 g initial weight) were
fed fish meal-SBM-based diets with replacement by FPKM at 25% (25FPKM), 50% (50FPKM), 75%
(75FPKM) and 100% (100FPKM), while an FPKM-free diet (0FPKM) was used as a control. The five
treatments, comprising triplicate cement ponds and forty fish each, were conducted in a recirculating
system over 12 weeks. At the end of the feeding trial, fish fed the 50FPKM diet were superior in
growth performance, while the feed utilization parameters were similar across all five treatments.
Physiological adaptation of the protein-digesting (pepsin and trypsin) and lipid-digesting (lipase)
enzymes was detected at all protein replacement levels (except for 25FPKM), as well as of the enzyme
for cellulose digestion (cellulase), but not of the carbohydrate-digesting enzymes (amylase). Protein
synthesis capacity in flesh was improved in fish fed the 50FPKM diet, while the quality of the main
flesh proteins, actin and myosin, showed no significant differences across the five treatments. No
differences in carcass composition and no negative effects on hematological parameters or liver his-
toarchitecture at the 50% replacement level of SBM by FPKM also support this alternative. Findings
from the current study indicate the low-cost FPKM-containing diet for tilapia in comparison with
control diet.

Keywords: carcass; digestive enzyme; feed utilization; flesh quality; hematological parameter; liver

Animals 2021, 11, 2287. https://doi.org/10.3390/ani11082287 https://www.mdpi.com/journal/animals
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B

enthic fauna plays an important role in marine ecosystems as the primary food for other aquatic animals, and this animal group helps reduce sediment nutrients by

�

lter feeding. �e aim of this study was to evaluate and explain the diversity and abundance of the benthic fauna community at the Songkhla port, where both human

a

ctivities and environmental �uctuations a�ect this community. Benthic fauna and water samples were collected at 2-month intervals from January to November

2017. 

�e results show that most physical parameters had wide ranges and varied by month. �e benthic fauna in the Songkhla lagoon was observed in this study. �

r

esults showed a higher number of taxa compared with a previous study. �ree phyla, namely, Annelida, Arthropoda, and Mollusca, had 25 taxa recorded in this stud

C

rustaceans were the most diverse (nine taxa) and abundant (2981 ± 313 ind/m

)

 group, followed by polychaetes (eight families, 2350 ± 288 ind/m

)

 and mollusks

(

eight taxa, 633 ± 200 ind/m

)

. Barnacles were the dominant group of crustaceans (2153 ± 758 ind/m

)

, whereas Serpulidae (1864 ± 647 ind/m

)

 and Mytilidae (447 ±

367 

ind/m

)

 were the dominant families of polychaetes and mollusks, respectively. Cluster analysis showed that the distribution of benthic fauna and physicochemic

w

ater quality varied with similar patterns. Clustering gave two groups: for rainy season from November to January and for dry season from May to November.

A

ccording to canonical correspondence analysis, salinity and transparency were the main environmental factors associated with the distribution pattern of benthic

f

auna in the area. In conclusion, the activities at the Songkhla port have not yet created problems for marine benthic fauna; instead, seasonal changes appear to drive

c

hanges in benthic fauna. However, future construction developments can a�ect the geographical area, complementing stresses from parameter changes at local

s

cales.

©

Coastal Education and Research Foundation, Inc. 2021

C

itation

 

Download Citation

�

anaphan Jombodin

, P

hatcharin Songkai

, B

ongkot Wichachucherd

, 

and

 

Eknarin Rodcharoen

 "

�e Relationship between Salinity and Benthic Fauna Diversity and

A

bundance at Songkhla Port, �ailand,"

 

Journal of Coastal Research

 

37(6), 1173-1180, 

(

30 August 2021). 

h

ttps://doi.org/10.2112/JCOASTRES-D-21-00037.1

R

eceived: 11 March 2021; Accepted: 20 June 2021; Published: 30 August 2021

1

,2

341

,2,*

1234*J

. of Coastal Research, 37(6)

:

1173-1180 (2021). 

h

ttps://doi.org/10.2112/JCOASTRES-D-21-00037.1

 222222

ACCESS THE FULL ARTICLE

Email

P

assword

F

orgot your password?

P

ERSONAL SIGN IN

 F

ull access may be available with your subscription

 R

emember Email on this computer

R

emember Password

Show

A

DD TO CART

P

URCHASE THIS CONTENT

 P

URCHASE SINGLE ARTICLE

P

rice: 

$25.00I

ncludes PDF & HTML, when available

R

IGHTS & PERMISSIONS

G

et copyright permission

AS

https://bioone.org/
https://doi.org/10.2112/JCOASTRES-D-21-00037.1
https://bioone.org/journals/journal-of-coastal-research/volume-37/issue-6
https://doi.org/10.2112/JCOASTRES-D-21-00037.1
https://bioone.org/shoppingcart?urlId=10.2112/JCOASTRES-D-21-00037.1
https://www.copyright.com/openurl.do?issn=0749-0208&doi=10.2112/JCOASTRES-D-21-00037.1&servicename=all&sid=bioonecoas0749-0208


.

 2021 May;48(5):4273-4283. doi: 10.1007/s11033-021-06442-6. Epub 2021 May 31.D

evelopment of polymorphic

mi

crosatellites for genetic studies of white

sc

ar oyster (Crassostrea belcheri) using

p

aired-end shotgun sequencing

P

arichart Ninwichian

, Jareeporn Ruangsri, Nirandon Phuwan, Bavornlak Khamnamtong, Sirawut KlinbungaAffiliationsPMID: 34057686 DOI: 10.1007/s11033-021-06442-6

Mol Biol

R

ep

 

1

 

2

 

3

 

4

 

5

 

5

Abstract

White scar oyster Crassostrea belcheri is a commercially important bivalve species in Thailand. Appropriate genetic markers areneeded for effective management to elevate its production efficiency. T

ype II microsatellites of C. belcheri were identified and

characterized using an Illumina paired-end shotgun sequencing. A total of 14,743,710 reads were generated for which 198,849 readscontaining microsatellites and 217,998 microsatellite loci were found. T

wenty out of 60 microsatellite loci (33.33%) were polymorphic

and these microsatellites were further tested against DNA bulks (N = 10 each) originating from 7 different geographic locations inThai waters. R

esults indicated that newly developed microsatellites can be used for genetic diversity analysis of C. belcheri.

Genotyping of C. belcheri collected from Surat Thani (Gulf of Thailand; N = 50) were performed. The number of alleles per locusranged from 2 to 12 (average = 4.95). Observed and expected heterozygosities ranged from 0.0000 to 0.9400 (average = 0.3419) and0.1139 to 0.8190 (average = 0.5844), respectively. Genome information and 20 newly isolated microsatellites will facilitate furtherstudies in population genetics, stock management, and genetic improvement of C. belcheri in Thailand.K
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M

angrove forests serve various positive aspects for human use and accumulate sediment and �lter impurities from the land and sea. In this study, the investigation

w

as performed on the year-round changes in the physicochemical characteristics of sediment and the percentage of cover of the bottom in a secondary mangrove

w

here public-access mangrove areas and the mouth of the Mae Klong River to the sea at Samut Songkhram province, �ailand. Organic carbon (OC), organic matter

(

OM), bulk density, and grain size were measured in the sediment samples. �e percentage of cover and litter dry weight were estimated using 50-cm

 

quadrats.

C

onductivity, total dissolved solids, pH, and salinity were measured from the sediment. Air and water temperatures were recorded. �e study site was divided into

u

pper-, middle-, and low-tide levels. �e results showed that tidal levels and months had signi�cantly di�erent (

p 

< 0.05) in�uences on all of the factors examined. �e

p

ercentage of OC and percentage of OM increased continuously at the upper levels but were low at the middle and lower levels. �e bulk density, however, was low in

v

alue in the low-tide zone. In addition to the percentage of cover, the percentage of soil and percentage of aerial root were found mostly in the middle to low zones. �e

p

ercentage of garbage waste and percentage of litter were not di�erent at di�erent levels, and nor was the dry weight, throughout the period of study. �e grain size in

e

ach month was classi�ed as clay type, pH, conductivity, total dissolved solid, and salinity obtained from sediment varied signi�cantly (

p 

< 0.05) among levels and

m

onths. In summary, the upper level is in�uenced by the terrestrial runo�. Environmental factors such as climate and geography a�ect the sediment quality at the

m

iddle and lower levels.
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Abstract

Understanding trophic relationships of fish in estuarine ecosystem is an important

element for sustainable resource management. This study examined the feeding habits

of 29 dominant fish species, characterized the trophic guilds, assessed the impact of sea-

son and clarified the role of diets in structuring the fish community in the mouth region

of Pattani Bay, Thailand. Samples of 5792 fishes collected monthly by gillnets from

March 2019 to February 2020 were used for stomach content analyses. It was found

that the number of food types and fullness index differed between fish taxa (P < 0.001).

Most fishes were specialist feeders feeding on specific food components and were cate-

gorized into five trophic guilds: piscivore, shrimp-fish feeder, polychaete feeder,

zooplanktivore and planktivore. Six species were piscivorous, considered as apex preda-

tors, that fed almost entirely on fishes. High diet overlaps among some species (>0.6)

were recorded. Not much variation in seasonal guilds was observed: four guilds in the

dry season, three in the moderate rainy season and four in the rainy season. Some spe-

cies remained in the same guild the whole year round, but some fishes changed season-

ally. Two fish communities from different regions of the bay were segregated based on

feeding habits. The inner bay community comprised mainly copepod and plankton

feeders, but there were more piscivores in the deeper bay mouth area. Results from this

study help us to understand the feeding habits and trophic guilds of dominant fish

species at the mouth of this tropical estuarine bay.

K E YWORD S

fish ecology, Gulf of Thailand, stomach content, trophic organization, tropical estuary

1 | INTRODUCTION

Understanding mechanisms behind the maintenance of ecosystem func-

tion is fundamental in ecology (Reiss et al., 2009; Parravicini et al., 2020).

Trophic relationships are elements describing energy transfer in the eco-

system (Ramírez et al., 2013) and feeding strategy among species within

the food web (Frances & McIntyre, 2017). Knowing species' role in a

food web requires accurate assessment of their trophic niche or guild

(Root, 1967; Parravicini et al., 2020). Elliott et al. (2007) classified

seven estuarine fish guilds or feeding mode functional groups (FMFG),

which includes detritivores, herbivores, omnivores, zooplanktivores, zoo-

benthivores, piscivores and miscellaneous/opportunists. This knowledge

helps to describe relationships between fish habits and the environ-

ment (Blaber, 1997), clarify functional roles and the success of species

(Almeida, 2003; Hajisamae, 2009; Hajisamae et al., 2006a; Wootton,

1999) and reflects food web dynamics in the ecosystem (Espinoza

et al., 2015; Trueman et al., 2014).

Scientific information on the structure and function of food webs

is essential for proper management of an estuarine ecosystem (Fath

et al., 2019). An application of ecosystem-based fisheries management

Received: 9 May 2021 Accepted: 6 July 2021

DOI: 10.1111/jfb.14851
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(EBFM), among the most popular approaches, relies mainly on ecologi-

cal processes (Larkin, 1996; Latour et al., 2003; Link, 2002). Identify-

ing and quantifying trophic interactions within an ecosystem are

required for EBFM, as they govern ecosystem structure and function

(Tyrrell et al., 2011; Whipple et al., 2000). Fish trophic studies in

the estuarine ecosystem have long been conducted worldwide.

These include trophic relations of fish in South African estuaries

(Whitfield, 1980; Whitfield, 2020b), Guadalquivir Estuary (Baldo &

Drake, 2002), the eastern boundary of the San Francisco Estuary

(Grimaldo et al., 2009) and the Chesapeake Bay (Buchheister &

Latour, 2015). Some studies have assessed the feeding ecology of

fishes in different types of ecosystem (Braga et al., 2012; Elena

et al., 2020), such as the abyssal and hadal zones of Kermadec and

Mariana Trenches (Gerringer et al., 2017), reef fish in a remote

oceanic island at the Juan Fernandez Archipelago, Chile (Ramírez

et al., 2013), the largest hypersaline Araruama Lagoon on the east

coast of South America (Almeida-Silva et al., 2015), northeast Brazil

(Pereira et al., 2016), the rocky reefs in Australia (Truong et al., 2017),

the Little Colorado River, Arizona (Behn & Baxter, 2019) and the

North Yellow Sea, China (Rongliang et al., 2021). In South East Asia,

besides healthy fish resources facing severe reduction from various

factors (FAO, 2020), studies of fish trophic ecology are, however,

limited. Among these are studies in the Johore Strait, Singapore

(Hajisamae et al., 2004), Pattani Bay, Thailand (Hajisamae &

Ibrahim, 2008), in the lower part of the South China Sea

(Hajisamae, 2009) and recently in the coastal waters of Malaysia

(Chong et al., 2021). Nonetheless, trophic ecology studies dealing

directly with the mouth of a bay region, especially of a semi-enclosed

bay ecosystem in a tropical area, are unavailable.

Shallow nearshore habitats are important areas (e.g., Bergström

et al., 2016; Costanza et al., 2014) in the marine ecosystem. Fishes in

such habitats contribute to both a food web's function and support

commercial and traditional fisheries (Bergström et al., 2016; Seitz

et al., 2014). The habitat continuously receives a strong pressure from

various anthropogenic activities (Halpern et al., 2008). Pattani Bay is a

small semi-enclosed bay, c. 74 km2, characterized by various types of

bottom such as seagrass and seaweed meadows, mangrove forest,

sand and mud beds. It is known to support high faunal diversity and

local fishing activities (Hajisamae et al., 2006a; Hajisamae & Yeesin,

2014; Hisam et al., 2020). Hajisamae and Ibrahim (2008) reported that

many fish species used the bay, especially the inner region, as a nurs-

ery ground during young stages and as a feeding ground for adults of

small-sized species. Trophic studies have been conducted both in the

inner area of the bay (Hajisamae & Ibrahim, 2008) and the nearby

deeper open waters (Hajisamae, 2009). Unfortunately, there was no

report from the bay mouth area which is known as a transitory habi-

tat. Investigation of specific characteristic and linkage of fish trophic

guilds between the connected ecosystems is essential. A recent

debate between Baker and Sheaves (2021) and Whitfield (2020a) on

the shallow water estuarine habitats as a nursery for fishes highlights

the predation on juvenile fishes in shallow estuarine ecosystem. It is

therefore appropriate to use this area as a model to investigate how

fish trophic guilds at the mouth of the bay, 2.0–6.0 m deep, may differ

from the inner part of the bay, 0.8–1.6 m deep (Hajisamae &

Ibrahim, 2008) and the deeper open water area, 12–23 m deep

(Hajisamae, 2009). The main aim of this study was to assess feeding

habits of 29 dominant fish species, characterize trophic guilds, quan-

tify impacts of temporal factors, clarify the role of diets in structuring

fish community and compare trophic characteristics with the inner

region of the bay. This information will support current knowledge on

trophic ecology of fishes in a coastal bay habitat of the tropical region.

2 | MATERIALS AND METHODS

2.1 | Study sites

Pattani Bay, located at latitude 06� 520 5.30 0 N and longitude 101� 150

0.30 0 E, is a semi-enclosed, shallow estuarine water body in the south-

ern part of the Gulf of Thailand. The bay is 74 km2 in size with a com-

plex water regime that is tidally influenced by the outer Gulf of

Thailand. The bay has an average tidal range of 0.13–0.4 m. It is

influenced mainly by the northeast monsoon season (NEM), typically

occurring from November to March and characterized by strong

winds and waves (Fakaruddin et al., 2020). Nonetheless, based on the

pattern of rainfall, three seasons are observed in Pattani province; dry

season in January to April (corresponding to inter-monsoonal period),

moderate rainy season in May to August (southwest monsoon season)

and rainy season in September to December (NEM) (Chaiwanawut

et al., 2005). The bay also receives discharges from two rivers, Pattani

and Yamu (Hajisamae et al., 2006a). The present study was conducted

at the mouth of the bay near the vicinity of Rusamilae fishing village

(Figure 1). The study area was characterized by sandy-muddy sub-

strata with an average salinity, temperature, dissolved oxygen and pH

of 30.6 ± 1.8 psu, 29.9 ± 1.8�C, 6.6 ± 0.6 mg l�1 and 8.1 ± 0.2,

respectively. Three sampling stations located at the depth contours of

2.0 m (latitude 06� 880 030 0 N and longitude 101� 210 0.40 0 E), 4.0 m

(latitude 06� 890 0.20 0 N and longitude 101� 210 0.20 0 E) and 6.0 m (lati-

tude 06� 910 0.70 0 N and longitude 101� 200 0.60 E) were selected for

fish sampling.

2.2 | Sample collection and gut content analysis

Samples were collected monthly from March 2019 to February 2020

between 19.00 and 20.00 hours, at three stations using monofilament

gillnets deployed simultaneously from three fishing boats. Each net

comprised triple-stretched mesh-sizes stitched together; 3.0, 4.0 and

4.5 cm, 3.5 m deep and 540 m long. The length of each segment,

mesh size, is 180 m long. It is assumed that only some fish species and

sizes were captured by the experimental gillnets. All fish specimens,

mostly dead after hauling, were immediately preserved in iced water

and transported to the laboratory at the Faculty of Science and Tech-

nology, Prince of Songkla University. Altogether, 28,855 individuals

from 87 fish species were caught, and they were identified in the lab-

oratory. Up to 30 individuals per month were randomly selected for
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each species and preserved in 10% buffered formalin to avoid bacte-

rial digestion of stomach contents. After preserving for 4 days, they

were soaked in fresh water overnight and transferred to 70% alcohol.

Individual fish was dissected with surgical ocular scissors on a petri

dish. The entire gut was removed and its stomach fullness was

assessed on a scale of 0 (empty) to 6 (fully distended with food)

expressed as empty, trace, 1/4 full, ½ full, 3/4 full, full and gorged sto-

machs as suggested by Pillay (1952). Each diet was identified to the

lowest possible taxon. Compositions of each food component were

estimated by a modified points method where each food compo-

nent was awarded points (%) proportional to estimation of gut and

foregut volume (Hajisamae, 2009; Platell & Potter, 2001). Larger

diets were visually assessed based on their contributions on the

scaled petri dish. A compound light microscope was used to assess

stomach contents with plankton and stereo microscope to identify

larger food components. A relative volumetric contribution (%V) of

each food type was calculated for further analysis. Fourteen types

of food were categorized including Acetes, caridean shrimp, Lucifer,

plastic component, polychaete, penaeid shrimp, dinoflagellate, fish,

diatom, calanoid copepod, other zooplankton, bivalve, other ben-

thos and other food items.

2.3 | Data analysis

2.3.1 | Dietary attributes

Altogether, 5792 fish samples from 29 dominant fish species were used

for data analysis. Several dietary indices were used to assess the contri-

bution of each food type in the diets of different fish species

(Hajisamae, 2009; Hyslop, 1980). Dominant food type refers to the

food type found in the greatest proportion in the guts of each fish spe-

cies. Vacuity index (VI) refers to the number of empty guts as a percent-

age of the total number of guts examined. Gut fullness (FL) refers to an

average of the relative gut fullness of all guts examined.

Diet breadth (Bi) is calculated using Levin's standardized

index (Krebs, 1989; Labropoulou & Papadopoulou-Smith, 1999). The

formula for diet breadth index is:

Bi ¼ 1
n�1

� �
1

Pn
i, j¼1

Pij
2

0
BBB@

1
CCCA�1

0
BBB@

1
CCCA

where Bi is the Levin's standard index for predator “i,” “Pij” is

the proportion of diet of predator “i” that is made up of food “j” and

“n” is the number of food categories.

2.3.2 | Diet overlap

Simplified Morisita-Horn index (Horn, 1966) based on %V data was

calculated for diet overlap between interspecific species:

CH¼
2

Pn
i;j;k¼1 pijpik

� �
Pn

i;j¼1 p
2
ij þ

Pn
i;k¼1 p

2
ik

where “CH” is Morisita-Horn index of overlap between species “j”
and “k”; “pij” is the proportion of food “i” of the total food quantity by spe-

cies “j”; “pik” is the proportion of food “i” of the total food used by species

“k” and “n” is the total number of food component. The degree of overlap

was classified as low overlap (0.0–0.29), moderate overlap (0.30–0.59) and

high overlap (to be significant between 0.60 and 1.00) (Langton, 1982).

2.4 | Statistical analysis

ANOVA was used to test for the difference between number of food

type (TF) and stomach fullness index (FL) of all 29 fish species.

F IGURE 1 Map showing study sites off Pattani Bay, the lower Gulf of Thailand. A, B and C represent the water depth of 2 m, 4 m and 6 m
depths, respectively
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The raw data for TF was Log (X + 1) transformed to reduce

non-normality before testing.

2.4.1 | Trophic guild construction

To construct the main trophic guild, a Bray–Curtis similarity matrix of

the raw data of mean relative volumetric contribution (%V), no

digested items involved, was calculated, and a cluster dendogram was

developed using the PRIMER statistical package 5.0 (Clarke &

Gorley, 2001). A group of species falling in the same cluster was

tested for a difference by analysis of similarity (ANOSIM), and similar-

ity percentage (SIMPER) was used to detect fish species responsible

for the formation of each cluster group. Results from cluster analysis

and SIMPER, together with the raw data of food compositions, were

used to assess the robustness of the guild (Hajisamae, 2009). The

models of general trophic guild for 29 fish species, the dominant spe-

cies, were then constructed. To observe seasonal variation in trophic

guilds, cluster dendograms based on the above method were

constructed for all three seasons.

2.4.2 | Comparison between diet composition of
fishes from the bay mouth and the inner bay region

A multi-dimensional scaling (MDS) was performed based on the diets

of 29 dominant fish species collected from this study, the bay mouth

area, and the diet data of 28 fish species from the previous study in

the inner bay region by Hajisamae and Ibrahim (2008). A Bray–Curtis

similarity matrix was applied to Log (X + 1) data to create the MDS

TABLE 1 Dietary attributes of the 29 fish species collected by gillnet in the mouth of Pattani Bay, Thailand from March 2019 to
February 2020

Species TSE Length (cm) Eco-type S > 0 VI Bi FL ± S.D. Av food

Anodontostoma chacunda 659 11.1 ± 1.1 P 198 70.0 0.16 2.9 ± 1.8 2.1 ± 2.4

Hilsa kelee 137 13.1 ± 1.5 P 110 19.7 0.08 3.0 ± 1.0 4.2 ± 3.2

Sardinella fimbriata 212 11.8 ± 0.7 P 191 9.9 0.24 2.4 ± 0.9 2.9 ± 2.6

Sardinella gibbosa 231 11.6 ± 1.0 P 220 4.8 0.09 2.6 ± 1.3 2.6 ± 6.2

Setipinna taty 208 11.7 ± 1.8 P 50 76.0 0.26 1.3 ± 0.6 1.2 ± 0.3

Thryssa hamiltonii 343 15.9 ± 1.5 P 169 50.7 0.22 3.4 ± 1.8 1.1 ± 0.1

Thryssa kammalensis 169 8.9 ± 0.8 P 48 71.6 0.37 2.5 ± 1.8 1.1 ± 0.2

Thryssa setirostris 62 13.1 ± 0.9 P 12 80.6 0.97 1.7 ± 1.4 1.0 ± 0.0

Chirocentrus nudus 30 26.2 ± 3.7 P 27 10.0 0.06 4.6 ± 1.4 1.0 ± 0.0

Opisthopterus tardoore 317 13.6 ± 1.5 P 111 65.0 0.30 3.5 ± 2.0 1.0 ± 0.0

Harpadon nehereus 119 22.7 ± 18.4 BP 22 81.5 0.19 3.5 ± 1.9 1.0 ± 0.0

Alepes kleinii 298 10.6 ± 1.5 P 128 57.0 0.11 2.5 ± 1.6 1.0 ± 0.1

Megalaspis cordyla 185 14.3 ± 2.1 P 162 12.4 0.04 4.3 ± 1.9 1.1 ± 0.1

Deveximentum insidiator 152 8.6 ± 2.0 D 81 46.7 0.06 2.6 ± 1.8 1.7 ± 4.3

Eubleekeria jonesi 74 6.4 ± 0.7 D 43 41.9 0.38 1.9 ± 1.2 1.9 ± 2.8

Eubleekeria splendens 314 6.7 ± 0.9 D 151 51.9 0.11 2.1 ± 1.3 2.4 ± 2.8

Leiognathus equula 82 8.2 ± 0.7 D 69 15.9 0.03 3.9 ± 0.4 1.2 ± 0.3

Photopectoralis bindus 313 8.4 ± 1.1 D 201 35.8 0.35 2.5 ± 1.4 1.3 ± 0.5

Dendrophysa russelii 79 10.5 ± 1.4 D 32 59.5 0.33 2.5 ± 1.8 1.1 ± 0.1

Johnius belangerii 92 12.5 ± 1.0 D 38 58.7 0.64 2.3 ± 1.8 1.1 ± 0.1

Johnius borneensis 216 12.9 ± 1.2 BP 91 57.9 0.26 2.5 ± 1.6 1.1 ± 0.1

Otolithes ruber 140 15.7 ± 2.0 BP 37 73.6 0.33 2.6 ± 1.7 1.0 ± 0.0

Panna microdon 77 17.3 ± 2.7 D 39 49.4 0.40 2.1 ± 1.9 1.1 ± 0.0

Pennahia anea 82 12.0 ± 1.4 D 13 84.1 0.26 3.6 ± 1.8 1.1 ± 0.1

Eleutheronema tetradactylum 75 18.7 ± 2.2 P 54 28.0 0.19 3.7 ± 1.8 1.1 ± 0.1

Planiliza subviridis 156 16.7 ± 1.9 P 41 73.7 0.42 1.8 ± 1.5 1.4 ± 1.0

Trichiurus lepturus 76 45.7 ± 3.9 BP 27 64.5 0.26 4.7 ± 1.4 1.1 ± 0.1

Rastrelliger brachysoma 498 14.8 ± 1.5 P 495 0.6 0.26 4.0 ± 1.2 6.1 ± 1.8

Scomberomorus commerson 396 18.9 ± 3.7 P 348 12.1 0.03 5.0 ± 1.4 1.0 ± 0.0

Ave food: average number of food type per fish; Bi: diet breadth; BP: benthopelagic species; D: demersal species; FL: fullness index; Length: fork length; P:

pelagic species; S > 0: non-empty stomach; TSE: total sample examined; VI: vacuity index.
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ordination. Similarity percentage (SIMPER) was used to assess contri-

butions of each food component to the ordination.

3 | RESULTS

3.1 | Diet attributes

From the 30 to 659 guts of each fish species examined, 12 to 495 con-

tained food (Table 1). The VI varied from 0.6 to 84.1. The gut fullness

(FL) ranged from 1.3 for Setipinna taty to 5.0 for Scomberomorus

commerson, with most of the values >3.0. Average variety of food

type per gut ranged from 1.0 for some species such as Alepes kleinii,

Thryssa setirostris and Opisthopterus tardoore to 6.1 for Rastrelliger

brachysoma. The total number of food types ranged from three for

Pennahia anea and Harpadon nehereus to 11 for Thryssa hamiltonii and

Sardinella fimbriata. The diet breadth (Bi) varied from 0.03 for

S. commerson to 0.97 for T. setirostris, with most of the values

between 0.1 and 0.3. Results from statistical analysis indicated

significant differences among average numbers of food types

(ANOVA, F (1, 29) = 176.8, P < 0.001) and fullness index (ANOVA, F

(1, 29) = 52.0, P < 0.001) among the 29 fish species.

TABLE 2 Relative volumetric composition of food (%V) of the 29 fish species collected by gillnet in the mouth of Pattani Bay, Thailand from
March 2019 to February 2020

Species Ace Car Fish Luc Plas Poly Shr Dino Diat Cal Zoo Biv Ben Oth

Anodontostoma chacunda 0.0 0.0 0.0 0.0 0.4 2.2 0.0 1.1 34.8 4.3 43.3 0.0 12.3 1.7

Hilsa kelee 0.0 0.0 0.0 0.2 0.1 0.8 0.0 2.9 56.5 26.4 11.9 0.0 1.1 0.1

Sardinella fimbriata 0.0 1.0 0.0 17.1 0.1 1.3 0.6 3.9 23.0 20.1 31.5 0.0 1.2 0.1

Sardinella gibbosa 0.0 0.0 0.0 45.7 0.0 4.0 0.0 3.7 23.2 5.8 8.3 0.0 9.1 0.1

Setipinna taty 5.1 2.5 0.0 51.8 0.0 2.5 13.0 0.0 16.1 0.8 8.1 0.0 0.0 0.0

Thryssa hamiltonii 16.2 0.0 41.2 1.5 0.0 0.6 31.2 0.3 5.4 0.0 0.4 2.4 0.5 0.3

Thryssa kammalensis 40.3 5.8 0.0 3.5 0.0 0.0 17.3 0.0 15.6 0.6 7.2 0.0 8.6 1.2

Thryssa setirostris 0.0 18.2 0.0 0.0 0.0 0.0 18.2 0.0 18.2 0.0 0.0 27.3 18.2 0.0

Chirocentrus nudus 0.8 0.0 91.5 0.0 0.0 0.0 3.8 0.0 0.0 0.0 0.0 0.0 0.0 3.8

Opisthopterus tardoore 22.7 11.3 2.3 46.5 0.0 0.0 4.6 0.0 0.2 0.3 10.9 0.0 1.2 0.0

Harpadon nehereus 0.0 0.0 84.2 0.0 0.0 0.0 10.5 0.0 0.0 0.0 5.3 0.0 0.0 0.0

Alepes kleinii 6.3 0.0 0.0 76.7 0.0 11.3 0.0 0.0 0.6 0.0 2.4 0.0 2.8 0.0

Megalaspis cordyla 8.6 0.1 86.1 1.6 2.2 0.0 0.1 0.0 0.1 0.0 0.4 0.0 0.7 0.0

Deveximentum insidiator 2.4 0.0 0.0 73.3 0.2 3.0 0.0 0.0 10.7 0.7 9.7 0.0 0.0 0.0

Eubleekeria jonesi 0.0 0.0 0.0 5.1 0.0 0.0 0.0 0.6 28.2 20.5 42.9 0.0 2.6 0.0

Eubleekeria splendens 0.0 0.1 0.0 3.9 0.7 1.3 0.0 2.5 47.4 4.8 33.2 0.0 5.9 0.2

Leiognathus equula 0.0 82.3 0.0 1.6 0.2 0.5 0.0 1.1 1.6 2.4 9.5 0.0 0.1 0.7

Photopectoralis bindus 0.0 2.7 0.0 12.0 4.7 0.0 0.0 1.4 29.8 7.0 30.0 0.0 6.4 6.0

Dendrophysa russelii 5.2 0.0 17.6 0.0 0.0 5.2 49.7 0.0 0.0 0.0 0.0 0.0 11.9 10.4

Johnius belangerii 0.0 0.0 5.1 0.0 0.0 36.0 22.3 0.0 0.0 0.0 0.0 31.5 5.1 0.0

Johnius borneensis 0.0 3.4 11.9 0.0 0.0 43.9 10.2 0.0 0.0 0.0 2.7 4.3 21.9 1.7

Otolithes ruber 5.8 0.0 40.9 0.0 0.0 0.0 21.1 0.0 11.7 0.0 8.8 0.0 5.8 5.8

Panna microdon 0.0 0.0 11.9 0.0 0.0 3.5 54.9 0.0 0.0 0.0 0.0 0.0 3.5 26.1

Pennahia anea 0.0 0.0 80.0 0.0 0.0 9.1 10.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Eleutheronema tetradactylum 1.0 0.0 26.1 0.0 0.0 0.0 70.2 0.0 0.0 0.0 0.8 2.0 0.0 0.0

Planiliza subviridis 0.0 0.0 0.0 0.0 1.7 0.0 0.0 0.9 30.5 10.3 49.7 0.0 5.2 1.7

Trichiurus lepturus 0.0 7.3 78.3 0.0 0.0 0.0 0.0 1.5 0.7 0.0 0.0 0.0 12.3 0.0

Rastrelliger brachysoma 0.0 0.0 0.0 1.7 0.1 0.2 0.0 8.7 34.3 24.0 30.0 0.0 0.8 0.1

Scomberomorus commerson 0.0 0.0 92.6 0.0 0.0 0.0 1.8 0.0 0.0 0.0 0.3 0.0 0.0 5.2

Average 3.8 4.5 22.0 11.4 0.4 6.1 11.4 1.2 13.5 4.3 11.7 2.2 5.3 2.2

Ace: acetes; Ben: other benthos; Biv: bivalve; Cal: calanoid copepod; Car: caridean shrimp; Dait: diatom; Dino: dinoflagellate; Luc: Lucifer; Oth: others; Plas:

plastic component; Poly: polychaete; Shr: penaeid shrimp; Zoo: other zooplankton.

