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FESES $932.5+1  XEAFRIRES A XEHRS  2095-9869(2021)02-0001-09
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J Al fiE(Taberlet et al, 2012)., %3 AR & i R E I
I A s ) K A8 R RE B DNA R BOR HI W A= 1) 2
MAETE T IZKBR, TFEAT A ) EAG B — RO X R
(Ficetola et al, 2008; Takahara et al, 2012), eDNA FJk
Tz, ATV R R K . F . 508 JRIRIAE
BE 40 il 5% (Turner et al, 2015; Klymus et al, 2015;
Wilcox et al, 2015), Jf H H i i D 8 K FE 1 R 4 53
Hr BV A] 3% )2 98 A H ) (Thomsen et al, 2012a. b), MM
FEARCRAEBLAS , W/ RAE T A X R85 FAE Wik i T
PR . eDNA FORIR KL FE MR Hb T AL G800 27
AR, TEDIRI R R AR e VP A 45y T & #E
YEM.

CA=HE X eDNA FERE A A5 sk B A E 1 7
5% (Deiner et al, 2014; Jane et al, 2015; Sansom et al,
2017), RIUKIKTH eDNA 76 H SR &1 T 5 Fefitt
Hafem s by 1, DU R B 2088 3 31 5 B ik
TR E o AN, SUREE 534 eDNA A B Tk il Ho s
Sk SRR ) — 25 W . R, X FAEE AR L KR
R AR LT i AR T Ry 52 2 BV TR PR Y, eDNA 1Y
A B S AR A WEFE AT IH 4 A PR (Yamamoto et al,
2016; O’Donnell et al, 2017), T f# eDNA {E/K A& rh3"
FRORITT B A R X T SRR B T R 2 () 4 7 (R A e
REWMITREIY EHIREYHAE) BAHEEE X
(Shogren et al, 2017), Xf /K& eDNA A5 fLHL A Y
TR AT B AR W) RhaE B 5 A ) 8 PEAS 19 i 42
— M1, A eDNA HORXF H R W Fp #E4 738 2
AR AERR %) 73 A7 6 B AR (R 2. 1 eDNA 7E/K 1A
oA 2 Z R RS, SR S L K . DT
FEFNTTFR ) P B 1755 (Deiner et al, 2014; Robison et al,
1981; Saba et al, 2012; Wotton et al, 2001; Maggi,
2013). X EEERYIFN oA LA A H A P 2R 1Y 52 e By
3 eDNA B A ELoT A R A9 # A E B Y o e s
LB R 0, M i eDNA SRBCH 3800 B bR Fh
{7 BRI H — B USRS g e py a8, 1 H T2 A
TN eDNA /K- A 18 8 2 (Thalinger et al,
2019), 1RV KT B A A R AL, BRI S T B —
A Jit (Turner et al, 2015), AHF 5% ik H A [ X) iR
(Fenneropenaeus chinensis)fE-& Bir#iFh, HEFF1
IREREE R I B AR I F 5T K I8R, A eDNA T B/ A /F
hEEERER BT Ui S X KR eDNA i
i — R W R (Turner et al, 2015; ZRMi4E,
2020), BRI TURRY) AR BN AL IEAEN, A
AR T ANRL A A BB eDNA (123 4 45 5 L ABIFSE
SR RWER ST NS . (1) TEE R E T 8 S ubfi i
ANEKEREE . H . JER)RAK, BFFE K M o Hp [ X SR

eDNA B AL (2) RERIZTIRYIFIETEN
S8, AU KA B R R 7 X Sl A A
SRR T h EIXTER eDNA ZE/K 1 4310 KA AR
Wi A ER L B M R T SR AR A LA KA Ak
eDNA FASE B HAD YA BT

1 #REFE
1.1 RHEuhfir

B b R R T Hp R KR R 2 B 5 B T K R A
FriEifE 101 SRMFEA T 2019 4F 12 H 21 HAEHE
TR R A AR XRS50 A (1990) % Hi [ X R R AF 58 7
T, 7 G R A 2R L, SR 8 iz, F
3 2RI RS WAL R L L R 3 K
JEAKAE, Hih, RZOKAEIEHET 3 m TN EBUK,
HZKTE 20 m ZE A KIRRIK iR JE K FE 0 67 7K IR
FHIELLE 5 m 22457 B UK (ELAACRAE G AR 4 1
O SNV MERE A A2 5ly), BACREEA B UL 1, SR
KRME R 1,
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Fig.1 Sampling stations in the Yellow Sea in Dec. 2019
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BRERAE . g P E X IR DNA (eDNA)M TE B4 1 B0 K 5 ) P 4048 3

F K (mtDNA CO 147058 . 51 W& A 5%
(2019), Hr, COIPF 5 COI PR fE Jy i PCR 5|4
FHR ) £ BRLBRE & DNA, COI DF 5 COI DR £ 4
JE PCR5|Y, ¥ 3460 B R B8 PCR 59T
PR B — oy 51 SR A TAY TR(E
) By A R BB o

F1 BUEGIREEKER
Tab.1 Station location and sampling depth

®Z PR OKRE

1.3 HEXHF eDNA E &

it FHUE BETE XK T e DNA HEAT & 4R o BEHL LA
9 47 mm. FLARHN 0.45 pm AYBEIGEFAEDERERXT 1 L BT
ROKFEE IR (FEISE, 2019), HAKEER 3 P17 H
AR 3 ASBIVEXT IR, it 75 ASREAS S sk S A
HI5Ye, i 9B 5L 5 B K IR T B 40 A G B A S
AR I FRIE, 20 CHA7F E B PE1T DNA $2HL,

1.4 eDNA f£E

i L%fi N L?ftﬁd ];th i K K {5 PR £ 64T eDNA $REC, ELARIRIUT 25 1
Station (go) ©) (HI:) Surface Mid Bottom Renshaw Z5(2015)FF LAk, HEARIREETR N .
m m o CHEUEIE KRR 5 . I3 70 22 11 4
OO LAY, AR, BT 2 ml EEEOET;
10594 122.50 35.00 68 3 20 60 B LERIIA 570 ul 19 Buffer ATL £l 60 ul HEH
' ' fit} K %57 (20 mg/ml), W HERR G , FHR GWIR A2,
10794 12330 3459 79 3 20 70 NS S et :
12304 12295 3400 51 3 a3 TEMEIR/K I BN 65°CKIA 3 h, /K 1E] , £ F% 15 min
’ : BBV A B P A H2s 4\ 3 B f 2 b
12504 12307 3356 71 3 )1 63 %%,J\{ﬂ{ﬁ:ﬁ/_‘]% l; B, TR R, B 5T LS
13994  122.52 32.57 35 3 20 28 ﬁﬁ%$§%ﬁﬂ%’
14194 12331 3257 39 3 14 33 )1 PE}‘L“ E_V‘]ﬁ”/\ 630 pl Y I?uffer AL Fil 630 pl
TR CBE, IRHER 15 s, MHIRAA); % 2 ml
*2 AMRMBENSIMERS
Tab.2 Primers and probes used in this study
1% Glk7 2l SEPISITYE S BRI
Primer Primer sequence (5'~3") Annealing temperature (C) Size (bp)
COI PF TTGTAGTTACAGCCCACGCT 56.4 597
COI PR AAATTATCCCGAAGGCGGGT 56.7
COI DF AGGGGTAGGAACAGGATGAAC 57.7 106
COI DR  GACACCAGCTAGATGCAGCG 59.1
Probe 5S'FAM-TCAGCTAGAATTGCTCATGCCGGAGCTTCAGT-3'BHQ1 66.2 106

BLEPRIR AWM E] DNeasy B0, 25C
8000 g B> 1 min;

G B OAENIA 500 pl Buffer AWI, 25C
8000 g &[> 1 min, F[E.LAERIA 500 pl Buffer
AW2, 25°C 8000 g &.0> 3 min;

@ DA 1.5 ml BB DA T, 28
OFEH YA 100 pl Buffer TE, 25°CH¥E 1 min, 25°C
8000 g &[> 1 min;

eDNA $2ICE S, 37 BRI T G 84t
BETHR I e B ) i, # eDNA AR IR E & T
250 ng/ul (ST RE T PCR R & B R FRIIRE 5 (1)
DNA AR T 250 ng/ul), WPKHIEATHRE . 1254
eDNA K& I EL 10 ul DNA I, FVEB IR GEE IR
HLUK RN B2 PCR €70 #T, LAY 90 pl eDNA ¥

80 CIRAFHH
1.5 rEXER eDNA EEHT

PR AT $2 B eDNA KR BBI ZEanfh2e A7 R
/N w] ) 2xTagMan Fast gPCR Master Mix (Low Rox)3E
A2t it PCR AN & 7@ o, & PCR
(Quantitative PCR, qPCR)¥" 1 (1) [z I A F 2 B 5 &
VLR A5 2ORR ] 20 pl (KR (55 3). qPCR 4714 [
JF: 94C 3 min; 94°C 5s, 60C 35s, 40 MEH,
qPCR ¥ 341X 4% A ABI 7500 %52 f PCR A, JRKidR
HEG DNA SR E eDNA FESLTERA 96 FLARY
Wit 3 4~ qPCR A, &4 96 fLtkixE 3 A-FIHExT
HR(TCHAR) 5 3 4> BH X B (X R L 4 DNA),
JFCRLAR U i DNA HKIKM 107 copies/ul LA 10 475 ()9



4 Wl R

g3
-
|

%42 %

BB R BER] 10 copies/pl. S50 3RAGT 1Y B A7 K R H1 268
XS TIE AT, B eDNA A Sl fe 2 145 DU BH 1
PIGRE S R v, TR GE R SDS 1.4.0.25
AR CUiE, JfAEbRiE 2 59 1 ih e .

#3 EMRHAEEPCREMEARARAE
Tab.3 Real-time fluorescence quantitative PCR
reaction system and dosage

SRR F JH
Reaction system Dosage (ul)

2xPCR ¥ IR 2xPCR Master Mix 10.0
COI DF (10 pmol/L) 0.4
COI DR (10 pmol/L) 0.4
%4l Probe (10 pmol/L) 0.4
4 DNA Template DNA 2.0
&K ddH,0 6.8

1.6 REMBYBHLRELEE

PEPE I R ERY 3 N 37(8694 . 10594 F1 13994)
R R 2 DT CR A 3 (57 R 40 12 0 SRS o 2 AU 3 A 7
WHE). RIZVIFRYII RS TAETE R — Mk o i,
RAERS, PR VAR H T R RIURIURY), 7R
Ve A5G 5 B8 T TH B8 2R I b, HEH SR U 25 h 5k BR 1
K DLk AR A KR . SRS , SR A
FHRALZE AR Mgk 2 i DL RE SR il 28 SU5 3% o FE S TG
WEAAE, T20CREPRAE, iz f kLR
FRRETE-10C Ay, e i B 0Rfl. 2020 4F 1
H 3 HEEER SR = 5 Sr RIE AT 5058 . 3 i i 1)
RIZVIBY R 3 LA BTN 14 151
B YR B AR (K x P8 <3 . 35 cm x 24 cm x 20 cm),
N3 1000 g DLEIRE LA 10 L AN TifEK . SE56ad #%
W, TN TR K 45058628 qPCR A, T Hh [ X R
eDNA f#7E. LA BT, ZrliRA) 3 ANSEmd, fiil
FWEFUOER, RE 1 L FZKEEG AR
I EXTEF eDNA B4, ISR, 20C
TRAFRF o JUREJ5 1a) B BRAR vh BRI AL 3 L N TIEK
PLORIE T R IR B — 3, BF H 15:00 MRS, 142k
171, P SEim A B fE = N T, SIRRAFFE 10T,
KR PRFRTE 6°C Il i) 25 A HF LR, i SE ik
AR T S AR PR, I B K vk, S
WEE RS, XTE RS G — 1T eDNA AU BUM
qPCR K&, 28 P S256 A I XTUF eDNA A& 4 . R
K qPCR M ik fml (1.3, 1.4 Fl 1.5),

x4 TRFHRE
Tab.4 Setting of experimental condition

S RZVIBRY ANTK PATREA%GE
Experimental Surface Artificial Parallel
group sediment (g) seawater (L) samples
8694 1000.00 10.00 3
10594 1000.00 10.00 3
13994 1000.00 10.00 3
%% 1 Blank 0 10.00 3
1.7 BESH

F G B 2 b AL AL B S ] Excel 2016, R
3.6.3 M HAE I & FF 5% R Studio FRAAALBE

2 HERE5HH

21 5|45 R ELeiiE

2% B EE I FEL UK RS N 2 B, 514 COl DF/
DR WP 1 T E X EF mtDNA CO 1 K4 106 bp
WHM R B, WK R—W5e . TAe (8 2), 5
USSR 30, BT o Y ek R 4F

2.2 FEXH CO I EFE qPCR ¥ A FR & £

ML 3 AT LR A S 50 B 10 iR A M i DNA
WeFEAE 10~107 copies/ul 5 N BA BIFRILMEX R,
Vi B AR BIF 5% 48 7. 1) s 1 1R 28 B A% o B 1 s 7 v FE X
HF mtDNA CO T FEH P 3 .

2.3 thEYER eDNA 97 # i

K 2s B o, e 8 Nulifi g . b K
Ferf, IK)Z eDNA # N S R M EZEA R EER
(P=0.003, P=0.0009), F&~ 525075k, JIE)Z K14 eDNA
OB R TR PIZKIEER 5). 8894, 12394 FiI
14194 35 3R)Z eDNA WERTH)Z, Hr, 14194
Ui 3 )7 eDNA Wk B ey , 3L T E X EF eDNA 43
M ARZE D IKZEZE 4).

24 RERBYBRMELIE

F NV B 45 R wos , RZDURYTESH
FVEH T S KRR B OR & p XTI eDNA, H
i, 8694 5 10594 vV ESCREE 1 KRB e ,
4351k 1624.06 1 3453.34 copies/L, i 13994 3 7E
52 RBHCR AR B, A 1143.24 copies/L, 3 5K
K YT R ) eDNA $4 U1K 55 ik a) &2 6k 56 ¢
o WHIESS 7 K020 4F 1 A 9 H)faTHae HARFRE
BARIKF (3 6 FIEL 5),
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Three rows of lanes are for the same sampling station
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Fig.3 The standard curve of qPCR of
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BRI A, X eDNA MR EEHEFT 40T HE D, Ef2
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#z5 HBSMEMUAFRKERPEIEF eDNA iRE
Tab.5 Concentrations of F. chinensis eDNA in different
water depths at eight stations in Yellow Sea (copies/L)

w5 xRz iz JEZ
Station No. Surface Mid Bottom
8694 1898.74 2882.14 3465.42
8894 1818.40 1401.69 2212.25
10594 1616.72 2163.28 2551.10
10794 3582.64 7267.49 9338.28
12394 1789.86 1160.17 3054.33
12594 2689.88 3476.83 3425.31
13994 1415.96 1817.87 2596.97
14194 1735.86 1130.94 1118.00

TEWFFE R, b [0 IR 7 B A 37 32 28 DU AR 1 F 7
2 MEEEE . 2B g B (Ophiuroidea) K /N fit
RBNE, BSHETEE 4 (QUberites domumeula)
R FRESE, 1990), MG rp [ XS iR X — & I 1, T
DA 0 [ X6 MR A e A I i o R v N i B
A TR JZ KR o TG 45 S5 3 — AR AF « 4 30
FHE TR eDNA JICJZ W BEARXT 3K o[RBT, ZE8 Aok
FEAE R B4 TR ) EE eDNA SRR, i TR IR
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Fig.4 Concentrations of F. chinensis eDNA in different water depths at eight stations in Yellow Sea
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Tab.6 Variations of environmental DNA concentration

of F. chinensis released from the surface substrate (copies/L)

i 5 Station 1d 2d 3d 4d 5d 6d 7d
8694 1624.06 1000.07 281.30 342.61 329.11 153.95 247.09
10594 3453.34 2812.50 1283.75 1039.92 544.87 640.89 270.17
13994 494.87 1143.24 1020.98 687.93 616.26 264.56 188.96
‘3“5)88 I —o— 8694 410594 —e- 13994 PEIIA BOEAE
2 : p—
g ol 32 IKIEREX eDNA 5375 KM
Q
O 2000 _ . .
#1500 L ZER BN, P EXTIFA) eDNA 75 H SR K & i Sk
= y o 3
® 1288 I S E R B RZWR AR A, (H 889412394
0 F1 14194 ARG IS5 5 5 HA sl 67 A AE 25 57 o TR RAE T

i5pfa] Time/d

Bl 5 =N E XU eDNA 3 A8k

Fig.5 Variation of eDNA concentration of
F. chinensis in laboratory experiments
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(Minamoto et al, 2017; Maruyama et al, 2014), ¥ Fhff
Fa LR 2 A B 25 B ], 245 =5 eDNA AR ME
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FEAE—E BB, LA iy X5 BT JR o 2 500
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AT eDNA 475 B 2

AT KL, eDNA 2 7EKIR S TR 2 1] XL ]
Rzl FEMERANFEAE v B R4 ) 3 B eDNA
KR, AMUSTEVIREVEA T A DU, I+ H TR
SAEAN N B . AL sh A R TS PE
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Preliminary Study on the Vertical Distribution of Fenneropenaeus chinensis

Environmental DNA in the Yellow Sea and Its I nfluencing Factors

QIAN Tangyi'?, WANG Weiji**, LI Miao?, SHAN Xiujuan®*", JIN Xianshi**

(1. College of Fisheries and Life Science, Dalian Ocean University, Dalian  116036; 2. Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture
and Rural Affairs, Shandong Provincial Key Laboratory of Fishery Resources and Eco-Environment, Qingdao 266071,

3. Laboratory for Marine Fisheries Science and Food Production Processes,

Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071)

Abstract Accurate knowledge of species distributions and population dynamics is the basis for
fishery resource assessments. However, it is difficult to monitor certain species with small populations or
complex life histories. Recently, as a new monitoring technology, environmental DNA (eDNA) has been
widely used in species monitoring, biodiversity assessments, and biomass assessments. In this study,
eDNA technology was employed to understand the distribution of Chinese shrimp during its winter
migration. In December 2019, we collected water samples from three water layers in the south-central
Yellow Sea to test the eDNA of Chinese shrimp Fenneropenaeus chinensis. In addition, laboratory
experiments were carried out on the surficial sediments of the seabed. First, it was found that the eDNA of
Chinese shrimp exhibited a specific vertical distribution in the natural water, which was characterized by a
high concentration in the bottom layer and low concentration in the surface layer. This distribution is
related to the life habits of Chinese shrimp. Second, the surficial sediments would re-suspend and release
eDNA to the surrounding areas under the action of external forces, causing a large impact on the water. In
this study, the surficial sediments were divided into three experimental groups. The maximum amounts of
eDNA released by the three experimental groups were 1624.06, 3453.34, and 1143.24 copies/L, the
effects of which lasted for approximately a week. It is hoped that this study will assist with the eDNA
sampling design in the future.

