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B 1 FEWHAREFERN TR YRS EREE
RASJEHI/KIIE, OSCS.IA/KMAIFRA . R-24 h. &%) 24 h, R-48 h. i&%fi/5 48 h, R-72h. i&fi)5 72h, M.

Fig.1 Schedule of simulated land-sea relay transportation of O. punctatus under two different culture systems

RAS. recirculating aquaculture system, OSCS. off-shore sea cage aquaculture system. R-24 h. 24 hours after transportation, R-48 h. 48 hours after trans-

portation, R-72 h. 72 hours after transportation, the same below.
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Fig. 2 Effects of land-sea relay transportation on hematological parameters in O. punctatus under

different culture systems

(a) white blood cell, (b) red blood cell, (¢) hemoglobin content, (d) hematocrit. 1. Control, 2. Transport, 3. R-24 h, 4. R-48 h, 5. R-72 h, the same as Fig.3-

Fig.6. Different letters indicated significantly different between group (P<0.05), the same below.
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Fig. 3 Effects of land-sea relay transportation on biochemical parameters in O. punctatus under

different culture systems

(a) glucose, (b) cortisol, (c) hepatic glycogen, (d) muscle glycogen.
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Fig. 4 Effects of land-sea relay transportation on hepatic function activity in

O. punctatus under different culture systems

(a) hepatic ALT, (b) hepatic AST activity, (c) plasma ALT activity, (d) plasma AST activity.
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Fig. 5 Effects of land-sea relay transportation on hepatic antioxidant capacity in

O. punctatus under different culture systems

(a) SOD, (b) CAT, (c) GSH-Px, (d) MDA.
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Fig. 6 Effects of land-sea relay transportation on hepatocytes apoptosis rate in
O. punctatus under different culture systems

DAPI was blue fluorescence, TUNEL was green fluorescence, Merge was green and blue fluorescence, arrows were apoptotic hepatocytes nucleus. (a) (b)

was hepatocytes apoptosis picture of O. punctatus under RAS and OSCS, respectively. (c) statistical graph of hepatocytes apoptosis rate.
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Fig. 7 Effects of land-sea relay transportation the percentage of change and significant parameters of
O. punctatus under different culture systems

“*” indicated significant different within group (P<0.05). 1. white blood cell, 2. red blood cell, 3. hemoglobin, 4. hematocrit, 5. glucose, 6. cortisol, 7.
hepatic alanine aminotransferase, 8. hepatic aspartate aminotransferase, 9. plasma alanine aminotransferase, 10. plasma aspartate aminotransferase, 11.

superoxide dismutase, 12. catalase, 13. glutathione peroxidase, 14. malondialdehyde, 15. apoptosis rate, 16. hepatic glycogen, 17. muscular glycogen.
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Effect of transport stress on physiology of spotted knifejaw (Oplegnathus
punctatus) reared in different culture systems

XIE Ting ?, WANG Fenglin', DUAN Yongjie', CHENG Hao ',
GUAN Changtao ', YAN Dongchun®,  JIA Yudong "
1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. School of Agriculture, Ludong University, Yantai 264025, China,
3. Laboratory for Marine Fisheries Science and Food Production Process,

Qingdao Marine Science and Technology Center, Qingdao 266237, China

Abstract: Standard technologies and models were applied to guarantee the production and supplement of high-quality protein
in aquaculture. Recirculating aquaculture systems (RAS) have advantages on the level of intensive use, utilization of water
resources, and command of environmental factors, and it was widely used in marine fish aquaculture. However, the higher
energy consumption and more serious choices and management in fish. Offshore sea cage systems (OSCS) and offshore
aquaculture nets (OANPS) take efficiency advantages of the natural environment to obtain optimal growth performance and
flesh quality. Therefore, it is an efficient way to develop offshore aquaculture, promote the high-quality development of fisher-
ies and alleviate the offshore pressure which relies on offshore facilities and pieces of equipment. Most fish find it difficult to
resist severe winter in northern of China, and the ingestion and growth will be significantly influenced even if they can tolerate
the low temperature. Therefore, it is an efficient way to conduct continuous aquaculture during land-sea relay. The method was

applied to most marine fishes, which were cultivated in RAS and transported to OSCS and OANPS. Besides, the new aquacul-
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ture model during land-sea relay aimed to promote developments, utilization of natural resources and extension of culture
spaces. Oplegnathus punctatus was popular with high economic value and broad prospects. According to previous researchers,
transport stress significantly influenced the cortisol and glucose concentration in Ictalurus punctatus, Pelteobagrus fulvidraco,
and Thunnus orientalis. Our research group had confirmed that handling stress as the primary stressor would influence the
physiology function of O. punctatus. Meanwhile, O. punctatus of OSCS had better growth performance, physiology condition
and immunity activity than RAS cultured in OANPS. So, we predicted that they would obtain optimal tolerance to stress after
transport to OSCS. The study compared and explained the physiological response mechanism of O. punctatus subjected to
transport stress under RAS and OSCS, aiming to explore the physiological response features and mechanisms during land-sea
relay under different two kinds of culture models. Plasma cortisol (Cor), glucose (Glu) concentration, white blood cell numbers
(WBC)and red blood cell numbers (RBC), hemoglobin (Hb) content, hematocrit (Hct) were analyzed by the automatic hemato-
logy analytical method. Hepatic and muscular glycogen content, hepatic superoxide dismutase (SOD), catalase (CAT), gluta-
thione peroxidase (GSH-Px), alanine transaminase (ALT), aspartate aminotransferase (AST) activity, malonaldehyde (MDA)
content were detected by commercial kits. The hepatocyte apoptosis rate was evaluated using the TUNEL technique with a
commercial kit of Fluorescein Tunel Cell (FITC) apoptosis detection. The results showed that RBC numbers, Hb content, and
Hct under OSCS were significantly higher than RAS before transportation, whereas other parameters indicated no significant
differences under OSCS and RAS. During transportation, plasma Cor and Glu concentration, plasma and hepatic ALT and
AST, hepatic CAT and GSH-Px activity, MDA content, and hepatocytes apoptosis significantly increased under two kinds of
models, whereas hepatic glycogen was significantly decreased and muscular glycogen and SOD activity had no significant
changes during the whole experiment. The rate of changes of RBC number, Hb, hepatic MDA and glycogen content, Glu con-
centration, plasma and hepatic ALT and AST, CAT, GSH-Px and hepatocytes apoptosis rate in O. punctatus of OSCS was sig-
nificantly lower than RAS. The above significant parameters accounted for 70.59% of the total indexes. The different changes
of physiological indicators would recover after transportation 48 h, while RAS needed 72 h. Simultaneously, O. punctatus
under OSCS had better physiological performances and stronger anti-stress characteristics than RAS during transportation and
recovery. These findings offer important references and data support to optimize transportation and model during land-sea relay.
Key words: Oplegnathus punctatus; recirculating aquaculture systems; offshore sea cage systems; transport stress; blood
physiology and chemistry; hepatic function
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