Bold value: the most dominant food.
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3.2 | Food compositions

Overall, fish was the largest contributor to the diet of 29 species

examined (%V = 22.0%), followed by diatoms (13.5%), other

zooplankton referring to a combination of various zooplankton

(11.7%), penaeid shrimp (11.4%) and Lucifer (11.4%) (Table 2).

Based on the major types of food for each fish species, eight

species fed on fish as the main dietary item, five species on

Lucifer and other zooplankton, and three species on diatoms,

penaeid shrimps and polychaetes. Of these, fish dominated in

the diet of T. hamiltonii, Megalaspis cordyla, Otolithes ruber,

P. anea, H. nehereus, Chirocentrus nudus, Trichiurus lepturus and

S. commerson. Lucifer was the dominant diet for Sardinella gibbosa,

Deveximentum insidiator, A. kleinii, S. taty and O. tardoore. Other

zooplankton, including copepods and Acetes, was the main diet for

S. fimbriata, Planiliza subviridis, Anodontostoma chacunda,

Photopectoralis bindus and Eubleekeria jonesi. Shrimps were

ingested mainly by Dendrophysa russelii, Panna microdon and

Eleutheronema tetradactylum. Phytoplankton, especially diatoms,

were dominant in the diet of R. brachysoma, Hilsa kelee and

Eubleekeria splendens. Polychaetes were ingested largely by

Johnius belangerii and Johnius borneensis.

3.3 | General trophic guild

In general, five trophic guilds were categorized, including

piscivores, shrimp-fish feeders, polychaete feeders, zooplanktivores

and planktivores or combined-planktivores (Figure 2). As seen, from

the 29 species examined, 14 species were feeding on plankton,

either zooplankton or phytoplankton, and 13 species feeding on

fish or shrimp. Six species (20.7%) were grouped as piscivores that

F IGURE 2 General trophic guilds categorized based on 29 fish species collected by gillnet in the mouth of Pattani Bay, Thailand, from March
2019 to February 2020. Arrow thickness indicates the level contribution of each food component
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fed almost entirely on fishes. These included T. lepturus, M. cordyla,

C. nudus, S. commerson, P. anea and H. nehereus. Seven species

(24.1%) were grouped as fishes feeding on a combination of shrimp

and fish. J. belangerii and J. borneensis were categorized as poly-

chaete feeders with some combination of shrimp and fish in the

diets. Six species (20.7%) were zooplanktivore, feeding mainly on

two different groups of zooplankton; Lucifer and combined zoo-

plankton. Eight species (27.6%) were categorized as planktivorous

fish. They fed mainly on phytoplankton, especially diatoms, and

copepods with some combination of Lucifer and other zooplankton.

0% 20% 40% 60% 80% 100%

R. brachysoma
S. fimbriata
P. subviridis

H . kelee
A. chacunda

P. bindus
E. splendens

E. jonesi
Planktivores

0% 20% 40% 60% 80% 100%

D. insidiator

A. kleinii

S. taty

S. gibbosa

T. kammalensis

O. tardoore

Zooplanktivores

0% 20% 40% 60% 80% 100%

M. cordyla

P. anea

H. neherus

C. nudus

T. lepturus

S. commerson

Piscivores

0% 20% 40% 60% 80% 100%

L. equula

T. hamiltonii

T. setirostris

D. russellii

O. ruber

P. microdon

E. tetradactylum
Shrimp-fish feeder

0% 20% 40% 60% 80% 100%

J. belangerii

J. borneensis

Polychaete feeder

F IGURE 3 Relative contributions of
each food item on the diets (%V) of the five
categorized fish trophic guilds in the mouth
of Pattani Bay, Thailand from March 2019
to February 2020. Planktivores ( ) Lucifer
sp., ( ) phytoplankton, ( ) copepod, ( )
zooplankton, and ( ) others;
Zooplanktivores ( ) Acetes sp., ( ) Lucifer
sp., ( ) polychaete, ( ) shrimp, ( )

phytoplankton, ( ) copepod, ( )
zooplankton, and ( ) other; Piscivores ( )
Acetes sp., ( ) fish, ( ) shrimp, ( ) squid, ( )
phytoplankton, ( ) zooplankton, and ( )
others; Shrimp-fish feeder ( ) Acetes sp., ( )
crab, ( ) fish, ( ) shrimp, ( ) phytoplankton,
and ( ) others; and Ploychaete feeder ( )
crab, ( ) fish, ( ) polychaete, ( ) shrimp, and
( ) others
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F IGURE 4 Seasonal fish trophic guilds collected by gillnet in the mouth of Pattani Bay, Thailand, from March 2019 to February 2020
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Relative contributions of each food component on the diets of

fishes based on the categorized trophic guilds are illustrated in

Figure 3.

3.4 | Seasonal variation in trophic structure

It was found that three or four clusters of trophic guilds, at similarity

level of 40%, were formed in January to April, May to August and

September to December, respectively (Figure 4). Four trophic groups

were clustered on the dendogram in January to April (dry season)

(Figure 4a). ANOSIM detected a significant difference among these

four clusters at a similarity level of 40% (Global R = 0.883, P = 0.1%).

The Cluster A comprised three fish species namely A. kleinii,

D. insidiator and O. tardoore, and SIMPER indicated that Lucifer (64%

contribution) and Acetes (36%) were the major dietary items for this

group. A strong contribution of phytoplankton (34%), copepod (31%)

and zooplankton (16%) was described by SIMPER for 10 species

formed in Cluster B. Eight species including T. lepturus, H. nehereus,

C. nudus, S. commerson, P. anea, J. borneensis, P. microdon and

D. russelii were grouped together as Cluster C. SIMPER's result

showed that they jointly had fishes (63%) and shrimp (24%) as the

main contributors to their diets. Cluster D had shrimp (40%) as the

main food with others including phytoplankton (18%), fish (17%) and

Acetes (16%). They were E. tetradactylum, L. equula, T. setirostris,

O. ruber, Thryssa kammalensis, M. cordyla and T. hamiltonii.

In the moderate rainy season (May 2019 to August 2019), three

clusters of species were formed on the dendogram. ANOSIM con-

firmed a significant difference of this trophic formation (Global

R = 0.946, P = 0.1%) (Figure 4b). Three species formed Cluster A,

including A. kleinii, S. taty and O. tardoore and SIMPER indicated 90%

contribution of Lucifer. Nine species grouped together as Cluster

B. They were A. chacunda, R. brachysoma, D. insidiator, L. equula,

E. splendens, S. gibbosa, S. fimbriata, P. bindus and C. nudus. Based on

SIMPER, this cluster contained fishes that fed on phytoplankton,

mainly diatoms, (38%), copepods (mainly calanoid copepods), (26%),

Lucifer (16%) and zooplankton (13%). Cluster C consisted of nine fish

species and SIMPER indicated that fish (67%) and shrimp (31%) were

their main dietary items. Furthermore, based on raw data, Cluster C

can be categorized into C1 (shrimp-fish feeder) and C2 (piscivores).

The C2 included M. cordyla and S. commerson, which fed almost

entirely on fishes.

In the rainy season (September to December), four clusters were

formed and ANOSIM confirmed significant differences between clus-

ters (Global R = 0.937, P = 0.1%) (Figure 4c). Cluster A consisted of

T. lepturus, S. commerson, M. cordyla and C. nudus. Fish contributed

F IGURE 5 MDS ordination showing the separation of diet composition of fishes collected in the mouth of Pattani Bay from this study
(29 fish species) and the inner bay area (28 fish species) from the earlier study by Hajisamae and Ibrahim (2008). ( ) inner bay, and ( ) bay mouth
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94% of the diet of this group as indicated by SIMPER. Cluster B

comprised nine species, namely, D. russelii, O. ruber, T. hamiltonii,

E. tetradactylum, O. tardoore, P. microdon, T. setirostris, J. belangerii and

J. borneensis. SIMPER showed that shrimp was the largest contributor

(58%), followed by fish (27%) and bivalve (10%) to the formation of

the cluster. Four species formed Cluster D in this season, and SIMPER

identified that Lucifer was the major contributor (81%). There were

nine fish species in Cluster C; SIMPER analysis indicated that phyto-

plankton, zooplankton, copepod and polychaete contributed 38%,

27%, 22% and 7% of their diets, respectively.

3.5 | Diet overlap

It was found from the analyses of diet overlap between the 29 fish species

that 78 of 406 pairs of species analysed had CH values of >0.6, indicating

significant overlaps between them (Table 3). For example, R. brachysoma,

T. hamiltonii, D. russelii and P. anea significantly overlapped with another

7, 10, 3 and 4 species, respectively. Three species, namely, L. equula,

T. kammalensis and T. setirostris, had CH values of <0.6, indicating that

there was no diet overlap between these species and other fish species.

The majority of the CH values of >0.6 were within planktivorous fishes,

such as R. brachysoma with S. fimbriata, and piscivorous fishes, such as

S. commersonwith T. lepturus. Eleven pairs of overlaps had a CH value= 1.0,

indicating a complete overlap between those species, such as between

S. commerson with M. cordyla, C. nudus, P. anea and P. microdon; between

D. insidiator and A. kleinii; and between A. chacunda and P. subviridis.

3.6 | Comparison between diet composition of
fishes from the bay mouth and the inner bay area

A clear segregation on the MDS ordination between fish communities

from the bay mouth region and the inner bay area based on diet com-

positions was observed (Figure 5). Results from SIMPER analysis indi-

cated that fish (21.5% contribution), shrimp (21.4%), phytoplankton

(17.2%) and zooplankton (11.5%) were the main foods of fishes from

the bay mouth region. Copepods (43.1%), shrimps (20.4%), gammarid

amphipods (9.6%) and polychaetes (7.3%) were the main foods of

fishes from the inner bay area.

4 | DISCUSSION

This study concentrated on stomach contents, diet overlap and tro-

phic guilds of fishes collected by gillnet in the bay mouth region of an

estuarine ecosystem and on links with the inner part of the bay in

particular. Most fishes examined are pelagic species with some

benthopelagic and demersal species (Table 1). Normally, fishes can be

classified, based on diet breadth value, as specialist and generalist

feeders (Hajisamae, 2009). The former refers to species feeding on

specific food components and low diet breadth value, and the latter

refers to fishes with a broader category of food type and high diet

breadth value. In this study, the diet breadth ranged from 0.03 for

S. commerson and L. equula, considered specific or specialist feeders,

to 0.97 for T. setirostris, a generalist feeder. Nonetheless, as most of

the values were between 0.1 and 0.3, that majority of fishes in this

area can be considered specialist or specific feeders. The detection of

significant dietary overlaps of some fish species indicated that there

were high trophic interspecific relationships among them. The highest

overlap values were among those piscivorous species such as

S. commerson, M. cordyla, P. anea, H. nehereus, C. nudus and T. lepturus.

This suggests that the piscivorous fishes feed on almost similar food

components. Thus, interspecific dietary competition between them is

high. It is therefore assumed that the presence of these species

depended on an abundance of fishes from other guilds as their food

source.

The FMFG (Elliott et al., 2007) is an important tool and has been

used for feeding ecology studies in many regions of the world (i.e.,

Chong et al., 2021; Hajisamae, 2009; Hajisamae & Ibrahim, 2008;

Truong et al., 2017). Based on the FMFG, the trophic structure of fishes

in this habitat could be categorized into five main guilds, namely,

piscivores (20.7%), shrimp-fish feeders (24.1%), planktivores (27.6%),

zooplanktivores (20.7%) and polychaete feeders (6.9%). The planktivore

or combined-planktivore refers to fishes that feed mainly on phyto-

plankton and copepods together with some Lucifer and other zooplank-

ton. The guild structure of fish in this area is comparable to those of

other estuarine ecosystems. Nonetheless, some unique characteristic is

observed. For instance, trophic guilds of fishes in Chesapeake Bay estu-

ary were broadly classified into five categories; piscivores (20.4%),

zooplanktivores (28.6%), benthivores (32.7%), crustacivores (18.4%)

and miscellaneous consumers (Buchheister & Latour, 2015). Another

study in Swartvlei Lake, South Africa, indicated that trophic compart-

ments of fishes comprised five major prey types, namely, zoobenthos,

zooplankton, fishes, detritus/microflora and aquatic plant/epifaunas

(Whitfield 1993). Fish community in the hypersaline Araruama Lagoon

(Lake) in Brazil was grouped as zooplanktivore (31%), detritivore (26%),

invertivore (25%) and piscivore (1%) (Cruz et al., 2018). As compared to

fish trophic guilds from other estuarine habitats in South East Asia,

some similarities and differences are observed. Five trophic guilds were

formed from 32 fish species in the eastern Johor Strait including cal-

anoid copepod predators (59.4%), shrimp predators (21.9%), polychaete

predators (12.5%), phyto-planktivorous fish (3.1%) and worm feeders

(3.1%) (Hajisamae et al., 2003). The main difference is the larger compo-

nent of calanoid copepod feeders, less zooplanktivores and an absence

of piscivorous species in the Strait; the latter was the main guild of the

present study. A recent study in Malaysian tropical mudflats classified

six feeding guilds, namely, iliophages, shrimp-fish feeders, mollusc

feeders, polychaete feeders, polychaete-crustacean feeders and

polychaete-mollusc feeders (Chong et al., 2021). Less piscivores and an

absence of zooplanktivore were reported from that habitat as com-

pared with the present study. This difference is probably due to geo-

graphical and environmental variations, fish community structure and

methods of collecting fish samples.

Even though the balance of species numbers between fishes feeding

on plankton and those on shrimp is observed, it seems that piscivores
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are a major component of this present study. Six species (20.7%) were

piscivorous and fed almost entirely on fishes (>80%). They are consid-

ered as apex predators or fishes at the highest trophic level. These

include T. lepturus, M. cordyla, C. nudus, S. commerson, P. anea and

H. nehereus. Seven fish species (24.1%) were categorized as a combined

shrimp-fish feeder and ingested a high proportion of shrimp and

fishes. The piscivorous fishes are important top-predators playing a regu-

latory role for fish composition and food-web structure (Didenko &

Gurbyk, 2016; Juanes et al., 2002). They help to stabilize the fish commu-

nity by consuming the most abundant fish species, especially planktivores,

thus balancing linkages in the food chain (Popova & Sytina, 1977). More-

over, this may depress the populations of planktivorous fish, thereby all-

owing large-bodied zooplankton to flourish, which results in relatively low

phytoplankton biomass (Post et al., 1997). A great dominance and role of

piscivores in this estuarine habitat is obvious. Planktivorous fishes, apart

from feeding on plankton, also function as prey of higher trophic level

animals, especially piscivore. Thus, their role on energy transfer in coastal

food webs is significant (Truong et al., 2017). This process is essential to

sustain the fish community in the ecosystem. In this study, planktivore is

the largest guild with nine fish species identified throughout the year.

Most of them are small pelagic species, such as R. brachysoma, H. kelee,

E. splendens, P. subviridis and S. fimbriata. These herbivorous and omnivo-

rous species are typical of tropical estuarine fish communities (Blaber,

2000). This finding confirms the important role of plankton for the fish

community in the mouth of the bay the whole year round. Some fishes

rely on particular prey items, considered as strong specialists, as indicated

by remaining in the same guild the whole year. These include

S. commerson (as piscivores), P. microdon (as fish-shrimp feeder) and five

species including R. brachysoma, H. kelee, E. splendens, P. subviridis and

S. fimbriata (as planktivore). The specialist behaviour of S. commerson was

also reported by Rajesh et al. (2017) on the southwest coast of India

where it preys mainly on fishes (99.9%) and crustaceans. This study also

found the importance of Lucifer as food for some fish species, although it

was also reported as a minor food component for some fishes such as

Terapon jarbua and Pelates quadrilineatus (Yoknoi et al., 2019).

Comparing and linking the trophic structure of the fish communities

of the bay mouth region and the inner area of Pattani Bay was another

aim of this study. The results from this study may be supplementary to

the recent debate between Baker and Sheaves (2021) and Whitfield

(2020a) on the significance of shallow water estuarine habitats as nurser-

ies for fishes. Two different fish communities were classified and MDS

ordination clearly segregated fishes from these two areas. Fish, shrimp,

phytoplankton and zooplankton are the main food types for fishes in the

bay mouth, whereas copepods, shrimps, gammarid amphipods and poly-

chaetes were the major foods in the inner region of the bay. The trophic

guilds in these two areas are different. Piscivores, shrimp-fish feeders,

planktivores, zooplanktivores and polychaete feeders were grouped in

this study; calanoid copepod-shrimp feeders, calanoid copepod feeders,

calanoid copepod-gammarid amphipod feeders and shrimp-gammarid

amphipod predators were the guild formed in the inner bay habitat

(Hajisamae & Ibrahim, 2008). Therefore, it can be concluded that carni-

vores and phytoplanktivores are the main fish fauna residing in the bay

mouth and copepod feeders, and zoobenthivores prefer the inner bay

habitat. Although these two sites are closely interconnected, specific

characteristic of each area may reflect this phenomenon. The shallow

water, complex bottom characteristics and vegetation, water quality and

availability of food especially calanoid copepods and gammarid amphi-

pods in the inner bay region are probably major factors affecting the fish

trophic guilds. Moreover, the guild from this study is almost similar to

those reported from the deeper open water area of this region

(Hajisamae, 2009). Four trophic categories were identified, namely, zoo-

benthivore, piscivore, zooplanktivore and miscellaneous/opportunist.

Shrimp was reported to be the dominant food (31.7%), followed by cal-

anoid copepods (16.8%), fishes (12.7%), polychaetes (11.4%) and

gammarid amphipods (8.3%). The assemblage of shrimp feeders,

piscivores, zooplanktivores and polychaete feeders is similar to this

study. Moreover, diets of some fish species found in the inner area of

the bay and deeper open water differ from the diets of the same species

in the present investigation. For example, E. splendens fed mainly on

harpacticoid copepods and calanoid copepods in the bay region

(Hajisamae & Ibrahim, 2008) and calanoid copepods and polychaetes in

the deeper area (Hajisamae, 2009), but it fed on diatoms and other zoo-

plankton in this study. D. russelii fed almost completely on calanoid cope-

pods in the inner bay habitat, but fed on shrimp and fish in the bay

mouth area. High numbers of calanoid copepod feeders reflect the domi-

nation of small-sized fish or younger-staged fish in the inner part of the

bay (Hajisamae et al., 2006a) as compared to the present study. The

piscivores and a shrimp-fish feeder are the major component of fish

inhabiting the bay mouth area. Of the 29 and 28 dominant fish species

from the bay mouth and the inner region, respectively, six were found in

both areas, namely, D russelii, E. splendens, J. belangerii, Leiognathus

equula, T. hamiltonii and T. kammalensis. It is concluded that a shallow

water area of the inner bay region, 0.2–2.0 m deep, serves as a nursery

ground for fish or residing ground for small-sized fish species with less

piscivores as predators, whereas the bay mouth area is an important hab-

itat for larger fishes, more carnivorous, either transient or permanent

inhabitants. Therefore, this study supports the conclusion made by

Whitfield (2020a) that shallow water habitats, the inner bay area of this

study, contain fewer predators and limit predation pressure compared to

the deeper bay mouth region even though they are closely connected.

The occurrence of feeding guilds has been discussed as a possible

strategy to avoid competition or optimize available resources

(Hajisamae et al., 2003; Hajisamae & Ibrahim, 2008; Pianka, 1980).

Most fishes spawn and complete their life cycle in the tropical estua-

rine environment because of the abundance of food derived from

freshwater, marine and terrestrial habitats (Blaber, 2000). Nonethe-

less, recruitment and spawning seasons of each fish species in any

particular ecosystem are different. This variation may lead to seasonal

changes of trophic guilds as reported by some studies (i.e.,

Premcharoen, 2014; Whitehouse et al., 2017). A distinct-seasonal

change of trophic guilds was recorded in the inner part of Pattani Bay

(Hajisamae & Ibrahim, 2008), but seasonal differences in trophic guilds

were not obvious in this study. The number of trophic guilds is similar

between seasons with three to four guilds. The combined Lucifer-Acetes

feeders, obviously formed in all seasons, were not reported in the general

guild as it was grouped as zooplanktivore. Some fishes changed their
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feeding guild by season. For instance, M. cordyla was considered as

piscivores in the moderate rainy and rainy seasons, but switched to

shrimp feeder in the dry season. Other species such as S. taty was

grouped as planktivore in January to April, but as Lucifer feeder in other

seasons. O. ruber was a piscivore in May to August and changed to

shrimp feeder in other seasons. These switches are probably due to fish

adaptation to the availability of prey as the observed sizes of the fishes

collected were not different between seasons. The occurrence of

D. insidiator, A. kleinii and O. tardoore as Acetes feeders in the dry season

is perhaps coincident with the recruitment season of this food resource.

This assumption is supported by Hecht and van der Lingen (1992) that

the diet switch of fish is normally due to seasonal prey availability and/or

changes of water quality. Thus, specific experimental study is required to

prove this assumption.

In conclusion, findings from this study help to identify specific

needs for food of dominant fishes, categorize trophic guilds and clarify

trophic structure and interconnection between the bay mouth and

inner bay habitats. It consequently illustrates energy transfer between

them in the estuarine bay ecosystem and clarifies the ecological func-

tion of the mouth area of a tropical semi-enclosed bay ecosystem.
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Abstract: An online analytic service system was designed as a web and a mobile application
for shrimp farmers and shrimp farm managers to manage the growth performance of shrimp.
The MySQL database management system was used to manage the shrimp data. The Apache Web
Server was used for contacting the shrimp database, and the web content displays were implemented
with PHP script, JavaScript, and HTML5. Additionally, the program was linked with Google Charts
to display data in various graphs, such as bar graphs and scatter diagrams, and Google Maps API
was used to display water quality factors that are related to shrimp growth as spatial data. To test the
system, field survey data from a shrimp farm in southern Thailand were used. Growth performance
of shrimp and water quality data were collected from 13 earthen ponds in southern peninsular
Thailand, located in the Surat Thani, Krabi, Phuket, and Satun provinces. The results show that the
system allowed administrators to manage shrimp and farm data from the field sites. Both mobile
and web applications were accessed by the users to manage the water quality factors and shrimp
data. The system also provided the data analysis tool required to select a parameter from a list box
and shows the association between water quality factors and shrimp data with a scatter diagram.
Furthermore, the system generated a report of shrimp growth for the different farms with a line
graph overlay on Google Maps™ in the data entry suite via mobile application. Online analytics for
the growth performance of shrimp as provided by this system could be useful as decision support
tools for effective shrimp farming.

Keywords: shrimp; water quality; web application; mobile application; google map

1. Introduction

Agriculture has played an important role in the Thai economy and affects local foods
and related culture. The agricultural development approach taken by Thailand has evolved
from import substitution to export industry orientation and has been supported by na-
tional policies and plans [1]. Aquaculture has long been a very important agricultural
sector in Thailand. Amongst other intensive aquaculture, the black tiger shrimp Penaeus
monodon is an indigenous marine shrimp species of Thailand. Since it was first developed
in 1989 in the coastal areas of central Thailand, namely in Samut Sakorn, Samut Songkram,
and Samut Prakarn [1], it has become the most valuable aquaculture produce in the country
for more than two decades. Black tiger shrimp aquaculture has been developed continu-
ously and has spread throughout the coastal areas of the country, making Thailand the
world’s leading farmed black tiger shrimp producer and exporter. The production of this
marine shrimp species peaked at about 420,000 mt (metric tons)/year in 1998 and 1999 [2].
However, black tiger shrimp aquaculture was hard-hit with several problems between
2002 and 2004. The slow growth phenomenon may have been caused by inbreeding,
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Simple Summary: The mahseer, particularly the Tor species, is of significant cultural and economic
importance as a high-value freshwater food fish in the Southeast (SE) Asian region. However, overex-
ploitation of natural stocks because of high demand and their deteriorating habitat has resulted in a
marked decline of Tor species in the wild. There are 13 Tor species that inhabit SE Asian rivers. All these
species share distinct morphology, which is the presence of the median lobe. The unique characteristics,
including body color, mouth position, and number of lateral scales, distinguish one species from another.
Nonetheless, the taxonomy of the Tor species remains unstable and confusing, with contradictory data
presented by different authors from different countries for a single Tor species. Therefore, in this review,
we have gathered data for the SE Asian Tor species, outlining their distribution, morphology, and genetic
identification. In addition, the present review also proposes a list of valid Tor species in the SE Asian
region. The proposed list will serve as a standard and template for improving SE Asia’s Tor taxonomy,
enhancing the study’s continuity, and a better understanding of specific Tor species.

Abstract: The king of rivers or mahseer comprises three genera: Tor, Neolissochilus, and Naziritor,
under the Cyprinidae family. The Tor genus has been classified as the true mahseer due to the
presence of a median lobe among the three genera. The Tor species are widely distributed across
Southeast (SE) Asia, and 13 Tor species have been reported previously: Tor ater, Tor dongnaiensis, Tor
douronensis, Tor laterivittatus, Tor mosal, Tor mekongensis, Tor putitora, Tor sinensis, Tor soro, Tor tambra,
Tor tambroides, Tor tor and Tor yingjiangensis. However, the exact number of valid Tor species remains
debatable. Different and unstandardized approaches of applying genetic markers in taxonomic
identification and morphology variation within the same species have further widened the gap and
ameliorated the instability of Tor species taxonomy. Therefore, synchronized and strategized research
among Tor species researchers is urgently required to improve and fill the knowledge gap. This
review is a current update of SE Asia’s Tor species, outlining their distribution, morphology, and
genetic identification. In addition, the present review proposes that there are ten valid Tor species in
the SE Asian region. This list will serve as a template and standard to improve the taxonomy of the
SE Asian Tor species, which could serve as a basis to open new directions in Tor research.

Keywords: distribution; genetic marker; mahseer; morphology; Southeast Asia; Tor
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INTRODUCTION

Heavy metals such as cadmium (Cd), mercury, and 
copper are known to be toxic to organisms.  Cd has been 
identified as a causative substance for ITAI–ITAI disease 

in Toyama Prefecture, Japan (Tsuchiya, 1969).  This dis-
ease, caused by Cd, induces nephrotoxicity and osteo-
malacia and disrupts human bone metabolism (Tsuchiya, 
1969).  In fish, as well as in humans, the toxicity of Cd is 
also well known (Brown et al., 1994; Hiraoka and Okuda, 
1984; Pragatheeswaran et al., 1987; Rai et al., 2009; 
Verbost et al., 1987).  The exposure of fish to Cd dis-
turbs their calcium metabolism, resulting in hypocalce-
mia (Giles, 1984; Rai et al., 2009), followed by bone 
anomalies (Hiraoka and Okuda, 1984; Muramoto, 1981; 
Pragatheeswaran et al., 1987).  In the Japanese eel, 
Anguilla japonica, however, the bioaccumulation of Cd 
into bone was lower than that into the kidney, liver, and 
gills (Yang and Chen, 1996).  In rainbow trout, 
Oncorhynchus mykiss, Cd also accumulates in the liver 
and spleen rather than in the bones (Cammuso et al., 
1995).  In fish, the influences of Cd on bone cells such as 
osteoclasts (bone resorption cells) and osteoblasts 
(bone formation cells) have not yet been clarified.  

It is known that fish scales are calcified tissue that 
contains osteoclasts and osteoblasts (Bereiter–Hahn and 
Zylberberg, 1993; Suzuki et al., 2016; Yoshikubo et al., 
2005), and it has been reported that scales are a better 
potential internal calcium reservoir than vertebral bone, 
jaws, and otolithes based on studies of the 45Ca–labelled 
calcified tissues of goldfish and killifish (Mugiya and 
Watabe, 1977).  These facts indicate that fish scales can 
be utilized as a bone model of fish for analyzing heavy 
metals such as Cd.  

On the other hand, we have developed an original 

In Vivo Suppression of Osteoclastic and Osteoblastic Activities of 
Goldfish Scales in Water Containing Cadmium
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The fish scales are well known as a major source of internal calcium storage.  Therefore, we developed 
an original assay system using goldfish scales in which both osteoclasts (bone resorption cells) and osteo-
blasts (bone formation cells) coexist.  In our bioassay system, we utilized the activities of tartrate–resistant 
acid phosphatase (TRAP) and alkaline phosphatase (ALP) as respective indicators of each activity in osteo-
clasts and osteoblasts.  Using this bioassay system, the influence of cadmium chloride (CdCl2) on osteoclas-
tic and osteoblastic activities in the scales of goldfish was examined in an in vivo experiment.  Goldfish 
were kept in tap water containing CdCl2 (10–7 M) for 2 days.  TRAP activity in the scales of goldfish 
decreased with 2 days of exposure to CdCl2.  This inhibitory effect for osteoclasts continued even at 4 days 
of exposure to CdCl2.  In the case of osteoblasts, CdCl2 inhibited ALP activity in the goldfish scales at 4 days 
after exposure, although ALP activity in the goldfish scales had not changed after 2 days of exposure to 
CdCl2.  In in vitro cultured goldfish scales, we previously reported that ALP activity decreased after expo-
sures of 64 and 96 hrs, although their activities did not change after 6, 18, and 36 hrs.  These results were 
supported by our in vivo experiment.  This is the first report to indicate that both osteoclasts and osteo-
blasts in fish were suppressed by cadmium (Cd) treatments in vivo.  Considering both in vivo and in vitro 
experiments, we concluded that Cd inhibited both osteoclastic and osteoblastic activities in goldfish.  This 
suggests that Cd leads to a disturbed calcium metabolism and then induces bone anomalies.