Key words Environmental DNA; Chinese shrimp; Distribution; Surficial sediment; Biomass
assessment
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W (Trachypenaeu scurvirostris) Fl H 7 48 (Charybdis
Jjaponica)SE IR ICEMESN Y 5 17U 25 Wy PE ARk P Al [ 7
RO YIEH-22.09%0, JICJZ A YRR Bk [F] 47 25 735
HEHL-17.19%0 (22, 2005; 2= X, 2006) .

1.5 HiEALE

AT 5T Xt SRR AR . AR E R R T 58
i, IR E R E R, 5 A T
KR AT A S8 FR PO B M M 45 SRR AT X L
B HE b FRAK 4R Excel 2013,

2 #HR

21 RERMEVELER

SFFHFSE H I E ) 36 FhfaZs, FES R 6V C BTE
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Fig. 1 6"C and "N values of 36 species of

marine fishes (Mean£SD)

22 BEEFERHSWER

MR8 S B0 72 1Y 61N THAAS B A 5T Fh Y 36 Fif
WIS A E IR, RINE 1 i, KB FRRuR
K 2.75~434, BMEERER 159, FHE R 347, Hrb,

i (Miichthys miiuy) /) 5 35 K Fe K, % 4 4 (Nibea
albiflora) W E S K= o

23 BEEREMTHILFMSENESR

THEARAS 1Y IS 2 TR TR e (Bp) H, H [
—0.43~1.37, MEEE N 1.80, Hrh, B (Konosirus
punctatus)i) Bp {Ef/N, B4k (4trobucca nibe)Rd Bp
(B F R o AR RS2 VERL TR U (B 7T 0, A9 A
1 36 FhiEfed, A 4 Foh e 2Ry BT,
8 FmRtiE EHAEEEE X L), RGBT
12 %, e WA BTN 12 B (R 2) ARFFER L
Hih gt mk,

24 EFRZHAMBEFITER

SRS (2015) ST K AW 5E ) 36 Fiifs
AR E SRR R 3 4L, 55 IS FR %A
(TL<3.50) . M7 38 90 4H (TL=3.5~4) il &5 & 5 Jh 41
(TL>4), FHXPARRI M B R BT ge i (E 2) % 8L,
W SRR S E K2R, mE TR AL
FEPr B0 (8.33%), HARRIRA M. HEFR
9 21 S R 1 1 f R 50 B S A B A Ak, S A
— O TE AR BT . ARE IR BT LR
(52.78%), LLRGEMEMZERICHEM N,

x1 BEEBRFBILMMEFEXEFFIERILL

Tab. 1 Trophic levels of 36 marine fishes in Yellow Sea and northern East China Sea
p— AR ZE ¥ Analysis of 6°N B %Y 53 ¥ Analysis of stomach content
Fish specics A gEES OBRE% BA% e %
This study (2005) (1986) (1992) (2004)
ff  Miichthys miiuy 2.75 3.58 3.40 3.40 4.34
B8 Konosirus punctatus 2.81 - - 2.00 3.22
iREE  Pampus argenteus 2.82 2.48 - 2.20 3.12
ghigth  Chelidonichthys kumu 2.86 2.35 - 2.80 4.10
MGkt Atrobucca nibe 3.11 - - - -
Efifh  Ammodytes personatus 3.14 2.55 - 2.30 -
HAES  Scomber japonicus 3.15 - - - -
) Ilisha elongata 3.21 - - - -
WA EE  Paralichthys olivaceus 3.23 - - - -
W) Setipinna taty 3.28 2.99 2.40 2.20 3.22
/N Larimichthys polyactis 3.30 2.70 3.10 2.70 3.7
WSk Collichthys lucidus 3.31 1.91 2.70 2.50 3.7
K4t Zoarces elongatus 3.34 2.82 2.40 2.40 -
Hulifh  Argyrosomus argentatus 3.38 3.38 3.20 2.90 3.81
REREWINE  Gnathophis nystromi 3.42 - - - -
FI#8  Psenopsis anomala 3.44 - - - 4.03




2 FIRFESE: BT AR E R R AT I8 80 AR gL B 2 e Rk 13
gR1
o A K ZANLF % Analysis of 6"°N B & W7 M1 Analysis of stomach content
Fish species ARG RERE  AERE RS e
This study (2005) (1986) (1992) (2004)
WA DE  Scomberomorus niphonius 3.45 3.62 3.90 3.80 3.89
okt Harpadon nehereus 347 2.60 - - 3.55
Kighll  Saurida elongate 3.49 3.49 3.80 3.80 -
LVt Saurida tumbil 3.50 - 3.45 - -
Vi34t Trachurus trachurus 3.50 3.02 - — 3.80
EHIREYE  Cleisthenes herzensteini 3.53 3.30 3.30 - 4.20
I e B4t Ablennes anastomella 3.53 — - 3.80 -
F Rt Johnius belengerii 3.53 3.38 3.30 - -
Fa AT 5 Cynoglossus robustus 3.65 2.46 - - -
Wt Trichiurus coxii 3.65 2.82 - 3.40 3.81
. Pagrosomus major 3.66 — — 2.90 4.40
RNkt Hexagrammos otakii 3.69 - 3.00 - -
KF-##E  Clupea pallasi 3.70 - - - -
YRRl Sebastes schlegelii 3.80 — - - -
Z e Sillago sihama 3.82 - — 2.40 —
TBEF e Tylosurus leiurus 3.83 - - - -
fifi  Platycephalus indicus 3.93 - - 3.00 -
FREMEM  Synechogobius hasta 4.02 3.24 3.00 3.00 -
Sk #E Gadus macrocephalus 4.22 2.53 - 3.50 4.50
¥t Nibea albiflora 4.34 - - 3.00 3.93
e =7 FRORARBACESE, TR
Note: “~”: Data unavailable. The same as below
*2 HBNMRBILMIMBFELNEBENESRRRITLL
Tab.2 Feeding characters of 36 marine fishes in Yellow Sea and northern East China Sea
fH R Bp ’I’S%ﬁ%ﬁ! Feeding character‘s
Fish species Bp value A oK LI kA
This study (2004) (2009) (2011)
sz Konosirus punctatus -0.43 TR EYIETE MYk - -
Efifa Ammodytes personatus ~ —0.41 EETFIREYEE - - -
KV-PEslE - Clupea pallasi -0.30 STV EY - - -
Bk Collichthys lucidus — ~0.08 SERTPIE R SRS - -
K 4345 Zoarces elongatus 0.36 BEEM - - -
el Cleisthenes 0.41 REEE JEAT | ek Sh etk - -
herzensteini
Wity Scomberomorus 0.41 RAEETE TR AR - -
niphonius b
H A Scomber japonicus 0.41 BEEN - - -
FREMEM Synechogobius hasta 0.47 BEEM - BEEM -
Jili<tte Hexagrammos otakii 054 RA it - YR b -
Bt Nibea albiflora 0.56 Reatk - SE 4z JERTAEY)
EE7/h=is ik
/Neift Larimichthys polyactis — 0.59 Raatk TRIE . RIERIRK TRA BN Raatk
YTk
F3LAE  Gadus macrocephalus 0.68 BAEH - - -




14 i R A S i 2 %425
k2
HEBBEEZAY Feeding characters
LTS Bp ffi — — o TR
Fish specics Bp value ZFEﬂ:jL GiSl&5 ZEHRNE R
This study (2004) (2009) (2011)
Hidifa Argyrosomus 0.70 RA B BEA . SRkt iR ErE WA
argentatus ﬁ\ﬁ
sttty Chelidonichthys kumu 0.72 Reeht SN BB - REE
HRE  Pampus argenteus 0.72 RAEEH FHEWS et AN REEHE
FilkE s Cynoglossus robustus 0.78 JRWE A Btk - - -
sy Seripinna taty 080  REVEMIEME RS BAfr  RASURR
EYrEtE
Kt Saurida elongate 0.85 T A=Y B - TRIEY e -
IV T BiET £ Ablennes anastomella 0.88 JEWIA Y - - n
W Miichthys miiuy 0.91 A AE itk - méfﬁ%*@i% -
=X
VEIG Al Sebastes schlegelii 0.92 JRAAE S B - - -
WA WE  Paralichthys olivaceus 0.92 AL ) B - - -
TCHEIRIS4Er £ Tylosurus leiurus 0.94 JRAAE S B - - -
WAt Trichiurus coxii 1.03 SR At - - -
ZVGUEES  Saurida tumbil 1.03 SEL AR B - - -
B  Pagrosomus major 1.05 SERJEMIAEYIETE TRk shr et - -
2z Sillago sihama 1.05 SELTEWIAE Wk - - -
fif  Platycephalus indicus 1.10 S E Y PE - - -
RERWEE  Gnathophis nystromi 1.11 SEARMIA et - - -
‘ 1.14 SERIHAEEYE Rk E Tk - JRARAEY)
HIE  Psenopsis anomala ik
et Trachurus trachurus 1.19 SERJCHIAEY B TRIE. ISWERIEIK SRR -
" ‘ et ATt
) Ilisha elongata 1.21 SRR BT - - -
P y o ayn Pt J N=Ppas J S
o3t Harpadon nehereus 1.22 SERIRMAEENE Tk EtE RAEEME g{;ﬁii%
WGkt Johnius belengerii 125 RN EY B - - ggﬁi%
Mhth Atrobucca nibe 1.37 SEA A Y E - - -
L Wi IRl ST I A AR ] SRR 45 5 5 2 A1
3 itk b, 03C 1Y B B AR 225858 /N(8.78%0 vs 7.04%b), Tl 0'°N
. R B B 2238 K (3.9 %0 vs 7.17%0) 0 %5 SR 2
31 k. RRERMCELEST ) . N s
" SERRIBERESAE 2 Ab, 2 AR RRER A B R E ]
PR IR AR | RS E AL sz ARG Fhm b Ao MR A A K o B gh fa s s fa), B, 3

SR ZTT N, (RIS [ £ DR HC AR 7% o2
BT, WAl RESECEANN 6°C M 6PN &
AR A 1o AN 36 FhifFiE e, p
19 Fh 5 ZE 48 12 45 (2005) 7 2 ¥ AR ¥ R AT A9 T8 2 A

Fasg R 2 ) M 25 AL ST .

WAk, DR RM, ER—AEERS T, R 24
Wy R) B B R E TR 25 RN T 0.60%0 38 K T
1.50%0, fEFIARX 2 NMIFIEIAFERHERR, KA
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FIVR T4 ZE Tk . RS E A7 RTS8 B S R I E o o 8 2R A i TR R ALk 15

X FRT—FIESL, e REAL T — A E SR L
X TG —Fh, X 2 MR Z I B DEAELE | AE SR
KCEEZE, 2015), B, ABFFE T 36 FhifE s,
O1C MBI Jy 8.78%0, MAFIEZ AN EFIZIR,

Xif T R — Fl A0 B e TR 22 HU A, Heal R e AR TR
AR, PR S AN 2 & BRI = A 25 5 5k
TSR (2019)WF 58 1 K LIRS A A T X A 2 4 )
ZER X T 2012 45 # A fmfE X, A CSE ) 61 C
(—17.19%0) 5 A WF 5 (—17.58%0) 1 22 45 /N, {H 6N
(14.30%0) 5 AR HF5T(13.04%0)FH 2230 K o X B iF & K
N T AR DX HCAR I 5 H A F e b 3ol PR B 2

AWFgEH, ANE Rk . EZRE R R ILT T
FHOCHE(E 1), X2 R T SR 05 B K 3.
6T T[] — £ A A2 E [ 28 4387, Pethybridge 55
QOISR A, KEE4H i (Thunnus alalunga) LA
HAUP R . BARE A 2 B A R AE G . B
EQOIT)FI AR E R RECRZGE & B & W otk oe
T W P 88 A0 0 (Thunnus albacores) IR E M. i
TR FE A 4 I R R AR [R50 3R 49 B v R A
R E s, oI RV ARt T LK

32 BFELXNERFMRMEEI

X AR 25 3R G A W 3R ORI B 1 1 4
FE R E ST . RO R W R AR
PR, (EXTEE A TR B, 75 BT 2 I
PIEIR NG T, HAES A MRIRZECEYNE
PERERLES ARSI B ) . XTI, Ao R 3R
SN TR RN, SR WERR(E E, 2015),

AHF AT ) AR PR A B, S X SRR A5 (1986)
XD S B ST, 5 RS (1992) % B 0 2R A ifF 5%
DI Bk 1 55 (2004) % 2R i MBI (S W IFGY o Sl X
FL R, ANFEAEAR R RNG R R a2, HOE IR
g 25 RAFAE—RE MM 22 o TR, 3K I% 25 (2004)ffF 5%
KIS 28 SRR AR A R
B, LR B, A5 HE SR 905 5K I 55 (2004) Fl
BX A B 45 (2005) I BF 8 A LE 43 B T % T 1.59 F
0.83 1B 2K . X ] AE-5 AHIF I Air R AR I A AL K
AR BA G, AL, AL R 5 Pauly5§(1998)
P2 H B 7 BB ARV 2 B R R IS A
RIAE & B A B2 ) T, 1A B R G s SR
o A Gl R AR AR R L ST I E R =
PR S RFLU b, IS B0 3K 4 1 L A 2 1l g
AN | B FRPAR . LT U (BRI Y Fh 28 % AR
(L0096, 2011; FEH#, 2015).,

AR E NN RERE, Hp e A2

RURFZNER, MR MR —E B Lk
FIEE A (2200 LA, 2009), ABF0E i 5 DU
Xof BT R ZR L # S R A RIS X e R B, AR
A 10 4, HatJLFERAZN, /e,
RERAE(R 2)o HABMSE A B VEBEAEAUFIEE R A [
MImAT i 22, A e fa ek 5, BRI [E i
TEARTA A K B B B P & R A el (kI 46, 2016),
7T 7 ] £ BBORE I AN 1T BE A (4 I A R A 3 R 38 44>
A, IS0 B AR5 R