Key words: cadmium, in vivo, osteoclasts, osteoblasts, goldfish scales
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were the main food types found in the stomachs. 
While in the natural habitat, MPs contributed 7.04% 
of plankton samples, in this study, R. brachysoma 
stomach analysis found MPs contributed 0.35%. The 
ingestion of MPs was not affected by fish size, water 
depth or season (p > 0.05). The colors of MPs found 
were mostly blue, followed by green, red, and frag-
ment. Based on diet composition and the prey selec-
tivity index (-0.9), it is thus concluded that MPs are 
accidentally ingested by this species.

Keywords Diet breadth · Diet overlap · Food 
selectivity · Index of relative importance (%IRI) · 
Microplastics

Introduction

Marine debris especially microplastic (MP) pollut-
ants is one of the most important planetary bound-
ary issues. Global awareness and concern regarding 
marine plastic pollution has become more prominent, 
and the interaction between marine animals and plas-
tic litter has been well-documented (Azevedo-Santos 
et al. 2019; Salerno et al. 2021). These reports include 
plastic ingestion by planktivorous fishes in the North 
Pacific Gyre (Boerger et  al. 2010), South African 
mullet (Chelon richardsonii) (McGregor and Stry-
dom 2020), gerreid fish, Brazilian mojarra (Eugerres 
brasilianus), flagfin mojarra (Eucinostomus melano-
pterus) and Caitipa mojarra (Diapterus rhombeus) in 

Abstract This study aimed to assess diet character-
istics and ingestion of microplastics (MPs) by short 
mackerel (Rastrelliger brachysoma) based on fish 
size, water, depth, and season. Samples of fish were 
collected monthly from three depth contours dur-
ing February 2019 and February 2020 by mackerel 
gill nets in the mouth area of Pattani Bay, Thailand. 
Plankton samples in the natural environment were 
simultaneously collected with fish sampling. Alto-
gether, 541 individuals were used for stomach content 
analysis. The fish fullness index (FI) was influenced 
by season (p < 0.001), while the average number of 
food types (AF) was affected by fish size (p < 0.001) 
and season (p = 0.003). This fish is a specific plank-
tonic feeder with a slightly low trophic level (2.39) 
and diet breadth (0.27). Diatoms (46.80%), calanoid 
copepods (15.85%), and dinoflagellates (13.95%) 

S. Hajisamae 
Faculty of Science and Technology, Prince of Songkla 
University, Pattani 94000, Thailand

K. K. Soe (*) 
Department of Marine Science, Myeik University, 
Myeik 14051, Myanmar
e-mail: kaykhinesoemyeik2013@gmail.com

K. K. Soe · S. Pradit · J. Chaiyvareesajja 
Marine and Coastal Resources Institute, Prince of Songkla 
University, Songkhla 90110, Thailand

H. Fazrul 
Faculty of Fisheries and Food Science, Universiti Malaysia 
Terengganu, 21030 Terengganu, Malaysia

Environ Biol Fish (2022) 105:289–302/ Published online: 31 January 2022

BB



1 3
Vol:. (1234567890)

the North of Brazil (Ramos et al. 2012), the European 
seabass (Dicentrarchus labrax) (Pedà et  al. 2016), 
Japanese anchovy (Engraulis japonicus) in Tokyo 
Bay (Tanaka and Takada 2016), spotted catfish (Arius 
maculatus) in southern Thailand (Pradit et al. 2021), 
short mackerel (Rastrelliger brachysoma) in the lower 
Gulf of Thailand (Azad et  al. 2018), and common 
cuttlefish (Sepia officinalis) of the farmed and wild-
caught (Oliveira et al. 2020). Microplastics ingestion 
in planktivorous fish can be defined as direct inges-
tion from ambient environments, while piscivorous 
fish ingest microplastics through trophic transfer or 
accidental ingestion while feeding (Walkinshaw et al. 
2020). The consequences of MPs ingestion by fish are 
under debate. It may cause physical damage to the 
gastrointestinal tract and subsequently create a false 
sensation of satiation, which could lead to fish mor-
tality from starvation (Possatto et al. 2011; Cole et al. 
2011; Nadal et al. 2016). In another study, Jovanović 
(2017) observed a weakening of the olfactory senses 
of fish as a consequence of microplastic ingestion. A 
greater concern relates to the trophic transfer of MPs 
which occurs when higher trophic organisms prey 
upon smaller species which have MPs in their stom-
achs (Farrell and Nelson 2013). Once MPs enter the 
marine food web, they could be passed up the food 
chain to higher predators, including humans (Cole 
et  al. 2011; Farrell and Nelson 2013). Spatially, 
nearshore coastal environments and estuarine habitats 
are more significantly impacted by microplastic pollu-
tion than oceanic environment with plastic fragments 
being present in every estuarine habitat and adjacent 
coastal environment (Ferreira et al., 2016, 2018; Bar-
letta et  al. 2019, 2020). This is of great concern as 
the ingestion of MPs differs between developmental 
stages of fish species. For example, the South Afri-
can mullet (Chelon richardsonii) had a greater con-
centration of MPs in the early developmental stage, 
where the fish were present in nearshore coastal envi-
ronments, compared to older stages, where they were 
found in oceanic environments (McGregor and Stry-
dom, 2020).

The diets of most fishes change with growth along 
ontogeny, but the timing of change varies between 
species. Changes in dietary habits are generally asso-
ciated with diverse factors such as the lifestyle of the 
fish and environmental conditions (Blaber 2000). For 
example, during younger stages, fish tend to be pre-
sent in shallow waters to avoid predation and then 

in later stages present agnostic behaviors in preda-
tor rich environments (Brown 1985). Other factors 
influencing ontogenetic changes include the follow-
ing: availability of food resources and morphologi-
cal structure (Labropoulou and Eleftheriou 1997; 
Claessen and Dieckmann 2002), visual systems, and 
motion detection of individual species (Ronnestad 
et  al. 2013). Several studies have reported on the 
ontogenetic dietary shift of fishes worldwide such as 
in largemouth black bass (Micropterus salmoides) 
(Olson 1996) and Japanese flounder (Paralichthys 
olivaceus) in Japan (Watanabe et  al. 2018) and sil-
laginid fishes, silver sillago (Sillago sihama), and 
Bay sillago (Sillago ingenuua) in Thailand (Hajisa-
mae et  al. 2006). Moreover, season and habitat 
influence feeding habits of fishes in nearshore areas 
(Blaber et al. 1995; Hajisamae et al. 2003; Hajisamae 
and Ibrahim 2008). Rastrelliger spp. is distributed 
mainly in the Indian Ocean, the western Pacific, and 
the Indo-Pacific regions (Collette and Nauen 1983). 
They are commonly found along coastal waters at a 
depth of less than 50  m (Tint et  al. 2020). In many 
countries such as Thailand, Indonesia, Papua New 
Guinea, the Philippines, Solomon Islands, and Fiji, 
short mackerel (Rastrelliger brachysoma) is one of 
the most economically important species (Collette 
and Nauen 1983; Aryaguna 2019; Tint et  al. 2020) 
and is an aquaculture candidate species in Thailand 
(Senarat et  al. 2019). This fish feeds on microzoo-
plankton (20–200 µm) with high phytoplankton com-
ponent. It is considered an important convertor from 
primary and secondary production stages to tertiary 
consumers (Muto et al. 2016). In Thailand, the popu-
lation is rapidly declining due to overfishing (Senarat 
et  al. 2018; Kongseng et  al. 2020) and other factors 
such as ovarian degeneration during oogenic pro-
cesses, which could negatively affect reproductive 
health (Senarat et al. 2017). While a few studies have 
reported on feeding habits (Aye 2020) and digestive 
tract classifications (Senarat et al. 2015) of R. brachy-
soma, none reported on the ontogenetic dietary com-
position of this species. Thus, this novel study on MP 
ingestion by this particular species, for different class 
sizes, can contribute to the scientific body of evidence 
on MP ingestion for different organisms.

Rivers are the main carrier of plastic pollutants 
contributing MPs to estuaries where they mix with 
natural prey items leading to ingestion by marine 
organisms (Gregory, 2009; Wright et  al., 2013; 

Environ Biol Fish (2022) 105:289–302290



1 3
Vol.: (0123456789)

Collard et al. 2019). Pattani Bay, a semi-enclosed bay 
located in the lower part of the South China Sea, is 
the major fishing ground and spawning ground for R. 
brachysoma (Soe et al. 2021; Kongseng et al. 2020). 
It receives runoff from two rivers which carry MPs 
to the bay ecosystem. Thus, investigating ingestion 
of MPs by R. brachysoma, a filter feeder species, in 
this habitat is highly appropriate. This study was con-
ducted to assess diet characteristics and ingestion of 
MPs by R. brachysoma based on water depth, season, 
and fish size in a tropical estuarine habitat.

Materials and methods

Study site

Pattani Bay is a 74  km2 semi-enclosed and shal-
low estuarine ecosystem located in the lower Gulf 
of Thailand, a habitat that supports diverse faunal 

communities and the local fishing industry (Hajisa-
mae and Ibrahim 2008; Hajisamae and Yeesin 
2014; Hisam et al. 2020). The bay is characterized 
by seagrass and seaweed meadows, mangrove for-
ests, and sand-mud beds. Based on the rainfall level, 
Pattani province can be divided into three seasons; 
dry season from January to May, moderate rainfall 
southwest (SW) monsoon season from May to Sep-
tember, and heavy rainy northeast (NE) monsoon 
season from September to December (Chaiwanawut 
et al. 2005; Fakaruddin et al. 2020; Soe et al. 2021). 
This study was conducted at the mouth of the bay at 
three sites. Different depths were used for fish sam-
pling viz. the 2.0  m, 4.0  m, and 6.0  m (Soe et  al. 
2021) (Fig.  1). This area is locally known as the 
major fishing ground for R. brachysoma.

Rusamilae 
village 

Fig. 1  Map of the sampling site (Latitude 06° 52′ 5.3″ North and Longitude 101° 15′ 0.3″ East). The legend A, B and C represent 
for the water depth 2 m, 4 m and 6 m, respectively

Environ Biol Fish (2022) 105:289–302 291
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Fish sampling and plankton collection

Mackerel gill nets were simultaneously used to collect 
fish samples monthly from February 2019 to Febru-
ary 2020 at the three study sites. The nets were set at 
19 h, left in the water for 60 min, and hauled onboard 
at 20  h. The nets were composed of triple stitched 
mesh sizes (3.0, 4.0. 4.5 cm), 3.5-m deep and 540-m 
long in total. The captured specimens, of which most 
died immediately after being captured, were placed 
in plastic bags, kept in iced water, and transported 
to the Faculty of Science and Technology’s labora-
tory, Prince of Songkla University. The samples of 
R. brachysoma were sorted from other species. Up to 
50 individuals were randomly selected and preserved 
in 10% buffered formalin. After 4 days, the preserved 
specimens were soaked in freshwater overnight and 
transferred to 70% alcohol preservation.

Phytoplankton and zooplankton were simultane-
ously collected. About 100-L samples of surface 
water were filtered through 22 µm and 60 µm plank-
ton nets. The samples were preserved in 5% and 10% 
formalin for each net and kept in the laboratory for 
further analysis.

Laboratory analysis

Prior to diet analysis, the total length of fish sam-
ples was measured to the nearest 0.1 cm. Five matu-
rity stages were categorized by the external appear-
ance and occupation of gonads in the body cavity 
viz. immature (I), maturing (II), starting to mature 
(III), ready to spawn (IV), and spent or after spawn-
ing (V) (Pradhan and Palekar 1956; Rao 1967). 
They were categorized into four classes correspond-
ing to their maturity stages viz. I = 11.5–16.0  cm, 
II = 16.1–17.0  cm, III = 17.1–18.0  cm, and 
IV–V = 18.1–21.0 cm, respectively.

The specimens were dissected, the entire diges-
tive system and viscera were removed from the body 
cavity, and the gut was cut open in a petri-dish. The 
fullness index (FI) was estimated by visual examina-
tion based on the distension of the gut to represent 
the quantity of food content. FI was recorded on a 
scale of 6 (fully distended with food) to 0 (empty) 
that was determined as gorged, full, 3/4 full, 1/2 full, 
1/4 full, trace, and empty stomach (Pillay 1952). The 
contents were then put into a 15-ml measuring cylin-
der filled with water. The cylinder was shaken, and a 

1-ml sample was taken and examined in a Sedgwick-
Rafter chamber (1 ml). The sample was identified and 
counted by visual observation under light microscope.

Natural prey items were identified to the low-
est taxon possible with the relevant literature (San-
thanam and Srinivasan 1994; Steidinger and Tangen 
1997; Brusca and Brusca 2002; Ruppert et al. 2004). 
Along with diet analysis, the plastic items found in 
stomachs were recorded. The length of each particle 
was measured by ocular meter. The observed micro-
plastics were regarded as microplastics (< 5  mm) 
and mesoplastics (5–25 mm) using relevant literature 
(Andrady 2011; Song et al. 2015; Lusher et al. 2017; 
Bessa et  al. 2018). The abundance and composition 
of marine debris were compared by their color and 
shape. The hot needle test was applied to suspected 
cases, testing plastic pieces to determine whether they 
melted or twisted (Hidalgo-Ruz et al. 2012; de Witte 
et  al. 2014). A combination of the numerical com-
position (%N) and modified volumetric contribution 
(%V) were applied to observe stomach content of fish 
samples (Hyslop 1980).

For plankton samples, a 1-ml sub-sample was 
taken to identify phytoplankton, zooplankton, and 
microplastic compositions and counted under a 
light microscope using a Sedgwick-Rafter chamber 
(Wetzel and Likens 2000).

Data analysis

To identify the short mackerel diet, attributes 
including average variety of food types (AF), vacu-
ity index (VI), index of relative importance (IRI), 
and diet breadth (Bi) were calculated. Based on the 
stomach content of the fish samples, dietary attrib-
utes were calculated for each factor (fish size class, 
depth, and season).

The average variety of food type (AF) referred 
to an average number of food types found in each 
individual.

The vacuity index (VI) was the percentage of 
empty stomachs divided by the total number of 
stomachs as

where ES and TS represent the number of empty 
stomachs and the total number of stomachs assessed.

VI = (ES∕TS) × 100

Environ Biol Fish (2022) 105:289–302292
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The index of relative importance (IRI) is calcu-
lated by the following formula (Pinkas 1971):

where %N, %V, and %FO represent percentages of 
number, volume, and frequency of occurrence prey 
“i,” respectively.

The percentage of index of relative importance 
(%IRI) is determined by the following formula (Cor-
tes 1997):

Diet breadth (Bi) is calculated to discriminate the 
dietary specialization of this species based on %IRI 
data, using Levin’s standardized index formula (Lev-
ins 1968):

where Bi is the diet breadth,  Pij is proportion of diet 
of predator “i” that is made up of prey “j,” and “n” 
is the number of prey types. Bi values vary from 0 
(species consume a single type) to 1 (species exploit 
available food types in equal proportion). Values of Bi 
are considered high when higher than 0.6, moderate 
when between 0.4 and 0.6 and low when below 0.4 
(Novakowski et al. 2008).

Trophic level (TL) is calculated to determine the 
trophic rank of R. brachysoma based on the propor-
tion of each prey component in fish diet using the fol-
lowing equation:

where Vi is the proportion of prey “i” in the diet of 
fish and Ti is the mean TL of prey based on Froese 
and Pauly (2000).

Diet overlap between fishes of different size class 
is calculated to determine the dietary shift of R. 
brachysoma, using a simplified Morisita index  (CH) 
based on %IRI data using this formula (Horn 1966):

IRIi = %FOi

(

%Ni + %Vi

)

%IRIi = 100IRIi∕
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where CH is the Morisita-Horn index of diet overlap 
between species “j”’ and “k,” pij is the proportion 
of food type “i” f the total food quantity by species 
“j,” pik is the proportion of food type “i” of the total 
food used by species “k” and, n is the total number 
of food types. The degree of overlap was classified 
as low (0.0–0.29), moderate (0.30–0.59), and high 
(0.60–1.00) (Langton 1982).

Prey selectivity index (E) was calculated based on 
the number of plankton data in the natural habitat and 
stomach content to determine whether one or more 
prey groups were being preferentially selected by 
the fish. The Ivlev’s index of selectivity was applied 
(Ivlev 1961):

where E is the measure of selectivity or Ivlev’s index 
of selectivity, ri is the relative abundance of prey type 
“i” in the diet. and pi is the relative abundance of the 
same prey type in the environment. The index has a 
possible range of (-1) to (+ 1). A negative value indi-
cates avoidance or inaccessibility of the prey item, 
and a positive value is an active selection by the 
fish. The value of (-1) is an absence of that item in 
the diets, and 0 refers to a random selection from the 
environment.

Statistical analysis

A three-way analysis of variance (3-way ANOVA) 
was used to test the difference of fullness index (FI), 
average variety of food type (AF), and number of 
microplastics (MPs). The raw data was transformed 
to Log (X + 1) to reduce non-normality, and the Lev-
ene test was used to check the homogeneity of the 
variance before testing (Brown and Alan 1974; Quinn 
and Keough 2002). Once the significant difference 
was found, a Tukey’s HSD test was used to detect the 
difference. Statistical analysis was performed with R 
software, version 3.6.2 (R Core Team 2019).

E =
ri − pi

ri + pi
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Results

Diet characteristics

Altogether 22 food types were identified from the 
stomach contents of 541 individuals of R. brachy-
soma. The average stomach fullness index (FI), aver-
age variety of food type (AF), diet breadth (Bi), and 
vacuity index (VI) were 3.94 ± 1.20, 5.38 ± 2.08, 0.27, 
and 0.55, respectively (Table  1). The fullness index 
(FI) of R. brachysoma significantly varied based 
on season (p < 0.001) but not fish size and depth 
(p > 0.05) (Table 2). Tukey’s HSD test indicated sig-
nificant differences between the NE monsoon season 
(p < 0.001) and dry seasons and SW monsoon and dry 
seasons (p < 0.001).

The average variety of food type (AF) was signifi-
cantly influenced by fish size and season, p < 0.001 
and p = 0.003, respectively, but not by water depth 
(p > 0.05). For fish size, Tukey’s HSD test indi-
cated the significant differences between the AF of 
fish sizes a and d (p < 0.001) and b and d (p < 0.05). 
Differences between SW monsoon and dry seasons 
(p < 0.001) and,SW monsoon and NE monsoon sea-
sons (p < 0.05) were also detected.

Bi value ranged from 0.28 to 0.32 where the less 
value was in the largest size classes (Table 1). It was 
found that the Bi value increased gradually from 
immature stage to mature fishes and then decreased 
in spawning stage fishes. Most of the food found 
in the stomachs of the fish samples included the 

following: diatoms, dinoflagellates, and zooplank-
ton (Table  3). Based on %IRI, diatoms accounted 
for the largest food group with 46.80%. Coscino-
discus sp. and calanoid copepods were the main 
contributors with 19.32% and 15.85%, respectively. 
However, it was observed that the smaller fish fed 
slightly more on Coscinodiscus sp. and calanoid 
copepods, but the larger fish fed on a higher propor-
tion of other diatoms and Rhizosolenia sp. The cal-
culated trophic level (TL) of this species is 2.39.

Table 1  Dietary attributes 
of Rastrelliger brachysoma 
of different size classes, 
depth of sampling, and 
season of collection in 
the mouth of Pattani Bay 
during 2019 and 2020 (FI 
fullness index, AF average 
number of food type, SD 
standard deviation, Bi diet 
breadth, VI vacuity index)

Sample (N) Total food type FI ± SD AF Bi VI

Overall 541 22 3.94 ± 1.20 5.38 ± 2.08 0.27 0.55
Average size (cm)
14.85 ± 0.85 270 21 3.89 ± 1.22 5.08 ± 1.97 0.29 0
16.60 ± 0.33 98 19 4.00 ± 1.25 5.09 ± 1.96 0.31 3.06
17.22 ± 0.38 55 18 3.91 ± 1.17 5.89 ± 2.48 0.32 0
18.59 ± 0.87 118 21 4.03 ± 1.14 6.04 ± 2.05 0.28 0
Depth
2 m 186 19 4.21 ± 1.22 5.11 ± 2.10 0.31 0
4 m 166 19 3.69 ± 1.23 5.47 ± 2.05 0.28 1.81
6 m 189 21 3.91 ± 1.10 5.55 ± 2.08 0.30 0
Season
Dry 251 21 4.35 ± 1.12 5.18 ± 2.25 0.23 0
SW monsoon 106 18 3.37 ± 0.99 6.05 ± 2.04 0.34 2.86
NE monsoon 184 20 3.72 ± 1.23 5.27 ± 1.78 0.31 0

Table 2  Results of analysis of variance on the fullness index 
(FL), average number of food types (AF), and ingestion of 
MPs of R. brachysoma (541 samples) in relations to fish size, 
depth, and month factors. p Value < 0.5 was statistically signifi-
cant

Diet attributes Factor df MS p Value

Fullness index (FI) Fish size (f) 3 0.05 0.467
Depth (d) 2 0.01 0.909
Season (s) 2 1.95  < 0.001
f x d x s 12 0.05 0.621

Average food type (AF) Fish size (f) 3 0.74  < 0.001
Depth (d) 2 0.33 0.067
Season (s) 2 0.72 0.003
f x d x s 12 0.06 0.925

Ingestion of MPs Fish size (f) 3 0.26 0.711
Depth (d) 2 0.33 0.558
Season (s) 2 1.52 0.071
f x d x s 12 0.63 0.366

Environ Biol Fish (2022) 105:289–302294
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The high diet overlaps  (CH) between the four size 
classes of fish, ranging from 0.95 to 1.00, indicated 
that they fed almost entirely on similar food compo-
nents (Table 4). Diet overlaps were high between the 
four sizes of fish. These values indicated that fishes 
of different sizes fed on very similar food types when 
living in this habitat throughout the year.

Ingestion of microplastics

A total of 1,455 pieces of microplastic were recorded 
in the stomachs of 17 individual fish, accounting for 
3.16% of the total fish samples. The average number 
of MPs was 2.70 ± 16.62 pieces/fish. Results from 
the three-way ANOVA indicated that the number of 
MPs ingested by fish was not significantly affected 
by the three variables of fish size, depth, and season 
(p > 0.05) (Table  2). Based on the %IRI, MPs con-
tributed only 0.35% to the total food composition 
(Table 3). The contribution of MPs in smaller stage 

fishes was higher than those of the larger stages. The 
colors of MPs found were mostly blue, followed by 
green, red, and fragment with a size of 3–5.0-mm 
long (Figs. 2 and 3).

Plankton composition and prey selectivity

Diatoms (48.66% contributions) were the most 
dominant plankton found in the surface sea water 
and MPs contributed 7.04% to plankton samples 
(Table 5). The prey selectivity analysis found nema-
tode worms, formaninfera, fish eggs, and Coscino-
discus sp. with high positive values (E > 0.5). This 
indicates that while R. brachysoma were actively 

Table 4  Results of Morisita-Horn indices for the diets overlap 
of different size class of Rastrelliger brachysoma 

Fish size (TL, cm) Fish size

a b c d

14.85 ± 0.85 (a) -
16.60 ± 0.33 (b) 1.00 -
17.22 ± 0.38 (c) 0.95 0.95 -
18.59 ± 0.87 (d) 0.96 0.95 0.95 -

(b)(a) (c)

Fig. 2  Example of microplastics observed in the diet of fish. Scale bar: 0.5 mm

59%
16%

18%

7%

Blue
Red
Green
Fragment

Fig. 3  Color composition of microplastics observed in the 
stomach contents of fish (541 samples)
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selecting this prey, the prey was considerably less 
available in this habitat. The E value for calanoid 
copepods was close to 0 (0.05) indicating that there 
is a balance between availability of food and the 
requirement by the fish. Some food such as dino-
flagellates and harpacticoid copepods had the E 
value of -0.2 indicating that they were also ran-
domly selected by fishes but their abundance in 
the study area was slightly higher than the need of 
fishes. Some plankton showed the negative E value 
of (-1.0) such as shrimp larvae, jelly fish, and gas-
tropod larvae indicating that they were present 
in the habitat but rejected by fish as food. In the 
case of MPs, they were found in nature but almost 
entirely rejected by fish with the E value of (-0.9) 
(Table 5).

Discussion

Most of the fish examined has high food intake, low 
VI, and high FI. This phenomenon reflects the avail-
ability of food resources suitable for the fish in the 
study area and the capability to capture prey. This 
study confirms that the mouth of the Pattani Bay is an 
essential feeding ground for R. brachysoma. This area 
may also serve as a natural shelter for young stage 
fish due to the high availability of food resources 
(Hajisamae et al. 2006; Hajisamae and Ibrahim 2008) 
and turbid waters which provide conditions to avoid 
predators. Season is the main influencing factor for 
the FI and AF of fish rather than fish size and water 
depth. This study confirms the planktonic feeder of 
R. brachysoma and its feeding plasticity based on 
changes in environmental conditions especially based 
on the season. The higher FI was found in the dry 
season and a low FI in SW and NE monsoon seasons. 
However, the highest AF was recorded in the SW 
monsoon season. In tropical estuaries, most fishes uti-
lize estuaries as spawning and feeding grounds, where 
plenty of food derives from land, river, and tidal mix-
ing (Blaber 2000). Also, Anastasopoulou and Kapiris 
(2008) concluded that the highest value of fullness 
index (FI) might be related to the coincidence of the 
high abundance of prey items (AF) during a specific 
period.

The fish demonstrates preference over some spe-
cific food components especially feeding on phyto-
plankton with a significant component of zooplank-
ton, especially calanoid copepods, copepod eggs and 
nauplii, and harpacticoid copepods. Results of this 
study support a similar finding conducted in Myan-
mar. Aye (2020) found that diatoms were the most 
dominant food (51% contribution), followed by dino-
flagellates (17%) and copepods (15%) in R. brachy-
soma diets. This planktivorous filter feeding behav-
ior is probably a key success factor of the species 
which inhabits turbid waters in coastal habitats. The 
diet breadth (Bi) demonstrates almost similar values 
between all size classes indicating the specific suit-
ability of food preferred by this species. The low diet 
breadth value defines this species as a specific feeder 
(Hajisamae and Ibrahim 2008). High diet overlap 
 (CH) between size class shows that there is not much 
dietary change of R. brachysoma living in this habitat. 
It is however noted that the fish samples used in this 
study represented the small and slightly homogenous 

Table 5  Contribution of plankton (%N) collected from water, 
diet composition in fish stomach (%N), and index of prey 
selectivity (E) for Rastrelliger brachysoma 

Items Plankton 
in water
(%N)

Diet in fish 
stomach 
(%N)

Prey selec-
tivity index 
(E)

Nematode worm 0.00 0.10 1
Foraminifera 0.00 0.08 1
Fish egg 0.05 0.17 0.87
Coscinodiscus sp. 6.77 18.32 0.56
Calanoid copepod 11.47 22.77 0.05
Dinoflagellates 19.32 8.36 -0.2
Harpacticoid copepod 7.67 8.23 -0.2
Crab larvae 0.20 0.81 -0.3
Rhizosolenia sp. 24.55 3.66 -0.4
Cyclopoid 6.15 5.58 -0.4
Copepod nauplius and 

eggs
25.76 8.52 -0.4

Diatoms 48.66 15.87 -0.5
Oyster larvae 6.17 3.05 -0.5
Bivalve larvae 0.55 0.73 -0.6
Lucifer sp. 2.20 1.51 -0.8
Microplastic 7.04 0.36 -0.9
Tintinopsis sp. 17.72 0.76 -0.9
Polychaete larvae 3.47 0.30 -0.9
Gastropod larvae 1.32 0.11 -1
Shrimp larvae 1.50 0.65 -1
Other zooplankton 3.57 0.04 -1
Jelly fish 1.10 0.00 -1
Oikopleura sp. 4.59 0.01 -1
Paramecium sp. 0.17 0.00 -1
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size class, although three different mesh sizes of 
nets were used to collect the samples. Moreover, the 
habitat may provide suitable food resources specifi-
cally for these particular size classes during their stay 
before moving to other areas. Results of the compo-
sition of plankton in natural waters confirm that the 
main diets such as diatoms, copepods and dinoflagel-
lates are the major groups of plankton found in this 
area. The importance of these planktonic organisms 
as food sources is highlighted in coastal ecosystems 
(Su-Myat et  al. 2012). However, based on selectiv-
ity index from this present study, nematode worms, 
foraminifera, fish egg, and Coscinodiscus sp. are the 
most selected food for fish and not the earlier men-
tioned plankton. This is due to the slightly less abun-
dance of nematode worms, foraminifera, fish egg, and 
Coscinodiscus sp. but high density of diatoms, cope-
pods, and dinoflagellates in the water column for this 
area. It was observed that dinoflagellates such as Cer-
atium sp., Dinophysis sp., and Gonyaulax sp. contrib-
uted significantly to the R. brachysoma diet (13.95% 
contribution), although these species have been 
reported as being harmful causing diarrheic shellfish 
poisoning (DSP) (Hallegraeff 1993; Su-Myat et  al. 
2012).

The calculated trophic level (TL) of R. brachysoma 
was 2.39 indicating that the species has a slightly low 
trophic level and high chance of being preyed on by 
higher trophic level species. The TL trend gradually 
decreased as the fish grew bigger. This means that 
fish of the bigger size preferred more phytoplankton 
than zooplankton. This TL level was slightly different 
from an earlier report of 2.7 ± 0.3, based on their food 
items (Froese and Pauly 2017). However, this dif-
ference could be explained by R. brachysoma being 
the species in between herbivores and omnivores as 
Froese and Pauly (2000) suggested where the TL val-
ues of 2.0, 2.5, and 5.0 represented herbivores, omni-
vores, and carnivores, respectively.

In the natural habitat, 7.04% of plankton samples 
contained MPs. However, R. brachysoma stomach 
analysis found MPs contributed 0.35%. The amounts 
of MPs particles accumulated in the stomachs of 
R. brachysoma, 2.70 ± 16.62 pieces/fish, was simi-
lar with the occurrence of MPs in Arius maculatus 
(2.73 ± 0.15 pieces/fish) (Pradit et  al., 2021). How-
ever, it was higher than those found by Azad et  al. 
(2018) who investigated the MPs in fishes from the 
lower Gulf of Thailand. They found that the average 

occurrence of plastic particles in the pelagic fish and 
demersal fish were 1.75 pieces/fish and 0.97 pieces/
fish, respectively. A higher proportion of MPs was 
reported in South African mullet, Chelon richardso-
nii (McGregor and Strydom 2020). It was reported 
that the lower trophic level has a higher chance of 
MPs ingestion directly from the natural environ-
ment as compared to that of indirect ingestion of 
apex predator via trophic transfer from prey (Walkin-
shaw et  al. 2020). The TL of this the present study 
was considerably low (T L = 2.39); thus, the chance 
of ingesting MPs is higher. Moreover, the gradual 
change of trophic level in relation to size class found 
in this study supports the finding that smaller fish 
with higher torphic levels ingested more MPs than 
the larger fish with slightly lower TL. It is assumed 
that because R. brachysoma is a planktivorous fish 
throughout its life cycle, their dietary behavior dur-
ing younger stages, characterized by less specific food 
selections, may result in ingesting more MPs.