BRI AN EMGI A R (B 2)F LIAER
(KIS, 2004; 28 CEE, 200004 H, BRI G
PR A 32 AT ) AR SR AR R, W,
IR R 2K AR B A 58 R IR 1 32
SRk 2 AR BALY 29.41%F0 41.18%, X FhE
O, —J5 T R RESE: Fh T 455 1 0 (v v rh PR AR 0 1Y
P RN /b, 30 f B B i R R MU T RS
Fl, Hp R ReaE; —hm, b &
BEFRRFRF TR Z UL R i oy 2 & H oA
2, LS PR R AR AR T, SRR T 5
M, a0, Henderson 5§ (2014)%) K P4 ¥ 7 &
(Paralichthys dentatus) W5 UL T 3X — A,

W SERTFIAEY A Complete plankton-feeding

o RA ' Mixed
m JEEWELE Y1 Benthos-feeding

3 B 5ERJRAAE YR HE Complete benthos-feeding
§ 6
&5
G
s 4
3T
ol
0 11

<3.50 3.50~4.00 >4.00
BF%44H Groups of different trophic levels

Bl 2 AWETE P ANEE SR I ISR PSR
Fig.2 Fish species of feeding character in different
trophic levels in this study

e B EREAREC MRS, RN
WY )38 32 9, v WL ki) B 8 37 2 k)
AR Al 38 i T LA A X TR ] B I A I T £ 2k
BRYIIFE, FEESQ014) KB, I IRHIE
BOA TR, DA TR E B PR R 1 B R
P =AM A AR EIVE SRR IRE N ERN A
AT [EE, ASHESE A LA B BF TS X H R B, ER4
M E TR R T BRMUAR , B T 3 KB
A, A B RO B R R S O R U B
1) — K R AE, 2004)



16 ook B

2 R 542 &

2 % X M

Cai DL, Li HY, Tang QS, et al. The establishment of continuous
trophic levels in the food web of ecosystem of Yellow Sea
and East China Sea: The results from analysis of carbon and
nitrogen stable isotopes. Scientia Sinica Vitae, 2005, 35(2):
123-130 [#48ke, 22203, FRTE, % BARES RS
B S E R A L Ok A Bk AR E R L 3 5 R4S
R hEREE CH: AElE, 2005, 35(2): 123-130]

Deng JY, Meng TX, Ren SM. Food web of fishes in Bohai Sea.
Acta Ecologica Sinica, 1986, 6(4): 356-364 [XB5ufE, o HH,
TERER. i B YRR OITE. AR, 1986,
6(4): 356-364]

Du JG, Ye GQ, Chen B, ef al. Changes in the marine trophic
index of Chinese marine area. Biodiversity Science, 2014,
22(4): 532-538 [FHAt[E, MOULIR, BRME, S, e
PRI E FRPASBUEAAFIE. YRR, 2014, 22(4):
532-538]

Henderson MJ, Fabrizio MC, Lucy JA. Movement patterns of
summer flounder near an artificial reef: Effects of fish size
and environmental cues. Fisheries Research, 2014, 153: 1-8

Ji WW, Chen XZ, Jiang YZ, et al. Stable isotope analysis of
some representative nektonic organisms in the central and
northern part of East China Sea. Marine Fisheries, 2011,
33(3): 241-250 [Z2HFNh, PRI AE, 2, 5. ARigdhdt
FRlFK sh AR e i AUR AL R ST, Ml 2011, 33(3):
241-250]

Ji WW, Jiang YZ, Ruan W, et al. Stable isotope analysis on the
feeding character of representative fishes during spring in
central and northern East China Sea and south Yellow Sea.
Marine Fisheries, 2013, 35(4): 415-422 [Z005, WY,
DU, & T ReE [ R 7R o M AR T v AL B e i
AR R B A S PEARAE. WL, 2013, 35(4):
415-422]

Ji WW. Ecological studies on the food web structures and trophic
relationships of northern and central East China Sea using
stable carbon and nitrogen isotopes. Doctoral Dissertation of
Graduate School of Chinese Academy of Sciences (Institute
of Oceanology), 2011 [Ze)di)h. ARG EEHFK Y
Y ZEAGFIE TRV TE. T ERE BT 58 A B
CEFEERF I T R 5T 2 2408 3, 2011]

Li ZY, Zuo T, Dai FQ, et al. Study on feeding habits of
organisms from Changjiang Estuary and adjacent Southern
Yellow Sea in spring with stable isotope technology. Journal
of Fisheries of China, 2009, 33(5): 784789 [Z=iL X, i,
WOTHE, S5 KU Mepg i KA AR i e R S
FaE M ERFFE. KF=2:4), 2009, 33(5): 784-789]

Li ZY. Studies on the feeding ecology of dominant fishes and
foodweb structure in the Changjiang Estuary and Southern
Yellow Sea with stable isotope. Doctoral Dissertation of
Xiamen University, 2006 [Z25H X, W FfaE R ZH A
WFFER VLI B i /K Sl T A0 S B E S R ) I 4

. B TR A ST AR A1 3, 2006]

Ohshimo S, Madigan DJ, Kodama T, et al. Isoscapes reveal
patterns of 8"°C and 8"°N of pelagic forage fish and squid in
the Northwest Pacific Ocean. Progress in Oceanography,
2019, 175: 124-138

Pauly D, Christensen V, Dalsgaard J, et al. Fishing down marine
food webs. Science, 1998, 279(5352): 860—863

Pethybridge HR, Young JW, Kuhnert PM, et al. Using stable
isotopes of albacore tuna and predictive models to characterize
bioregions and examine ecological change in the SW Pacific
Ocean. Progress in Oceanography, 2015, 134: 293-303

Sherwood GD, Rose GA. Stable isotope analysis of some
representative fish and invertebrates of the Newfoundland
and Labrador continental shelf food web. Estuarine Coastal
and Shelf Science, 2005, 63(4): 537-549

Sun M, Liu XZ, Li YP, et al. Trophic level analysis of key
species in Liaodong Bay using stable nitrogen isotopes.
Journal of Fishery Sciences of China, 2013, 20(1): 190-198
[FhI, XEPE, 28k, 45 R ERGE AR BRI
LR R R 2V AR B R P K™ B, 2013,
20(1): 190-198]

Tao YJ, Mo M, He XB, et al. Feeding habits and ontogenetic diet
shifts of yellowfin tuna (Thunnus albacores) in the South
China Sea. Progress in Fishery Sciences, 2017, 38(4): 1-10
[P e, Bodg, i hfEise, 55, B 96 68 S A8 A (Thunnus
albacores) T & 3P R H Bt K &k B HAAL. Bl it
J&,2017, 38(4): 1-10]

Vander Zanden MJ, Vadeboncoeur Y. Fishes as integrators of
benthic and pelagic food webs in lakes. Ecology, 2002, 83(8):
2152-2161

Wang YK. Preliminary studies on the population ecology based
on fish otolith microstructure and microchemistry. Doctoral
Dissertation of Ocean University of China, 2015 [EE%.
Hof1 Sl A A ANl P 27 7s B BORAE SRR AR 2 P
TR, rp R R A T AR A8 5, 2015]

Wei S, Jiang WM. Study on food web of fishes in the Yellow Sea.
Oceanologia et Limnologia Sinica, 1992, 23(2): 182-192
[Tk, ZTR. ®migaRayMmiis. BeS5wE,
1992, 23(2): 182-192]

Xu J, Zhang M, Xie P. Variability of stable nitrogen isotopic
baselines and its consequence for trophic modeling. Journal
of Lake Sciences, 2010, 22(1): 8-20 [#&%Z%, kM, MHFE.
FRCE [RI7 2B 0 T AR K 38 SR PPN 52 ). W)
IARLE, 2010, 22(1): 8-20]

Xue Y. Studies on the feeding ecology of dominant fishes and
food web of fishes in the central and southern Yellow Sea.
Doctoral Dissertation of Ocean University of China, 2005
(A2, B R v R A B B AR AR S Y T
HP DR R 2 A A 25 AR S, 2005]

Zhang B, Tang QS. Study on trophic level of important resources
species at high trophic levels in the Bohai Sea, Yellow Sea



2 4 FIVR T4 ZE Tk . RS E A7 RTS8 B S R I E o o 8 2R A i TR R ALk 17

and East China Sea. Advances in Marine Science, 2004,
22(4): 393-404 [k, FERTE. B, ¥ RKiEFEEFRZR
HEAEYRRR LN EFREIR. R R, 2004,
22(4): 393-404]

Zhang B, Wu Q, Jin XS. Interannual variation in the food web of

commercially harvested species in Laizhou Bay from 1959
to 2011. Journal of Fishery Sciences of China, 2015, 22(2):
278-287 [5Kidk, R, & RAL. 19592011 43 MLl
BIRRER EYMEs i . PEZKRIEE, 2015, 22(2):
278-287]

community in Laoshan Bay during summer using stable
carbon and nitrogen isotopes. Journal of Fisheries of China,
2016, 40(4): 585-594 [3Ki, =ff, WOTHE. NHEEE R
AR BRI 2 2 2R RS AR A 2. K™
R, 2016, 40(4): 585-594]

Zhang BL, Guo B, Yu Y, et al. Study of the food-web structure in

the Dashentang artificial reef area in Tianjin using a stable
isotope technique. Progress in Fishery Sciences, 2019, 40(6):
25-35 [skifife, %, T2, & ETRERMCREAR
KRN TARE XY AT, ol Rl

Zhang B, Yuan W, Dai FQ. Study on feeding ecology of fish LR, 2019, 40(6): 25-35]

(s D)

Trophic Levels and Feeding Characters of Marine Fishesin the Yellow Sea and
Northern East China Sea Based on Stable | sotope Analysis

BAI Huaiyu', WANG Yukun®, ZHANG Tingting?, HUANG Lingfeng'*", SUN Yao**"

(1. College of Environment and Ecology, Xiamen University, Xiamen 361102; 2. Yellow Sea Fisheries Research Institute, Chinese
Academy of Fishery Sciences, Qingdao 266071; 3. Key Laboratory of the Ministry of Education for Coastal and Wetland
Ecosystems, Xiamen 361102; 4. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National

Laboratory for Marine Science and Technology (Qingdao), Qingdao  266071)

Abstract This study analyzed the carbon and nitrogen stable isotopes from 36 species of marine
fishes in the Yellow Sea and northern East China Sea in 2011~2014. The feeding characters were
determined by calculating the benthos proportion (Bp) with the 6°C data, and the trophic levels (TLs)
were calculated using the 6'°N data. The results showed that the trophic levels of the fishes ranged from
2.75 to 4.34 (mean 3.47). Four of the 36 species were completely plankton-feeding, and eight of them
were benthos-feeding. The number of mixed feeding and complete benthos-feeding species was 12. Most
of the fish species (91.67%) belonged to the middle (TL=3.5~4) and low (TL<3.5) trophic levels.
However, the number of high trophic level (TL>4) species was only 3, and all were mixed feeding. In
contrast to the TL research results of 1986, 1992, and 2004, the authors of this paper found that the trophic
levels of some species had changed slightly in recent years. For example, the TL of Scomberomorus
niphonius had decreased to varying degrees, while that of Setipinna taty had increased to a certain extent.
The feeding character results were compared to those of 2004, 2009, and 2011. It showed that the feeding
character of some fishes, such as Argyrosomus argentatus, had changed significantly. That of others, such
as Larimichthys polyactis, had not changed significantly.

Key words Carbon and nitrogen stable isotope; Trophic level; Feeding character
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RATFFEDEEEHNZTEN
HIERFMEER

e % WERD REXRT ZRES FAT Ftw
ExZ2 3 B FERY ORNEL A 20
(1. FHREPERFK 54 LW 2013065 2. KRS b K 7= 0 58 B
NP AAT TG P R R SR IR T 2660715 3. TG TERRE S ER B K S S vl R 2
HEYre i mIiEsn s HS 2660715 4. SRS ARAT AL 264312)

WE A TR RAREEES—FWE KB F AN BEEENNEE TN ER LY E
%, T2017% 4 A(EZ). TAEZE). 11 AKZE)F 2018 45 1 A (XZ)X £ W73 K 21 Aok m it
TANRAM KB REERE R, AEHE, ZZ L REZ F M 31 8 S A, H 4, # % (Diatom)
24 & 43 ##, W % (Dinoflagellate) 3 & 4 #, %k (Chlorophyta)2 J& 2 #, 4 ¥ (Chrysophyta)2 #, %
¥ (Cyanophyta) 1 fr, B EW X, HF 22 f, FF 20 f, HF23 M, £F 20 #. hHEH
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YA AR R EDR DR A — K, 405
TR UL Bt DU A7 25 8 B M DU R /K DL 2SR A 1Y 3
BRI, AERMIE RV R FENEYORIE, FHEY
P HE 2% 235 F0) RN Z2 R PR A0F 5 X6 T 08 B M DL 2SR 0 1Yy
fat B ] RREL S B S 4R 5 X

FWVE AT AR A SR, K BT B2y
144 km?®, FHIKIEL A 7.5 m, TR E A6 7 #1805y
WAL I 54 ¥ V5 (Fang et al, 2016), FEIEHXTF MK
4 (Crassostrea gigas). #1ifLk# Ul (Chlamys farreri)
I T (Saccharina japonica)&s . H 20 42 80 440 &
JEZEA, SRIWTEIL N TR 2 8 IR 2R IRl
R T BN AMR IR DR FRAE X | DS &5
AFEX IR IX, I B SR X Ay e F|
TV MR R IR ARAESE, 2012), T4k,
X SRV PRI AE ) A DL B L Bl o A R AR AR
ZHEMRHE . LA R FHESFEHET TR (B 2%E4E,
1988; XX 4%, 2003; RULASE, 2007; 2518 5%,
2010; FEmEE, 2017), (HAUBIL IR K B0 A4 S 55
A AN [) A4y R 58 146 3 0 i 55 A8 Ak e AN [R] i Bt
P T J% SR 5 X 1 77 U AT 40 245 ) 2L A 58 0 T R
18 % 5E K R Al S R ) AR A AR R
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F2017F4H(EZ) . THHEZE). 11HEE) KX
20184F 1 H (4 2)TEF 115 (122.48°~122.64°E, 37.04°~
37.15°N) AT R R T H A, iR E 21 uh
(B, RV DIIFRFE X | WA F750H X DL a2
A, H, s, 2+, 4+ NANEIX, B2,
3. ARIEHTIX, A5, 6. 7. 100 11, 1228 DL 4
FHHIX, w8, 9. 14, 15, 16, 18, 19K KX F#
B, N3 DX o XSl AT PR A P R R
AT R A T bR I R 2, A5 BRAL R AR 45 KR
(T). pH. ELE(S). HFf# A (DO). B E(SD), NH;-N
NO;3-N. NO;-NFIPO;-PZ%
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Fig.1 Location of sampling station in the Sanggou Bay

TRE . pH . RNV R A 2 I r
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MI5E, SD 2K s H R #8037 I 2 o i A Niskin SRk
MR EZ 0.2 m Ab/KFE, 2.5 L AT RIS A%
EFTTEL, (A 5% B R A T 1 2 PR A7, 32 [l S5
FEIT gL, [FIRE, SE2.5 LKREH T8 FEEhmE
W5 7 a4 1R QPR A RTE ) (GB12763-2007)H1
BOR AT 45 0.45 pm BERRLTAENERST RS, AR
UIRFRANAA T | BRI R | o AU U A A1
P %E NH4-N. NO3;-N. NO3-N F1 PO3 -P,

1.2 HBFELEBS5HHH

TE 7% A 3R 2% ] McNaughton 0 3 BE 48 %1 (Y)
(Y>0.02 NE#HFN), YFp 2 %CR A Shannon-
Wiener ZFEMHFEEL(H"), PIFI 5T HCR A Pielou
8 80(), AL HIR

n
Y=—*f 1
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2 R 42 4%

S
H' ==Y Pilog:Pi (3)
i=1

K, YRR EE, nhE T DFERE, NA
FEM AR ERE, f ARG B . HOoA A
ZREEFR R, SRR IR SRR, PORES | R
AMARE S BARE A

BOAE AL FE SR B Excel 2016, 3 {7 8246 5% H
Surfer 12.0 4, Fdla e it /AR H SPSS 19.0 # 4,
47 Pearson A4 4T o

2 HRE5HH

21 REBKEIZBURESHA =TT

RIVE KR EEOK RS HOLE 1, £IZKIERFE
AR TGN 9.14°C~22.40°C, Hip, & FHERAL,

VAR A AR 349y 8.80 mg/L, &ZIEMA R
55 pH ARG K 7.84~8.16, HZ pH Bk,
R AR S AL TS L R 31.8~32.7, ML K.
% W B AR SE R 28 A TG 0.88~2.90 m, Hiv, &
BB AR R, HRERIK.