The value of food selectivity index for MPs is 
(-0.9) indicating a high availability of MPs in the 
nature but less selection by fish. The assumption 
is that the MPs were incidentally, not purposively, 
ingested by fish. The proportion of MPs found in 
the stomachs of R. brachysoma, accounted for only 
3.16% of total fish samples and contributed only 
0.35% to the total diets. The main reasons support-
ing this phenomenon include the size of MPs which 
is appropriate with fish mouth size making it easy to 
incidentally ingest (Wright et al. 2013); the weakness 
of olfactory senses for plastic particles (McGregor 
and Strydom 2020); and the amount and availability 
of plastics in different areas (Azad et al. 2018). This 
suggests that the fishes do not purposively select 
MPs as food but ingest them by accident. It was also 
observed, although not statistically significant, in this 
study that smaller fish had more MPs than larger fish. 
It has been suggested that the omnivores and pelagic 
species ingest higher proportion of MPs than those of 
herbivores and carnivores (Mizraji et  al. 2017) and 
demersal fishes (Azad et  al. 2018). This is different 
to a study on food and feeding habits of this species 
conducted in Myanmar which did not report any MPs 
found in fish stomachs of R. brachysoma (Aye 2020).

This finding can be linked to the ingestion of 
MPs in marine fish which has been reported in dif-
ferent forms; blue nylon in gerreid fish (Ramos et al. 
2012) and transparent or white color in South African 
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mullet (McGregor and Strydom 2020). Nylon frag-
ment ingestion was assumed to come from degraded 
components of fishing gear and was mostly blue 
color, between 1.0 and 5.0  mm (Ramos et  al. 2012; 
Devi et  al. 2020). It is coincidental with this study 
that size of MPs was less than 5.0 mm, which can be 
easily ingested by all size classes of fish, while other 
prey types were between 0.05 and 5.0 mm in length. 
The ingestion of mostly blue color supports the afore-
mentioned studies. Fishing activities in the vicin-
ity of Pattani Bay mouth may be the cause of this 
phenomenon.

In conclusion, this study provides records of the 
dietary shifts of R. brachysoma and evidence of MPs 
ingestion. This finding can contribute to the growing 
data on MP ingestion among economically impor-
tant fish. R. brachysoma is an active planktivore and 
classified as a specialist feeder. The smaller fish fed 
more on Coscinodiscus sp. and calanoid copepods, 
while the larger fish consumed a greater proportion 
of other diatoms. MPs contributed 0.35% to the diets. 
The smaller fish ingested more MPs compared to the 
larger size classes. The average number of MPs was 
2.70 ± 16.62 pieces/fish. It was concluded this fish 
accidentally ingested MPs rather than purposively 
selected. Although the level of MPs ingestion is rel-
atively low in this study and does not present a risk 
to the overall health of the fish stock, it should be an 
issue of concern as this species plays an important 
role in human nutrition.
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Abstract
This study evaluates the impacts of mesh size of the net, fishing depth and season on the catches of target, non-target and 
discarded species for short mackerel Rastrelliger brachysoma gillnet fishery in the vicinity of Pattani Bay, Gulf of Thailand. 
The catches were examined for species composition, catch efficiency and size of catch. Samples were obtained monthly from 
February 2019 to February 2020 at three fishing depths (2.0, 4.0 and 6.0 m) using gillnets with three different mesh sizes 
(3.0, 4.0 and 4.5 cm). Including the target species, 112 species were collected, the majority of which were non-targeted fishes 
and crustaceans. The target species, Rastrelliger brachysoma, contributed only 6.0% by number and 8.76% by weight to 
the total catches. The 111 non-target species were classified into five categories based on potential sale prices. A total of 18 
species, equivalent to 3.04% by weight of the total catches, were considered to be of negligible value and discarded or sold 
for the production of fish meal. Temporal variability was observed for number of individuals and biomass of total catches; 
the compositions of the catches clustered to two distinct seasons from December to March and from April to November, 
respectively. Spatial variability in this study focused on the depth profile which was found to significantly influence species 
richness and sizes of some fish species. For 12 species, mesh sizes of the gillnets significantly affected the number of indi-
viduals caught, as well as their weight and sizes. The novel findings of this study provide essential information that can be 
used for the sustainable management of the Rastrelliger brachysoma fishery in the Gulf of Thailand.

Keywords Season · Non-target species · CPUE · Discards · Depth profile · Pattani Bay

Introduction

Bycatches and discards are considered to be major threats 
to the sustainability of fishery resources (Gilman et al. 
2014). The fishery industry uses the term ‘bycatch’ to refer 
to any non-targeted species captured at sea, and the term 
‘discards’ to describe the portion of catch returned to the 
sea for economic, legal or personal reasons (Alverson et al. 
1994). Significant efforts have been made to minimize both 
of these components of commercial fisheries through the 
use of bycatch reduction devices and nets with improved 
selectivity for target species (Kalayci and Yecilsisek 2014).

Trawling is identified as the fishing method with the high-
est proportion of discarded harvest globally, supported by 
persuasive data from the territorial waters of Australia (e.g. 
Kennelly et al. 1998; Svane et al. 2008; Dell et al. 2009), 
USA (e.g. Belcher and Jennings 2010) and Nigeria (e.g. 

Fisheries

 * Sukree Hajisamae 
 sukree.h@psu.ac.th

 Kay Khine Soe 
 kaykhinesoemyeik2013@gmail.com

 Siriporn Pradit 
 siriporn.pra@psu.ac.th

 Zeehan Jaafar 
 jaafarz@nus.edu.sg

1 Marine and Coastal Resources Institute, Faculty 
of Environmental Management, Prince of Songkla 
University, Songkhla 90110, Thailand

2 Department of Marine Science, Myeik University, 
Myeik 14051, Myanmar

3 Faculty of Science, National University of Singapore, 
Singapore 11543, Singapore

4 Faculty of Science and Technology, Prince of Songkla 
University, Pattani 94000, Thailand

BC



Animal Feed Science and Technology 284 (2022) 115204

Available online 6 January 2022
0377-8401/© 2022 Elsevier B.V. All rights reserved.

Mixed feeding schedule switching between high and low protein 
diets for Asian seabass (Lates calcarifer) 
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A B S T R A C T   

Mixed feeding schedule (MFS) switching between high (HP) and low (LP) protein diets has been 
used to improve growth and feed utilization in various fish species. In the current study, the 
optimal MFS was investigated in Asian seabass (Lates calcarifer) over the duration of an 8-week 
feeding trial. The fish (18.7 ± 0.1 g initial weight) were fed alternating between one day of HP 
and one day of LP diet (1 H/1 L), two days of HP and one day of LP (2 H/1 L), three days of HP 
and one day of LP (3 H/1 L), two days of HP and two days of LP (2 H/2 L), or three days of HP and 
two days of LP (3 H/2 L), and these treatments were compared to continuous feeding with HP 
(positive control, 403 g/kg protein and 86.1 g/kg lipid of feed basis) or with LP only (negative 
control, 333 g/kg protein and 55.7 g/kg lipid of feed basis). Twenty-one experimental units 
comprising fifteen fish each were set under a completely randomized design. At the end of 
experiment, growth performance and feed utilization parameters were similar between fish fed 
HP, 2 H/1 L and 3 H/1 L, followed by 3 H/2 L treatment, and all the fish in the alternating feed 
groups ingested a higher amount of HP than LP (P < 0.05). Economic analysis suggests that the 
most profitable schedule was 2 H/1 L among the tested feeding regimens. Specific activities of 
chymotrypsin, amylase, cellulase, lipase; and the amylase to trypsin ratio, indicated significant 
improvement in nutrient utilization and protein-sparing effect in the alternating treatments. 
There were no negative effects on muscle quality or carcass composition by the preferred alter-
nating treatments (2 H/1 L and 3 H/1 L). Findings from the current study can be used to decide a 
practical feeding schedule for the commercial production of Asian seabass.   

1. Introduction 

Asian seabass or barramundi (Lates calcarifer) is one of the most economically important fish species, and it distributes throughout 
the Indo-West Pacific Oceans: eastern edge of the Persian Gulf to China, Taiwan and southern Japan, southward to southern Papua 
New Guinea and northern Australia (Froese and Pauly, 2021). The global aquaculture production of this species has increased during 
the past four decades (FAO, 2021). Apart from good taste of the fillet, this species can also tolerate crowding and a wide range of 
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Abstract
At hatching, the sense organs of the Leptobarbus hoevenii larvae were morphologically immature. However, these sense 
organs had developed and became functional (including first occurrence of the intra-oral taste buds) to facilitate the larval 
first exogenous feeding at 3 days post-hatching (dph), before the yolk sac was completely absorbed at 5 dph. During the 
larval metamorphosis period (5–30 dph), the larval notochord flexion and fin development had completed. The retinal rods 
appeared at 5 dph, and its number increased with larval growth. The lagena was formed and the inner ears were fully calci-
fied at 15 dph, indicating that the inner ears were completely developed. The olfactory organ development was completed 
when the anterior and posterior pits were formed at 30 dph. Canal neuromast was first found in the 30 dph L. hoevenii head 
portion, but none was observed at its trunk. Further examination of the elder stage (> 30 dph) of L. hoevenii is necessary to 
confirm the timing of trunk canal neuromast development. These findings have provided new biological information related 
to the L. hoevenii migratory life history in the field, as well as insight to improve the L. hoevenii larval rearing protocols.

Keywords Hoven’s carp · Jelawat · Morphology · Histology · Larval development · Early life history

Introduction

Sultan fish, Leptobarbus hoevenii, also commonly known 
as Hoven’s carp or Jelawat, is a freshwater cyprinid native 
to some countries in Southeast Asia, including Malaysia, 
Thailand, Indonesia, Laos, Vietnam, and Cambodia (Mohsin 
and Ambak 1983; Rainboth 1996; Vidthayanon et al. 1997; 
Kottelat 2001). Owing to its richness in protein, some miner-
als (especially calcium, phosphorus, and iron), and vitamin 
B (Tee et al. 1989), L. hoevenii has been recognized as a 
valuable food source in the inland areas (Mohsin and Ambak 
1983; Roberts 1989) and is being bred for food fish produc-
tion in these countries (Saidin et al. 1988; Liao et al. 2001). 
In Malaysia, the aquaculture production of L. hoevenii stead-
ily increased in 2015–2020 from 923 t to 2,679.95 t, and its 
wholesale value in 2020 was about 35.7 million Malaysian 
ringgit (approximately 5% of the total value from freshwater 
aquaculture production) (Fisheries Department of Malaysia: 
https:// www. dof. gov. my/ en/ resou rces/ fishe ries- stati stics-
i/, accessed 3 January 2022). In addition, L. hoevenii has 
been introduced to China, Taiwan and the Philippines as an 
aquaculture species for both food production and ornamental 
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Molecular phylogenetic 
and morphometric analysis 
of population structure 
and demography of endangered 
threadfin fish Eleutheronema 
from Indo‑Pacific waters
Jie Xiao1, Shaoliang Lyu1, Teuku H. Iqbal2, Sukree Hajisamae2, Karl W. K. Tsim3 & 
Wen‑Xiong Wang1,4*

The threadfin Eleutheronema are the important fishery resources in Indo‑Pacific regions and classified 
as the endangered species with considerable conservation values. Their genetic diversity and 
population structure remain essentially unknown but are critical for the proper management and 
sustainable harvests of such important fisheries. Here, the mitochondrial DNA sequences of CO1 and 
16s rRNA were determined from 75 individuals of Eleutheronema tetradactylum and 89 individuals of 
Eleutheronema rhadinum collected from different locations of South China Sea and Thailand coastal 
waters. Genetic diversity analysis revealed that both E. tetradactylum (Haplotype diversity, H = 0.105–
0.211; Nucleotide diversity, π = 0.00017–0.00043) and E. rhadinum (H = 0.074–0.663, π = 0.00013–
0.01088) had low diversity. Population structure analysis demonstrated the shallow genetic 
differentiation among the South China Sea populations. The limited communication between China 
and Thailand populations caused the high genetic differentiation in all groups due to the low dispersal 
ability. Reconstruction of CO1 phylogenetic relationships and demographic studies across Indo‑West‑
Pacific regions provided strong evidence for a shared common origin or ancestor of E. tetradactylum 
and E. rhadinum. Eleutheronema rhadinum were further subdivided into two distinct genetic lineages, 
with Clade A dominantly distributing in Thailand and Malaysia and Clade B distributing in China coastal 
waters. Phenotypic divergence, characterized mainly by the depth of caudal peduncle and length of 
caudal peduncle, was also observed for all populations, which was possibly associated with specific 
local adaptations to environmental changes. Our study suggested a strong need for the development 
of proper fishery management strategies and conservation actions for the imperiled Eleutheronema 
species.

The genera Eleutheronema belongs to the Family Polynemidae, which consists of three valid species, includ-
ing three fingers threadfin (Eleutheronema tridactylum), four fingers threadfin (Eleutheronema tetradactylum), 
and East Asian four fingers threadfin (Eleutheronema rhadinum). Eleutheronema tetradactylum, also known 
as the Indian salmon due to its wide distribution in the Indo-West-Pacific region, is an important commercial 
fish species. However, fisheries of E. tetradactylum have drastically decreased over the past decade due to the 
over-exploitation and possibly water  pollution1,2. The fish has been classified as endangered by the International 
Union for Conservation of Nature (IUCN). The East Asian four-finger threadfin, E. rhadinum, is endemic to the 
East Asia region, including China coastal water (South and East China Seas), Japan, Vietnam, and  Malaysia3. 
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Feeding Habits and the Occurrence of Anthropogenic Debris in
the Stomach Content of Marine Fish from Pattani Bay,
Gulf of Thailand
Kay Khine Soe 1,2 , Sukree Hajisamae 3, Penjai Sompongchaiyakul 4, Prawit Towatana 1,5

and Siriporn Pradit 1,5,*
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2 Department of Marine Science, Myeik University, Myeik 14051, Myanmar
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Simple Summary: In this work, the feeding behaviour of fish from a natural bay environment and the
ingested anthropogenic fragments in a fish community in relation to their feeding habits and habitats
were investigated. The identification of 34 fish species and analysis of their stomach content by visual
inspection were carried out. The ingestion of anthropogenic debris by fish differed between season
and their feeding features. The planktivorous fish having higher ingestion of anthropogenic debris
than other species were found. The study results enhance the understanding of the spatiotemporal
variation of feeding habits of fish communities and support future alerts relating to the risk of
anthropogenic pollution in marine food webs.

Abstract: This study assessed the feeding habits and ingestion of anthropogenic debris in 34 marine
fish species from the southern Gulf of Thailand. A total of 5478 fish samples of 12 families were
categorised into seven groups: planktivore, Lucifer feeder, fish feeder, Acetes feeder, shrimp feeder,
piscivore, and zoobenthivore fish. A total of 2477 anthropogenic debris items were extracted from
12 fish species by visual inspection. Their ingestion of anthropogenic debris was influenced by
season (p < 0.0001), with the highest ingestion during the northeast monsoon season. Furthermore,
planktivorous fish displayed more ingested anthropogenic debris than the other investigated species
(p = 0.022). Blue-coloured anthropogenic debris was commonly detected in the stomachs of fish and
significantly differed between species (p > 0.001). Water depth and season significantly influenced the
availability of food types (AF) for fish (p < 0.001). These findings provide evidence of the ingestion of
anthropogenic debris by fish inhabiting a natural bay and signal the future anthropogenic pollution
of marine fish.

Keywords: feeding features; microplastic; food type; season; water depth

1. Introduction

In the marine ecosystem, fish are major top predators and important for aquaculture
and conservation management [1]. Fish stomach content is important primary data to
directly study the feeding ecology of fish [1,2] and can be quantitatively or qualitatively
presented [3,4]. To determine the feeding habits of fish, the index of relative importance
(%IRI) is most frequently used by about 30% of citations examining the stomach content of
fish [1]. It can be calculated from the weight or volume of a prey item and the percentages
of number and frequency of occurrence [5]. It is important fundamental information to

Biology 2022, 11, 331. https://doi.org/10.3390/biology11020331 https://www.mdpi.com/journal/biology
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Changes in benthic macro-invertebrate assemblages in an 
estuary in southern Thailand after invasion by non-native 
bivalves Mytilopsis sallei and Mytella strigata
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Abstract: Mytilopsis sallei (Récluz, 1849), an invasive bivalve, has been established for more than two decades in 
Pawong Canal, which is a part of the largest lagoon system in Thailand. A recent survey in 2019 revealed the presence 
in the canal of another invasive species, the mytilid mussel Mytella strigata (Hanley, 1843). Both species are byssally 
attached bivalves that can change soft bottoms into hard substrata composed of bivalve shells, with consequent effects 
on benthic communities. Data of benthic macro-invertebrate species collected 25 years ago, before the arrival of both 
invasive species, were compared with data from a recent survey. Although 28 different species were observed in each 
study, only five were present in both. However, there is no significant change in the diversity and evenness of this ben-
thic community. A few species of hard-bottom dwellers appeared in the canal after invasion while some soft-sediment 
inhabitants were absent. Given that the full dataset from the previous study was not available and a long-term series 
of observations was not made, it is difficult to distinguish the effects of bivalve invasion from the effects of physical 
change in the environment. However, we documented the current condition of this complex estuarine ecosystem and 
discussed some possible effects of non-native bivalve invasion on the local benthic macroinvertebrate assemblages.

Key words: benthos, estuary, invasion, Mytilopsis sallei, Mytella strigata

Introduction

Ecosystem engineering by both native and invasive mol-
luscs often contributes to variations in the composition 
and structure of coastal benthic communities (Borthaga-
ray & Carranza 2007; Kochmann et al. 2008; Sousa et 
al. 2009; Heiman & Micheli 2010). Invasive filter-feeding 
byssally-attached bivalves generally alter the ecosystem by 
attaching themselves to submerged substrates or by form-
ing dense patches on the water bottom (Wangkulangkul 
& Lheknim 2008; Sanpanich & Wells 2019). They can se-
verely foul man-made infrastructure and pose threats to 
aquaculture and fisheries (Raju et al. 1975; Willan et al. 
2000; Tan & Tay 2018). Dense, extensive patches of bi-
valves can transform soft-sediment water bottoms into 
complex biogenic 3-dimensional hard structures (Mayer 

et al. 2002; Ricciardi et al. 1997). In several invaded ar-
eas, they became a dominant benthic macroinvertebrate, 
and changed the composition and structure of both benthic 
and planktonic communities (Lin & Yang 2006; Cai et al. 
2014). Following invasion by the false mussel Dreissena 
polymorpha (Pallas, 1771), populations of deposit feeders, 
predators and small grazers increased (Stewart & Haynes 
1994; Dermott & Kerec 1997; Mayer et al. 2002), but num-
bers of large filter feeders and burrowing fauna decreased 
(Dermott & Kerec 1997; Ricciardi et al. 1997).

Mytilopsis sallei (Récluz, 1849) is a filter-feeding, brack-
ish-water false mussel belonging to the family Dreisse-
nidae. Although it was originally described from Central 
America, there have been numerous reports of M. sallei in 
the Indo-Pacific region since the 20th century CE and it has 
become invasive at various sites (Morton 1981; Marelli & 
Gray 1985; Morton 1989; Willan et al. 2000; Tan & Mor-
ton 2006; Lin & Yang 2006). Another invasive bivalve, the 
mytilid mussel Mytella strigata (Hanley, 1843), is native to 
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Introduction 
Unselective capture, or bycatch, incidentally 
contributes to devastating ecological impacts, 
such as decline in global capture fisheries 
production and the death of other marine species 
with no commercial value (Lewison et al., 2004; 
Davies et al., 2009). A total of 9.1 million tonnes 
of bycatch are collected annually, in which 0.8 
million tonnes of this amount came from gillnet 
fisheries (The Food and Agriculture Organisation 
[FAO], 2020). Bycatch can be classified 
into three categories: (i) normal bycatch, (ii) 
cryptic bycatch and (iii) ghost fishing. Normal 
bycatch occurs when non-targeted species are 
accidentally captured in the fishing gear during 
the hauling process, regardless of whether they 
are alive or dead (Kumar et al., 2016; Fazrul et 
al., 2015; Leland et al., 2013). Cryptic bycatch 
refers to living organisms that developed injuries 
after being entangled in fishing gears and then 
died following release or escape (Kumar et al., 

2016; Fazrul et al., 2015; Reeves et al., 2013). 
The final type of bycatch, ghost fishing, is where 
the lost or intentionally discarded fishing gears 
continue to cause fatality to marine organisms 
without any human control (Sullivan et al., 
2019; Fazrul et al., 2015; Campbell & Sumpton, 
2009). The Malaysian fisheries sector produced 
a total of 1.86 million metric tonnes of fish in 
2019, including 263,093 tonnes from deep-water 
fisheries and 1,189,416 tonnes from coastal 
fisheries (The Department of Fisheries [DOF], 
2020). Based on these statistics, the negative 
impact of bycatch from coastal fisheries would 
have a greater impact on the Malaysian fisheries 
production compared with deep-water fisheries.

Studies on bycatch related to modern fishing 
gears in deep waters are quite established, but 
not for small-scale fisheries or artisanal fisheries 
in shallower waters (Selgrath et al., 2018).  
Most of the bycatch studies only focus on 
modern fishing gears, such as trawls (Cashion 

Abstract: This study assessed the bycatch composition around Bidong Island, Malaysia, 
and factors affecting its assemblages. Bycatch samples were collected monthly from January 
to December 2018 with supplementary samplings in February and October 2019. A total of 
648 individuals of bycatch from 15 fish species were collected, which accounted for 84.2% 
of the total catch. The most dominant species were Alectis indica, Rachycentron canadum 
and Epinephelus areolatus. The abundance of bycatch varied significantly between seasons 
(P<0.05), whereas the species richness of the bycatch was not affected by season, depth 
and interaction of season and depth (P>0.05). The most abundant bycatch was found at 
a depth of 20 m in moderate rainy and rainy seasons. The non-metric multidimensional 
scaling ordination clearly separated the three major groups of the community structure 
of bycatch based on depth, but not season. It is therefore concluded that season affected 
bycatch abundance, and conversely, depth influenced the community structure of the 
bycatch from stingray gillnet. 
 
Keywords: Rays, depth, seasonal, discarded species, South China Sea.
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Indigenous Halomonas spp., the Potential Nitrifying Bacteria for
Saline Ammonium Waste Water Treatment
1Yutthapong Sangnoi, 1Sunipa Chankaew and 2Sompong O-Thong

1Department of Aquatic Science, Faculty of Natural Resources, Prince of Songkla University, Hat Yai, Songkhla, Thailand
2Department of Biology, Faculty of Science, Thaksin University, Phattalung, Thailand

Abstract
Background  and  Objective:  Toxic  nitrogen  compounds  are  one  cause  decreasing  of  shrimp  production  and  water  pollution.
Indigenous Halomonas   spp., isolated from Pacific white shrimp farm are benefitted for saline ammonium waste water treatment. This
study  aimed  to  isolate  the  heterotrophic-halophilic   Halomonas   spp.  and  investigate  their  ammonium  removal   efficiency.
Materials and Methods: Halomonas  spp., were isolated by culturing of samples collected from shrimp farm into modified Pep-Beef-AOM
medium. Ammonium converting ability was tested and monitored by nitrite reagent. Ammonium removal efficiency was measured by
the standard colorimetric method. Identification and classification of Halomonas  spp., were studied by morphological, physiological and
biochemical characteristics as well as molecular information. Results: There were 5 strains of heterotrophic-halophilic nitrifying bacteria
including SKNB2, SKNB4, SKNB17, SKNB20 and SKNB22 were isolated. The identification result based on 16S rRNA sequence analysis
indicated that all 5 strains were Halomonas  spp., with sequence similarity values of 91-99 %. Ammonium removal efficiency of all strains
showed a range of 23-71%. The production of nitrite was low detected of 0.01-0.15 mg-N LG1, while the amount of nitrate was almost
undetectable. Conclusion: This might suggest that the indigenous Halomonas  spp., as nitrifying bacteria involved biological nitrification
process for decreasing and transforming of ammonia. Due to being heterotrophic, halophilic and ammonium removing bacteria, these
Halomonas  spp., could be developed for use in treatment of saline ammonium waste water.

Key words:  Toxic  nitrogen  compounds,  indigenous  Halomonas   spp.,  saline  ammonium  waste   water,   ammonium   removal   efficiency,
heterotrophic-halophilic nitrifying bacteria
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Erythrocyte characteristics of the progenies of pure
and reciprocal crosses of Pangasianodon hypophthalmus
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Abstract In this study, erythrocyte characteristic of pure and
reciprocal crosses of African catfish Clarias gariepinus
(Burchell, 1822) and Asian catfish Pangasianodon
hypophthalmus (Sauvage, 1878) were evaluated. Blood smear
was made from the progenies of C. gariepinus (CG),
P. hypophthalmus (PH), Pangapinus (♀PH × ♂CG) and in
two morphotypes (Clarias-like and Panga-like) of
Clariothalmus (♀CG × ♂PH) obtained from similar breeding
history. Erythrocyte measurement of the cell and nuclear axis
was done under the microscope, while many other parameters
were calculated. Result obtained suggests a preponderant ma-
ternal influence on the erythrocytes shape and size characteris-
tics of the reciprocal crosses. Erythrocytes from progenies with
C. gariepinus maternal origin was rounded in shape (not less
than 90%) while those with P. hypophthalmus maternal origin
had relatively high oval shaped erythrocytes (between 76 and
64%). Also, significant size variations were recorded for the
different group. Principal component analysis and biplot of
component loading of the trio comparison of hybrid progenies
and the pure crosses suggest the possibility of discriminating
the direction of hybridization of the reciprocal crosses.
However, it was impossible to describe the hybridization status

of the progenies assessed in this study. This approach may be a
simple and viable alternative to molecular markers which char-
acterizes maternal inheritance in hybrid crosses provided that
there is significant shape difference between the fishes.
Erythrocyte characterization coupled with morphological and
cytogenetic studies is recommended for clearer understanding
of the nature of hybrid progenies.

Keywords African catfish . Asian catfish . Blood smear .

PCA analysis . Exclusive ranges .Morphotype . Hybrids

Introduction

Novel fishes from interspecific hybridization have been pro-
duced for aquaculture and stocking programs to take advan-
tage of certain desirable aquaculture traits (Bartley et al.
2001). However, the dramatic and unexpected consequences
that could emanate from the interbreeding of escapees or ac-
cidentally released fishes with wild populations make the
identification, characterization, and management of hybrid
progenies a priority (Okomoda et al. 2017a). Historically,
morphological characteristics were the primarymeans of iden-
tifying hybrids before the 1960s (Campton 1990). The devel-
opment of genetic techniques, however, allowed the
confirmation and investigation of the underlying causes,
extent, and direction of hybridization with higher preci-
sion (Scribner et al. 2000). The use of genetic marker
for hybrid characterization in recent times is usually
done together with cytogenetic or/and morphological
analysis (Billington et al. 1988; Na-Nakorn et al. 1993;
Pipas and Bulow 1998). Characterization of hybrids based
on morphological data alone could be misleading in cases
where the hybrid has close resemblance with their pure
crosses (Neff and Smith 1978; Garcia de Leaniz and
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Abstract

The protective efficacy of formalin-killed Streptococcus agalactiae (Group B Streptococcus, GBS) serotype Ia (GBS-Ia)
and III (GBS-III) vaccines were assessed in Nile tilapia (Oreochromis niloticus). The fish with an average weight of 34.45±
0.08 g were immunized by intraperitoneal (i.p.) injection with 4 different formalin-killed vaccines prepared from GBS-Ia
(11010 CFU/mL), GBS-III (11010 CFU/mL), and combined GBS-Ia and GBS-III in an equal volume at final concentrations
11010 CFU/mL and 21010 CFU/mL in comparison with the non-immunized control group. At 2 and 4 weeks post vaccination,
no significant differences were observed (p>0.05) among treatments in growth performance or haemato-immunological
parameters, except the increased red blood cell at 2 weeks. Significantly increased antibody titers (p<0.05) against GBS-Ia
and GBS-III antigens were noted in the groups immunized with homologous GBS vaccines, whereas the group reacted with
heterologous GBS antigen showed less antibody titer as compared with the control group. The vaccination experiment
indicated that i.p. injection of Nile tilapia with formalin-killed cells prepared from GBS-Ia or GBS-III provides significant
protection, with relative percent survival (RPS) value of 52.17 to 71.42%, against a challenge with the homologous serotype
isolate, whereas the RPS in fish challenged with a heterologous serotype isolate varied from 20.00 to 53.57%. These results
suggested that vaccines from either GBS-Ia or GBS-III have insufficient cross-protective efficacy against the other serotypes.
However, a mixed vaccine produced from both GBS serotypes Ia and III provided significant protection with 65.00 to 95.66%
RPS which could be an excellent vaccine to protect fish against streptococcosis caused by both GBS serotypes Ia and III.
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parameters, except the increased red blood cell at 2 weeks. Significantly increased antibody titers (p<0.05) against GBS-Ia
and GBS-III antigens were noted in the groups immunized with homologous GBS vaccines, whereas the group reacted with
heterologous GBS antigen showed less antibody titer as compared with the control group. The vaccination experiment
indicated that i.p. injection of Nile tilapia with formalin-killed cells prepared from GBS-Ia or GBS-III provides significant
protection, with relative percent survival (RPS) value of 52.17 to 71.42%, against a challenge with the homologous serotype
isolate, whereas the RPS in fish challenged with a heterologous serotype isolate varied from 20.00 to 53.57%. These results
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Abstract 
 
Dry fish blood (DFB), a by-product from the fish processing industry, is a rich source of nutrients, small protein 

molecules and iron. This study aimed to examine the effects of dietary inclusion of canning by-product fish blood on growth 

performance and activity of digestive enzymes in L. vannamei with mean initial weight of 4.79±0.12 g. Six diets were 

formulated: four diets having poultry meal and soybean meal as the main protein sources contained DFB at 0 (control), 4, 8, and 

16% of diet and the reference diets5 and 6contained 4% tuna viscera hydrolysate (TVH) and 16% fish meal, respectively. 

Triplicate groups of shrimp (12 shrimp tank-1) were fed with respective diets five times daily for six weeks. The results showed 

that growth of shrimp decreased with increasing level of dry fish blood. Growth performance of shrimp fed 4% DFB was not 

significantly different from those fed 4% TVH. Survival rate was not significantly different among treatments (P>0.05). In 

summary, dry fish blood could be used as a feed ingredient in shrimp diet at 4% of diet with good growth performance. The 

results demonstrated that the high levels of dry fish blood had an effect on feed utilization efficiency, alkaline phosphatase 

activity and shrimp growth reduction. 

 

Keywords: Litopenaeus vannamei, dry fish blood, fish meal replacement, growth, digestive enzymes

 

 
1. Introduction 

 

Pacific white shrimp, Litopenaeus vannamei, is one 

of the most important marine aquaculture species in the world 

(González-Félix et al., 2016; Yu et al., 2016), is distributed 

throughout Central and South America, and was introduced 

into Thailand in 1998. For the success of shrimp culture 

industry, feed is extremely important for farm feasibility and 

profit because its cost usually exceeds 50% of the variable 

production costs (Bragaa et al., 2016). Protein quality and 

composition is the most important and the expensive com-

 
ponent of shrimp and other crustacean feed which ranges from 

30-40% of diet depending on species and stage of life (Jatobá 

et al., 2014; Perera & Simon, 2015; Terrazas-Fierro et al., 

2010). 
Fish meal has been the most important source of 

protein in aquaculture feed because of its essential amino acid 

composition, essential fatty acids, mineral content and palat-

ability factors (Sookying & Davis, 2011).According to esti-

mates by the International Fishmeal and Fish Oil Organiza-

tion, the aquaculture industry utilized 73% of the fishmeal 

produced in 2010 (Food and Agriculture Organization of the 

United Nations [FAO], 2014). However, the combination of 

high price and fluctuating supply of fish meal has led to a 

search for alternative protein sources and modification of aqua 

feed formulation including shrimp diets that require supple-

mentation of essential amino acids methionine and lysine 

(Terrazas-Fierro et al., 2010). 
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Abstract
Comparative study on the hematological parameters of pure and reciprocal crosses of the African and Asian catfish was done to
establish a reference range for fingerlings of the novel fish. Blood was collected from Clarias gariepinus (CG), Pangasianodon
hypophthalmus (PH), Pangapinus (♀PH ×♂CG), and the two observed morphotypes (Clarias-like and Panga-like) of
Clariothalmus (♀CG×♂PH) obtained from similar breeding history. Result obtained revealed that red blood cell counts and
white blood cell counts were significantly lower in Panga-like Clariothalmus (1.08 × 106/mm3 and 6.99 × 103/mm3, respectively)
compare to other groups with similar higher counts (between 2.09 × 106/mm3 and 2.65 × 106/mm3; 13.60 × 103/mm3 and
17.27 × 103/mm3, respectively). However, Pangapinus and pure P. hypophthalmus had significantly higher values of packed cell
volume (33.10 and 32.50%, respectively) and hemoglobin content (12.63 and 11.72 g/dL, respectively); similar values were
recorded in those fish with Clarias maternal origin (between 25.00–27.80% and 6.67–8.03 g/dL, respectively for PCV and Hb).
Calculated values for mean corpuscular volume was higher in Panga-like Clariothalmus (198.8 fL and 80.26 pg, respectively)
while mean corpuscular hemoglobin and mean corpuscular hemoglobin concentration values were higher in the Pangapinus and
pure P. hypophthalmus (between 48.10–56.98 pg and 38.28–35.96 g/dL, respectively). This result obtained is suggestive that the
Panga-like Clariothalmus may have reduced fitness as compared to the other progenies. The baseline values established in this
study could serve as a standard for physiological, pathological, and toxicological references in future studies.

Keywords African catfish . Asian catfish .Morphotype . PCV . Hb

Introduction

One of the physiological parameters of utmost importance in
animals is the blood (Hesser 1960; Rey Vazquez and Guerrero

2007). It involves the evaluation of the total red blood cell
counts (RBC), total white blood cell counts (WBC), hemoglo-
bin content (HGB), packed cell volume (PCV), mean corpus-
cular volume (MCV), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin concentration (MCHC)
(Campbell 2004; Mmereole 2009), and many more. Normal
hematological parameters vary in different fishes, ages, sexes,
and stages of sexual maturity (Golovina 1996; Luskova 1997;
Hrubec et al. 2001; Gabriel et al. 2004; Noga 2010). In addi-
tion, hematological parameters are closely related to the re-
sponse of the animal to the environment; hence, the environ-
ment where fishes live exert significant influence on its hema-
tological characteristics (Barton 2000; Kori-Siakpere et al.
2005; Gabriel et al. 2004; Solomon and Okomoda 2012).

Hematological parameters are often used as an important
index for the assessment of the health status of the fish (Ruane
et al. 2000; Okomoda et al. 2013). This is because it gives the
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Abstract 
 
Reproductive biology of gray-eel catfish, Plotosus canius was studied at Pattani Bay by determining its year round 

changes of gonadosomatic index (GSI). Results show that the GSI was maximum in October (8.4 %), and minimum in April 

(0.24 %). The sampled size of sexually matured female fishes ranged from 40.9 to 60.5 cm in total length, and between 367.56 to 

1,159.37 g in body weight. The average total length of the female fish is 51.9 cm, with an average body weight of 788.8 g. The 

average fecundity was 1,842.14 egg/fish. The average GSI was 10.87 % (n=14).The fish total length (TL) and body weight (BW) 

of the matured fish were linearly related, and could be represented by the linear regression as: BW = 32.295 TL – 887.52. The 

relationship between body weight (BW) and fecundity (Fe) could also be represented by the linear regression as Fe = 

398.67+1.83BW. The eggs were adhesive demersal egg type, and rounded. The distribution of egg’s diameter could be 

categorized into five groups i.e. group1 (3.3%), group2 (6.9%), group3 (11.0%), group4 (54.1 %), and group5 (24.6 %), with 

values of 2.89± 0.19 mm, 3.44±0.36 mm, 4.65±0.28 mm, 5.65±0.26 mm, and 6.38±0.25 mm respectively. The spawning ground 

is made of silty clay soil, with sediment’s pH of 7.16±0.47and water salinity of 12.06 ± 0.78 ppt. We also found that the sperms 

activity was most active in the 0.9 % sodium chloride’s concentration level. 

 

Keywords: reproductive biology, Pattani Bay, GSI, gray-eel catfish, Plotosus canius
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Abstract The effects of a-melanocyte-stimulating hormone (a-MSH) on calcium metabolism were examined

with goldfish. The scales on the left side of goldfish bodies were removed to allow the regeneration of scales

under anesthesia. Thereafter, the influences of a-MSH injection (low dose: 0.1 lg/g body weight; high dose:

1 lg/g body weight) on plasma calcitonin (calcium-regulating hormone) and the calcium content of the scales

were investigated. Ten days after removing the scales, we measured the plasma calcitonin and calcium content

of both regenerating scales on the left side and ontogenic scales on the right side. At both doses of a-MSH

injection, plasma calcitonin concentrations in the a-MSH-treated group were significantly higher than those in

the control group. The mRNA expressions of a-MSH-receptors were detected in the ultimobranchial glands

(secretory organ of calcitonin), indicating that a-MSH directly functions in ultimobranchial glands and pro-

motes calcitonin secretion. Furthermore, we found that the calcium content of regenerating scales in a-MSH-

treated goldfish was higher than that in control goldfish, while the calcium content of ontogenic scales on the

right side was significantly decreased by a-MSH injection. There was a significant co-relationship between

plasma calcitonin and the calcium content of regenerating scales. The mRNA expression of calcitonin

receptors in regenerating scales was remarkably higher than that in ontogenic scales. These results imply that

calcitonin functions to promote scale regeneration resulting from the inhibition of bone resorption because
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Abstract 
 

The sexual maturity of the female swamp eel (Monopterus albus) was studied by determining its fecundity and 

gonadosomatic index (GSI). The body weight of a sexually mature female swamp eel was 200-250 g. The eggs were non-

adhesive demersal and rounded. The maximum fecundity was in June at 701 ova/fish with a gonadosomatic index (GSI) of 

3.09%. The minimum recorded fecundity was 181 ova/fish in October with a GSI of 0.57 %. The average diameter of the eggs 

was 1,784 µm. The fish eggs were classified by diameter into seven groups: 250-750 µm (12.25%) as group 1, 751-1,250 µm 

(15.62%) as group 2, 1,251-1,750 µm (14.76%) as group 3, 1,751-2,250 µm (31.50%) as group 4, 2,251-2,750 µm (18.87%) as 

group 5, 2,751-3,250 µm (6%) as group 6, and 3,251-3,750 µm (1%) as group 7. Newly hatched larvae of the swamp eel were 

produced by the semi-control natural method. Newly hatched larvae had a mean (SD) total length (TL) of 1.76±0.06 cm with a 

mean (SD) yolk sac volume of 1,279.14±101.50 μm3. The yolk sacs were completely absorbed within 174 hours after hatching 

(hAH) at a water temperature of 28,0-30.5 °C. All larvae were able to open their mouths at 108 hAH (2.50±0.17 mm TL), with a 

mean (SD) height measurement of 785.00±30.83 μm. The digestive tract was straight, and was placed on the yolk sac. The 

digestive tracts were formed at 116 hAH with a mean (SD) length of 845.00±30.75 μm. The average number of Moina sp. in the 

digestive tract at the start of feeding was 0.83 individuals/larva. The larvae died within 1,092 hAH at water temperatures that 

ranged 27.0-30.5 °C. It was found that the feeding scheme of the larval swamp eel was as follows: larvae of age 5-15 days (total 

length 2.81-3.30 cm) consumed Moina sp., but at age 12-15 days (average total length 3.2-3.30 cm) the larvae consumed both 

Moina sp. and a commercial pellet known as ‘power feed’. Larvae more than 16 days old (average total length 3.20 mm) 

consumed only ‘power feed’. 

 

Keywords: fecundity, gonadosomatic index (GSI), yolk absorption, mouth development, start of feeding, starvation, 

larviculture, swamp eel, Monopterus albus

 

 

1. Introduction 
 

The swamp eel (Monopterus albus) is a commer-

cially important fish in the Southeast Asia aquaculture 

 

industry. To propagate M. albus in commercial-scale hat-

cheries, it is essential to provide fundamental biology infor-

mation on the early-life yolk absorption, mouth opening, di-

gestive tract development, and the start of feeding time. Com-

plete yolk absorption is recognized as a critical period in 

larval rearing and survival (Amornsakun, 1999a; Amornsa-

kun, Chiayvareesajja, Hassan, Ambak, & Jee, 1997; Amorn-

sakun & Hassan, 1996; Amornsakun, Sriwatana, & 
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Abstract. This study emphasizes on aspects of fecundity, embryonic development, ovarian 
development, maturity stage and correlation of matured blue swimming crab, Portunus pelagicus 

females according seasons and habitat in the lower part of the Gulf of Thailand of Pattani coastal water. 
Samples of matured P. pelagicus were collected by crab gill nets monthly from May 2013 to July 2014 in 

Pattani bay and bimonthly from May 2013 to September 2014 in offshore area. It was found that sizes 
(CW) and body weight (BW) of crab in this study were 8.71 to 13.52 cm CW and 48.04 to 235.04 g BW 

in Stage 1, 8.80 to 15.82 cm CW and 58.12 to 326.35 g BW in Stage 2, 9.71 to 16.34 cm CW and 62.19 
to 428.15 g BW in Stage 3. Mean fecundity in Stages 1, 2 and 3 of the embryonic development stages 

were 432,119±131,922, 545,953±21,2857, 956,314±370,600 eggs respectively. Mean diameter of egg 
size (µm) for berried female embryonic development Stages 1, 2 and 3 were 0.298±0.018, 

0.355±0.026, 0.358±0.014 respectively. Mean egg mass index of Stages 1, 2 and 3 were 0.20±0.04, 
0.09±0.03 0.08±0.02 respectively. Mean oocyte diameter (µm) increased drastically from immature 

(Stage 1: 112.354±70.953), early maturing (Stage 2: 148.814±1.756), late maturing (Stage 3: 
158.944±1.763) to fully mature (Stage 4: 178.146±3.665). It was found a significant relationship 

between fecundity and CW/BW of crab. Egg mass weight was increased proportionally with CW and BW 
in all embryonic stages. Egg mass index was decreased proportionally with CW and BW in all embryonic 

stages. Size at sexual maturity for female P. pelagicus was 9.97 cm CW. Moreover, different habitat of 
the Pattani coastal waters had a significant impact (p<0.05) on number of mature female in Pattani bay. 

As the conclusion, eggs mass were increased with CW and BW. Habitat also influenced matured female 
in Pattani coastal water.  

Key Words: fecundity, ovarian maturation stages, size at sexual maturity, Pattani bay. 

 
 

Introduction. Blue swimming crab, Portunus pelagicus is a scavenger species and very 
popular around the world as one of the target species for fishermen and recreational 
purposes. This causes the higher demand in the market by any size of P. pelagicus. The 
delicious meat and stable price of P. pelagicus had led to the overfishing of this species. 

Many countries around the world such as Malaysia (Ikhwanuddin et al 2012a; 
Ikhwanuddin et al 2014), Thailand (Islam & Kurokura 2012), Nigeria (Emmanuel 2008), 
India (Soundarapandian & Raja 2008) and Australia (Johnson 1980; Potter et al 1983; 
Xiao & Kumar 2004; Svane & Hooper 2004; Johnson et al 2010) are actively involved in 
both in research and fisheries development of P. pelagicus and other Portunid species. 

Thailand is the fourteenth largest marine producer in the world, including crabs, 
with an annual production of about 1.6 million tons in 2012, worth approximately 1.29 

million USD (FAO 2014). However, total marine landing of P. pelagicus fall 39.2% 
compared to 42.5% in 2011. This similar trend was also happened in Pattani coastal 
water, Thailand where landing has decreased 12% in 2012 (Thailand Fisheries 
Department, 2014). Although P. pelagicus is considered an important economic species, 
published information on reproductive biology is still lacking to be referred from Thailand 
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Abstract. In recreational fishing, catch and release has been broadly implemented among recreational 
anglers. However, information regarding post-release survival of Indonesian snakehead (Channa 

micropeltes) using artificial bait with treble hook is lacking. The purpose of this study is to evaluate 
relationship between hooking position, hooking injuries and post-released survival of fish. The study was 

conducted at Kenyir Lake, Terengganu, Malaysia with four sampling stations nearby Kiang River, 
Terengganu, Malaysia. C. micropeltes were kept in cages for 24 hours for post- released survival 

evaluation based on hooking injuries represent by bleeding level and hooking positions after angling. The 
survival rate of fish was 94% (32 out of 34 fish). Survival of fish were significantly influenced by hooking 

injuries (p = 0.031). Smaller fish (<39.9 cm) have more bleeding tendency (5 out of 9 bleed). Survival 
of fish were not significantly influenced by hooking positions (p = 0.313). Majority of fish was hook at 

superficial hooking positions (82.35% superficial, 5.88% internal, 11.76% external, respectively). Our 
finding suggests that reduction of hook size could reduce the external hooking of smaller fish and correct 

fish handling is crucial.   
Key Words: freshwater, recreational anglers, hooking injuries, conservation, catch and release. 

 
 
Introduction. Recreational angling is defined as a type of fishing where catches are not 

to feed the anglers and are usually not sold and not for trading on export, black markets, 
and domestic usage (FAO 2012). In almost every part of the world, recreational angling 
is an economically and socially important utilization of fisheries resources (Cooke & 
Schramm 2007). Almost 11.5% of the world’s population participates in recreational 
angling if recreational angling partaking percentages of Canada mirror global trends 
(Cooke & Cowx 2004). 

In many parts of the world, catch-and-release (C&R) angling has grown and turns 

out to be progressively common among recreational anglers (Lennox et al 2014). C&R 
has become broadly implemented as a management guideline to conservation, which is 
important in maintaining the catch rate (Camp et al 2015). C&R is defined as the action 
of freeing catches that were captured by recreational anglers (Cooke & Wilde 2007). 
Snakehead is the name for all the species in the genus Channa this is because of their 
head are looking like the head of a snake (Norainy 2007). The aggressive nature of this 
species due to its biological features makes it a sensational game fish for recreational 

anglers (Norainy 2007). 
There are many factors that control the fate of a released fish such as angling 

process, environmental, ecological and the species itself (Brownscombe et al 2017). 
Hooking location is one of the most important factors causing hooking mortality for many 
species (Bartholomew & Bohnsack 2005). Higher mortality is shown when the fish got 

BZ



OPEN ACCESS 
International Journal of Aquatic Science 
ISSN: 2008-8019  
Vol. 11, No. 1, 3-12, 2020 

 
 

() leongsen@ums.edu.my 

-Review- 

Feeding and nutrients requirement of Sultan fish, Leptobarbus hoevenii: A review 
 

Hsein-Loong Au1, 2, Leong-Seng Lim1*, Thumronk Amornsakun2, Sharifah Rahmah3, 4, Hon Jung Liew4, Poramat Musikarun5, Pornpanom 
Promkaew5, Wen Jye Mok3,6, Gunzo Kawamura1, Annita Seok-Kian Yong1, Rossita Shapawi1 and Saleem Mustafa1 

 
1) Borneo Marine Research Institute, Universiti Malaysia Sabah, Jalan UMS, 88400 Kota Kinabalu, Malaysia. 
2) Fisheries Technology Program, Department of Technology and Industries, Faculty of Science and Technology, Prince of Songkla University, Pattani 
Campus, Mueang, Pattani, 94000 Thailand. 
3) Faculty of Fisheries and Food Sciences, Universiti Malaysia Terengganu, 21030 Kuala Terengganu, Terengganu, Malaysia. 
4) Institute of Tropical Aquaculture and Fisheries, Universiti Malaysia Terengganu, 21030 Kuala Terengganu, Terengganu, Malaysia. 
5) Inland Aquaculture Research and Development Regional Center 12, Khlong Hoy Kong, Amphoe Khlong Hoy Kong, Songkhla, 90230, Thailand. 
6) Institute of Marine Biotechnology, Universiti Malaysia Terengganu, 21030 Kuala Terengganu, Terengganu, Malaysia. 
 

Received: October-30-2019 Accepted: December-12-2019 Published: May-12-2020 
 

Abstract: Sultan fish (Leptobarbus hoevenii) is a commercially important freshwater fish with high potential for aquaculture production in the 
Southeast Asian countries, including Malaysia. Many studies have been focused on its nutrition and trophic biology but the feeding practices 
in the farming have not yet been reviewed. This paper reviews on nutritional management of L. hoevenii broodstock, larvae and juveniles in 
culture systems. In general, there are feeding guidelines developed for the L. hoevenii farming but they are not fully supported with the 
scientific studies. Knowledge on the larval developmental biology is lacking to fully understand the feeding ecology of this fish. In addition, 
there is a paucity of data on requirements of various major nutrients in L. hoevenii at different life stages. Further studies on these topics are 
essentially required to improve the feeding practices in the farming of L. hoevenii.  
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Introduction 
Sultan fish or the Jelawat (Leptobarbus hoevenii), is a 
native cyprinid that can be found in the rivers and 
lakes in Malaysia, Cambodia, Indonesia, Laos, 
Thailand, and Vietnam (Mohsin and Ambak, 1983; 
Roberts, 1989; Rainboth, 1993; Vidthayanon et al., 
1997; Kottelat, 2001). It is one of the high value 
freshwater fish species cultured in these countries 
(Mohsin and Ambak, 1983; Kottelat et al., 1993) due 
to successful captive breeding in 1980s (Meenakarn, 
1986; Saidin et al., 1988; Liao et al., 2000). In 
Malaysia, L. hoevenii has been recommended for 
human consumption due to its high contents of 
protein, some minerals (calcium, phosphorus, and 
iron) and vitamin B (Tee et al., 1989). In fact, the 
aquaculture production of this fish in recent years from 
2015 – 2018 also has been steadily increased from 
923 to 1771.28 tonnes (Fisheries Department of 
Malaysia, 2015 – 2018) to fulfill the market demand. 
Feeding plays a critical role in the farming of aquatic 
animals. There is no dearth of data on feeding L. 
hoevenii but this information has not been managed in 
a way to enable synthesis of useful data of potential 
use in aquaculture. This paper describes, evaluates, 
and provides an overview on the feeding practices in 

the farming of L. hoevenii and highlights the relevance 
of knowledge management of nutritional data for use 
in aquaculture.    
 
Maturation Diets for Broodstocks 
Dietary nutrients play an essential role in fish 
maturation and reproductive performance. Knowledge 
on the nutritional requirement of the brood fish is, 
therefore, critically needed for the maturation diets 
development (Luquet and Watanabe, 1986; Izquierdo 
et al., 2001).  

In the feeding practices for the L. hoevenii 
broodstock, the fish are usually fed with the self-
formulated feeds containing at least 30% of crude 
protein. According to Meenakarn (1986), feeding the 
L. hoevenii brood fish with the formulated diet 
containing 30% crude protein at 3% of the fish body 
weight (BW) daily can be practiced to prepare the fish 
for induced spawning. Truong et al. (2003) also 
reported their success in conditioning the L. hoevenii 
brood fish for induced spawning by feeding them 35% 
crude protein containing diet at the rate of 2% - 4% 
fish BW daily. Table 1 shows the ingredients and 
composition of the maturation diets for L. hoevenii 
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Sultan fish or the Jelawat (Leptobarbus hoevenii), is a 
native cyprinid that can be found in the rivers and 
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Thailand, and Vietnam (Mohsin and Ambak, 1983; 
Roberts, 1989; Rainboth, 1993; Vidthayanon et al., 
1997; Kottelat, 2001). It is one of the high value 
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(Mohsin and Ambak, 1983; Kottelat et al., 1993) due 
to successful captive breeding in 1980s (Meenakarn, 
1986; Saidin et al., 1988; Liao et al., 2000). In 
Malaysia, L. hoevenii has been recommended for 
human consumption due to its high contents of 
protein, some minerals (calcium, phosphorus, and 
iron) and vitamin B (Tee et al., 1989). In fact, the 
aquaculture production of this fish in recent years from 
2015 – 2018 also has been steadily increased from 
923 to 1771.28 tonnes (Fisheries Department of 
Malaysia, 2015 – 2018) to fulfill the market demand. 
Feeding plays a critical role in the farming of aquatic 
animals. There is no dearth of data on feeding L. 
hoevenii but this information has not been managed in 
a way to enable synthesis of useful data of potential 
use in aquaculture. This paper describes, evaluates, 
and provides an overview on the feeding practices in 

the farming of L. hoevenii and highlights the relevance 
of knowledge management of nutritional data for use 
in aquaculture.    
 
Maturation Diets for Broodstocks 
Dietary nutrients play an essential role in fish 
maturation and reproductive performance. Knowledge 
on the nutritional requirement of the brood fish is, 
therefore, critically needed for the maturation diets 
development (Luquet and Watanabe, 1986; Izquierdo 
et al., 2001).  

In the feeding practices for the L. hoevenii 
broodstock, the fish are usually fed with the self-
formulated feeds containing at least 30% of crude 
protein. According to Meenakarn (1986), feeding the 
L. hoevenii brood fish with the formulated diet 
containing 30% crude protein at 3% of the fish body 
weight (BW) daily can be practiced to prepare the fish 
for induced spawning. Truong et al. (2003) also 
reported their success in conditioning the L. hoevenii 
brood fish for induced spawning by feeding them 35% 
crude protein containing diet at the rate of 2% - 4% 
fish BW daily. Table 1 shows the ingredients and 
composition of the maturation diets for L. hoevenii 
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Abstract 
 

The sexual maturity of the female swamp eel (Monopterus albus) was studied by determining its fecundity and 

gonadosomatic index (GSI). The body weight of a sexually mature female swamp eel was 200-250 g. The eggs were non-

adhesive demersal and rounded. The maximum fecundity was in June at 701 ova/fish with a gonadosomatic index (GSI) of 

3.09%. The minimum recorded fecundity was 181 ova/fish in October with a GSI of 0.57 %. The average diameter of the eggs 

was 1,784 µm. The fish eggs were classified by diameter into seven groups: 250-750 µm (12.25%) as group 1, 751-1,250 µm 

(15.62%) as group 2, 1,251-1,750 µm (14.76%) as group 3, 1,751-2,250 µm (31.50%) as group 4, 2,251-2,750 µm (18.87%) as 

group 5, 2,751-3,250 µm (6%) as group 6, and 3,251-3,750 µm (1%) as group 7. Newly hatched larvae of the swamp eel were 

produced by the semi-control natural method. Newly hatched larvae had a mean (SD) total length (TL) of 1.76±0.06 cm with a 

mean (SD) yolk sac volume of 1,279.14±101.50 μm3. The yolk sacs were completely absorbed within 174 hours after hatching 

(hAH) at a water temperature of 28,0-30.5 °C. All larvae were able to open their mouths at 108 hAH (2.50±0.17 mm TL), with a 

mean (SD) height measurement of 785.00±30.83 μm. The digestive tract was straight, and was placed on the yolk sac. The 

digestive tracts were formed at 116 hAH with a mean (SD) length of 845.00±30.75 μm. The average number of Moina sp. in the 

digestive tract at the start of feeding was 0.83 individuals/larva. The larvae died within 1,092 hAH at water temperatures that 

ranged 27.0-30.5 °C. It was found that the feeding scheme of the larval swamp eel was as follows: larvae of age 5-15 days (total 

length 2.81-3.30 cm) consumed Moina sp., but at age 12-15 days (average total length 3.2-3.30 cm) the larvae consumed both 

Moina sp. and a commercial pellet known as ‘power feed’. Larvae more than 16 days old (average total length 3.20 mm) 

consumed only ‘power feed’. 

 

Keywords: fecundity, gonadosomatic index (GSI), yolk absorption, mouth development, start of feeding, starvation, 

larviculture, swamp eel, Monopterus albus

 

 

1. Introduction 
 

The swamp eel (Monopterus albus) is a commer-

cially important fish in the Southeast Asia aquaculture 

 

industry. To propagate M. albus in commercial-scale hat-

cheries, it is essential to provide fundamental biology infor-

mation on the early-life yolk absorption, mouth opening, di-

gestive tract development, and the start of feeding time. Com-

plete yolk absorption is recognized as a critical period in 

larval rearing and survival (Amornsakun, 1999a; Amornsa-

kun, Chiayvareesajja, Hassan, Ambak, & Jee, 1997; Amorn-

sakun & Hassan, 1996; Amornsakun, Sriwatana, & 
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�rst three trials were performed in 90-ton round canvas ponds

at the st

ocking density of 25-40 individuals/m 2 . The average body weights (BW) of the

3n shrimp wer

e signi�cantly higher than that of the 2n control in all the three trials. The

last two trials wer

e performed in two phases: the �rst phase was rearing in the 90-ton

r

ound canvas ponds for one month and the second phase in earthen ponds for another

3-4 months. The 

�nal average BWs of the 3n shrimp in both phases were signi�cantly

higher than that of the 2n shrimp, while their a

verage survival rate was not different.

These pr
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Abstract:�Sultan�fish�(Leptobarbus�hoevenii)�is�a�commercially�important�freshwater�fish�with�high�potential�for�aquaculture�production�in�the�
Southeast�Asian�countries,�including�Malaysia.�Many�studies�have�been�focused�on�its�nutrition�and�trophic�biology�but�the�feeding�practices�
in�the�farming�have�not�yet�been�reviewed.�This�paper�reviews�on�nutritional�management�of�L.�hoevenii�broodstock,�larvae�and�juveniles�in�
culture� systems.� In� general,� there�are� feeding�guidelines�developed� for� the� L.� hoevenii� farming�but� they�are�not� fully� supported�with� the�
scientific�studies.�Knowledge�on�the�larval�developmental�biology�is�lacking�to�fully�understand�the�feeding�ecology�of�this�fish.�In�addition,�
there�is�a�paucity�of�data�on�requirements�of�various�major�nutrients�in�L.�hoevenii�at�different�life�stages.�Further�studies�on�these�topics�are�
essentially�required�to�improve�the�feeding�practices�in�the�farming�of�L.�hoevenii.��
�
Keywords:�Hoven’s�carp,�Jelawat,�aquaculture,�nutrition,�growth�
�
Introduction�
Sultan�fish�or�the�Jelawat�(Leptobarbus�hoevenii),�is�a�
native� cyprinid� that� can� be� found� in� the� rivers� and�
lakes� in� Malaysia,� Cambodia,� Indonesia,� Laos,�
Thailand,� and� Vietnam� (Mohsin� and� Ambak,� 1983;�
Roberts,� 1989;� Rainboth,� 1993;� Vidthayanon� et� al.,�
1997;� Kottelat,� 2001).� It� is� one� of� the� high� value�
freshwater� fish� species� cultured� in� these� countries�
(Mohsin�and�Ambak,�1983;�Kottelat�et�al.,� 1993)�due�
to� successful�captive�breeding� in�1980s� (Meenakarn,�
1986;� Saidin� et� al.,� 1988;� Liao� et� al.,� 2000).� In�
Malaysia,� L.� hoevenii� has� been� recommended� for�
human� consumption� due� to� its� high� contents� of�
protein,� some� minerals� (calcium,� phosphorus,� and�
iron)� and� vitamin� B� (Tee� et� al.,� 1989).� In� fact,� the�
aquaculture�production�of�this�fish�in�recent�years�from�
2015� –� 2018� also� has� been� steadily� increased� from�
923� to� 1771.28� tonnes� (Fisheries� Department� of�
Malaysia,� 2015�–� 2018)� to� fulfill� the�market� demand.�
Feeding�plays�a�critical� role� in� the� farming�of�aquatic�
animals.� There� is� no� dearth� of� data� on� feeding� L.�
hoevenii�but�this�information�has�not�been�managed�in�
a�way� to� enable�synthesis�of� useful� data� of� potential�
use� in� aquaculture.� This� paper� describes,� evaluates,�
and�provides�an�overview�on� the� feeding�practices� in�

the�farming�of�L.�hoevenii�and�highlights�the�relevance�
of� knowledge�management�of�nutritional�data� for�use�
in�aquaculture.����
�
Maturation�Diets�for�Broodstocks�
Dietary� nutrients� play� an� essential� role� in� fish�
maturation�and�reproductive�performance.�Knowledge�
on� the� nutritional� requirement� of� the� brood� fish� is,�
therefore,� critically� needed� for� the� maturation� diets�
development� (Luquet�and�Watanabe,�1986;� Izquierdo�
et�al.,�2001).��

In� the� feeding� practices� for� the� L.� hoevenii�
broodstock,� the� fish� are� usually� fed� with� the� self-
formulated� feeds� containing� at� least� 30%� of� crude�
protein.�According� to�Meenakarn� (1986),� feeding� the�
L.� hoevenii� brood� fish� with� the� formulated� diet�
containing�30%�crude�protein� at� 3%�of� the� fish� body�
weight�(BW)�daily�can�be�practiced�to�prepare�the�fish�
for� induced� spawning.� Truong� et� al.� (2003)� also�
reported� their�success� in�conditioning� the�L.�hoevenii�
brood�fish�for�induced�spawning�by�feeding�them�35%�
crude�protein� containing� diet� at� the� rate� of� 2%� -� 4%�
fish� BW� daily.� Table� 1� shows� the� ingredients� and�
composition� of� the� maturation� diets� for� L.� hoevenii�
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The present study was aimed to assess the general health condition of Sultan 

fish, Leptobarbus hoevenii broodstock through their length-weight 

relationship (LWR) and relative condition factor (RCF). This broodstock 

was poly-cultured with the other carp’s species in earthen ponds. Totally, 95 

broodstock (35 females and 60 males) were examined in this study. The 

total length (cm) and body weight (g) ranges of the L. hoevenii broodstock 

were 32.8 – 43.0 cm and 460 – 1,400 g for the females, while 30.0 – 44.5 

cm and 285 – 1,300 g for the males, respectively. The b value of the females 

was 3.10 (> 3.0), indicating that they have attained positive allometric 

growth. In opposite, the males and the overall populations have attained 

negative allometric growth as their b value was 2.66 and 2.92 (< 3.0), 

respectively. All of these LWRs were significant at α = 0.01 with their 

correlation coefficient (r) values at 0.88 - 0.90. However, the 95% 

confidence intervals of these b values were in the range of 2.32 – 3.64; they 

included 3.0 and overlapped each other. This result showed that 

these b values were not significantly different, indicating that the fish has 

achieved ideal growth. In addition, the relative condition factors of both 

females and males have achieved more than 1 (1.04 and 1.01, respectively), 

indicating that they have achieved their expected weight. Further 

observation on the LWR of the male L. hoevenii broodstock from the wild is 

necessary to confirm its optimum b value. Overall, the b value of the 

broodstock was 2.92 (close to 3), and their RCF value was 0.98 (close to 1). 