22 REBKFHFEMEE SR T TUEFE

221 FaMaaaFrRAR AW EE R
Yy J& T kE ¥ (Diatom) . 4 % (Cyanophyta) . %¢ 3
(Chlorophyta) . i (Dinoflagellate) , 4 7% (Chrysophyta)
ST, Mt 31 )8 5 M. wEwE 24 & 43 Fh, Hp,
fifi %% J& (Coscinodiscus) 1 /i & # J& (Chaetoceros)
Kz, 6. W3 E 450, 228 2 Fh,
AXEE 2 M, M1 b, RERZJEIRATILR) A, B
FRSLH B AFAE T PR

®1 RAEEEKRRSH

Tab.l Main parameters of water quality in Sanggou Bay
£¥ Z=75 Season

Parameters % 7% Spring H 2 Summer 7 Autumn A2 Winter
KR T (C) 9.26+2.37 22.40+3.13 14.14+1.01 3.51+1.27
R4 DO (mg/L) - 7.41+0.21 8.16+0.51 10.84+0.52
pH 7.84+0.13 8.02+0.08 8.06+0.09 8.16+1.30
EL ¥ Salinity 32.31+0.03 31.85+0.08 32.02+0.16 32.72+0.08
B SD (m) 0.88+0.64 2.90+1.50 1.47+0.84 1.49+1.23
NH;-N (umol/L) 1.73+£0.63 3.14+1.53 3.81+1.63 3.02+1.26
NO;-N (umol/L) 0.28+0.05 0.35+0.04 1.86+0.28 0.86+0.15
NO3-N (umol/L) 2.34+1.18 5.64+4.87 7.92+2.69 7.63+£1.95
DIN (umol/L) 4.35+1.24 8.80+2.01 13.59+3.27 11.52+3.11
POi’—P (umol/L) 0.26+0.21 0.13+0.12 0.21+1.17 0.38+0.27

mF 2 Fios, SIS R SR W, Phd
FIfEA AT P BEA S X A E, BT
F, BHEAH 2~4 PR, B AREESE, Nagk
F, R G R T 2RI 69.3%~89.5% 141
i, i, HAEIAHIEEAE 4 DR, P
By EAE 0.24x10°~3.89x10° AN/L 2 [0), 4% 8
A LTE 18.6%~84.9% 2 [1], FRAlEfZE, HAlih:
BRI B, MERERSMKRE, SuEE
51 ik E) 35.8%, 7341, #1523 B (Nitzschia paradoxa) |
/NI (Cyclotella sp ) FERK R4 1 R #

WU W B B KM B (Ceratium
macroceros) . —ffi ¥ (C. tripos). )t (Noctiluca
scintillans) . % B J5i Z H1 ¥ (Protoperidinium), 457577
SEHRELE 0~0.02x10° /L Z[8]; 4 i NEREE 4
#: (Isochrysis galbana) . /] % 3l %if #f 3 (Dictyocha
fibula), %327 XM EEAE 0~0.13x10° 4N/L Z [ 5

43 1 K B #E L (Pediastrum simplex) . — I Al
(Scenedesmus dimorphus), 4% 2= 5 S ¥k BEAE 0~
0.13x10° A4~/L Z [l ; % ¥ k4 fh £ JI£ 3 (Anabaena
circinalis), %217 V- A 0~0.48x10° 4~/L Z il
5454 B 0L SR A EE Bl S 4% 8 (Skeletonema
costatum) . % #F B (Synedra sp.) . FF 2 40 A EE
(Leptocylindrus danicus)Zs 71 4F Hy 38 1 #fh 15 A 4E
B LURD I, R b . MAERE. SRR
(5] 7 35 D0 2 A L B ) AR S
222 FHEMMOFESH mE 2 s, HFRIT
TR 20 i 5 E 0.28%10°~10.48%10° /L Z [d],
BIE R 4.44x10° AL, SLRE 22 Fh2k, Hop, &
5 99.7%, 5 0.3%, HAEMAR 5 R E B PR,
h7 84.9% AL . A 2= 1Y TR AR A e 1 X AR VS Y
IREE X, 32 B DA DX Ao 1] 8 N B 7S 4 ik ik
PR YA MTE 0.16%10°~6.60x10° /L 22
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Tab.2 The dominant species of phytoplankton in Sanggou Bay

7. A 8% B = Na A
A i 4 Fip A 35 BT
: 1 [
. . . Average density Quantity percentage (%)
Season Dominant species Dominance 3 -
(x10°cells/L) Hifp Single AT Total
pe=s ELRENA$ 3 Paralia sulcata 0.679 3.77 84.9 89.5
Spring B3  Coscinodiscus sp. 0.037 0.21 4.6
" WEsES B Chaetoceros curvisetus 0.192 0.66 38.5 69.3
Summer HEEfEW Chaetoceros tortissimus 0.050 0.28 16.7
HA#maHi Paralia sulcata 0.042 0.24 14.1
&S ELMEMGHi% Paralia sulcata 0.335 1.62 41.9 71.3
Autumn 25351 Nitzschia paradoxa 0.147 0.63 16.3
Z5 LN 3 Guinardia delicatula 0.060 0.58 15.0
/NRPE Cyclotella sp. 0.029 0.16 4.1
v s ELmh % Paralia sulcata 0.363 3.89 58.1 77.4
Winter JNFRE Cyclotella sp. 0.047 0.36 5.4
ih £+ Pleurosigma sp. 0.036 0.65 9.7
#5522 L ¥ Nitzschia paradoxa 0.032 0.29 4.2
N HZE N
Spring
37.15° 37.15°
{J 3
- § A i 37.10°
37.10 72 \ .
2
1
37.05° o 37.05° |
37.00° L ~ L 37.00°
122.40° 122.50° 122.60° E 122.40°
N ®= N
Autumn

37.15°

37.10° 37.10°

37.05° 37.05°

7

122.40° 122.50°

)

. 37.01 L
122.60° E 122.40° 122.50° 122.60° E
B2 ZU0 7877 Y A0 B0 F B (< 10° AS/L) /i i 245 25 4k
Fig.2 Seasonal variation of the abundance of phytoplankton cells (x10* cells/L) in Sanggou Bay
], SEWMER 1.70x10° /L, & 20 fhE, H (Chaetoceros curvisetus)& FZ MR, 5 38.5%I1 %L
o, REBEN 99.8%, WEMEN 0.2%, BEHEMEM &=, ERMM 2 MRIEEYSEK, Hh -1 55FF
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SrEAMRL, BIAEEAARREX, 75— HEAEE I
X, = E G 2 A DX ] 5 R R A D

PRI U Y A E AR 1.5%10°~9.8x10° 4~/L
ZIE), SEEME N 3.87x10° 4/, FL&R I 29 Fisk,
FEPE S 96.9%, WM& 2.7%, ELREmAr 3 3 T
B, d7 41.9% % o Bk 32 B S IX ZEVE AN X
FE R A 7] PG 2R3 ok o

RZETRIFH A E EAE 2.8x10°~12.2x10° 4~/L
ZIE, SFEMEHR 6.69x10° 4~/L, FL&I 29 Frszk,
Hrp, BEEH 89.0%, WEBEAT 7.1%, LR 3.7%, H
FEMAR A FEEHF, 5 58 1%, Frds B

=
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N H®E
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WA B IR B A 2 BEAE 0.7x10°~6.4x10° /L 22 J] .
A7 2 (X BAE TS AR AU AN X, 32 R 1) 725
P 328 T 38 UK

223 FHMMG AT S AR F VL K R A
VI 2R RO 1,01, WK 3 R, BEZL
FEMEFREUAE 0.29~1.55 Z (1], “F¥{E R 0.69, AL
AR RS 7 Il ; B ZEZRE R A0 0.35~1.48 Z 1],
SEEMESN 1.03, HPG MR ; KR IREE
0.89~1.90 Z[0], FIJME M 1.35, H VG M AL ;
KT PEVEFERAE 0.47~1.53 Z 0], “FH(E K 0.96, H
PG A ) AR AL
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Fig.3 Seasonal distribution of phytoplankton diversity index (Shannon-Wiener index) in Sanggou Bay

PIo) EHERAE 0~1 Z ), I, MREAh A
TRBO AR 5T, IAE /NI S Aol i) A 44 55050 A7 R 35
5] o ANSERAE sSSP RIS R B A i 2200, ) 3 {1 D
i o 5% 9 V85 U 3 77 Ui A W0 A AF S 2 2 5 BE FR B
0.59, & 4 FroR, HEHLIEIEEAE 0.19~0.68 Z
b)), SEME R 0.42, AVEILEI Rkl ; BB 5)
FREUAE 0.44~1.00 Z[H], FI¥{EHR 0.70, F VG ARk

W FKEE A EIEBAE 0.41~0.87 ZIA], FXE K
0.71, FAEVEHR. FgEBIa 4B . JLHbesm; &Z1845)
FEFERUAE 0.27~0.86 Z [a], “FH{E K 0.53, HPEREIM
ZRAIB IR

FHEMBEESTERTHEXY

H13% 3 A LU, 423 S0 i A =1 114
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WEAR, HEFIFEY-EEZSKE. 2. pH % D2 WFEIVEY 2 52 ML 0, BREkE
EREERAMC . BRESEMARTNG, S8Ry b, FIPEY S PR S B IEAC, b EFA R
REGRIEARSC, KRR SR N TAERMC B IEP<0.01), JFH, BREFN, FIFEYRK
Ph, AT 5 G A R i A O o TR A B FREHRS B B UG

37.15° 37.15°
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Fig.4 Seasonal distribution of phytoplankton evenness index (Pielou index) in Sanggou Bay
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Tab.3 Pearson correlation between the phytoplankton cell abundance and environmental factors

BRI K T % 2% Spring 2 Summer k2 Autumn A2 Winter
Environmental factors R P R? P R P = P
KT —0.637" 0.048 0.473 0.168 -0.259 0.470 0.315 0.447
BEWEE SD -0.508 0.134 0.410 0239  —0.198 0.583 ~0.642 0.086
Eh B Salinity —0.648" 0.043  —0.548 0.101 0.264 0.527 0.476 0.233
W4 DO - - —0.649" 0.042 0.367 0.297 -0.594 0.121
pH —0.847" 0.002  -0.423 0.223 0.616 0.058 -0.313 0.450
NO3-N 0.278 0.437 0.000 0.999  —0.427 0.219 -0.700 0.053
NO3-N 0.188 0.602  —0.269 0.453 -0.167 0.645 0.206 0.625
NH;-N -0.134 0712  -0.351 0.320  —0.157 0.665 -0.235 0.575
PO3 -P 0.437 0.206 0.895  0.001 -0.236 0.512 0.066 0.877

TE: *P<0.05 27 03%E; **P<0.01 25K 8#H
Note: * P <0.05, significant difference; ** P < 0.01, highly significant difference
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2 R 542 &

3 iTie
31 BREFHEMRERTLISS

AR HRY R 1 U R 25 A 5 W) 2 T TR A )
RETE S5 o I WA ) i A BRI B4 1 pmol/L, WFR
M B 9 0.2 pmol/L(Dortch et al, 1992), 1Ak, ]
G EE ke W 7 DA ) 1 7 R R PR T, Ul R T L
16 : 1, HIVE s 20 A U L — BT, O R A
A K (Redfield et al, 1963), 4H(HBE/NT 16 - 15,
RMRGNH T, BN BRI

3 3k XoF S I VS D AT R VAR R R 45 A R U1 00
(F 4, UL, DHETHIARERSTEI, ®E

e BEARIZETAN, RIBEABE>16, THLA
W EE R i T AR B, iR 2 2 W IR ER VR B AR T
ST BRI B . AR AT A AR A A fE
FERL, 2017~2018 4F45 3 {57 TCHLAAE 3.30~20.36 pmol/L
ZMa), e BE ¥ T BRIk B, TG ML v R A
0.01~0.97 umol/L Z [i], 44FF-¥J{EH N 0.25 pmol/L,
A 385 22 DX IR P A R o kB o 4% 2 R LT3
£ 19.66~87.34 Z ], BRFBFZBMANEAIN, HlEHY
>16. MR 3)BoR, A F PRI F
SRR RN, BB, PRI SR L
SIEARDG, ATLVE R, SRR 2 R0 TR A ) A 1
() E PR SRR WA S BRI R I —E
TR I 2 BB PR X — B (&7, 2014),

R4 RIGEEEER BN L5 M B < B L B A

Tab.4 Long-term observation data of nitrogen and phosphorus concentration and structure in Sanggou Bay

JagsntE AR ICHLA DIN(umol/L) Wi £k PO3-P(umol/L) AW N/P %t
Investigation  #% -1 Tk A e = Tk ZS H =2 L7 ES Reference
time Spring Summer Autumn Winter Spring Summer Autumn Winter Spring Summer Autumn Winter
1994 339 587 2048 281 0.24 0.19 0.54 048 14.10 30.90 3790 590 RxFI%(1996)
1997 396 7.21 20.43 10.01 - - - - - - - - & A 55(1998)
2003~2004 4.85 16.83 2259 6.73 0.11 0.24 031 026 44.10 70.10 7290 26.90 PhRE%(2007)
2006~2007 3.08 7.97 15.84 1138 0.24 0.18 0.88 0.60 1571 76.99 19.03 21.78 3k#k£1%:(2010)
3.86 9.06 144 9.17 0.09 0.12 0.68 0.32 55.00 105 21.70 27.20  ppIHILE(2010)
2013~2014 5.57 3.19 138 8.02 031 0.13 0.58  0.33 19 32 24 33 R (2014)
2014~2015 8.75 9.02 13.35 833 0.41 042 0.70  0.59 27.37 2841 2042 1828 fRrAS%(2017)
2017~2018 4.35 8.80 13.59 11.52 026 0.13 0.21 0.38 19.66 75.36 87.34 47.93 WY This study

FRIWE R IR SR, HREIHLAR, A BEAWRAERS), W20 4 80 S RLES, Rl

FEEEMEW, FSKRET, SR, kA
PR R, W A B T LR R ICRE ) (B R
S5, 2018), REHEAEH T KWL EHLA (R EH,
2005). FkZEiEA O g2k, KT EALAEZ B2
FEBRVE R R RRAR, 2R 1M BORK 2 TCAL A MR B dc
IF H B T AN B R 70 02 R i N WL AE FR 4,
(1 B ZORUR , SRIFVE AR T 5 HE KSR AR 1Y
THLR B TR B A Y 33.6%, TEEA A K
W, SNl S T TCHL AR AN TR R AR AN AN T
1) 87.2% (¥4, 2010), 22 ToAIL AU A 75 Hvk
FERR 2 i TR IR B

32 FHFEVMBEESMNEETARREEERER

I H KL, VR R —Fh sl LRR BRSO Sk B
2, WITEVE SRR R 5, WP SRR, VR R E
B, Dy SRR R, SN PRI AL Y e v P Rl

TR DX TR A ) R . 2R PR AR BRI i)
IR, 5 1983~1984 4R L, PRI DI WA BT
[T 25 71.8%,

TV 224 TT R 1 R RS IS K 3% 58 0 2 2
FOH X — B RN 22— H 20 tHh4g 80 4FR KL
4 FRF AT KR IE FT 70%~80%(# BH R 4%,
2013), EEFRFYFIEGA . KA AL R DL A
=43 84500, 60000 A1 15000 t (Jiang et al,
2015), FRWEFMAESREZ I P ERENET,
Forpr, BRI SR L | R A 3R B 1 R EE
R (R 4E, 2013),

TEUEEPEDIZRIX, PRUFHL Y B TETR 240 22 e B bk
DU B A 0 T AT 45 R0 s R S R Y
TP HIRLN R . — D7 T, 8Bk DU B AR SR Y U8
IKABE ST, JeTH0 ven 2 R A D DL R R R 4
X VAR B v R, AHIESE R R, PRI
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Tab.5 Long-term changes of the species composition of phytoplankton in Sanggou Bay
TR Y R4 Shannon Z#¢1EFE 4L
25 i) ) Phytoplankton species composition Shannon’s diversity index AN
Investigation time % R FH 35 HiA 6 SES(H Reference
Total Diatom  Dinoflagellate Others Range Mean
1983~1984 181 145 34 2 - 1.71 E AL (1988)
1989~1990 118 103 14 1 - 2.10 AU FEE(2007)
1999~2000 148 117 25 6 - 1.98 RULAE5E(2007)
2003~2004 75 65 9 1 - 1.58 R ZELE(2007)
2006~2007 92 74 11 7 1.91~2.74 - ZEH%(2010)
2015.5 70 60 7 3 0.49~2.31 1.21 RS (2017)
2017~2018 51 43 4 5 0.30~1.92 1.01 AWF5Y This study

3= B B 19 S v (L B 8 A 1 DL AR BRI AIR Y
7B BREAN, TR Y R B A X 3 B E
DUZRFRFE X, ik SR AR ENTE T LA s o 55—y I,
NESiIAwEI /B SiF=E 2 7/) & il g2 L /i)
A K (Asmus et al, 1991; FREE, 2001; & WAREE,
1999), HIFEAIH A=, HAPREE(1999)F5 i, T FRiE
I U8 B 1 DU 2 DL A o — o 11 7 U R ) B X R
FRPEIKAR Y BT K e 6 B, IF B 7= 1 /T
SRR TR IR Y B R EE N T EA IR R,
R, SRS FR5E X A 0 % B A S A
(Gao et al, 2020), fiNZ RIGIE P FRFEILR W AEEARG
PRI O, JRiR X IR Al 2% B ad vy, B R A 1)
BAIRAFAE . FEXFEMBAL . A BRI AIE T,
TE R DL SR B VR O R AT R HIRLN 5 3 T vy,
FHIR UL Y BETE G5 M ME LU PR o T R SR 4%
BT, BHIA PN FREE R, Eh kMR k&
HE A RO R

T e A ) A R DR M DL S 55 B A R VR Al Y
BESHZ—. BAl, X FIREY e g%
IKIREEAR B B AR BT B R T R A i 2 | 1%
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Temporal and Spatial Variation in Phytoplankton Community Structure
and Their Relationship with Environmental Factorsin Sanggou Bay

HOU Xing'?, GAO Yaping®, DU Meirong’, JIANG Weiwei’, LI Fengxue’, DONG Shipeng'?,
LI Wenhao'?, MENG Shan'?, WANG Junwei*, ZHANG Yitao®, JIANG Zengjie>*"”

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; 2. Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of Marine Fisheries,
Ministry of Agriculture and Rural Affairs, Qingdao 266071; 3. Laboratory for Marine Fisheries Science and Food Production
Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071,

4. Rongcheng Chudao Aquaculture Corporation, Rongcheng  264312)

Abstract In order to better understand the temporal and spatial variation in characteristics of
phytoplankton community structure and their relationship with environmental factors in Sanggou Bay,
four seasonal cruises were carried out at 21 sites in April (spring), July (summer) and November (autumn)
2017 and in January 2018 (winter). Analysis identified 51 species from 31 phytoplankton genera in the
surveyed area. Among these, 43 species were from 24 genera of diatoms, 4 species from 3 genera of
dinoflagellates, 2 species from 2 genera of Chlorophyta, and 1 species of Cyanophyta. Seasonal analysis
showed that there were 22 species in spring, 20 species in summer, 23 species in autumn, and 20 species
in winter. The dominance index showed that diatoms comprised the dominant species, and that Paralia
sulcata was the dominant species throughout the year, with percentages ranging between 18.6% and
84.9%. The abundance of phytoplankton cells ranged from 0.16x10° cells/L to 12.2x10° cells/L (winter >
spring > autumn > summer). The species diversity index (Shannon-Wiener index) varied from 0.69 to
1.35 (autumn > summer > winter > spring). The species evenness index J (Pielou) ranged from 0.42 to
0.70. Phosphate is the main limiting nutrient for phytoplankton growth in Sanggou Bay. The results reveal
the spatial and temporal variation characteristics of phytoplankton community in a typical large-scale
mariculture bay and provide the basic data for in depth understanding of the structure and function of the
mariculture ecosystem.

Key words Phytoplankton; Community structure; Inorganic nutrients; Filter-feeding bivalves;
Sanggou Bay
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TESUL, VR — R G ANTR, JE#A
SEN 2 AR LRSI AL, DL VU BN R YT
K s DA VAR a6 45 K VT3 488k %5 5 VT K (Nleophocaena
asiaeorientalis), 2 FVLIKIEAS b X439 il 2 R mt H:
B Ie A MR g 20 KT IO VLK) 5 i fe
A —A A, A 6 FE A T T 3 RN R A S VA
A0 BH 50 Al 2 i v o H H 3 T VKRR 3 R 4]
2RO S A5 A W, AR WIS 19 R VLV T AR R o7 4
YR —A 07 iR (Zhou et al, 2018), KITITIKA
1R 4t B o — 2 A7 T TR KO3 B Y RUIRE K R
(Phocaenidae)sh ¥y, & VL0 UM 7T BE il — BLA7 1)
MK AT L3l (2007 4 EIKTh BE M K 4) . B Lk
IR LK, KIT YT KA B 5 B R e Pk ) 5
W, 2018 4 7 HIER &AM (2017 KITITIKAZS
BREZ A ) Xt BT ios i K LTI KRE S A
Seo VLR R B KR T Rl RS 28 6, 55K
VLB 2000 1012 3%, Horp ) BBFHIIZ) hy 457 3k,
RPN A1 288 B e v 0 DX, VTV IR e e 17—
AL, RS T 2 AN RS D T B A
TP BOK R RS T MRk R PR, R A
SRR AR (S XS, 2018). PRS2 i 4 7 05 7
B, RKITITIKE 4% B8 R — G i sh i A5 4
2018 4F, W E Bl 2E B G R 5 TR 5 B i 2
FLAP T 5T A AR VTR T T 4 R )Y, 41
LA E] T 2.22 Gb WFER A R, RIS R 41 ) F
YA T KAl (Yuan et al, 2018),

AWFFELL 1999 4EAE A [l it 3 A7 (AR A5, 2017 4F
VA AL, 56 F B 18] 5 5 R BUIR 43 B 15 5, BT KT
TLIERVEEAEAE 1500 o R itE— 2B 32 TG BE R T (5
PR E N 10000, K ET A FIZEBFFEHY 10 £,
MVP & R LL 95% M BE S FEAE TS 100 47 Pl () i
ANPIBERICE o AT VR R A TS RIS (N)
TE 100 =R IFPREAAE ST, UPVBEAATEHERIRS] 95%
A N; BT MVP(Lacy et al, 2009, 2017),

12 EHYH

KTV IR 5 M VIR Z (B A7 A S 25 T A A 1) 8t
ok, s ez s = LA i BT AR A B
B RILTLIK B A s el RKTLTE KR
YLK B B S ) 22 00 2 — AR TR EIROK , 5 — DA I HE
K o AT KA T, R A VLV R VL IR AE 4
A b BN A, e A S R R B K R 114 38 R P
25, BT RILILEOM ALK Z 8], 2] g
LI A G AR IR A, e, AN EEIE Y L
[n] {81(Zhou et al, 2018).

1.3 FEEHESEH

RATITIRK IR A, 1 7T BB 2 Tk e
WMEPE R IRAE T N 4~6 18, HEPEN 4.5~7 RO E L,
2006), Shirakihara 2£(1993)&% #1, 23k 21 & F1 23 #%
AT DA 2 2L o KVTVL K TG BP A 2 N T
W T ¥ BEGiE %, Wik, EErhiE &b
BRTAFECN 1o KILILO A B PELE S 12 1,
WEPE T WA TAERS N 4 I, HEVE R 5 Y, B B4R
W29k 20 W W Fh BRI RN R I 2R
RS i S B P e 8 4 AT 1 ) LB [P(N)]
BE AR EE R/ NNVAYAEfE AR 1L . Fowler(1981)IA K, Hf
AR AR £h 8 BE 1% 25 B U 2 BB B 4 MBS 4L 28
LYTUFP R A, A M A R R R S5 A BUE
W 2, BRI N RSN K B, B PR L
Bl P(K)A 25%; 4 N #23T 0 B, P(0) R 70% (5K 4
41999),

1.4 EEFER

TR (1992)M 5 HE VLTI S0 i 1] —
WER 2 4, AEATHER 20%, 2020 4F 1 A AFFRE
R, WA E KRR T R X N, TTRRRREE 5 4F
PGS 108%. [RIIL, HEMI XA T FhEE AR T 1%
BRI O UG, B AT AT AR Y B0 % R 2 F 1
FS(E M — 2 22 A, BB AF M K A 5 SR 0T g
20%~25%. HHET, & TRITITIKR = R M4 K K 3 5
T 7 B )y R R AT A o L B ] 1 1 S 0 S AN A T
IR AT G A B TR THAH S B ARG

15 ETE

TRICEAE(1999)F 78 K BE, KAVTITHK 0~1 Fl 1~2
WAL IET RN 20%, HABAFE R H LT %N
15%. 20 el 90 AR LISk, KITTLIKRIEE T R 3
FAEZN 6.3%, IFHEMI L IARTET 34wl B & e
O B A5 i H R (AR ISR, 2011) o 7R PR
FE O~1 AR ALIBET R A 20%~30%, 1~2 4EHSALH)
FET-H N 20%, HABAEEH R 15%.

1.6 RE

TR (1999) I E 2 FhacFEARA, KAEMER
10%, DABET-SRIE R ARG R T FER95%), AR
WL T R RN B R T FEF(95%) . 2016 4F, T
FRASCAEE A T s KT & U0y B R ER 2, 2
B E KT A SRR R A AL B, STk
TAr . N RIF R, AR A A (T RILHR
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2 R 542 &

B SRS A B R ) g s ), SR, K
VL 0 RN 35 B SR bR K A AR 1 A SR AR X R K = Fif
G IRAR Y X LAY KR, el [ 2021 4F 1 A
1 H 0 BHESIAT R E ) 10 4R R AEAS T, )2k
1B R AR W GEIR I AR P B o AR A TR ITTLIK
R IR S L, (B4R 2008 4R R T K E . 2019 4F
{14) 768 BH W8 A T SEAR AR A AN LA B 7 b i 45 A AT AR
TEAE o SFA I 355 A XURS: A2 AN A AR 25 KU 2 ik
FERA RIES, KITTCIKR AR R B Ab o A a3,
EMFEE T, Ik, LA 1999 4EAE A [543 B it
R, 2017 AR ARG ER 1Y 0, B EAE 2 R
R, RN 10%, LISET: SR NAE SRR R
(95%), WUAFMEPERE T 3R BHH R T FE3(95%) . LA
2017 AEAE BRI AL A, IR E K E 2 P2,
FAEBREIN 10%, LISET-RIME N FT R TR
(90%), HUAEMEESE TR FRIR BHE R T A (90%) .
1.7 WMBRLBRAEEINE

5K 56 8 4 (1999) 1% B K VL IL K (9] 1R Sk 20k
2000 3k, FREEANEH 5000 3k, B S AEMBE AN
P 10%, Rk, DL 1999 AEAE S |1 545 #7 Ao A o,
2017 AF R AEEH0LU0 UE B[] 5 05, s B AR Sk AOh
2000 3k, FREEZRANE A 5000 Sk, FREE AN AR
D 2%~3%, HLLIED 15 4E, DL 2017 AEAE N IR 2
Brivfe s, BERIGRECH 1012 3k, HREERTH
4000 3k, FEFAEREIN 1%, ELEAES) 10 4,
1.8 E¥X%HE

X/, 338 AR S K AR 1Y
HEEHERZ — Vortex P 1 B Tor % ZFE
) A 2 25 SR 6 W L AR R2 . Ralls 45(1988)
WFIE T 40 NHFL SR EOE SN 2B, WA

TABRRAT 314 DBOCEEN Y, HIL, B8 3.14 1R
NEICE R AL

1.9 AAWIRMKFE

FURT, B XHRILT KRR FIAD 58, %S4
WEN O,

2 HERE5HW

21 AEEBESE TRILIIEMEEFNERS R

i Vortex BERLITSE AT AT, DL 1999 4EAE Ay [l Jii
ST AT, 8 FRANTRING S R BARZE R IR 1, KIT
TLIKFRREAR R 100 RN B KR r 2h-0.0622~
—0.0231, JARRBEKZF LN 0.9397~0.9701, HHEFR
Ro M 0.5747~0.8211, SEEJtHACH} A #EME N 8.55~8.90
A, HEMESR 9.41~9.73 4F, SEYJIAFRIEEEE A 8.20+
6.08~184.16+139.75 3k, “FIFpHEEsE R 2.03+4.36~
183.92+139.81 =k, ifE ZHFE R 0.6990+0.1455~
0.9585+0.0301, KZHME#A 0.0013~0.7828, “FIH
UK LSBT ] 84.4~95.4 4%, HAKILF 2, L) 2017 4F
KITITIRECE 2R 1012 SLAE MBI A, i
2 FiiEst 4 5SERIEAAG, /ERE S 5t
3B S LR A A B R, M 1 IR,
15 S WATHAR 155 5 IS 5 7 FhEEAZ IS A Rk 2]
95%LA I,

22 KILIHEFE&/NAIFEMEHET

T 5 MBLES SR SRR A B i 35 B i P
., FRERAMER A 0.0128, KL, EH 5 ATLIE
S B Bt O RL A0 55 BORE VA S A0 B A, Ik, SRER
T 5 AT MR/l A7 35 P (Minimum  viable
population, MVP), #14H=L%CH 1000 FIGELL, 2 A8
T BRI 5 e, AMERIL, 5 S BF, MVP
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Tab.1 Different simulation scenarios of the retrospective analysis of the viability of Yangtze finless porpoise populations
I MR OMR2 MRS fER4 MRS fie  MERT BERS
) Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 Scenario 8

WA AL 54 ) Changing years 15 15 15 15 15 15 15 15
of environmental capacity
WA YN AR 3 /)N Annual -2 -2 -3 -3 -3 -3 -3 -3
variation of environmental capacity (%)
0~1 WEHFET- % 30 30 30 30 25 25 20 20
Mortality in the 0~1 age group (%)
AT M KA 1 % Breeding rate (%) 25 20 25 20 25 20 25 20
#1146 3k #4 Initial population size, N; 2000 2000 2000 2000 2000 2000 2000 2000
WILHAEN) Initial year 1999 1999 1999 1999 1999 1999 1999 1999
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Tab.2 Results of the retrospective analysis on the survival ability of Yangtze finless porpoise populations

U Ttems Wi fiPER2 BER3 R4 fEES B ERT fiEks
X Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 Scenario 8
r -0.0381 -0.0622 -0.0381 -0.0622 -0.0304 -0.0549 -0.0231 -0.0479
A 0.9626 0.9397 0.9626 0.9397 0.9701 0.9466 0.9772 0.9532
R 0.7184 0.5747 0.7184 0.5747 0.7697 0.6158 0.8211 0.6568
S BA AT 8.68 8.90 8.68 8.90 8.61 8.84 8.55 8.77
Average generation female
S BA AT e 9.53 9.73 9.53 9.73 9.47 9.67 9.41 9.61
Average generation male
N-extant=SD 40.30 8.20 40.57 8.22 86.84 11.74 184.16 17.72
+35.44 +6.08 +34.86 +6.51 +70.77 +9.73 +139.75 +15.71
N-all+SD 37.64 2.03 37.60 2.10 85.75 5.42 183.92 12.23
+35.60 +4.36 +35.09 +4.57 +70.96 +8.53 +139.81 +15.19
PE 0.0683 0.7828 0.0754 0.7746 0.0128 0.5629 0.0013 0.3232
GeneDiv+SD 0.8801 0.6990 0.8822 0.6990 0.9290 0.7533 0.9585 0.8028
+0.0829 +0.1455 +0.0803 +0.1411 +0.0533 +0.1282 +0.0301 +0.1132
314 TE Mean TE 93.3 84.4 93.5 84.5 94 4 87.9 954 90.5
2017 AR L Er+SD 1021.36 662.07 1015.90 661.71 1167.91 756.99 1329.71 854.52
Predicted value of 2017+SD  £260.19 +178.28 +262.61 +181.40 +304.61 +206.54 +343.37 +230.54

o NEIRERKOR; L JEIBRIEK R, Ry A % N-extant: P B FIREECE; N-all: FIMEFEE; PE: RAMER,;

GeneDiv: B{EZ ke, TE: K4l Rl (4F), % 5[

Note: r: Annual internal growth rate; A: Finite rate of increase; R,: Net reproduction rate; N-extant: Average number of
existing populations; N-all: Average population number; PE: Extinction probability; GeneDiv: Genetic diversity; TE: Extinction

time (years). Same in the Tab.5
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Tab.3 Simulation analysis of MVP of Yangtze finless porpoise population under specific scenarios

W15 3% %X Initial population size, N; 1325

1320 1315 1310 1305

PE 0.0460

0.0484 0.0476 0.0540 0.0549
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Tab.4 Different simulation scenarios for the analysis of the current viability of Yangtze finless porpoise population

I MR fER2 MRS M4 MRS MRe  fERT hEES
X Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 Scenario 8

~1 IR LHAET R 25 25 25 25 30 30 30 30
Mortality in the 0~1 age group (%)
ﬂﬂilﬂ’fiﬂ%{iﬁﬁ$ 20 25 27.5 30 20 25 27.5 30
Breeding rate of adult female (%)
W45 3 %X Initial population size, N; 1012 1012 1012 1012 1012 1012 1012 1012
WA AEA Initial year 2017 2017 2017 2017 2017 2017 2017 2017

#5 KILIBMBELEFHARITER

Tab.5 Analysis results of current viability of finless porpoise population in the Yangtze River

T Ttems MR fER2 R BER4 RS fitRe  BERT RS
Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 Scenario 8

r —0.0660 —0.0416 —-0.0308 —0.0207 -0.0733 —0.0493 —0.0386 —0.0287

A 0.9361 0.9593 0.9697 0.9795 0.9293 0.9519 0.9621 0.9717

Ro 0.5609 0.7011 0.7712 0.8413 0.5235 0.6543 0.7198 0.7852

S 47 A 8.76 8.54 8.44 8.36 8.83 8.61 8.51 8.43

Average generation female
S 2 AR I 9.60 9.40 9.31 9.23 9.66 9.46 9.37 9.30
Average generation male

N-extant=SD 6.32 18.18 42.13 110.81 5.49 11.67 22.16 51.10

+4.47 +17.56 +42.94 +108.10 +3.58 +10.17 +22.07 +52.51

N-all+SD 0.34 10.08 35.83 107.91 0.11 3.75 14.50 45.58

+1.58 +15.65 +42.24 +108.10 +0.80 +7.66 +20.52 +51.98

PE 0.9589 0.4588 0.1523 0.0264 0.9860 0.6985 0.3551 0.1098

GeneDiv+SD 0.6113 0.7745 0.8532 0.9169 0.5801 0.7191 0.7976 0.8677

+0.1620 +0.1303 +0.1026 +0.0659 +0.1671 +0.1483 +0.1225 +0.0981

SE-14) TE Mean TE 73.4 87.1 89.8 91.9 68.4 83.5 88.0 90.2
351N 0.6490+£0.1597 . 0.7191+0.1483 Fl1 0.7950+  SEZPRi{H . it Vortex AL AT AT, R A= N

0.1237, RAMERH 0.9157. 0.6985 il 0.3664,
B UK LA E] R 76.5 . 83.5 Fil 88.0 4F .