Therefore, the broodstock can be considered in good health condition. 

However, the influence of poly-culture management on the LWR of this 

broodstock should be examined in future studies. 
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Abstract 
 

During October 2015 to December 2016, eight marine sponge-associated bacteria (PSU-KSAAHRC MS1-8) with red, 

reddish orange, yellow, reddish pink, and dark red pigments were isolated from five species of marine sponge, namely 

Callyspongia sp., Callyspongia diffusa, Haliclona sp., Dysidea sp. and Stylissa carteri, sampled from Satun and Phang-Nga 

provinces on the Andaman coast of Thailand. These bacteria produced pigments in the range 55.65-5,619.67 µg/g. The highest 

pigment content was found in the dark red-pigmented bacterial isolate PSU-KSAAHRC MS2 isolated from Haliclona sp. 

sampled in Satun province. Thin layer chromatography of a red amorphous pigment extract from the bacterial isolate PSU-

KSAAHRC MS2 revealed two fractions with respective Rf value of 0.65 and maximum absorbance at 535, and Rf value of 0.57 

and maximum absorbance at 539 nm. Analyses of each TLC fraction by liquid chromatograph quadrupole time of flight mass 

spectrometer revealed the molecular weights of 323 (m/z 324, [M+H]+) and 321 (m/z 322, [M+H]+), in the same order. 

Comparing to published data, the compound with maximum absorbance at 535 and molecular weight of 323 (m/z 324, [M+H]+) 

was identified as prodigiosin while the compound with maximum absorbance at 539 nm and molecular weight of 321 (m/z 322, 

[M+H]+) was identified as cycloprodigiosin. Based on morphological and biochemical characteristics as well as phylogenetic 

analysis obtained from the present study, the bacterial isolate PSU-KSAAHRC MS2 was identified as Zooshikella sp. To our 

knowledge, this is a first report on identification of prodigiosin and cycloprodigiosin from Zooshikella sp. isolated from marine 

sponge, Haliclona sp., in Thailand. 

 

Keywords: marine sponge, Zooshikella sp., prodigiosin, cycloprodigiosin 

 

 

1. Introduction 
 

Marine sponges, the members of the phylum 

Porifera, are benthic organisms living in a wide range of 

habitats from polar regions to the tropics (Bergquist, 2001). 

These multicellular organisms are sessile filter feeders and

 
play important roles in marine nutrient cycles as vital source 

of dissolved inorganic nitrogen (Jackson et al., 2015). It is 

well-known that the tissues of sponges carry diverse 

communities of microorganisms, such as fungi, archaea, and 

bacteria. Of these microorganisms, bacteria were the dominant 

group of microbial associates in marine sponges, with 

densities up to 108-1010 bacteria/g wet weight (Hentschel, 

Usher, & Taylor, 2006). To date, numerous studies have 

revealed several bioactive compounds produced by the marine 

sponge-associated bacteria. Some of these compounds may 

CR
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Abstract 
 

A coral reef is one of the important ecosystems. However coral Gillnets 
are usually used as a fishing gear by an artisanal fishery in Malaysia. This 
gear is commonly used by most countries. This paper discussed the rays 
capture worldwide by using a variety of fishing gear and also bycatch issues 
that commonly happen. The efficiency of the fishing gear used in capture 
ray species is compared and discussed among the countries. This paper 
distinguishes the maturation size for the female and male  ray  according 
to the species presence. The bycatch scenario is also discussed as the 
majority of this elasmobranch (shark and ray) which is caught as bycatch 
in both small-scale fisheries (gill nets, long lines and hooks) and large-scale 
fisheries (bottom trawl and purse seine). This paper explains the suitable 
type of fishing gear to use to capture ray species in a particular country. 
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Abstract. An eight weeks experiment was conducted to investigate the effect of fish waste by-product 
(FWP) in formulated diet on growth, survival and feed utilization of climbing perch, Anabas testudineus. 
FWP composed mainly of visceral organ of fish, was hydrolyzed before testing in formulated diet. Three 
isoproteic (40%) and isolipidic (10%) diets, F0, F25 and F50, were tested: a control diet with 100% of 
fish meal (FM) and 0% FWP and two treatments formulated with 25% and 50% FWP inclusion, as a FM 
substitute. The experiment was conducted in a cemented tank where net cages were installed, each one 
stocked at 30 fish (initial body weight 0.86±0.10, mean±SD, n=270). Experimental diets were fed to fish 
in triplicate, twice daily, to apparent satiation. Fish fed with control F0 demonstrated significantly higher 
weight gain compared to other treatments (P<0.05). However, there were no significant differences on 
the total feed intake among the treatments. As for the feed conversion ratio, fish fed F0 performed better 
compared to other diets (P<0.05). In this trial, 100% of survival was observed in all treatments. The 
body proximate composition showed that fish fed with FWP diets contained higher level of protein, 
compared to F0. However, the lipid composition in F0 was the highest, although no significant difference 
was found with the treatment F25 (P>0.05). Fatty acids content in fish fed with FWP showed no 
significant difference in saturated fatty acid (SFA), monounsaturated (MUFA) and polyunsaturated (PUFA) 
contents, compared with F0 (P>0.05). In conclusion, fish fed F0 demonstrated a higher growth 
performance. However, a FM replacement level up to 25% of FWP did not deteriorate the growth of A. 
testudineus and showed a specific growth rate similar to F0, demonstrating its potential as feed 

ingredient. 
Key Words: alternative ingredient, fish meal replacement, feed conversion ratio, protein source.  

 

 

Introduction. Annually, the world is facing enormous challenges from the increasing 

number of human populations that urges to supply protein sources. In mitigating the 

food security risks, the fisheries industry, including aquaculture, plays an important role. 

Aquaculture is one of the globally predominant sectors that provide seafood as a staple 

diet for human consumption (Chotipontu & Avakul 2010). It is estimated that fisheries 

products contributed about 50% of the world protein source in 2018 (FAO 2020). 

Fish meal (FM) is globally known as a conventional ingredient primarily used to 

provide proteins in diets (Sogbesan & Ugwumba 2008). FM is obtained from various 

methods of processing; cooking, pressing, drying and milling fresh meat, trash fish and 

fish trimmings (Einarsson et al 2019). Basically, FM can be produced using any types of 

seafood, but in general the processed food comes from less valuable, wild-caught, small 

marine fishes, considered not appropriate for human consumption as fresh meat (Schipp 

2008). However, the saturation of fisheries production and the high cost of FM 

determined the search for alternative protein sources to replace FM.  

Fish waste is one of the cost-efficient and easily obtained ingredients from the 

fisheries industries, not yet fully investigated and exploited (Harnedy & Fitsgerald 2012; 

Rana et al 2009). Fish waste generally includes internal organs, gills, head, skin and 

bones (Khoddami et al 2009). Studies showed that fish waste can be converted into 

useful ingredients that can be used in aquafeed production (Fum et al 2017).  
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Abstract 
 

The agarophytic seaweed, Gracilaria fisheri is used as food and also for agar extraction. This study investigated the use 

of a novel cleaning method to improve the quality of seaweed products. Dried seaweed was sampled from seaweed farms in 

Pattani province, southern Thailand during the dry and wet seasons and from seaweed sold in souvenir shops in the area, to 

determine the level of contamination and its quality and appearance before and after the cleaning process. A whirlpool washing 

machine was used for cleaning. The concentrations of the heavy metals, Mn, Fe, Cr, Cd, Zn, Ni, Cu, and Pb were investigated in 

the seaweed, and in the seawater and sediment in which it was grown. The sensory and external qualities were evaluated by 30 

testers. The results showed that the concentrations of heavy metals in the seaweed were similar to those in the seawater and that 

most of the external contamination in the seaweed during the dry and wet seasons, as well as in the purchased samples was from 

mollusks and epiphytes. Nine cycles of cleaning in the washing machine produced the lowest heavy metal concentrations and 

external contamination in the dried G. fisheri. The sensory evaluation showed that the color, smell, texture, and extent of 

contamination were superior in the seaweed subjected to nine washing cycles. The cleaning method adopted in this study for G. 

fisheri was able to effectively reduce both the heavy metal concentrations by scraping off the cell wall, and cleaning the seaweed 

using a washing machine is therefore recommended prior to preparing the product for sale. 

 

Keywords: Gracilaria fisheri, edible seaweed, heavy metal, contamination, post-harvest 

 

 

1. Introduction 
 

Seaweeds have a low calorie content and are rich in 

soluble dietary fiber, proteins, minerals, vitamins, 

antioxidants, phytochemicals and polyunsaturated fatty acids 

(Abdallah, 2012; Kongkiattikajorn & Pongdam, 2006; 

Mohamaed, Matanjun, Hashim, Rahman & Mustapha, 2012). 

 
Gracilaria spp. is the largest source from which agar is 

extracted, contributing about 60 % of world agar production 

(Ahmad, Surif, Ramli, Yahya, Nor & Bekbayeva, 2011; 

Buriyo and Kivaisi, 2003; Yeong, Phang, Reddy & Khalid, 

2014) and is also an edible seaweed which contains high 

amounts of protein, vitamins, and minerals essential for 

human nutrition. Seaweeds can be consumed fresh or as dried 

or processed products and used as food ingredients, 

commonly thickening agents in gelatinous dishes or as 

ingredients in dishes typical of coastal areas (Norziah and 

Ching, 1999). Among the various species, Gracilaria fisheri is 

that most commonly used for the commercial extraction of 

agar (Chirapart, Munkit & Lewmanomont, 2006). Cultivation 

CT
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Abstract
Sultan fish (Leptobarbus hoevenii) is a high value freshwater fish, cultured in some 
Southeast Asian countries, including Malaysia and Thailand. However, informa-
tion on its reproductive characteristics is very scarce.This study examined the 
gonadosomatic index (GSI), fecundity, egg diameter, and determined whether L. 
hoevenii is a single- or multiple-spawner. Twenty male and female pond-farmed L. 
hoevenii broodstock were obtained to measure their total length (TL), body weight 
(BW), and gonad weight to calculate the GSI. Ten females were randomly sam-
pled from the 20 to determine their fecundity. A total of 1,500 eggs were sampled 
from each female. The egg diameter was measured then its frequency distribution 
was analyzed to detect the number of egg class group, and to determine whether 
L. hoevenii is a single- or multiple spawner.  The female L. hoevenii examined 
were 32.2-47.1 cm and 350-1,200 g, while the males were 30.7-45.8 cm and 180-
970 g in TL and BW, respectively. All female specimens contained gonads. The 
potentially smallest mature samples were recorded at 350 g (female) and 180 g 
(male). GSI for the female and male L. hoevenii were 1.81-12.28 % and 1.03-
5.09 %, respectively. The fecundity was 35,467-128,067 eggs, while the highest 
fecundity was observed in a 1,000 g fish. The observed egg diameter ranged from 
500 to 1,855 μm. Two to five groups of egg class were detected, indicating that L. 
hoevenii is a multiple spawner.
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Abstract 
 

The present study report on epizootiology, pathogenicity and haemato-immunological aspects of Streptococcus 

agalactiae (Group B Streptococcus, GBS) serotype Ib (GBS-Ib) affecting climbing perch (Anabas testudineus) in southern 

Thailand. Study on growth of GBS-Ib under various conditions indicated that this bacterium grew from 25 to 35C, pH 5 to 9 and 

0.5 to 4.0% NaCl. Climbing perch inoculated by intraperitoneally injected GBS-Ib at concentrations of 101 to 104 CFU/mL 

exhibited 60.00-96.67% mortality, with 60 h-LD50 and 72 h-LD50 at 4.5x102 CFU/mL and 6.3x101 CFU/mL inoculums, 

respectively. Study of the haemato-immunological changes in the fish infected with GBS-Ib revealed declines of haematocrit, 

haemoglobin, serum protein, red blood cells, and respiratory burst activity. On the other hand, white blood cells, lysozyme 

activity, phagocytic index, and average beads per cell, were significantly increased in the infected fish. Study on the effect of 

environmental factors on the susceptibility of fish to GBS-Ib infection indicated that high water temperature and low dissolved 

oxygen levels proved to increase mortality of climbing perch. These findings indicate that GBS-Ib is a pathogenic bacterium 

responsible for fish mortality in Thailand. 

 

Keywords: climbing perch, Streptococcus agalactiae, epizootiology, pathogenicity, immunology 

 

 

1. Introduction 
 

Climbing perch (Anabas testudineus) (Perciformes: 

Anabantidae) is an extremely hardy brown or dark greenish-

brown fish and an economic fish species consumed in 

Thailand, Malaysia and the Philippines (Chotipuntu & 

Avakul, 2010). This omnivorous fish exhibits obligatory air-

gulping behavior, which enables survival out of water for 

several days (Hitchcock, 2008; Sarkar et al., 2005). However, 

the intensive cultivation of climbing perch under stressful 

conditions may lead to serious outbreaks of infectious diseases 

 

in the fish farms. At present, motile Aeromonas septicemia 

(Hossain, Rashid, & Sayed, 2011), tail and fin rot disease 

(Rahman, Ferdowsy, Kashem, & Foysal, 2010), and 

streptococcosis (Klingklib & Suanyuk, 2017) have been 

reported as serious problems in climbing perch farming. 

Streptococcosis causes significant losses to the fish 

farmers, particularly in intensive culture systems. The major 

causative agents of streptococcosis in fish are Streptococcus 

iniae, S. dysgalactiae, S. parauberis and S. agalactiae (Group 

B Streptococcus, GBS). In Thailand, GBS and S. iniae have 

been reported as causative agents of streptococcosis in fish 

(Suanyuk, Kong, Ko, Gilbert, & Supamattaya 2008; Suanyuk 

et al., 2010), while GBS is among the species most commonly 

causing serious damage to farmed fish. Based on GBS isolated 

from infected fish, two distinguishable GBS serotypes Ia 

(GBS-Ia) and III (GBS-III) are known to infect the cultured 

CV
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Abstract 
 

An experiment was conducted using factorial (3×4) in completely randomized design to examine incorporation of 

vegetable oils in diets on seabass growth, fatty acid profile, digestive enzyme activity and immune responses. Ten iso-

nitrogenous and iso-lipidic diets were formulated to have soybean, palm and sunflower oil replacing fish oil (FO) at 0%, 25%, 

50% and 75%, respectively. Each diet was fed to quadruplicate fish groups (3.29±0.30g initial weight) for eight weeks. Results 

revealed interaction effects between oil types and replacement levels on diet consumption among the feeding groups. Fish growth 

and immune parameters were not affected by oil types (p˃0.05), but final weight, specific growth rate, white blood cell and 

serum protein were altered by replacement levels (p<0.05). Carcass protein and lipid were influenced by oil types and 

replacement levels. The highest and lowest carcass protein content was observed in fish fed diets having 75% and 25% soybean 

oil, respectively while the rest of the feeding groups were similar to the control group. Fatty acid profile of fish carcass reflected 

oil sources. The ratio of α-linolenic acid (18:3n-3) and linoleic acid (18:2n-6) was similar to those fed 100% FO containing diet 

and 25% palm oil replaced diet. Specific trypsin and lipase activity were affected by oil types and replacement levels in intestine 

and pyloric caeca, respectively. Diets replaced with soybean and palm oil showed similar results in intestinal specific trypsin 

activity. The highest specific lipase activity was detected in fish fed 100% FO containing diets followed by 25%, 50% and 75% 

FO replaced diets, respectively. Therefore, soybean or palm oils can replace FO at 25% in Asian seabass diet without 

compromising growth and health status. 

 

Keywords: alternative lipid sources, fish oil, Lates calcarifer, growth, immune responses 

 

 

1. Introduction 
 

Fish oil has been the most important ingredient for 

aquafeed industry to supply essential fatty acids (FA)

 
particularly those belong to the highly and poly unsaturated 

fatty acids (HUFA and PUFA). In the past few years, FO 

production has been static due to stable supply of raw material 

which derived from capture fisheries while its demand has 

been increased for animal feed and human consumption 

resulting in increased prices (Turchini, Torstensen, & Ng, 

2009). To overcome such an obstacle for aquaculture industry, 

CV



AACL Bioflux, 2021, Volume 14, Issue 1. 

http://www.bioflux.com.ro/aacl 130 

 

 

Fish waste by-product in formulated diet for 

climbing perch, Anabas testudineus  
1Dg S. R. Zaihurin, 1Annita S. K. Yong, 2Thumronk Amornsakun, 
3Sarawuth Chesoh 

  
1 Borneo Marine Research Institute, Malaysia Sabah University, Sabah, Malaysia;  

2 Department of Techonology and Industries, Faculty of Science and Technology, Pattani, 

Thailand; 3 Department of Science, Faculty of Science and Technology, Pattani, 

Thailand. Corresponding author: A. S. K. Yong, annitay@ums.edu.my 

 

 
Abstract. An eight weeks experiment was conducted to investigate the effect of fish waste by-product 
(FWP) in formulated diet on growth, survival and feed utilization of climbing perch, Anabas testudineus. 
FWP composed mainly of visceral organ of fish, was hydrolyzed before testing in formulated diet. Three 
isoproteic (40%) and isolipidic (10%) diets, F0, F25 and F50, were tested: a control diet with 100% of 
fish meal (FM) and 0% FWP and two treatments formulated with 25% and 50% FWP inclusion, as a FM 
substitute. The experiment was conducted in a cemented tank where net cages were installed, each one 
stocked at 30 fish (initial body weight 0.86±0.10, mean±SD, n=270). Experimental diets were fed to fish 
in triplicate, twice daily, to apparent satiation. Fish fed with control F0 demonstrated significantly higher 
weight gain compared to other treatments (P<0.05). However, there were no significant differences on 
the total feed intake among the treatments. As for the feed conversion ratio, fish fed F0 performed better 
compared to other diets (P<0.05). In this trial, 100% of survival was observed in all treatments. The 
body proximate composition showed that fish fed with FWP diets contained higher level of protein, 
compared to F0. However, the lipid composition in F0 was the highest, although no significant difference 
was found with the treatment F25 (P>0.05). Fatty acids content in fish fed with FWP showed no 
significant difference in saturated fatty acid (SFA), monounsaturated (MUFA) and polyunsaturated (PUFA) 
contents, compared with F0 (P>0.05). In conclusion, fish fed F0 demonstrated a higher growth 
performance. However, a FM replacement level up to 25% of FWP did not deteriorate the growth of A. 
testudineus and showed a specific growth rate similar to F0, demonstrating its potential as feed 

ingredient. 
Key Words: alternative ingredient, fish meal replacement, feed conversion ratio, protein source.  

 

 

Introduction. Annually, the world is facing enormous challenges from the increasing 

number of human populations that urges to supply protein sources. In mitigating the 

food security risks, the fisheries industry, including aquaculture, plays an important role. 

Aquaculture is one of the globally predominant sectors that provide seafood as a staple 

diet for human consumption (Chotipontu & Avakul 2010). It is estimated that fisheries 

products contributed about 50% of the world protein source in 2018 (FAO 2020). 

Fish meal (FM) is globally known as a conventional ingredient primarily used to 

provide proteins in diets (Sogbesan & Ugwumba 2008). FM is obtained from various 

methods of processing; cooking, pressing, drying and milling fresh meat, trash fish and 

fish trimmings (Einarsson et al 2019). Basically, FM can be produced using any types of 

seafood, but in general the processed food comes from less valuable, wild-caught, small 

marine fishes, considered not appropriate for human consumption as fresh meat (Schipp 

2008). However, the saturation of fisheries production and the high cost of FM 

determined the search for alternative protein sources to replace FM.  

Fish waste is one of the cost-efficient and easily obtained ingredients from the 

fisheries industries, not yet fully investigated and exploited (Harnedy & Fitsgerald 2012; 

Rana et al 2009). Fish waste generally includes internal organs, gills, head, skin and 

bones (Khoddami et al 2009). Studies showed that fish waste can be converted into 

useful ingredients that can be used in aquafeed production (Fum et al 2017).  
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Abstract 
 

The agarophytic seaweed, Gracilaria fisheri is used as food and also for agar extraction. This study investigated the use 

of a novel cleaning method to improve the quality of seaweed products. Dried seaweed was sampled from seaweed farms in 

Pattani province, southern Thailand during the dry and wet seasons and from seaweed sold in souvenir shops in the area, to 

determine the level of contamination and its quality and appearance before and after the cleaning process. A whirlpool washing 

machine was used for cleaning. The concentrations of the heavy metals, Mn, Fe, Cr, Cd, Zn, Ni, Cu, and Pb were investigated in 

the seaweed, and in the seawater and sediment in which it was grown. The sensory and external qualities were evaluated by 30 

testers. The results showed that the concentrations of heavy metals in the seaweed were similar to those in the seawater and that 

most of the external contamination in the seaweed during the dry and wet seasons, as well as in the purchased samples was from 

mollusks and epiphytes. Nine cycles of cleaning in the washing machine produced the lowest heavy metal concentrations and 

external contamination in the dried G. fisheri. The sensory evaluation showed that the color, smell, texture, and extent of 

contamination were superior in the seaweed subjected to nine washing cycles. The cleaning method adopted in this study for G. 

fisheri was able to effectively reduce both the heavy metal concentrations by scraping off the cell wall, and cleaning the seaweed 

using a washing machine is therefore recommended prior to preparing the product for sale. 
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1. Introduction 
 

Seaweeds have a low calorie content and are rich in 

soluble dietary fiber, proteins, minerals, vitamins, 

antioxidants, phytochemicals and polyunsaturated fatty acids 

(Abdallah, 2012; Kongkiattikajorn & Pongdam, 2006; 

Mohamaed, Matanjun, Hashim, Rahman & Mustapha, 2012). 

 
Gracilaria spp. is the largest source from which agar is 

extracted, contributing about 60 % of world agar production 

(Ahmad, Surif, Ramli, Yahya, Nor & Bekbayeva, 2011; 

Buriyo and Kivaisi, 2003; Yeong, Phang, Reddy & Khalid, 

2014) and is also an edible seaweed which contains high 

amounts of protein, vitamins, and minerals essential for 

human nutrition. Seaweeds can be consumed fresh or as dried 

or processed products and used as food ingredients, 

commonly thickening agents in gelatinous dishes or as 

ingredients in dishes typical of coastal areas (Norziah and 

Ching, 1999). Among the various species, Gracilaria fisheri is 

that most commonly used for the commercial extraction of 

agar (Chirapart, Munkit & Lewmanomont, 2006). Cultivation 

CT
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Abstract
Sultan fish (Leptobarbus hoevenii) is a high value freshwater fish, cultured in some 
Southeast Asian countries, including Malaysia and Thailand. However, informa-
tion on its reproductive characteristics is very scarce.This study examined the 
gonadosomatic index (GSI), fecundity, egg diameter, and determined whether L. 
hoevenii is a single- or multiple-spawner. Twenty male and female pond-farmed L. 
hoevenii broodstock were obtained to measure their total length (TL), body weight 
(BW), and gonad weight to calculate the GSI. Ten females were randomly sam-
pled from the 20 to determine their fecundity. A total of 1,500 eggs were sampled 
from each female. The egg diameter was measured then its frequency distribution 
was analyzed to detect the number of egg class group, and to determine whether 
L. hoevenii is a single- or multiple spawner.  The female L. hoevenii examined 
were 32.2-47.1 cm and 350-1,200 g, while the males were 30.7-45.8 cm and 180-
970 g in TL and BW, respectively. All female specimens contained gonads. The 
potentially smallest mature samples were recorded at 350 g (female) and 180 g 
(male). GSI for the female and male L. hoevenii were 1.81-12.28 % and 1.03-
5.09 %, respectively. The fecundity was 35,467-128,067 eggs, while the highest 
fecundity was observed in a 1,000 g fish. The observed egg diameter ranged from 
500 to 1,855 μm. Two to five groups of egg class were detected, indicating that L. 
hoevenii is a multiple spawner.
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Abstract 
 

The present study report on epizootiology, pathogenicity and haemato-immunological aspects of Streptococcus 

agalactiae (Group B Streptococcus, GBS) serotype Ib (GBS-Ib) affecting climbing perch (Anabas testudineus) in southern 

Thailand. Study on growth of GBS-Ib under various conditions indicated that this bacterium grew from 25 to 35C, pH 5 to 9 and 

0.5 to 4.0% NaCl. Climbing perch inoculated by intraperitoneally injected GBS-Ib at concentrations of 101 to 104 CFU/mL 

exhibited 60.00-96.67% mortality, with 60 h-LD50 and 72 h-LD50 at 4.5x102 CFU/mL and 6.3x101 CFU/mL inoculums, 

respectively. Study of the haemato-immunological changes in the fish infected with GBS-Ib revealed declines of haematocrit, 

haemoglobin, serum protein, red blood cells, and respiratory burst activity. On the other hand, white blood cells, lysozyme 

activity, phagocytic index, and average beads per cell, were significantly increased in the infected fish. Study on the effect of 

environmental factors on the susceptibility of fish to GBS-Ib infection indicated that high water temperature and low dissolved 

oxygen levels proved to increase mortality of climbing perch. These findings indicate that GBS-Ib is a pathogenic bacterium 

responsible for fish mortality in Thailand. 

 

Keywords: climbing perch, Streptococcus agalactiae, epizootiology, pathogenicity, immunology 

 

 

1. Introduction 
 

Climbing perch (Anabas testudineus) (Perciformes: 

Anabantidae) is an extremely hardy brown or dark greenish-

brown fish and an economic fish species consumed in 

Thailand, Malaysia and the Philippines (Chotipuntu & 

Avakul, 2010). This omnivorous fish exhibits obligatory air-

gulping behavior, which enables survival out of water for 

several days (Hitchcock, 2008; Sarkar et al., 2005). However, 

the intensive cultivation of climbing perch under stressful 

conditions may lead to serious outbreaks of infectious diseases 

 

in the fish farms. At present, motile Aeromonas septicemia 

(Hossain, Rashid, & Sayed, 2011), tail and fin rot disease 

(Rahman, Ferdowsy, Kashem, & Foysal, 2010), and 

streptococcosis (Klingklib & Suanyuk, 2017) have been 

reported as serious problems in climbing perch farming. 

Streptococcosis causes significant losses to the fish 

farmers, particularly in intensive culture systems. The major 

causative agents of streptococcosis in fish are Streptococcus 

iniae, S. dysgalactiae, S. parauberis and S. agalactiae (Group 

B Streptococcus, GBS). In Thailand, GBS and S. iniae have 

been reported as causative agents of streptococcosis in fish 

(Suanyuk, Kong, Ko, Gilbert, & Supamattaya 2008; Suanyuk 

et al., 2010), while GBS is among the species most commonly 

causing serious damage to farmed fish. Based on GBS isolated 

from infected fish, two distinguishable GBS serotypes Ia 

(GBS-Ia) and III (GBS-III) are known to infect the cultured 
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Abstract 
 

An experiment was conducted using factorial (3×4) in completely randomized design to examine incorporation of 

vegetable oils in diets on seabass growth, fatty acid profile, digestive enzyme activity and immune responses. Ten iso-

nitrogenous and iso-lipidic diets were formulated to have soybean, palm and sunflower oil replacing fish oil (FO) at 0%, 25%, 

50% and 75%, respectively. Each diet was fed to quadruplicate fish groups (3.29±0.30g initial weight) for eight weeks. Results 

revealed interaction effects between oil types and replacement levels on diet consumption among the feeding groups. Fish growth 

and immune parameters were not affected by oil types (p˃0.05), but final weight, specific growth rate, white blood cell and 

serum protein were altered by replacement levels (p<0.05). Carcass protein and lipid were influenced by oil types and 

replacement levels. The highest and lowest carcass protein content was observed in fish fed diets having 75% and 25% soybean 

oil, respectively while the rest of the feeding groups were similar to the control group. Fatty acid profile of fish carcass reflected 

oil sources. The ratio of α-linolenic acid (18:3n-3) and linoleic acid (18:2n-6) was similar to those fed 100% FO containing diet 

and 25% palm oil replaced diet. Specific trypsin and lipase activity were affected by oil types and replacement levels in intestine 

and pyloric caeca, respectively. Diets replaced with soybean and palm oil showed similar results in intestinal specific trypsin 

activity. The highest specific lipase activity was detected in fish fed 100% FO containing diets followed by 25%, 50% and 75% 

FO replaced diets, respectively. Therefore, soybean or palm oils can replace FO at 25% in Asian seabass diet without 

compromising growth and health status. 

 

Keywords: alternative lipid sources, fish oil, Lates calcarifer, growth, immune responses 

 

 

1. Introduction 
 

Fish oil has been the most important ingredient for 

aquafeed industry to supply essential fatty acids (FA)

 
particularly those belong to the highly and poly unsaturated 

fatty acids (HUFA and PUFA). In the past few years, FO 

production has been static due to stable supply of raw material 

which derived from capture fisheries while its demand has 

been increased for animal feed and human consumption 

resulting in increased prices (Turchini, Torstensen, & Ng, 

2009). To overcome such an obstacle for aquaculture industry, 

CV
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Abstract. An eight weeks experiment was conducted to investigate the effect of fish waste by-product 
(FWP) in formulated diet on growth, survival and feed utilization of climbing perch, Anabas testudineus. 
FWP composed mainly of visceral organ of fish, was hydrolyzed before testing in formulated diet. Three 
isoproteic (40%) and isolipidic (10%) diets, F0, F25 and F50, were tested: a control diet with 100% of 
fish meal (FM) and 0% FWP and two treatments formulated with 25% and 50% FWP inclusion, as a FM 
substitute. The experiment was conducted in a cemented tank where net cages were installed, each one 
stocked at 30 fish (initial body weight 0.86±0.10, mean±SD, n=270). Experimental diets were fed to fish 
in triplicate, twice daily, to apparent satiation. Fish fed with control F0 demonstrated significantly higher 
weight gain compared to other treatments (P<0.05). However, there were no significant differences on 
the total feed intake among the treatments. As for the feed conversion ratio, fish fed F0 performed better 
compared to other diets (P<0.05). In this trial, 100% of survival was observed in all treatments. The 
body proximate composition showed that fish fed with FWP diets contained higher level of protein, 
compared to F0. However, the lipid composition in F0 was the highest, although no significant difference 
was found with the treatment F25 (P>0.05). Fatty acids content in fish fed with FWP showed no 
significant difference in saturated fatty acid (SFA), monounsaturated (MUFA) and polyunsaturated (PUFA) 
contents, compared with F0 (P>0.05). In conclusion, fish fed F0 demonstrated a higher growth 
performance. However, a FM replacement level up to 25% of FWP did not deteriorate the growth of A. 
testudineus and showed a specific growth rate similar to F0, demonstrating its potential as feed 

ingredient. 
Key Words: alternative ingredient, fish meal replacement, feed conversion ratio, protein source.  