T

3 it
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Analysis of Population Viability Analysis of Yangtze Finless Por poise
in Different Simulated Scenarios

WU Bin, WANG Weiping, HE Gang, WANG Haihua”
(Jiangxi Institute for Fisheries Sciences, Nanchang  330039)

Abstract To study the population dynamics and conservation strategies of the Yangtze finless
porpoise (Neophocaena asiaeorientalis asiaeorientalis), Vortex (v.10.3.7.0) was used to analyze the
population viability. Taking 1999 as the starting point, a retrospective analysis revealed that the extinction
probability of finless porpoise was most likely to be 0.0754 and was not higher than 0.5629. The mean
extinction time was most likely to be 93.5 years and not less than 87.9 years. Taking 2017 as the starting
point, through the analysis of the current situation, it was found that the extinction probability of the
Yangtze finless porpoise population was 0.3551~0.6985, and the average extinction time was 83.5~88.0
years. In certain situations, the proportion of newborn male Yangtze finless porpoise was 0.55, 0.50, and
0.45, respectively. The results showed that masculinization increased the probability of extinction from
0.6985 to 0.9157, and feminization brought it down to 0.3664. At the same time, comparison of the data
found that a 10% decrease in the proportion of newborn males and a 10% increase in the breeding rate of
adult females had the same effect. The above results suggested that the extinction risk of the finless
porpoise population in the Yangtze River was relatively high. Focusing on the protection and restoration
of high-quality habitats, especially those related to parents—children, is important for the protection of the
Yangtze finless porpoise.

Key words Yangtze finless porpoise; PVA; Vortex model; Mortality; Breeding

D Corresponding author: WANG Haihua, E-mail: haihuawang998@sina.com



B42% 2 Wl B o% U R Vol.42, No.2
2021 % 4 A PROGRESS IN FISHERY SCIENCES Apr., 2021
DOI: 10.19663/j.i1ssn2095-9869.20191212002 http://www.yykxjz.cn/

MU, GRS, A, XUEA), BRRESC, AR, MM, Biais. L& S 20 i A U 5 R IE SXOAEPRAE k. il
Rl R, 2021, 42(2): 36-44

Deng YJ, Yi MR, Li B, Liu SB, Qiu KW, Shen CY, He XB, Yan YR. Biological characteristics and inter-annual changes of
Saurida tumbil in spring in the Beibu Gulf, South China Sea. Progress in Fishery Sciences, 2021, 42(2): 36—44

tBEES S RREEVEHEREERTL
AEH L X

Mt FAE F !
/7&%&%@ 1,3 ’m—iﬁ /))12 1® E)ﬁ\{:%%{ 1,2,3,40©
(1. J7ARIBFER KB HL 524088;
2. BRI S TR RE LS DB EREE .o BT 524013;
3. TARA RIS B S i TR AR R JEYL 524088;
4, TR AN IE Be g e ol /5 BAL AR ot B 518120)

WE  REBZEBEXLRE LAEEMENE SRR, FF% T LB £ 4 (Saurida
tumbil) & 2 2 4 S AEAE R HAE TR B L, 2R BT, 2008-2018 £ 5%, iy 65K B /N AL a3
BT HRK IR E N 15.8~16.9 cm, TR & L H 4 48.8~77.5 g, 2018 F Hy P H R K An P H K
JUE L 2008 F 25 BT 6.5%M 34.5%., RKk-AKREXRAXFTWRALAKSHE b WEEY
3.03~3.42, Xk NAEFHAETEEFRFELKRADL3), ERAKKEREUTERA, LHBEZL
by e A M AR AT I S, MEMEBRAR S0% M R F R K A 2008 4F(19.0 cm)E 2018 4£(16.6 cm)
BARE WS, 10 F B BN E A 12.6%, HHF, 2011~2015 i F XHHFESTHE T, 50%
M AR AR K BN B R 3.8%. 2008~2018 4 k3075 £ b 4 ol AE i S AR 2 T A, HE AL
Bl K 1.09~1.29, #EEXFFEME L RXEFERNERESFREMEETHRAES,

KA I ks AW FRAE; S0%MRAKEK; BEE; FREMNL

FESES S931.1  XEAARIREE A XEHRS  2095-9869(2021)02-0036-09

£ 28 ) SRR S PR M B U5 BRI A
25, HABBRIGXT o BT R s i R 465 4 LA B2 0 DR 5
2, Xl G IR R PE AR BRI e B
LS X0 L (HE R, 2019), (R AR & 2
FINIEA WA HAE , B8 S W 28 I A BIRIRAS A
BELE R 75 5l (Andersen et al, 2016); AK—A&FH %R
TE—E AR L RE S W0 28 1 AR KRB AR X, 1995);

128 50% M AR (Lso) 2 B 5T Ml B 95 5 1t R
R R bR 2 — (B L, 1995); NE 6 L) 2
S W £ 2 FEMR I B S BR (G 5ER 5, 2006) 0

Z ¥ e fiffi (Saurida tumbil)(Bloch, 1795), &
KRR, IR KYEIRZ IS, 434 T ED BE VR AR -7
VU, TEFRE EZ A T ARG G 1, =AUV TR I
UG 19X v o P 0 i (WA P A, 19825 X4 Bz,

* [ R S & R0 H (2018YFD0900905) . R 5 M VERNE 5 TR 7R 48 SC 50 % (WY 98 BY 3 H (ZITW-2019-08)F1)
RAEFHE TR H (2018B030320006) 3 [7] #F B [This study was supported by National Key R&D Program of China

(2018YFD0900905), the Fund of Southern Marine Science and Engineering Guangdong Laboratory (Zhanjiang) (ZJW-2019-08),
and Science and Technology Plan Projects of Guangdong Province (2018B030320006)].

X%, E-mail: yujiandeng@126.com

@ WiREE : By, #4%, E-mail: tuna ps@126.com; fi[#fEJ, E-mail: xiongbo98@163.com

Wehm H 3 2019-12-12, Wt ek® H: 2020-05-12


abc
图章


%2

XS U 25 - LA A 2= 2 1A e Bl A ) 2 R AE S AR PR R A 37

2009; T IESE, 2019) UL AL AR (FRAE LS, 2008;
FEMEF, 2011, 2012), [ENH2EE T 2105 b 1 A4
KAFAE(Singh et al, 1995; &FELIHAE, 2004; R,
2014)., 4E# 45 H) (Rao, 1984; Ambak et al, 1986) ., i
F R AE (5K Hik %5, 1987; Jawad et al, 2007) ., #5652 1
(Bl =ha %, 2010; B6SE, 2016)FIFNEEShZS (Jaiswar
et al, 2003)35 )y T ot K foy . pFsi ks, ixJL
TAESR, ZUtehi el bR R R B AR IR B
FER I FP LSS AR AL . NIAL TR R Y
U B2 BEAE O IR AE, 1999; EERTHAE, 2008)
FINHLZE (2008) FI WangZ5:(2012) 351 I % 5+ A1 b B 50
1257 T VEAS 22 D g il 9 0 R, & BRAL RS 245
I 0 B T &, B R R A A ol R
TARBRGE IR BT AT & R0 = S RIS, YA R
YrrE Rt 2 & A B E AL 104Kk, X FdLERiE
T 1R B YR b 22 147 0 6 00 A 2 R 7 AR I AR AR AT AS
W, XL E N 20 e A B, HasiR
POREA TR, 5 ik — 25,

AT 58 M5 AU FB S 5 22 0T R Ua S R FE (2008 |
2018 4F)FRHE M JE A RAEQ011, 2015 4F)%dE, 43l
KR EK AR SR SE, PR B 50% M R
PR FIAEHE B S E Y 2edR b, SBaXT Eear AT, R

VRIS M R SRR A 3 O
T AP RN LR IE B, e AL
5 PR 1) 2SI PE R A0 BB b

1 W57
1.1 MR 5EEkRR

ST 2008, 2011, 2015 F1 2018 4EH 2= X 5y 1
RS 2 V5 i AT R AR . Hidr, 2008 i1 2018 4F2H
s 2 STORFE , SRFES 000 R T AR W VLY A
POLE AR, XTI 5 M 3Rk W R A7 B AT Sl A 5
2011 1 2015 4F A FE Sl v B A REE G 1), 44
AR HORAE 1063 BB o e QM IRARLE ) (B K
Jai, 2007 AT AE Wy i), e AR A R
P T R B A, P, R RORS 53] 0.1 em, f£
JEERG A 2] 0.1 go M RCAE 4 ] 2 B2 R X #5(1993)
B 52500 6 31, 1T 2008 A1 2011 4EAUEEAR 5 2015
F1 2018 4EPUAEA AR 22 30K, AN FE A 44 SPSS
19.0, RHF A /7 Z AL A GE 2465, 2011), XF
2008 Fl1 2011 4F A HaRe , (AR [R) RAE O =075 2 A0
IR S i, LA BRARAS i 22 53 06 22 1 e A 2 S0 A
gEELAGRZ I, B 2008 AFEAMER 57 B2, 2011 4FhEL 48 .

1 ALET S EIRERERNERREER
Tab.1 Sampling information of S. tumbil using bottom trawl in the Beibu Gulf

FE A b B I RS R
Year Month Locations Samples Stratified sampling size
2008 3~4  YaUESRAE. JUHEMREE . BLLITME 353 7
Fishing port sampling: Qiaogang Town, Beihai City; Jianghong
Town, Zhanjiang City
2011 4 ESRFE: 17°~22°N; 105°~110°E 605 48
Marine survey: 17°~22°N; 105°~110°E
2015 4 1 L RAE: 17°~22°N; 105°~110°E 48 48
Marine survey: 17°~22°N; 105°~110°E
2018 3~4 YaUESRAE. JUHEMREE . BLLITME 7 7

Fishing port sampling: Qiaogang Town, Beihai City; Jianghong

Town, Zhanjiang City

12 HiEAESHH

PR A T O R R R PR AR R
W=al®
A, W IR E(g); L MK (cm); a, b N
RS, Hd, b X REAE KRS 4
b=3 i, MEMARSFEARK; b>3 B, RIERHEA
£ b<3 i}, £ 734 K (Froese, 2006; Pitcher et al,
1982).

50%ME AR . DI 1.0 cm S EIFE, XK
BT oA, XA R A PR SR 43 L
GBI, BE I 50% kSRR .

1
1+e(a+b|i)

Ls;=a/b

K, PO B MATEIZ AR A N AEAS b e
B L (em) MR KA E; a. b MEESEG
Lso A 50%1H AR K .

Pi=
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2 R 42 4%

JET# BE2K ] Fulton JRZEFE4L K(Fulton, 1911)%75
K=(W/L*)x100
Ao, W E(g), L ALK (em),
BORE S HTE AR SPSS 19.0, SEHAK . SEHy
A J5 S R RES S B A A () 22 Sl B TR 2 Oy 22 40 bt
(One-way ANOVA)KG %, KA ¢ R S HN AR
(i8] 22 S fift U J7 22 53 A (ANCOVA ) K 5

2 FHE

21 FRIEFRER ST

2008 1 2018 AR, JLERERFEZ N K
fiffi A K- JE B A 10.3~29.8 om, AR ST BTG K 9.7~366.1 g,
KAV 505 14.0~18.0 cm AT 30.0~
70.0 g, WEMHLAIHI AL 56.1%F1 63.2%, AR5

2015 AE IR I LB 1.9%, ~FIiRBTR T R
7.8% (K 1, 3£ 2),

J6 &6 7 £ 16 b 6 0 7R K AT B 103~
29.8 cm, REHEAMHIEEIN 9.7~366.1 g, HAEER
K AR g PR I A T B A, A B
14.0~18.0 cm i1 30.0~70.0 g, P44 A o i 5 ot
R, PR KRR 2008 4F14 16.9 cm,
B/ME A 2018 4E[ 15.8 cm, “EHA R BRKE A
2008 4E(Y 77.5 g, /MEHN 2015 4FHY 48.8 g 2008~
2018 AP R R F 4K BT i 40 0 R R 6.5%
34.5% (# 1, £ 2),

N ZE TR RV, FIRKER 2018 4 3
/NF 2008 AEFNP<0.05) , 454F ] 22 5 K i 3 (P>0.05);;
2008 A7 #4944 5 W 3E KT H AR AR E (P<0.05),
2011, 2015 1 2018 4 [H] 22 5 A I 3 (P>0.05).

P95 57.9%F01 59.6%. FXARK 43510 16.9

18 - 100
il 158 om, PR RHH 77.5 #1508 g5 5 % — . g
2008 4EAH L, 2018 4F K TR 6.5%, A& E 16 ° {75 3
TFE34.5% (F 1, £ 2). R LT D o {50 g
2011FI201 S4E M FRAE R, RE R M 1 5 12| etk Standard length Is 2
12.0~23.6 cm, PRBEEEHM17.8~160.7 g, KK Fik ;\-210 --G-ﬁ%ﬁﬁﬁBod?/weight | e
AL A 5 5 A 14.0~18.0 emA130.0~70.0 g, &K 2008 2011 2015 2018
PR 53 31 7 HL68.8%F175.0% , 14 i 12t AL 342 43 31 o EE Year
F72.9%F175.0% . SF- X9k K43 514 16.05116.3 cm, F ‘ A1 gﬁﬂﬁ@%qzi@féﬁ*ﬂ{ﬁﬁﬁgﬁﬁft
Fig.1 Inter-annual changes in the average standard length

PR R g o3 9 52.9H148.8 g5 H20114FE M, and body weight of S. tumbil in the Beibu Gulf
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Tab.2 Distribution characteristics of standard length and body weight of S. tumbil

i H Item HFIE Year

2008 2011 2015 2018

K 5 il Range 11.7~29.8 12.2~23.6 12.0~20.5 10.3~21.5
Standard length (SL) (cm) F-#4{f Mean 16.9 16.0 16.3 15.8
brifEfR 2= SD 4.5 2.2 1.8 2.2

1 #2H Dominant 14.0~18.0 14.0~18.0 14.0~18.0 14.0~18.0
He#4 He 5] Percentage (%) 56.1 68.8 75.0 63.2

Ny Jti FHl Range 19.8~366.1 19.8~160.7 17.8~95.3 9.7~126.6
Body weight (BW) (g) F-H#{H Mean 77.5 52.9 48.8 50.8
FrifE(m2E SD 80.2 28.5 17.0 24.3

#5420 Dominant 30.0~70.0 30.0~70.0 30.0~70.0 30.0~70.0
He#4 He 5] Percentage (%) 57.9 72.9 75.0 59.6

HIAE 2018 4F S HUAE K 280 b (9L IEL 3.03~3.42,
PR R ZE R IE S BARKRE, EPRE AR T
o REEHN 2018 4ERY 3.42, FARAE A 2008 4EfH)
3.03; 2008 1 2018 4E 24k b 22 554k il # (P<0.01),
2011 5 2015 4E22 58 B3 (P>0.05)( 3).