 

 

Introduction. Annually, the world is facing enormous challenges from the increasing 

number of human populations that urges to supply protein sources. In mitigating the 

food security risks, the fisheries industry, including aquaculture, plays an important role. 

Aquaculture is one of the globally predominant sectors that provide seafood as a staple 

diet for human consumption (Chotipontu & Avakul 2010). It is estimated that fisheries 

products contributed about 50% of the world protein source in 2018 (FAO 2020). 

Fish meal (FM) is globally known as a conventional ingredient primarily used to 

provide proteins in diets (Sogbesan & Ugwumba 2008). FM is obtained from various 

methods of processing; cooking, pressing, drying and milling fresh meat, trash fish and 

fish trimmings (Einarsson et al 2019). Basically, FM can be produced using any types of 

seafood, but in general the processed food comes from less valuable, wild-caught, small 

marine fishes, considered not appropriate for human consumption as fresh meat (Schipp 

2008). However, the saturation of fisheries production and the high cost of FM 

determined the search for alternative protein sources to replace FM.  

Fish waste is one of the cost-efficient and easily obtained ingredients from the 

fisheries industries, not yet fully investigated and exploited (Harnedy & Fitsgerald 2012; 

Rana et al 2009). Fish waste generally includes internal organs, gills, head, skin and 

bones (Khoddami et al 2009). Studies showed that fish waste can be converted into 

useful ingredients that can be used in aquafeed production (Fum et al 2017).  

CW



 

 

 

 

 

 

 

 

 

 

 

 

1) หลักฐานผลงานตีพิมพ์ในวารสารวิชาการของอาจารย์ (สำเนาหน้าแรกของบทความ) 

  1.2)  ผลงานตีพิมพ์ในวารสารวิชาการระดับนานาชาติในฐาน TCI 

         -   รายงาน   6  เดือนแรก  ปีที่ 1  ระหว่างเดือน กรกฎาคม 2560 - ธันวาคม 2560 
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การเลี้ยงสาหร่ายไส้ไก่ Ulva intestinalis แบบสเกลใหญ่ในถังที่แตกต่างกัน

Upscale Cultivation of Gut weed, Ulva intestinalis in 
Different Containers

แวมารือนี มะดีเยาะ1, ระพีพร เรืองช่วย1* และ โชคชัย เหลืองธุวปราณีต1

Waemarueni Madeeyoh1, Rapeeporn Ruangchuay1* and Chokchai Lueangthuwapranit1 

บทคัดย่อ:การเลี้ยงสาหร่ายไส้ไก่ Ulva intestinalis ที่ระบบปิดกลางแจ้ง.ให้ได้ปริมาตรรวม 5 ตัน ในสอง รูปแบบ คือ  
ในถังพลาสติก ขนาด 200 ลิตรและ บ่อซิเมนต์ขนาด 1,000 ลิตร โดยใช้ช่อต้นอ่อนสาหร่ายไส้ไก่ที่มีความยาวเริ่มต้นที่  
2.2± 0.6 เซนติเมตร ด้วยความหนาแน่นเริ่มต้น 0.02 กรัม/ลิตร ให้อากาศ ให้สาหร่ายหมุนเวียน และให้ปุ๋ย 16-16-16  
หลังจากเลี้ยง 3 สัปดาห์ พบว่า โดยสาหร่ายไส้ไก่ที่เลี้ยงในถังพลาสติก มีน�้าหนักเพิ่มขึ้นเฉลี่ย 6,509 ± 216 เปอร์เซนต์ 
และ มีอัตราการเจริญเติบโตจ�าเพาะ เฉลี่ย เท่ากับ 32.3 ± 1.5 เปอร์เซนต์/วัน ส่วนสาหร่ายไส้ไก่ที่เลี้ยงในบ่อซีเมนต์มีน�้า
หนักเพิ่มขึ้นเฉลี่ย 10,263 ± 97 เปอร์เซนต์ และมีอัตราการเจริญเติบโตจ�าเพาะ เฉลี่ย เท่ากับ 33.5 ± 0.7 เปอร์เซนต์/วัน 
สาหร่ายไส้ไก่ที่เลี้ยงในบ่อซีเมนต์ และในถังพลาสติกมีเจริญเติบโต อัตราการเจริญเติบโตสัมพัทธ์ และปริมาณสารสีไม่
แตกต่างกัน แต่มีความยาวของแทลลัสที่แตกต่างกัน ดังนั้นรูปแบบและลักษณะของถังเลี้ยงสาหร่าย U. intestinalis ไม่มี
ผลต่อการผลิตในระบบกลางแจ้ง ซึ่งสามารถเลี้ยงได้ในบ่อซีเมนต์และถังพลาสติก
ค�ำส�ำคัญ: สาหร่ายไส้ไก่, Ulva intestinalis, การเพาะเลี้ยง, ถังพลาสติก, เชิงพาณิชย์, 

ABSTRACT: Commercial outdoor cultivation of gut weed, Ulva intestinalis was done in two different types of 
container, 200 liters plastic tanks and 1000 liters cement tanks for 5 tons of total volume. The initial size of seedling 
2.2 ± 0.6 cm was used in 0.02 g/l density. The experiment was done in 3 weeks with adding aeration and fertilizer 
16-16-16. The alga in plastic tank provide the increased weight of 6,509 ± 216 % and showed specific growth 
rate of 32.3 ± 1.5 % /day while the alga in cement tank provided increased weight of 10,2639 ± 97 % and showed  
specific growth rate of 33.5 ± 0.7 % /day The alga in the both containers showed non different significant on growthes, 
relative growth rate and pigments but showed difference on thallus lengths. Therefore, type of container not affected 
on the commercial production of U. intestinalis outdoor cultivation which could use in both plastic or cement tanks. 
Keywords: Gut weed, Ulva intestinalis, Cultivation, Containers

1  แผนกวิชาเทคโนโลยีการประมง คณะวิทยาศาสตร์และเทคโนโลยี มหาวิทยาลัยสงขลานครินทร์ จ.ปัตตานี 94000 
 Division of Fishery Technology, Faculty of Science and Technology, Prince of Songkla University, Pattani 
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การลดปริมาณแอมโมเนียรวมด้วยสาหร่ายพวงองุ่น Caulerpa lentillifera และสาหร่าย
ผมนาง Gracilaria fisheri ในการเลีย้งปลาการ์ตูนส้มขาว Amphiprion ocellaris 

Reduction of Total Ammonia Nitrogen by Caulerpa lentillifera and Gracilaria 
fisheri in Amphiprion ocellaris Cultivation 

 
ธีญาภรณ์ แกว้ทวี1* สุพทัชฎา นวลทองแกว้2 อรวรรณ คงสุวรรณ2 ยทุธพงษ ์สงัขน์อ้ย3  

และอานนท ์อุปบลัลงัก4์ 

Teeyaporn Keawtawee1*, Supatchada Nauntongkaew2, Orawan Kongsuwan2, Yutthapong Sangnoi3  
and Arnon Uppabullung4 

 
บทคัดย่อ 

วตัถุประสงคข์องการวจิยัเพื่อศึกษาการใชส้าหร่ายพวงองุ่น Caulerpa lentillifera และสาหร่ายผมนาง Gracilaria 
fisheri  ลดปริมาณแอมโมเนียรวมในน ้ าเล้ียงปลาการ์ตูนส้มขาว Amphiprion ocellaris  เป็นระยะเวลา 14 วนั ในระบบปิด
ไม่มีการเปล่ียนถ่ายน ้ าโดยท าการศึกษากบัปลา 2 ขนาดคือ  ปลาขนาดเล็ก (2.0 cm) และขนาดใหญ่ (3.5 cm) ผลการศึกษา
พบวา่ C. lentillifera สามารถลดปริมาณแอมโมเนียรวมไดถึ้ง 6 เท่า เม่ือเทียบกบัชุดควบคุมท่ีไม่มีสาหร่าย ทั้งในชุดการ
ทดลองปลาขนาดเล็ก และขนาดใหญ่  ส่วน G. fisheri  สามารถลดปริมาณแอมโมเนียรวมไดป้ระมาณ 6 เท่า ในปลาขนาดใหญ่ 
อยา่งไรก็ตามปริมาณแอมโมเนียรวมในน ้ าเล้ียงปลาขนาดเล็กทุกชุดการทดลองไม่มีความแตกต่างกนัอยา่งมีนยัส าคญัทางสถิติ 
(p > 0.05) อตัรารอดของปลาขนาดใหญ่ท่ีเล้ียงร่วมกับสาหร่ายทั้ งสองชนิดทุกชุดการทดลอง เท่ากับ 100 % ส่วนชุด
ควบคุมท่ีไม่มีสาหร่ายปลาตายทั้งหมดเม่ือส้ินสุดการทดลอง และอตัรารอดของปลาการ์ตูนขนาดเล็ก เท่ากบั 66.67 %  
33.33 % และ 0 % ในการเล้ียงร่วมกบั C. lentillifera  G. fisheri และชุดควบคุมท่ีไม่มีสาหร่าย ตามล าดบั แสดงให้เห็นว่า 
สาหร่ายทั้งสองชนิดน้ีมีความสามารถในการลดปริมาณแอมโมเนียรวมเม่ือเล้ียงร่วมกบัปลาการ์ตูนส้มขาว A. ocellaris ใน
ระบบปิดท่ีไม่มีการถ่ายน ้ า  
 

ค าส าคญั: แอมโมเนียรวม สาหร่ายพวงองุ่น สาหร่ายผมนาง ปลาการ์ตูนสม้ขาว 
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ความสัมพันธ์ระหว่างสัตว์หน้าดินขนาดใหญ่กับปัจจัยสิ่ งแวดล้อม 
บริเวณแหล่งหญ้าทะเล หาดหยงหล�า จ. ตรัง

Correlation between macro benthic fauna and environmental 
factors in seagrass bed at Yong-Lam Beach, Trang Province

เอกนรินทร์ รอดเจริญ1*, ณัฐวุฒิ นายาว1 และ กอเด สาบวช1

Eknarin Rodcharoen1*, Nattawut Nayao1 and Koday Sabuach1

บทคัดย่อ: การศกึษาความสมัพนัธ์ระหวา่งสตัว์หน้าดนิขนาดใหญ่และปัจจยัสิ่งแวดล้อม (คณุภาพตะกอนดนิ 
และเปอร์เซน็ต์การปกคลมุของหญ้าทะเล) บริเวณหาดหยงหล�า จ. ตรัง เก็บตวัอยา่งในเดือนมีนาคม  2561 (ฤดู
ร้อน) โดยก�าหนดจดุเก็บตวัอยา่งจากทัง้หมด 6 สถานี สถานีละ 15 ซ�า้ ด้วย quadrat ขนาด 1 ตารางเมตร ผล
การศกึษาพบสตัว์หน้าดนิทัง้หมด 4 ไฟลมั 23 ชนิด ได้แก่ ไฟลมั Mollusca 15 ชนิด ไฟลมั Echinodermata 4 
ชนิด ไฟลมั Arthropoda 3 ชนิด และ Chordata 1 ชนิด สตัว์หน้าดนิชนิดเดน่ ได้แก่ หอยปากกระจาด Nassarius 
stolatus (เฉลีย่ 403±321 ตวั/10 ตร.ม.) และหอยชกัตีนปากเหลอืง Canarium urceus (เฉลีย่ 297±291 ตวั/10 
ตร.ม.) การวิเคราะห์ความสมัพนัธ์ระหวา่งชนิดสตัว์หน้าดนิขนาดใหญ่และปัจจยัสิง่แวดล้อม พบวา่ สตัว์หน้าดนิ
ท่ีมีความส�าคญัทางเศรษฐกิจ ได้แก่ ปลิงด�า Holoturia (Halodeima) arta และปลิงขาวชนิด Holoturia scarba 
มีความสมัพนัธ์เชิงบวกกบัเปอร์เซน็ต์การปกคลมุของหญ้าทะเลและดนิทรายแป้ง (P<0.05) สว่น T1, T2 และ T3 
มีอตัราสว่นปลาเพศเมียเฉลีย่ 45.56, 60.00 และ 61.11 เปอร์เซน็ต์ ตามล�าดบั
ค�าส�าคัญ: ความสมัพนัธ์, สตัว์หน้าดนิขนาดใหญ่, ปัจจยัสิ่งแวดล้อม, หญ้าทะเล, หาดหยงหลิง

ABSTRACT: : Correlation study between macrobenthic fauna and environmental factors (sediment 
quality and percentage cover of seagrass) at Yong-Lam beach, Trang province. Samples were collected 
in March 2018 from six stations. Fifteen samplings were replicated on each station by 1 m2 quadrat 
method. The result showed that a total of 4 phyla showing twenty-three species with fifteen species of 
Mollusca, four species of Echinodermata, three species of Arthropoda and one species of Chordata. 
Gastropod Nassarius stolatus (403±321 ind/10m2) and Canarium urceus (297±291 ind/10m2) were 
dominant species. The canonical correspondence analysis revealed that economic faunas such as, sea 
cucumber Holoturia (Halodeima) arta and Holothuria scabra, showed the positive correlation with 
the percentage coverage of seagrass and percentage of silt
.Keywords: Correlation, Macrobenthic fauna, Environmental factors, Seagrass, Yong-Lam beach
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ผลของสารสกัดจากสาหร่ายสไปรูไลนาต่อการยับยัง้เชือ้แบคทเีรียก่อโรค 

Vibrio parahaemolyticus และ V. harveyi ในกุ้งขาวแวนนาไม 

Effect of Spirulina platensis extract against pathogenic bacteria

Vibrio parahaemolyticus and V. harveyi in white shrimp 

อมรรัตน์ อุตสาหะ1,2 และ ธีญาภรณ์ แก้วทวี1,2* 

Amornrath Autsaha1,2 and Teeyaporn Keawtawee1,2*

บทคัดย่อ: การศกึษาผลของสารสกดัจากสาหร่ายสไปรูไลนา (Spirulina platensis) ในตวัท�าละลายอะซีโตน, 
เมทานอล, เอธานอล และเฮกเซน กบัสารโพลีไวนิลไพโรลโิดน ในการยบัยงัและฆา่เชือ้แบคทีเรียชนิด Vibrio 
parahaemolyticus และ V. harveyi ในห้องปฏิบตักิาร พบวา่ สารสกดัในตวัท�าละลายเอทานอล ท่ีความเข้มข้น 
20 มิลลกิรัม/มิลลลิติร สามารถยบัยงัเชือ้ V.parahaemolyticus ได้ดีท่ีสดุ โดยมีเส้นผา่นศนูย์กลางวงใส เทา่กบั 
11.3 ± 1.2 มิลลเิมตร และ สารสกดัในตวัท�าละลายอะซโิตน ความเข้มข้น 1 มิลลกิรัม/มิลลลิติร สามารถยบัยัง้
เชือ้ V. harveyi ได้ดีท่ีสดุ โดยมีเส้นผา่นศนูย์กลางวงใส เทา่กบั 12.0 ± 0.5 มิลลเิมตร สว่นคา่ความเข้มข้นต�่า
สดุท่ีสามารถยบัยัง้เชือ้ V. parahaemolyticus และ V. harveyi คือ สารสกดัในตวัท�าละลายเฮกเซนท่ีความเข้ม
ข้น 2.5 มิลลกิรัม/มิลลลิติร และสารสกดัในตวัท�าละลายอะซีโตนและเฮกเซน ความเข้มข้น 1 มิลลกิรัม/มิลลลิติร 
ตามล�าดบั นอกจากนี ้ความเข้มข้น 20 มิลลกิรัม/มิลลลิติร ของสารสกดัในทกุตวัท�าละลาย เป็นความเข้มข้น
ต�่าสดุท่ีสามารถฆา่เชือ้แบคทีเรียทัง้สองชนิดนี ้
ค�าส�าคัญ: สาหร่ายสไปรูไลนา, กุ้งขาวแวนนาไม, V. parahaemolyticus, V. harveyi

ABSTRACT: Study on the effect of Spirulina platensis extract in acetone, methanol, ethanol and 
hexane solvents with polyvinylpyrolidone on inhibition effect of Spirulina extract in vitro against 
Vibrio parahemolyticus and V. harveyi was carried out in laboratory. Results showed that, the highest 
clear zone (11.3 ± 1.2 mm) was observed in ethanol extracts (20 mg/mL) against V. parahaemolyticus 
and in acetone extracts (1 mg/mL) against V. harveyi (12.0±0.5 mm). The minimum inhibitory 
concentration (MIC) of S. platensis extracts in hexane solvent against V. parahaemolyticus  was 2.5 
mg/mL and MIC of S. platensis extracts in acetone and hexane solvents against V. harveyi was 1 mg/
mL. Furthermore, the minimum bactericidal concentration (MBC) of crude extracts in all solvents 
was 20 mg/mL against both bacterial species. 
Keywords: Spirulina platensis,  white shrimp, V. parahaemolyticus, V. harveyi
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บทคัดย่อ 
งานวิจัยนีม้ีวัตถุประสงค์เพื่อศึกษาผลของโพรไบโอติก Lactobacillus plantarum T13 ต่อความสามารถในการ

เติบโตและกิจกรรมของเอนไซม์ยอ่ยอาหารของกุ้งขาว โดยใช้อาหารกุ้งทางการค้าทัว่ไปเสริมโพรไบโอติก 2 ความเข้มข้น ได้แก่ 
109 CFU g-1 (A) และ 105 CFU g-1 (B) อาหารกุ้ งเสริมโพรไบโอติกถกูเก็บรักษาที่อณุหภูมิ 4 องศาเซลเซียส และเตรียมใหม่             
ทุก ๆ สปัดาห์ ปรับสภาพกุ้ งขาวระยะ P15 เป็นเวลา 10 วนั น า้หนกัเร่ิมต้นเฉลี่ย 0.015 ± 0.0016 กรัม โดยแบ่งเป็น 3 ชุด             
การทดลอง คือชุดควบคุม (C) และอีก 2 ชุดการทดลองคือกุ้ งที่เลีย้งด้วยอาหารเสริมโพรไบโอติก (A และ B) ทดลอง 3 ซ า้             
เป็นเวลา 8 สัปดาห์  โดยตรวจและจัดการคุณภาพน า้ทุกสัปดาห์ เพื่อให้อยู่ในเกณฑ์ที่ยอมรับของการเพาะเลีย้ง                      
เมื่อเปรียบเทียบกุ้ งที่ได้รับอาหารเสริมโพรไบโอติก กับชุดควบคมุ พบว่าน า้หนกัสดุท้าย  น า้หนกัที่เพิ่มขึน้ และกิจกรรมของ
เอนไซม์โปรตีเอส แตกต่างอย่างมีนยัส าคญัทางสถิติ (P<0.05)  ส าหรับชุดทดลอง A มีอตัราแลกเนือ้ (2.03±0.15) และอตัรา
การเติบโตจ าเพาะ (9.48±0.14) แตกต่างอย่างมีนยัส าคญัทางสถิติ (P<0.05) เมื่อเทียบกบัชุดควบคมุ แต่ไม่แตกต่างจากชดุ
ทดลอง B  อย่างไรก็ตาม อัตราการรอดชีวิต และกิจกรรมของเอนไซม์อะไมเลส ไม่แตกต่างกันอย่างมีนยัส าคญัทางสถิติ 
(P>0.05) ในการทดลองทัง้ 3 ชุด  การศึกษานีแ้สดงให้เห็นว่าโพรไบโอติก L. plantarum T13 ที่ความเข้มข้น 109 CFU g-1 
สามารถเพิ่มความสามารถในการเติบโตและกิจกรรมของเอนไซม์โปรตีเอสในกุ้งขาวได้   
 

ค าส าคัญ  :  โพรไบโอติก, กุ้ งขาว, ความสามารถในการเติบโต, เอนไซม์ยอ่ยอาหาร 
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Abstract 
 This study aimed to investigate the effect of dietary probiotics Lactobacillus plantarum T13 on growth 
performance and digestive enzyme activity of Pacific white shrimp. Two concentrations of T13 were prepared and 
mixed with commercial shrimp feed to give final concentrations of approximately 109 CFU g-1 (A) and 105 CFU g-1 
(B). Probiotic shrimp feeds were stored at 4°C and was prepared fresh every week. P15 shrimp, L. vannamei, were 
acclimated for 10 days with the average initial weight of 0.015 ±  0.0016 g and were divided into three groups: 
control (C) and two treatments fed with probiotic shrimp feed (A and B). The experiment was conducted in triplicate 
for eight weeks. During the experiment, weekly water quality was monitored and managed to maintain the 
acceptable aquaculture conditions. In comparison to the control group, final weight, weight gain and protease 
activity were significantly higher in shrimp fed with probiotics (P<0.05). Significant differences (P<0.05) for feed 
conversion ratio (2.03±0.15) and specific growth rate (9.48±0.14) in treatment A were observed as compared with 
the control but not with treatment B. However, no significant differences (P>0.05) were detected for survival rate 
and amylase activity among all experimental groups. Our study demonstrated that probiotic L. plantarum T13 at the 
concentration of 109 CFU g-1 could improve growth performance and protease activity of Pacific white shrimp.   
 

Keywords:  Probiotic, Pacific white shrimp, growth performance, digestive enzymes 

 
Introduction   

Culture and production of the Pacific white shrimp (Litopenaeus vannamei) have increased and replaced 
black tiger shrimp after 2005 in Thailand (Lebel et al., 2010). The annual white shrimp production reached to 
600,000 tons in 2011(Thitamadee et al., 2016). However, disease outbreaks have caused a great loss to the shrimp 
cultivation industry, particularly from opportunistic and pathogenic bacteria such as Vibrio sp. and viruses (Flegel, 
2006; Lebel et al., 2010). The use of antimicrobial agents for disease control has stimulated the development of 
multiple antibiotic resistance genes in bacteria (Farzanfar, 2006). Therefore, the use of beneficial bacteria called 
probiotics to displace pathogenic bacteria by competitive processes in the shrimp digestive system is a better 
approach than administering antibiotics which provides sustainable aquaculture as well as being environmentally 
friendly (Desriac et al., 2010; Farzanfar, 2006; Gillor et al., 2008; Wang et al., 2008). 

Probiotics are defined as “live microorganisms which when administrated in adequate amounts confer a 
health benefit on the host” (Pineiro et al., 2007). The use of probiotics in shrimp aquaculture has recently received 
increased attention (Luis-Villasenor et al., 2013; Nguyen et al., 2018; Wang et al., 2019; Zokaeifar et al., 2012; Zuo 
et al., 2019). Probiotics provide advantages to their hosts such as inhibitory activity against pathogens, stimulating 
the immunity, enhancement of digestibility of nutrients, promotion of growth and survival, improvement of water 
quality and bioremediation (Farzanfar, 2006; Gillor et al., 2008; Kewcharoen et al., 2019; Martinez Cruz et al., 2012; 
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Nimrat et al., 2012; Toledo et al., 2019). The inhibitory activity against pathogens result from several compounds 
that may inhibit the growth of competing bacteria (Farzanfar, 2006). Among these compounds, the bacteriocins are 
the most important (Desriac et al., 2010; Gillor et al., 2008).  

Lactic acid bacteria and the Bacillus genus are among the microorganisms most frequently used as 
probiotics in marine shrimp culture (Buntin et al., 2008; Nguyen et al., 2018; Toledo et al., 2019; Vieira et al., 2013). 
Lactobacillus plantarum T13 is a bacteriocin-producing lactic acid bacterial strain isolated from traditional 
Vietnamese fermented cabbage (Nguyen et al., 2014b). The culture extract from T13 was shown to prolong the 
chilling preservation of fresh cobia meat (Nguyen et al., 2014b) and exerted substantial antimicrobial activities 
against  acute hepatopancreatic necrosis disease (AHPND)-causing Vibrio strains (Nguyen et al., 2018). Besides, 
the probiotic feed for spiny lobster (Panulirus ornatus) prepared by adding three strains including Bacillus pumilus 
B3.10.2B, Bacillus cereus D9 and Lactobacillus plantarum T13 displayed increased in growth and reduced feed 
conversion rates (Nguyen et al., 2014a). Therefore, the objective of this work was to investigate the efficacy of 
dietary probiotics Lactobacillus plantarum T13 on growth performance and digestive enzymes activity of Pacific 
white shrimp (Litopenaeus vannamei) in Thailand.   
 
Methods   
Probiotic preparation 
 Probiotic Lactobacillus plantarum T13 was grown in MRS broth using a shaking incubator at 37°C for 12 h 
and adjusted OD600nm to 0.05.  The culture was then centrifuged at 5000 rpm for 8 min after 6 h of cultivation. The 
pelleted bacteria were washed 3 times and resuspended in Normal saline solution (0.95%) after discarding the 
supernatant. The commercial feed (CP 9701, Thailand) was used as the basal diet for the supplementation of T13 
in the ratio of feed 1 g: oil 0.05 ml: 0.95% NaCl 0.35 ml to give a final concentration of T13 approximately 109                      
CFU g-1 and 105 CFU g-1. CP 9701 feed contains protein >35%, fats >5%, crude fiber < 4% and moisture < 11%. 
The amount of probiotic T13 was examined using a spread plate technique on MRS agar. The probiotic feeds were 
dried at 37°C for 6 h and kept at 4°C until used. The feeds were prepared fresh every week. 
Experimental design 
 The healthy P15 shrimp, L. vannamei, were obtained from a commercial farm (Gong Kanchana 4, Sathing 
Phra, Songkhla province, Thailand). Shrimp were acclimated for 10 days and fed with regular feed. Five hundred 
and forty shrimp were evenly distributed in 9 tanks (3 tanks per diet), with tank size of 30 x60 x30 cm, containing 
36 l seawater. The control (C) group was fed with un-supplemented diet. The other two groups were fed T13 
supplemented diets at two different concentrations 109 CFU g-1 (A) and 105 CFU g-1 (B) for 8 weeks.  Shrimp were 
fed four times a day at 7.00, 12.00, 17.00 and 23.00 h and at 3-7% of the body weight. 
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 The water was directly collected from the sea followed by treatment before use. Dissolved oxygen was 
determined using self-prepared test kit as described by Luangthuvapranit and Srichai, 2007. Temperatures were 
between 26-31°C, Salinity of 15-25 ppt and pH of 7.0-8.5. Water chemical parameters were measured weekly using 
PARA TEST kits including ammonia (Aquacare 2000.4, Para Ammonium test range 0.25-10 ppm) and nitrite (SONA 
Nitrite Test, test range 0.1-3.0 mg l-1). All parameters were measured and recorded within standard ranges, with a 
50% water change weekly. 
Measurement of shrimp growth and survival 

Fifty percent of shrimp in each tank were randomly collected each week to measure weight and length. All 
survived shrimp were counted weekly. At the end of the experiment, the final weight, survival rate, weight gain (WG), 
feed conversion ratio (FCR) and specific growth rate (SGR) were calculated according to Zokaeifar et al. (2012) 
with slight modifications. 
 Weight gain (%)   = 100 x (final weight - initial weight) / initial weight 
 Survival rate (%)   = 100 x (final numbers/ initial numbers)  
 Feed conversion ratio (FCR) = Total feed given (g) / wet weight gain (g) 
 Specific growth rate (SGR) = 100 x ([ln final wt – ln initial wt]/ days)  
Determination of enzyme activity 
 The crude extract of gastrointestinal tract (GIT) was prepared according to Zokaeifar et al. (2012) with 
modifications. Five individuals from each replicate were randomly collected at the end of week 8 and shrimp GIT of 
each shrimp was removed aseptically, pooled, weighted and homogenized with cold distilled water at ratio 1:10. 
The homogenate was centrifuged at 5000 rpm at 4°C for 20 min. The crude extract was separated by filtration 
through 0.45 µm filters. Aliquots were made in 1.5 ml microcentrifuge tubes in triplicate and kept at -20°C to analyze 
protease and amylase activity. 
 Protease activity was calculated from a modified method from Shimogaki et al. (1991). The reaction mixture 
(1 ml) contained 1% casein as substrate and was incubated at 37°C. After incubation for 20 min, the reaction was 
stopped by the addition of 10% TCA and centrifuged at 7500 rpm for 8 min. The absorbance of supernatant was 
measured at 280 nm. A standard curve of absorbance at 280 nm was prepared using known concentrations of 
tyrosine. The total protein concentration was measured using Bio-Rad protein assay as recommended by the 
manufacturer. Protease activity was defined as the amount of enzyme liberating 1 µg of tyrosine per mg protein per 
min under the conditions described above.  
 Amylase activity was determined by dinitrosalicylic acid (DNS) method modified from Dutta et al. (2006). 
50 µl of crude extract was mixed with 50 µl 1% starch. After 3 min of incubation, 100 µl DNS was added and heated 
at 100°C for 5 min. Subsequently, the reaction mixture was cooled down until it reached room temperature and the 
absorbance at 540 nm was measured. The OD values were converted to micrograms of glucose equivalent using 
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a standard graph obtained from the known concentration of glucose. Enzyme activity was defined as the amount 
of enzyme that released 1 µg of reducing sugar as glucose standard per mg protein per minute under the assay 
conditions described above.  
Statistical analysis 
 Data on water parameters, growth parameters and enzyme activity were analyzed by using one-way 
analysis of variance with F-test and Duncan’s multiple range test was used to determine the significant variation 
(P<0.05) among treatments. 
 
Results   
 Water quality was measured every week for 8 weeks. Water parameters including DO, temperature, 
ammonia, nitrite, salinity and pH were determined and recorded within the acceptable ranges of dissolved oxygen 
of more than 6 mg l-1, the temperature of 26-30°C, ammonia less than 1 mg l-1, nitrite less than 0.1 mg l-1, pH between 
7.0-8.5 and salinity between 15-25 ppt as shown in Table 1. The average of water parameters was analyzed and 
compared each treatment for 8 weeks. The result showed that there was no significant difference among the control 
and probiotic T13 feed treatments. 
 

Table 1  The average of water quality parameters of all treatments for 8 weeks  

Water parameters 
Treatments 

Mean Standard 
Control A B 

DO (mg l-1) 7.1±0.1a 7.0±0.1a 6.8±0.1a 7.0±0.1 >6 
Temp (°C) 27.5±0.1a 27.4±0.1a 27.3±0.1a 27.4±0.1 26-31 
Ammonia (ppm) 0.63±0.07a 0.57±0.06a 0.52±0.06a 0.57±0.06 <1 
Nitrite  (mg l-1) 0 0 0 0 <0.1 

Salinity (ppt) 17.2±0.2a 16.8±0.3a 16.5±0.3a 16.8±0.3 15-25 
pH 7.7±0.0a 7.7±0.0a 7.6±0.1a 7.7±0.0 7-8.5 

Values (mean±SE) with different superscript in each row show significant differences (F-test, P<0.05) 
 

During the probiotic feed storage, survival rates of probiotic T13 were monitored and results showed that 
78-85% survived after 7 days (data not shown).  The effect of dietary probiotics T13 109 CFU g-1 and 105 CFU g-1on 
growth performance including initial weight, final weight, final length, weight gain, FCR, SGR and survival rate was 
performed for 8 weeks. The analyzed data in different treatments and control are shown in Table 2. Initial weight 
and survival rate did not differ among treated and control groups. However, the final weight and weight gain of 
treatment A were recorded and showed a significant difference (P<0.05) compared with treatment B and control 
groups. Final length, FCR and SGR of treatment A were not significantly different (P>0.05) compared to that of 
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treatment B but had significantly higher (P<0.05) than those of control. Low survival was observed due to stress 
and high stock density. 

 

Table 2 Growth performance and survival rate of L. vannamei cultured with probiotic T13 and control for 8 weeks 
Treatments Control A: 109 CFU g-1 B: 105 CFU g-1 

Initial weight (g) 0.015±0.0022a 0.015±0.0006a 0.014±0.0020a 
Final weight (g) 1.85±0.41b 3.09±0.58a 2.31±0.29b 
Final length (cm) 6.29±0.33b 7.43±0.26a 6.90±0.15ab 
Weight gain (g) 1.84±0.11b 3.08±0.32a 2.29±0.09b 
FCR 2.60±0.18b 2.03±0.15a 2.20±0.05ab 
SGR 8.46±0.26b 9.48±0.14a 9.00±0.21ab 
Survival (%) 38.33±6.34a 33.89±1.47a 31.67±5.77a 

Values (mean±SE) with different superscript in a row show significant differences (F-test, P<0.05) 
 

 The highest protease and amylase activity was recorded for the GIT of shrimp fed with treatment A followed 
by treatment B and control after 8 weeks of culture as summarized in Figure 1. No significant difference was 
observed in amylase activity from all treatments. However, protease activity of shrimp fed with T13 109 CFU g-1 
(treatment A) was significantly higher (P<0.05) than those of T13 105 CFU g-1 (treatment B) and control. This result 
suggested that the increase of protease activity enhanced the digestion and absorption ability and, thus improved 
shrimp weight gain. 

 
Figure 1   Digestive enzyme activity of L. vannamei fed with probiotic T13 at concentrations of 109 CFU g-1   
                 (treatment A), 105 CFU g-1 (treatment B) or without probiotic T13 (treatment C) after 8 weeks. A,  
                 amylase activity B, protease activity. Values (mean±SE) with different superscript show significant  
                 differences (P<0.05). 
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Discussion   
 The application of probiotics in aquatic animals is now wildly accepted and is increasing with the demand 
for environmentally friendly aquaculture (Desriac et al., 2010; Dobson et al., 2012; Wang et al., 2008). The use of 
probiotics in aquaculture has been demonstrated to have beneficial effect on growth performance, enzymatic 
contribution to digestion, inhibition of pathogenic microorganisms and increased immune response (Becerra-
Dorame et al., 2012; Castex et al., 2008; Luis-Villasenor et al., 2011; Nguyen et al., 2018; Nimrat et al., 2012; 
Toledo et al., 2019; Wang et al., 2008; Zokaeifar et al., 2012), but Arias-Moscoso et al. (2018) reported that the 
addition of probiotics did not improve the water quality nor productive response of L. vannamei. Meta-analysis 
showed that the probiotic effect on growth performance and shrimp survival depends on rearing conditions, method 
of administration, dosage, probiotic strain, shrimp species and production stage (Toledo et al., 2019). In this study, 
we demonstrated that L. plantatum T13, a beteriocinogenic bacterium isolated from traditional Vietnamese 
fermented cabbage (Nguyen et al., 2014b), could enhance shrimp growth. The crude bacteriocin extract from T13 
is stable at 100-120°C and has strong and broad antimicrobial activity against food spoilage and animal pathogenic 
bacteria including diverse Vibrio species (Nguyen et al., 2014b). In addition, the combination of T13 with Bacillus 
pumilus B3.10.2B and Bacillus cereus D9 in probiotics formulation Biolobster 2 feed increased the growth rate and 
feed conversion ratio and resulted in increased survival after exposure to V. owensii as a pathogen in P. ornatus 
juveniles (Nguyen et al., 2014a). Nguyen et al. (2018) reported that T13 inhibited the growth of AHPND-causing              
V. paraheamolytics XN9, which was isolated from a AHPND outbreak in Ninh Thuan province, Vietnam in 2015. 
There was a report that the daily addition of probiotic Bacillus fusiformis could improve the survival and accelerate 
the metamorphosis of P. monodon and L. vannamei in larval shrimp rearing system with no water exchange (Guo 
et al., 2009). 
 Aquaculture has become one of major protein sources and requires high quality feed as well as some 
supplements to keep organisms healthy which favors growth (Farzanfar, 2006; Wang et al., 2008). Probiotics are a 
good candidate for facilitating feed utilization, digestion and growth of aquatic organisms (Farzanfar, 2006; Wang 
et al., 2008). Probiotics in the feed are commercially available and have been introduced to fish, shrimp and 
mollusks farming (Wang et al., 2008). Lactobacillus and Bacillus are potential probiotics applied in aquaculture 
(Farzanfar, 2006; Toledo et al., 2019). Dietary administration of T13 at concentrations of 109 CFU g-1 significantly 
improved the final weight and weight gain of shrimp, although FCR and SGR of T13 105 CFU g-1 were not statistically 
different from control (table 2).  The effect of two probiotics L. plantarum T8 and T13 at the concentration of 108 
CFU g-1on body length and weight of L. vannamei studied by Nguyen et al. (2018) showed no significant differences 
(P>0.05) among treatments after 5 weeks. However, the shrimps from T8 treatment showed a significant difference 
(P<0.05) in body length and weight compared to the control after 12 weeks. The mixture of two probiotic strains,             
B. subtilis L10 and G1 at two different concentrations 105 and 108 CFU g-1 were previously performed on the growth 



                           
                          วารสารวิทยาศาสตร์บรูพา ปีที่ 25 (ฉบบัที่ 2) พฤษภาคม – สิงหาคม พ.ศ. 2563 

                          BURAPHA SCIENCE JOURNAL Volume 25 (No.2)  May – August   2020                                                                     บทความวิจยั 

 

 

วารสารวิทยาศาสตร์บรูพา ปีที่  25  (ฉบบัที่ 2)  พฤษภาคม – สิงหาคม  พ.ศ. 2563 701  
 

performance and digestive enzyme activity of juvenile white shrimp (Zokaeifar et al., 2012). The result showed that 
final weight, weight gain and digestive enzyme activity were significantly greater in shrimp fed with 105 and 108 CFU 
g-1 diets compared to the control group. The application of multiple-strain probiotics provided more effective in 
shrimp growth and overall health than single probiotic strains (Wang et al., 2019). The possible explanation for the 
improvement of shrimp growth could be related to the modulation of the intestinal microbiota of L. vannamei and 
the induction of digestive enzymes (Castex et al., 2008; Luis-Villasenor et al., 2013; Nimrat et al., 2012).  Becerra-
Dorame et al. (2012) evaluated the effect of autotrophic (AS) and heterotrophic (HS) microbial based systems on 
the digestive enzymatic activity of postlavae L. vannamei. According to their results, no significant differences were 
observed for trypsin, amylase and lipase activities between the AS and control group, whereas the shrimp from HS 
showed higher trypsin and amylase activities (Becerra-Dorame et al., 2012). Oujifard et al. 2012 conducted the 
experiments to evaluate the effects of different protein levels and sources of protein, growth performance and 
digestibility of Pacific white shrimp. The result revealed that weight gain increased when protein levels increased 
which was related to digestibility. The protein digestibility for a rice protein diet was distinctly lower than the fish 
meal diet , therefore, digestibility of protein was significantly affected by sources of protein (Oujifard et al., 2012). 
Highly significant differences (P<0.05) of total protein, protease and amylase activity were observed for L. vanamei 
fed diets supplemented with two probiotic B. subtilis strains for 8 weeks (Zokaeifar et al., 2012). In the present 
study, the slight increase of amylase activity (P>0.05) and significantly increase (P<0.05) of protease activity 
suggested that enhanced digestive activity was possibly caused by the presence of probiotic T13. It could be 
concluded that the increase of protease activity markedly contributed to weight gain and FCR (Table 2). 
Consequently, improvement in shrimp growth in treatment groups may be due to the concentrations of probiotics 
with their activity localized in the digestive systems of shrimp. Kewcharoen et al. (2019) demonstrated that high 
doses (109 CFU kg-1 diet) of probiotic B. subtilis AQAHBS001 provided positive effects on mucosal structure which 
plays important role in digestive activity. The increasing of height and width of the intestinal epithelial cell and villi 
help the digestion process by increasing absorption surface area (Kewcharoen et al., 2019). The results of electron 
microscopic revealed that the intestinal mucosa was tight and the epithelium cells showed an active secretory state 
in the probiotics group (Zuo et al., 2019). A diverse group of intestinal bacterial communities was observed in 
shrimp treated with and without probiotics and influenced the health of the host (Luis-Villasenor et al., 2013). The 
composition of the intestinal microbiota of shrimp treated with probiotics was distinctly different from control group 
by SSCP fingerprints (Luis-Villasenor et al., 2013). However, the effect of probiotics on intestinal microflora of L. 
vannamei was periodic, therefore, the microbial communities would tend to return to its original state (Zuo et al., 
2019). The survival of probiotics strain in the shrimp digestive tract is an important feature. B. subtilis AQAHBS001 
showed the ability to adhere, colonize and survive in outer surface areas, the surrounding water and the midgut of 
shrimp which was confirmed by qPCR (Kewcharoen et al., 2019). Probiotic P. acidilactici administered at a 



                           
                          วารสารวิทยาศาสตร์บรูพา ปีที่ 25 (ฉบบัที่ 2) พฤษภาคม – สิงหาคม พ.ศ. 2563 

                          BURAPHA SCIENCE JOURNAL Volume 25 (No.2)  May – August   2020                                                                     บทความวิจยั 

 

 

วารสารวิทยาศาสตร์บรูพา ปีที่  25  (ฉบบัที่ 2)  พฤษภาคม – สิงหาคม  พ.ศ. 2563 702  
 

concentration close to 107 CFU g-1 of feed was recovered around 104-105 CFU g-1 in shrimp gut after 2 h of feeding 
and decreased to 103 CFU g-1 after 6 h of feeding (Castex et al., 2008). This result suggested that the probiotic 
strain must be transient and may not adhere to the intestinal mucous of shrimp. However, de Vries et al. (2006) 
reported that L. plantarum has a proven ability to survive gastric transit and can colonize the intestinal tract of 
human and other mammals such as mice. Moreover, L. plantarum has a long history of natural occurrence and safe 
use in food products for human consumption such as plant, milk and meat products (de Vries et al., 2006). Several 
reports showed that different probiotic strains exhibit different results (Arias-Moscoso et al., 2018; Castex et al., 
2008; Luis-Villasenor et al., 2013; Nimrat et al., 2012; Toledo et al., 2019; Zokaeifar et al., 2012). Therefore, 
screening and evaluation of potential probiotics are still challenging.  
 
Conclusions   

From our study, the probiotic T13 improved final weight, FCR and SGR of juvenile Pacific white shrimp but 
had no effect on survival rate. T13 could increase protease activity after feeding shrimp for 8 weeks and the 
appropriate concentration of probiotic T13 was 109 CFU g-1. 
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บทคัดย่อ 
แนวปะการังในประเทศไทยถูกทำลายเป็นจำนวนมาก ท้ังทางตรงและทางอ้อม โดยเฉพาะจากกิจกรรมต่าง ๆ ของมนุษย์ เช่น 

การแตกหักจากการทิ้งสมอเรือ เนื้อเยื่อได้รับความเสียหายจากการเหยียบและยืนบนปะการังจากนักท่องเที่ยว มลพิษทางน้ำ และ
พฤติกรรมปลาในระบบนิเวศเปลี่ยนแปลงไปจากการให้อาหารปลาในแนวปะการัง เป็นต้น ดังนั้นสถานภาพแนวปะการังโดยเฉพาะ
แหล่งท่องเที่ยวจำเป็นต้องได้รับการดูแลจากทุกคนและติดตามประเมินสถานภาพอย่างต่อเนื่องภายใต้การดำเนินงานของนักวิชาการ
และหน่วยงานราชการ วัตถุประสงค์ของการศึกษาคือ การประเมินสถานภาพปะการังปัจจุบันบริเวณเกาะไหง เขตอุทยานแห่งชาติหมู่
เกาะลันตา เพื่อใช้เป็นข้อมูลเปรียบเทียบในอนาคตเมื่อมีจำนวนนักท่องเที่ยวเพิ่มมากขึ้น โดยเกาะไหงมีแนวปะการังอยู่ 2 บริเวณ คือ 
บริเวณทิศตะวันออกเฉียงเหนือ (NE) และบริเวณด้านทิศใต้ (S) การสำรวจปะการังใช้วิธี Photo quadrat transect โดยการวางแนว
สำรวจขนานกับชายฝั่งเป็นระยะทาง 90 เมตร และถ่ายภาพรวมทั้งหมด 180 ภาพในแต่ละบริเวณ ร้อยละการปกคลุมของปะการังถูก
วิเคราะห์ด้วยโปรแกรม CPCe ผลการศึกษาพบว่า บริเวณทิศตะวันออกเฉียงเหนือมีความหลากสกุลน้อยกว่าทิศใต้ (14 และ 20 สกุล 
ตามลำดับ) แต่ปะการังสกุลเด่นที่พบทั้งสองบริเวณคือ Porites การวิเคราะห์จัดกลุ่มความคล้ายคลึง (UPGMA cluster analysis) ของ
สกุลปะการังทั้งสองบริเวณพบว่า มีความคล้ายคลึงกันค่อนข้างน้อย (ร้อยละ 42.24) และสามารถแบ่งปะการังได้เป็นสองกลุ่มหลักคือ 
บริเวณทิศตะวันออกเฉียงเหนือมีความคล้ายคลึงกันร้อยละ 49.46 และบริเวณทิศใต้มีความคล้ายคลึงกันร้อยละ 60.14 สถานภาพ
ปะการังบริเวณเกาะไหงพบว่า บริเวณด้านทิศตะวันออกเฉียงเหนือ พบปะการังมีชีวิตร้อยละ 41.97±5.09 ปะการังตายร้อยละ 
58.02±4.70 มีอัตราส่วน 1:1 จัดอยู่ในสถานภาพสมบูรณ์ปานกลาง ในขณะที่ปะการังในบริเวณด้านทิศใต้ พบปะการังมีชีวิตร้อยละ 
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การวิเคราะห์องค์ประกอบอาหารชนิดหลักในกระเพาะอาหารปลาตะกรับในทะเลสาบสงขลา  
ด้วยการใช้ดัชนีความส าคัญ 

Dietary Identification from Stomach Contents of Scatophagus argus (Linnaeus, 1766) 
in Songkhla Lagoon Based on Index of Relative Importance 
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Abstract 
 

 Spotted scat (Scatophagus argus Linnaeus, 1766) is an economic fish for the local fishermen 
in Songkhla lagoon. The aim of this study would like to identify food and analyze the index of relative 
important (IRI) from stomach content, in order to food development in future. Fish were collected 
form the culture trap in the outer Songkhla lagoon during January to March 2018. There were 34 
stomachs from fish with average of body length 15.96±0.93 cm. The result revealed that crustacean, 
polychaete, mollusk, algae and fish egg were found in the fish stomach. IRI analysis indicated that 
mollusk showed the highest IRI value (IRI=7,305.59) followed by crustacean (IRI=4,473.26) and polychaete 
( IRI=166.46), respectively. Bivalve was more important than gastropod (IRI=5,955.60 and 451.33, 
respectively) for the mollusk. Bradleycypis oblique (ostracod) was the most important for the crustacean 
(IRI=507.01) and then G. magnae (IRI=282.58) and Cheirriphotis sp. (IRI=277.61), respectively for the amphipod 
group. Also, Neanthes sp. had higher important than Phyllodace sp. (IRI=17.75, 3.29) for the polychaete group. 
 

Keywords:   Scatophagus argus, benthos, stomach content, IRI, Songkhla lagoon 
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ABSTRACT 
		 Stingrays	are	part	of 	commercial	fisheries	worldwide;	Malaysia	is	ranked	as	the	eighth-largest	

stingray	fishery	in	the	world.	Samples	were	collected	monthly	from	January	2018	to	December	2018	
with	supplementary	samplings	on	February	2019	and	October	2019	by	using	stingray	gill	nets	in	Coastal	
South	China	seawaters	of 	Terengganu.	The	present	study	aimed	to	determine	the	abundance	and	
distribution	of 	stingrays	based	on	species	and	sizes	at	different	habitat	and	seasons	in	the	Terengganu,	
Malaysia	coastal	waters.	A	total	of 	10	stingray	species	were	collected	from	122	samples.	Stingray	species	
are	distributed	differently	according	to	habitat	and	seasonal.	The	result	of 	a	two-way	ANOVA	showed	
that	habitat	significantly	(P<	0.005)	and	season	highly	significant	affects	the	abundance	of 	stingrays	
(P	<	0.001).	Most	catches	were	in	20	m	depth	during	the	dry	season.	The	result	of 	a	non-metric	
multidimensional	scaling	ordination	indicates	that	the	grouping	overlapped	in	habitat	and	season	with	
similar	species	collected.

Keyword:	ray,	stingray,	habitat,	seasonal,	gill	net,	Terengganu,	coastal	South	China	sea

1. INTRODUCTION
Stingrays	have	become	a	major	part	of 	

commercial	fisheries	around	the	world	due	to	the	
high	interest	from	the	market	[1].	Most	catches	of 	
elasmobranch	are	from	bycatch	cases,	which	are	
incidentally	caught	by	the	fisherman	during	the	

fishing	activity.	From	previous	studies,	stingrays	
were	caught	as	the	bycatch	species	mostly	by	using	
pelagic	longline	and	hook,	bottom	longline,	surface	
longline,	trawl	and	gillnets	as	fishing	gear	[2-5].
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ผลของการใช้สาหร่ายเลี้ยงร่วมกันในการอนุบาลปลากะพงขาว Lates calcarifer (Bloch, 
1790) วัยอ่อน 

Effect of co-culture of algae in nursing of Asian Sea Bass, Lates calcarifer 
(Bloch, 1790) fry 
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บทคัดย่อ: ปลากะพงขาว Lates calcarifer เป็นปลาน้ำกร่อยเศรษฐกิจของไทย การใช้สาหร่ายในการอนุบาลลูกปลากะพงขาว เพื่อเป็น
แหล่งหลบซ่อน ลดปัญหาการกินกันเองของลูกปลา และช่วยรักษาคุณภาพน้ำที่เลี้ยง การวางแผนการทดลอง ประกอบด้วย 3 กลุ่มการ
ทดลอง ได้แก่ กลุ่มควบคุม กลุ่มสาหร่ายคอเรลล่า (Chlorella sp.) และกลุ่มสาหร่ายผมนาง (Gracilaria sp.) โดยใช้ลูกปลากะพงขาวขนาด
เริ ่มต้นน้ำหนัก 0.36±0.01 กรัม หรือ ความยาว 2.1±0.1 เซนติเมตร จำนวน 100 ตัว อนุบาลในถังพลาสติกขนาด 0.85×0.65×0.45 
ลกูบาศก์เมตร. ที่มีน้ำทะเล ความเค็ม 25 ppt 100 ลติร และให้อากาศตลอดเวลา โดยทำการทดลองกลุ่มละ 3 ซ้ำ ใช้ปลาเป็ดสับเป็นอาหาร
ที่ระดับ 3 % ของน้ำหนักลูกปลากะพงขาว 2 ครั้งต่อวัน หลังจากอนุบาลเป็นระยะเวลา 2 สัปดาห์ ผลการศึกษาพบว่า และลูกปลากะพงขาว
ที่เลี้ยงในทุกกลุ่มการทดลองไม่มีความแตกต่างทั้งในด้านความยาวและน้ำหนัก โดยน้ำหนักและความยาวของลูกปลากะพงขาวมีเมื่อสิ้นสุด
การทดลองอยู่ในช่วง 0.55±0.07-059±0.08 กรัม และ 1.68±0.04- 1.71±0.14 เซนติเมตร ตามลำดับ และอัตราการเจริญเติบโตสัมพัทธ์
โดยน้ำหนักและความยาวอยู่ในช่วง 6.89±1.02-7.42±0.49 และ 2.50± 0.97-3.01± 0.93 % ต่อวัน ตามลำดับ ลูกปลาในแต่ละกลุ่มการ
ทดลองมีอัตราการรอดตายที่แตกต่างกัน โดยลูกปลากลุ่มทดลองสาหร่ายผมนางมีอัตราการรอดตายดีที่สุด เท่ากับ 59.68± 3.91 % ทั้งนี้ลูก
ปลาใช้สาหร่ายผมนางเป็นที่หลบซ่อนตัว ทำให้ลดการกินกันเอง กลุ่มการทดลองสาหร่ายคลอเรลลล่าทำให้น้ำเป็นน้ำเขียวตลอดการทดลอง 
และค่าความเป็นด่าง ความกระด้าง และปริมาณแอมโมเนีย-ไนโตรเจน ของน้ำมีความแตกต่างกัน อาจเกิดมาจากการสังเคราะห์แสงและการ
ตายของสาหร่ายทั้งสองชนิดซึ่งเป็นมากในระบบน้ำเขียว 
คำสำคัญ: การเลี้ยงร่วม; ปลากะพงขาว; สาหร่ายผมนาง; น้ำเขียว 
 
ABSTRACT: Asian sea bass, Lates calcarifer is the economic brackish fish of Thailand. The use of algae in the co-culture 
with the Asian sea bass fry was conducted to solve the problem of eating each other of the fry and to absorb the toxic 
in the water quality. Three experiment series were set; control, two species of algae: Chlorella sp., or Gracilaria sp. were 
co-cultured with Asian sea bass with an initial size weight of 0.36 ± 0.01 g and initial length of 2.1 ± 0.1 cm. One hundred 
individuals of the fish were cultured in the plastic tank (0.85 x 0.65 x 0.45 m3) with aeration and filled 25 ppt seawater. 
The experiments were done in 3 replications. Trash fish was used to feed at 3% of the bodyweight twice a day. The 
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1) หลักฐานผลงานตีพิมพ์ในวารสารวิชาการของอาจารย์ (สำเนาหน้าแรกของบทความ) 

  1.3) ผลงานตีพิมพ์ในวารสารวิชาการระดับนานาชาติในฐาน TCI 

        -  รายงาน  6  เดือนหลัง  ปีท่ี 5 ระหว่างเดือน มกราคม  2565  ถึงเดือน มิถุนายน 2565 
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การใช้สัตว์หน้าดนิเป็นตัวบ่งชีท้างชีวภาพเพื่อประเมินสภาวะมลพษิจากสารอินทรีย์ 
ในแหล่งน า้ บริเวณเกาะยอ จ.สงขลา 

Using Macrobenthic Fauna as Bio-Indicator for Assessment of the Organic Pollution  
at Koh Yo, Songkhla Province 
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บทคัดย่อ 
เกาะยอเป็นแหล่งเพาะเลีย้งสัตว์น า้และการท าประมงท่ีส าคัญของประเทศไทย รวมทัง้ปัจจุบนับริเวณรอบเกาะยอมี

กิจกรรมมนษุย์และการเจริญเติบโตของชมุชนท่ีเพิ่มมากขึน้ จึงเป็นแหล่งรองรับน า้ทิง้และของเสียจากกิจกรรมมนษุย์ วตัถปุระสงค์
ของการศกึษาในครัง้นีค้ือ ศกึษาสตัว์หน้าดินขนาดใหญ่และปัจจยัสิ่งแวดล้อมเพื่อประเมินสภาวะมลพิษจากสารอินทรีย์ในแหล่งน า้ 
บริเวณเกาะยอ เก็บตัวอย่างในเดือนกุมภาพันธ์ พ.ศ. 2562 ทัง้หมด 3 สถานี ได้แก่ สถานีบ้านอ่าวทราย (สถานี A), ป่าชายเลน 
(สถานี M) และวดัท้ายยอ (สถานี T) โดยเก็บตวัอย่างสถานีละ 5 จดุท่ีระยะห่างจากขอบชายฝ่ัง 0, 100, 300, 600 และ 1,200 เมตร 
ผลการศึกษาพบว่าความคล้ายคลึง (cluster analysis) ของปัจจัยสิ่งแวดล้อมทุกสถานีมีความคล้ายคลึงกันสูง (92.44% – 
97.34%) ส่วนสตัว์หน้าดินขนาดใหญ่พบทัง้หมด 3 ไฟลมั 34 ชนิด มีความชกุชมุรวมเฉลี่ย 3,099±63 ตวัต่อตารางเมตร สถานีบ้าน
อ่าวทรายมีความหลากหลายและชกุชมุมากท่ีสดุ (30 ชนิด, H’= 2.6, 3,849±88 ตวัต่อตารางเมตร) รองลงมาคือสถานีป่าชายเลน 
(23 ชนิด, H’= 2.2, 3,084±296 ตวัต่อตารางเมตร) และสถานีวดัท้ายยอพบความหลากหลายและความชกุชมุของสตัว์หน้าดินน้อย
ท่ีสดุ (15 ชนิด, H’= 2.1, 2,363±139 ตวัต่อตารางเมตร) ทาไนดาเซียนชนิด Ctenapseudes sapensis เป็นสตัว์หน้าดินชนิดเด่น
และมีความหนาแน่นมากท่ีสดุในทกุสถานี ความคล้ายคลงึของสตัว์หน้าดินขนาดใหญ่แต่ละสถานีพบว่ามีความคล้ายคลงึกนัต ่าถึง
ปานกลาง (26.13% – 74.65%) เมื่อวิเคราะห์ความสมัพนัธ์ระหว่างสตัว์หน้าดินกบัปัจจยัสิ่งแวดล้อมพบว่าคณุภาพตะกอนดินมีผล
ต่อการแพร่กระจายของสตัว์หน้าดินขนาดใหญ่บริเวณเกาะยอมากกว่าคณุภาพน า้ เมื่อประเมินระดบัการเกิดมลพิษจากสารอินทรีย์
ด้วยดัชนี AMBI (AZTI's Marine Biotic Index) พบว่าทัง้ 3 สถานี มีค่าเฉลี่ยอยู่ในระดับการเกิดมลพิษเล็กน้อย (BC=2.0 – 2.5) 
และบริเวณสถานีบ้านอ่าวทรายท่ีระยะ 300 เมตร ซึง่เป็นบริเวณที่มีการเลีย้งปลาในกระชงัและการสร้างโฮมสเตย์ มีค่าสมัประสิทธ์ิ
ดชันีชีวภาพมากท่ีสดุ (BC= 3.4) ซึง่เกิดมลพิษในระดบัปานกลาง 
 

ค าส าคัญ  :  สตัว์หน้าดินขนาดใหญ่ ; ปัจจยัสิ่งแวดล้อม ; มลพษิ ; ทะเลสาบสงขลา ; ดชันีบง่ชีช้ีวภาพ 
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ที่ อว ๘๒๐๕.๐๓/๐๒๔๖ คณะวิทยาศาสตร์ มหาวิทยาลัยทักษิณ
๒๒๒ หมู่ที่ ๒ ตำบลบ้านพร้าว
อำเภอป่าพะยอม จังหวัดพัทลุง ๙๓๒๑๐

๑๒ เมษายน ๒๕๖๕

เรื่อง ตอบรับการตีพิมพ์บทความวิจัยในวารสาร
เรียน    นางสาวกนกวรรณ มาเอียด

ตามที่ คณะวิทยาศาสตร์ มหาวิทยาลัยทักษิณ เป็นเจ้าภาพจัดการประชุมวิชาการระดับชาติ “วิทยาศาสตร์วิจัย”
ครั้งที่ ๑๓ (The ๑๓th Science Research Conference, SRC๑๓) ร่วมกับสมาคมวิทยาศาสตร์แห่งประเทศไทยในพระบรม
ราชูปถัมภ์ คณะวิทยาศาสตร์ มหาวิทยาลัยพะเยา มหาวิทยาลัยนเรศวร มหาวิทยาลัยมหาสารคาม มหาวิทยาลัยศรีนครินทรวิโรฒ
และมหาวิทยาลัยบูรพา ภายใต้แนวคิด วิทยาศาสตร์วิจัยและนวัตกรรมสำหรับชีวิตวิถีใหม่ (Research and Innovation for the
New Normal Life) ระหว่างวันที่ ๑๒ – ๑๓ พฤษภาคม ๒๕๖๕ ณ มหาวิทยาลัยทักษิณ จังหวัดพัทลุง นั้น

ในการนี้ ตามที่ท่านได้ลงทะเบียนส่งผลงานตีพิมพ์บทความวิจัยในวารสาร ผู้ทรงคุณวุฒิได้พิจารณาผลงานวิจัย
เรียบร้อยแล้ว และขอแจ้งให้ทราบว่า ผลงานวิจัยเรื่อง Effect of Cyanobacteria strain LmTK01 on the Survival Rate 
of Shrimp Litopenaeus vannamei and Factors Effected on LmTK01 Growth
ได้รับการพิจารณาให้ตีพิมพ์ผลงานวิจัยเรื่องเต็มใน วารสาร Burapha Science Journal (วารสารวิทยาศาสตร์บูรพา)
ทั้งนี้ท่านจะต้องปรับแก้ไขบทความวิจัยตามรูปแบบ ที่วารสารกำหนดและจัดส่งบทความวิจัยตามระบบของวารสาร ตั้งแต่วันที่ ๓๐
เมษายน ๒๕๖๕ เป็นต้นไป

จึงเรียนมาเพื่อโปรดพิจารณา

ขอแสดงความนับถือ

(ผู้ช่วยศาสตราจารย์ ดร.ธัญญา พันธ์ฤทธิ์ดำ)
คณบดีคณะวิทยาศาสตร์ ปฏิบัติหน้าที่แทน

อธิการบดีมหาวิทยาลัยทักษิณ

ฝ่ายวิชาการ งานประชุมวิชาการระดับชาติ “วิทยาศาสตร์วิจัย” ครั้งที่ ๑๓
เบอร์โทรศัพท์มือถือ: ๐๘ ๘๗๕๒ ๕๒๒๓ (ผู้ช่วยศาสตราจารย์ ดร.พีรนาฏ คิดดี)
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