22 fERAKFREXR

2008~2018 AF-Jb I 75 2% Lo Dy e i A — A o 1
KERZZSH a TEEH 0.0037~0.0119, 4EFRA84L A
ETREESA, Hph, HREBBFE 2008 45, fH/ME
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Tab.3 Relationship parameters of standard length-body
weight for S. tumbil

WHE L 9S%IEfEXI 95% i {Z X ] HIKHR
Year 95%CL 95%CL R
2008 0.0119 0.0085~0.0167 3.03 2.91~3.15 0.98
2011 0.0070 0.0072~0.0172 3.19 2.87~3.52 0.89
2015 0.0059 0.0033~0.0106 3.22 3.01~3.43 0.95
2018 0.0037 0.0019~0.0073 3.42 3.18~3.67 0.93

F:oa, b K (em) R E(g) X RS

Note: a, b: Standard length-body weight relationship
parameters

2.3 MERLFAEL B

2008 Fi1 2018 AFEaHs R AEH, JLHRTL 20 g fifi P
L5350 R 29.8%F0 25.0%, 5 2008 4EAHLHE,
2018 4F T & 4.8%(18 2).,2011 F1 2015 4F#g | ReAkErh,
PR L 123 53R 22.9%F1 16.7%, 5 2011 4L,
2015 T FE 6.2%(1& 2)

ACHRE 22 147 I B 2 2 v B2 L 903 TR 6 A R
TE 20% 2547, AN [RVAF M MR HL R 16.7%~
29.8%, FHIE A 23.6%, HfilH = AR EE R 2008 4,
o B AR B AEBE ly 2015 4F, 4EBRAZ Ak B 5 JE 8
JE R R I 2).

60 -
£ B A¥aHERAE Fishing port sampling
= B I %4 Bottom trawl surveys
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Fig.2 Inter-annual changes in proportion of maturity
S. tumbil in the Beibu Gulf

2.4 50% 4B Bk

2008 F1201 8411 s R A v, 22 Ui e A PR 4R 1)
50% 1k AR K 23 91 19.0F116.6 cm, 520084F A
b, 20184 FR#12.6% (&13), 2011 F1201 54 b RAf
W, 22 U S T A AR 5 0% 1 AR K A3 R 1861
17.9 cm, 520114EHk, 20154E F[%3.8% (K13). £
Vi e 65 O P TR I 50% M BB K AT B AR A LA
16.6~19.0 cm, R TFFEEH(E 3, K 4), RAMEDH
TE 2008 4, fe/MEHELAE 2018 4F, 10 4F[H] 50%14%
AR BRI 12.6%.

B A¥fa#kRA¥E Fishing port sampling
rd B I R4 Bottom trawl surveys

[\
S

—_
W

wn

N

s

2015 2018
4EF Year
Pl 3 JLHRTE 240 b B MEME AR 50% 1 UM AR PR £k
Fig.3 Inter-annual changes in the length at 50% maturity of
female S. tumbil in the Beibu Gulf
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2008

25 MBiHEREREN

2008 Fi1 2018 AFEa U RAFEH, 22 14 e flf 0 1o B2 1)
YIE 50 1.29 A1 1.19, 5 2008 4EAH L, 2018 4FA0
BT % 7.8%, 2011 1 2015 4Eifg | Rekirh, Zikig
{6 A 5 5 R0 0 R 1.21 1 1.09, 5 2011 4EAA 1L,
2015 AEREHH B TR 9.5% . 2 BA N E 7 2K 56, B 2011
5 2018 4 F AR S, HARKAE BN B 22 5 1
2(P<0.01)(A 5),

2008~2018 4 [ 4% s A8 Ak 52 e i /)N i 18 K )
B, AR 1.09~1.29, 2008 4L 5, 1) IE i 2 3%
IR i, e A5 HEAE 2015 4R (8 5),

Bt PR B4, 22 1A g 5 %) PR il 2 2 S T 1 R )
HH(E 6), HaHsRAEER (K] 6A), 2008 4F-A [FfAK
ZH 0 T S B S (E VG R R 1.19~1.39, AR AE ) PLAE
22~24 em (R A, FRME 1B 28~30 em (R K41 ;
2018 4EHYTEE M 0.88~1.29, HAK{H HIRAE 10~12 cm
KA, FRMEEIIE 16~18 e KK 41, ¥ | RAE
A (E 6B), 2011 AFEAS A {4 K 4 AE w6 3 5 ) 31
H1.12~1.48, e fl(E HIRAE 18~20 cm K4, Hk
{HHPLAE 20~22 em IRK 4 2015 AE97EH R 1.04~
1.14, AR BITE 10~12 cm AR, B HBm
1E 18~20 cm A K40,

3 itig
3.1 HHIFYHE

TER B[] 9 = s BE B T 0, S ) R B AIE
S BT A A P 7 A e O P AR A, He e, AR R B
B 1978 Ak B B R e Y (Law, 2000; Conover et al,
2002), AWFFERB, 10 ZARITRIE 214 bp b4 1k
B —E RN/ NG, s R - iR
FVAR o AR AL 5 5 T iR L SRAE R 43 T BB DR A SR A B
(i) [0 B AFD R 35, PR A ) R AR AR B I, P8
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Fig.4 Logistics model fitted for the relationship between standard length and percentage of mature Stumbil in the Beibu Gulf

L6 W A¥sisrt Fishing port sampling
Biff_I+3R 4 Bottom trawl surveys

14}

1.2}
1.0} %
0.8 A A A

2008 2011 2015 2018
AERF Year
B 5 LR 2 U e S IE v 13 47 5 AR 1k

Fig.5 Inter-annual changes in fatness of
S. tumbil in the Beibu Gulf

JE# ) Fatness

A A R T 2 A S5 o AR AW BE AR X AN . 5 B RO
(2002) BRI FE X FE , AT 2018 4F 75 2= £ 14 i ik - 14
TR HE 2001 4B/ 10.7% (1.9 cm). 25lHh, T 55 kE4%
(RO12)FFE KB, 1997~1999 4EF] 2006~2007 4 1][H]
T T T 3 2 1 e S AR R R T 47% . R ER,
JCEBIE K EBIME G 2 5 B ATFAE AR W) F IR &
A 2FE R A0 A 2 R 0 I DR 5 B A B (7K
& 2016a. b; BFZE, 2018), [d w9485 5 S 4h,
WAAEF NN, BV R IR B RIIR A0 B4l
515 3 A ¢ (Rutter, 1902), AS[a] RS (1) 9 48 X+ ¥ 454
MIERRBE JI A Pr 220 (VIR B 4, 2020), HRZ M
Bt s BAT “FRE/AN ik sitk, SEBERER
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Fig.6 The change in fatness of S. tumbil of different
standard length in the Beibu Gulf

FABLGRAE, BRI ZRK, mAERERR R
S LR Rt R N Py X N S A M R A SR
(Pitcher et al, 1982; Conover et al, 2002),



%2

XS U 25 - LA A 2= 2 1A e Bl A ) 2 R AE S AR PR R A 41

BRI Z AN, A 5T R AR IE o 2 O fa A7 7
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(Nemipterus bathybius)(MifEd4E, 2012a) 1 KA
W (Evynnis cardinalis)(5K 145, 2016a), i3 i 5
Hlsog FFE. AR R, WAEkR, JUHRE 2 0 i
[FIRE A A T PR R AT, S SR FEHS 73 20184F [ Lso
FE20084E/N2.4 cm, 20154F 1 I RFEFR S HE201 148 /)N
0.7 cm, SME L, LspRBis/Nas, 5FJEke)E
[ A B g i (Saurida undosquamis) it 75 4k, #4 #— 2
(BRVEESE, 2012b), FESHBT 152, S 1 FEF)
FEZE, S Ss A Ve AR T S AR AR, EL B
PR 4 5 175 5 #E 4K (Heino et al, 2015; 5155 45 4%,
2020), 1A TAEETIG SRS, PR &S
SR MOCEE R TORFEAM AL . de Roos
Z5(2006)i8 1o A= A Bl Sy SR R B 2 ik, K
A AR S5 40 W RAFEAS 5y 32 3455 R I sz i, 7
AR AT g B {H A AT 25 3 AR & AT Y, Conover
(20090 5T & B, TET A R 0 R 7 AR M
NS, FEAEIRBIE S5, X ALK e BT
2R R A . BORESR(2002) R L B, 7E
SRR BRSO e R —
FRBE YIRS, Ud T 7 o B 1) B AR sl A R il A A 1
02N S 1 5

*4 mBZ AR

32 HRAKFENXRKIEHE

AW IE Z 15 i bl 1 Sl A K S8 b [HIERY
3.03~3.42, 5 Carlander (1969)WF5% A& B K ot
2 b {HVETE 2.5~3.5 Z MR —5, H bEHHWKT
3, WIAHREZEZHEEL T IESEERRES, ST
FEL(2009)%F 6 S A5 25 2 U wp i S o AE K S EO ST
SR (R 4), MHAD2EH T 244 I il 47 BF 5 3
AR SEIG BRI 4230 3, AT K (R 4). M
XA, FEMN bEMK, TREE M T2
ESTER AL T HIEH B, FTER i 68 i 3 21 T 1R
EE , MMERK G SN TR TR KR, R
PRI S 4 K . Froese(2006)0F 5% & 3K, b {H 7251k
HEREE MG EREZW, NMEKEBKRE, L
2 I S AEAEE 3 AN B e, BB T EE
ANz —, B ) I R A5 1k s R AR
JE B s, 2010), MR R B ALK S 68 & (Hofer
et al, 1985), MM RN H 1A otk 110 185 3 AF 0T 8 A K
P, NIRBEIRZORTE , 210 Il 3 224 8 T ix i
BRJR, KR Z N 40~150 m, - TUS K 5S4 E
KA, NS GEIERN R OB RS, 2
T RS (B W45, 2005), S22 A IEE R S
ZIHRB W ELGI, b2k e i s AR K AR AL T
A RS

IR AE K S H A E 5

Tab.4 Difference of allometric parameters for S. tumbil in South China Sea

RAEERT[E] Sampling time IR S A KB b S50k
AERE Year  J345 Month Sea areca Allometric parameter b References
1964~1965 1~12 F AL R B AR 3.17 A AR IR E KRR
The northern part of the South China Sea, K PRI ST BT (1966)
east of Hainan Island
1964~1965  1~2, 5~12  ®EIEALIRE R & AR 3.01 AP RRI A5 (2004)
The northern part of the South China Sea,
cast of Hainan Island
1981~1982 - R AL B 2 2.98 A% (2004)
The northern shelf of the South China Sea
1997~1999 - [EEEIATPNGTEE 3.06 #TERW]SE(2004)
The northern shelf of the South China Sea
2006 4 JLHE Beibu Gulf 3.40 T H4£.(2009)
2006~2008 1~12 JLEBIE Beibu Gulf 3.27 X1 4 Bt 45 (2009)
2006~2007 1, 4, 7. 10 It Beibu Gulf 3.05 Wang %(2012)
2008 3~4 JL#E Beibu Gulf 3.03 ZARHWF5Y This study
2011 4 JtH#E Beibu Gulf 3.19 BT This study
2015 4 JLEBIE Beibu Gulf 3.22 A5 This study
2018 3~4 Jb# Beibu Gulf 3.42 ZARHWF5Y This study
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Biological Characteristics and Inter-Annual Changes of Saurida tumbil
in Spring in the Beibu Gulf, South China Sea

DENG Yujian', YI Murong"?, LI Bo', LIU Sibiao', QIU Kangwen',
SHEN Chunyan'?, HE Xiongbo'", YAN Yunrong'?***"
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South China Sea, Zhanjiang 524088; 4. Center of Marine Fisheries Information Technology, Shenzhen Institute of
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Abstract

Using data from the spring fishing port samples and bottom trawl surveys in the Beibu Gulf,

the biological characteristics and inter-annual changes of Saurida tumbil were investigated. The

population structure of S. tumbil in the Beibu Gulf had a miniaturization trend - the average standard
length (SL) and body weight (BW) decreased from 2008 to 2018, with ranges of 15.8~16.9 cm and
48.8~77.5 g, respectively. There were also temporal variations in SL and BW; the average values
decreased by 6.5% and 34.5% from 2008 to 2018, respectively. The range of the allometric parameter b
was 3.03~3.42, indicating that S. tumbil had positive allometric growth (b>3) in the Beibu Gulf in spring.
Analysis of the inter-annual change in length at 50% maturity (Ls) in females showed that the S tumbil
population maturated before the Ls, decreasing 12.6% from 2008 (19.0 cm) to 2018 (16.6 cm). Compared
to 2011 (18.6 cm), the 2015 female L5, reduced by 3.8% (17.9 cm). Fatness also declined from 2008 to
2018 (range: 1.09~1.29), as evidenced by consistent downward trends in the fatness samples from both

fishing methods. However, fatness had an overall increasing trend with increasing SL.

Key words
Inter-annual change

Beibu Gulf; Saurida tumbil; Biological characteristics; Length at 50% maturity; Fatness;

@ Corresponding author: YAN Yunrong, E-mail: tuna_ps@126.com; HE Xiongbo, E-mail: xiongbo98@163.com



B42% 2 Wl B o% U R Vol.42, No.2
2021 % 4 A PROGRESS IN FISHERY SCIENCES Apr., 2021

DOI: 10.19663/j.i1ssn2095-9869.20200312001 http://www.yykxjz.cn/

WAEA, W, AR, T, M E 8 hsd11b11 N hsd11b2 FEPR) 5 b S IR B i 17 14 22k B . b B4 30F R, 2021,
42(2): 45-54

Hao XC, Feng B, Shao CW, Wang Q. Molecular characterization and expression patterns of ssd1b1l and hsd11b2 and their response to
high temperature stress in Chinese tongue sole Cynoglossus semilaevis. Progress in Fishery Sciences, 2021, 42(2): 45-54

F B EE hsdllbll F0 hsd11b2 B E Y52 [
REBENMARIENE

ML B w2 oHkas EOF
(1. FHEVERFKT S50 B 2013065 2. FEDKZRFEVIR B SR IRT TSRS
FARFOT F R L =R S E Y I BRI E HS 266071)

WE B AS XN RIEE AT R PRI EEREIER, M hsdlIbll f7 hsd11b2 B4
WHERNERERENEE S, AR L T #0F & 8 (Cynoglossus semilaevis) hsd11b1l #n
hsd11b2 3 #] cDNA 2K F 7|, 207 7T 27744, FFR T H ot 28 K 3K 50 A8 KR JE 78 B 8 3R 35 AL
B, R TR, hsdlIbll cDNA 2K 1650 bp, FFak Mk [HMEK & & 864 bp, 4i#h 287 A& ;
hsd11b2 ¢cDNA 4£K J 4526 bp, Tt FAEK & 1209 bp, Zk# 402 NEFEE , FF H 4 1R
WRFMRL TR AN ERE T, hedlIbI EFF PR A BERE, EWENXAERIRE
W2, HAE6 Am3 M amlEdy ZIARGERIA; W hdlIlb2 TEERFETRK, £6 Alh &
WEET Rk ERE, MERKLEARRK, EW“*%AMWA¥K%ﬁO#@%%&E%ﬁ%
FRERE T, BRESCAE2 MG, SEFEEQC)MEAMI, hsdllbll F0 hsd11b2 75
& H Y Rk B B PR R(P<0.05); &R A2 %k 48 h, hsd11b1] ik e b f Fudf b o 34 B 2 FEK,
hsd11b2 F KR A & A B3 T (P<0.05). K ZARIT T hsd11b1l F0 hsd11b2 3 F 1 78 & 8 M
Aot d By NEANE, AARTRBESFEREGUEAN BN X REET &,
XA R E A WAk T BE; hsdllbll £ H 5 hsdl1b2 £ F
RESZES S917.4 XEHREEE A XEHS 2095-9869(2021)02-0045-10

B HESI P 0 P S 38 i e BRI R e, MR — . RTRRRE MR, Ik A ) e T R R PR AL )
U BCRAR XE e A e AR, 33 R 1) e o 7 R Sy st A% 7Y L€ (Environmental sex determination, ESD) (Francis
P 517k 72 (Genetic sex determination, GSD), {HfE— 2 1984; Rubin, 1985; Francis et al, 1993; Tabata, 1995),
JRATZE . PSS . MRSEAMRER A S, b BOOESR I, K BREAE ESD AU i oh S AR5
RIENER, EIERE . pH., W RAHSMEMA  EJJ7HEE 2 H 2 A (Sadoul er al, 2019), 7EfiE

* [E % A AABF AR 42 (31722058; 31802275) . H K P RL#RIE5E e A AR 55 9% (2020 TD 19) Fl R 16 7K 7 2855 3 ) 3
SIS LI ()RR T OR U(KFK T2019ZD03) 3 [F] ¥F B [This work was funded by National Natural Science
Foundation of China (31722058; 31802275), Central Public-Interest Scientific Institution Basal Research Fund, CAFS
(2020TD19), Guangdong South China Sea Key Laboratory of Aquaculture for Aquatic Economic Animals, Guangdong Ocean
University (KFKT2019ZD03)]. #B%¢7", E-mail: best hxc@163.com

O #iH/E#H: £ 1&, E-mail: wangqian2014@ysfri.ac.cn
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R EERYSNRR IR, SRR e
ey BIRNE Ay S SNTTRO R E o - R
£ o M4 4k 55 77 A 2 i (Wendelaar Bonga, 1997;
Mommsen et al, 1999), TERFGH:EE(Salmo salar)4)fh.
HR, T R RS e PR, AR A EU G i O LB B
A K Z 20 (van den Hurk et al, 1985). 1E 7 fif
(Paralichthys olivaceus)t: 5P BT H, &R 51K
JTEE AR, 2 S B B T 55 (Yamaguchi et al,
2010). HZ FFT, K TR 5 il AL B I R o ) ke
SERIBLE A RTE R

F5 HE 25 [ B 1B B A B (Hydroxysteroid 11-beta
dehydrogenase, HSD11p)J& T & ALl B K e, P4
TG PR TC I 1 e 5 A [B) A B e Ak, R, i85 526
[#6] A 3 ) 2 B P (Krozowski, 1999)., TEMNFLzh)
H, FR RS B LB A AF AE 2 A, A5
11B-Hydroxysteroid dehydrogenase type 1 (hsd11b1)F
hsd11b2 . hsd11b1 S RER K I P ) Be I i e 1k
AT B BT, hsd 11b2R B REAH S (Albiston et al,
1994; Hu et al, 2019), R A{FAERsd1IbIFEA , TAF
1E H[m] i 3 K Hydroxysteroid 11-beta dehydrogenase 1
like (hsd11b11)(Tsachaki et al, 2017), FEBE D i (Danio
rerio)fIE\ H ff.(Chanos chanos)™', hsd11b1In] LLEE N
BB K-, X 5 L 3 hsd 11b 1) DI REAR L
(Baker, 2010; Hu et al, 2019) . hsd11b27] LLFEAR fa. 2 40
B T RE AT, IR I A S 57 B BB 1 3%, OF
2 5 E WG i(Alderman et al, 2012; Tokarz et al,
2013). WFFERM, mK-FBORERCER T LD AR R
25 By P 5 ke 2 A4k (Miura e al, 2008; Hattori et al,
2009; Blasco et al, 2010) . F i ff (Odontesthes
bonariensis) & 75 FHEE LIS RE b, R o A Ao 0
hsd11b275 F IR FE MEVLER A2 L, DA ITTBR B ks 82 % A=
(Fernandino et al, 2012),

¥ 5 85 (Cynoglossus semilaevis) & T [ 5 E 1)
P s, PR, i SR A M e AR
Z2Z/ZW B, B AR5 o3 Al 52 3 ) B R B 0 H
Me) o 2 T S ) R R A Ak I DG ST Y, e TR
A DL S aot A% ME P 1) 3R Y BfE P 336 4% (Chen e al,
2014), R, 28 SR B IR L 5 e e R
AUBEARRIAS . fEARWISTH, i RACE seREfiiqsf
5 B hsd11b11 Fl hsd11b2 [ cDNA 2K, JXHF
GVRRAE HEAT AR WS B o A, R T 2 5 O R B
PCR 4R, 73 Hr FL 2 0k AR K il 5 W) 137 1Y) % 38
M, PR SR AIRICIR FE 551 731k 0 ¢ &R 42
PERERIE D .

1 MeERE
1.1 EIe#

AR SZ I FH 2 1 T 38 HE 1 7R B K A
B BEMLIEHR 3 # ve  ME f R fr 45 3 4%,
fifin) o O L O L . L ORE L ERE L RFRE . R
k. RS ORI, BAh, BORER BIIG0 Hil .
50 Hitk. 3 A, 6 AWy, 2 WA 3 i%)F o o5 i A
s PERR XL, K 280 F 30 H A A2 W 85 £ 7 Bl
BLEESr o 2 4, 435 R e i (28°C) M i (22°C)
AR 2 AN H L JELE 3 A IR B AR L ZURE R 5 5
HU 140 2 3 Al & atary, MpLES R 2 41, 4
BT RIR(28°C) SR IR(Q2°CHALTE, 48 h J5 i H
PERRLAZURE S o 4 b 3R Sl R R R 5 A R AR TR 7K
FEARAT o A 18 0 53 [) e B 68 20 20 1877 T 10 RS
w3 g S R A T P IR S A ARl TRk
17844 1t 591 2 5 (Jiang et al, 2017; Cui et al, 2018), X
T3 A0 s, dE— 25 A dmrel FER AR 3
TS B P A7 (Cui et al, 2017).

1.2 FiFEE hsdllbll #0 hsd1lb2 LK = E

i /§ RNAprep pure Tissue Kit (Tiangen, H*[E)$2
B3 @Rl R SR S 28 RNA, R ]
PrimeScript™ II 1st Strand c¢DNA Synthesis Kit
(TaKaRa, HZ)5E K cDNA 2655 . M4 1 7 gk
KZH Y hsd11b1] (GenBank ID: XM_025065042) A
hsd11b2 (GenBank ID: XM_008310169)%: X £ 41, #]
H Primer 6.0 %1154 (hsd11b11-F/R Fl hsd11b2-F/R)
(& ). FIJl SMART™ RACE ¢cDNA Amplification Kit
(Clontech, Z&[E)i#k4T 5'A1 3’'RACE 7% ., RACE 5|#)
MR 1 Pion, PCR =Y&aift, wlEF| pEasy-T1 2k
{A(TransGen, " [E)IF#EA7I0 7 .

1.3 hsdlibll #1 hsd11b2 E E F R E{E BF 00

T ELZE T H SMART (http://smart.embl-heidelberg.

de\TRIN T hsd11b11 F hsd11b2 WFE TS5 o
AliBaba2.1(http://gene-regulation.com/pub/programs/al
ibaba2/index.html) %t hsd11b11 Fl hsd11b2 FEIH 5 5T

DX 3, (B S AL 3R 07 5 L3I 500 bp Al S'UTR X 480k 15 5%
SEH T4 A S T, A NCBI R #A [F 90 i) 5 14
A, SR AR 4 B F MEGAX fifi I Neighbor-
Joining (NJ)¥: ) 8 22 48 LA (Bootstrap=1000).,

1.4 ¥83FH hsd1lbll #1 hsd11b2 EF B FRIE S
JEHUASREAR = R Y RNA 1 pg, #F PrimeScript



TS 20T 5 hsd 11011 F hsd 1152 F: TR i b T I Ik B2 e o7 Fr) % 35 ML

47

®1 ZRAAEMGIY

Tab.1 Primers used in the experiments

5|4 Primer J¥#%1 Sequence (5'~3') FHi& Utilization

hsd11bl1l1-F GCATGGTTGGGGGTCACGGT Fragment PCR
hsd11b11-R GTGCTGGCCCGTACTGTCTGG Fragment PCR
hsd11b2-F AGGCCCTGCTAACACCGCAG Fragment PCR
hsd11b2-R TTGGTCAGCGGGATCGGCAA Fragment PCR
hsd11b11-5-GSP CCGTTCAAGGTGTGTTTGGTCGAGCTG RACE
hsd11b11-5-NGSP CAACCTGCTGTAACATCGCTTCTC RACE
hsd11b11-3-GSP CCCAGCCACAGACGCAGCCTTGAACA RACE
hsd11b11-3-NGSP GACTGTAACCAAAGACTGGACCCCT RACE
hsd11b2-5-GSP GGAGAGTGATGTGTGGGCAATAAAAGGAGG RACE
hsd11b2-5-NGSP GGGCCTAACCATGACGGGGG RACE
hsd11b2-3-GSP GTCATTTCATTGGTCCTGGCTCCTGCTG RACE
hsd11b2-3-NGSP GCTCCCTCCAGAGGTGTAGGCTGT RACE
hsd11b1-1-qF AGAGTCTCTCAGAGGAGCCA qRT-PCR
hsd11b1-1-qR ACAACCTGCTGTAACATCGC qRT-PCR
hsd11b2-qF TCCATCATCCTGCCCTCATC qRT-PCR
hsd11b2-qR TGAGGTCTGGGTTAGCTTGG qRT-PCR
B-actin-qF GCTGTGCTGTCCCTGTA qRT-PCR
B-actin-qR GAGTAGCCACGCTCTGTC qRT-PCR

RT reagent Kit (Takara, HZA%)if7 &R % 74 i cDNA.
Wit hsd11b11 1 hsd11b2 fFGE B GIMIER 1),
AT ST 98 B PCR (Real-time PCR)ZE ik 7007 o fif
A QuantiNova™ SYBR Green PCR Kit (Qiagen, 7&[F)
W&, MR R R 20 ul, 9427 1 pl cDNA £
#Z. 10 pl SYBR Green PCR Master Mix (2x). 2 ul QN
ROX Reference Dye 2 0.7 umol/L ¥ 1E [w] Fll 2 W] 54 .
JZ . /£ ABI StepOnePlus_Real-Time PCR System
(Applied Biosystems, 3 [E)if17, #JFH 95°C 2 min;
95°C 55, 60C 10 s, 340 MEH; 95C 55, 60C
1 min, +1°C/min, 95°C 15 s, WS H p-actin FEH R B
(B-actin-qF/R, & 1), BNRMIKRKE 3 MORE
5o M 2784 IR HT hsd11b11 LA hsd11b2 FEH
TEP U T B A A 2 AR R B B R B Ak B
i 92235k (Livak et al, 2001; Li et al, 2010), #|
H T-R AT w2, P<0.05 FoanEF g,

2 HBRE5HH

2.1 hsd11bll #2 hsd11b2 == p&Fn B 51 4> 47

i1t RACE SR 3fAG 110 5 5 hsd 11011 F1 hsd11b2
FEH ) cDNA 2K ohsd11b11 1) cDNA 4K 4 1650 bp,
£37 97 bp ¥ 5'UTR H1 689 bp 1 3'UTR, JF et 3¢
HE(Open Reading Frame, ORF)} 864 bp, %ifi 287 4~

QIMR, HARMS T =R 31.79 kDa, Tl iE%E
HL A (pD A 7.65(1 1)0 Ja 8l XS s 145 5 7 o
T 53 M B, hsd 11511 )3 3l F X 3847 7E NF-kappaB |
AP-1. E2. GATA-1. GR. PR, C/EBPalp. C/EBPbeta
TBP. HNF1, HNF3 555t H 74550 M. . hsdl1b2
FEN ) cDNA 42Kl 4526 bp, 434% 1209 bp ) ORF,
5'UTR F1 3'UTR K 43512k 403 bp 12914 bp, Zfith
402 NEFER, TM4>F1h 44.5 kDa, PSS R
8.38(1& 2). )i Bl X Sl it IR 125 5 o7 o5 T 43+ AT
/N, hsdl1b2 JEB)F X342 & GR. TBP. Spl. Ahr,
PR . Sox-2. C/EBPalp. Elk-1. HNF-3, COUP . GATA-1
Ll S BE AN 5 W hsd11b11 1 hsd 112 mRNA L XF
FI%t N DNA 51, WoR hsdl1bl1l G5 6 AT,
hsd11b2 67 5 A F (K 3A).

22 ZEIILMBESEH LK OHT

FIFH SMART Hiill 1> 7 i HSD11BIL F1
HSDI11B2 WE 45 . 4R RExR, X 2 NMEAHEMT
TE 1 ARSFIOSE I, s i i (adh_short), H
H1, HSDIIBIL it A {55k, HSD11B2 & 2 4
5 25 A 3 (] 3B). H3 4l ExPASy (https://www.expasy.
org/)i GOR IV T_E.7iil] HSD11B1L il HSD11B2 f H
B sk, 4550, HSDI1B2 HHAM o-12he
TeH B & b HSD1IBIL 5, T S 1) Lb 5] 20
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acatggggccttaacaaattgttggtacggagttcacgtattgacacctgttacagaagca
gggagtgaacccagaacaaggtagtaacaaaacaa tg;ggagttttacaaaagccctagtggtgagtttatttgttggtttccttgct
G S F T KAILV L FV GF L A
gtcaagtggacttcaccctcttttaacgcagagtctctcagaggagccagagtgttagtgactggagccagcacagggattggtgaacag
vV KwWwWTSPSFNAESILRGARVLVTGASTSGTIGTENQ

ctggcttatcattatgctaaatccggag cacagatagttataacagccagaagagaag cgatgttacag caggttgtagagaaatgcatg
G M L Q Q K C

LAY HY A K S A Q I VITATR E A
gatttgggggcccagaaagcactgtacataacagcagacatggggaatgtcttagacccagagagagtggtagattttgctctggaaaag
Q K ALY TITATDWM N VL DP F A E K
ctgggaggattggattacctggttgtcaatcacatcggtccgagcccctttaccatgtgggagggggatgtagagcatatcaggtggctg
Y VNHTIGPSUPTFTM \ H I
atgcaggtcaatttctatagccacgtacagatggcatggagagcatttgattccttggagcaaagtaaaggatctctgatcgttgtttcg
M Q VN F Y S H V Q FDSLEWOQSKSGSTULTIUVVS
tcgcttttaggtaaacagtccagtccctttgttgcaccatacagctcgaccaaacacaccttgaacggtttctttggatccttgtatcac
s L L GK OSSP FVAPYSSTHKHTLNGTFF G S L Y H
gagttatccattaagaaaagtaacatttccatcaccatatgcacacttggactcattgatacagaggcagctatggaaaaagttcggaac
ELSIKIKS SNTISTITTIT CTULSGLTIHDTTEAAMTETKV RN
atcgctatgctaccagcatacccagccacagacgcagccttgaacatcatcactgcaggagccaccagacagccagagctttactaccca
I AMLPAYPATDAALNTITITAGATA RA OQPETILYY.P
tggttcacctacattgtgactgtaaccaaagactggaccccttctataacaaactttatccttcaatatgtcttcacgcagcgctcg
wWFTYTIVTVTI KHDWTW®PSTITNTFTIWLAG QYVFTA QRS
aatgcctacaaaggagctaaatgcaaaaccttttgcgcctgttctgtttctaggtgagtaattttattttttgatattgactcccctgtt
gagcttaatcaacaagttgatagatgatcatcaatgacagtcaactgcaaaagatgtttaagacattacaacagatttccgtgtgttaga
aaatcaaaaacaggagttaaaatcattgtttctcctcatgtatcatgtataatttaggtttgttttgtacataacatttttcaaagttta
taggaagcatctagaacctaaaatattatctcaacatttagaatgttcaccacgcccccccaggtgggecccgecccactatttgagaagt
actgccttacagattgaaacagagtcgcccagtcgagtcccatccaaggcagatttcctctggaaagactctgtaaagacgactgtatag
tactctgatggtaggccataaaaataaacacagggaagagaggtcacaggtttcataaaacctgttcacaatcgccccctggagctggac
tttggacgtattgggygtagataacgtgaaaggygctttatgaaatcctacagagctcctagaacggaagaattgaactaagtgcattgce
attgaccttacaaacatgggaacttttataaaaaaaaaaaaaaaaaaaaaaaaa
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Nucleotide and deduced amino acid sequences of Cynoglossus semilaevis hsd11b1]

THEN R IGFM T ML FM T, BOTRZLERR polyA {75,
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Frames indicate the start codon and stop codon, respectively. Black underline indicates the PolyA tail sequence,
red underline indicates signal peptide, and blue underline indicates conserved domain

Fig.1

B35 HSD11BI1L A1 HSD11B2 45 [ F 51 5 1
A8y A R UE 43 Ar 7k, HSD1IBIL 53] i (Takifugu
rubripes, XP_029684148.1) . 7 #F (XP_019936361.1)
FPE L1 (NP_956617.2) HSD11BIL & A AR IME 23
HM 77.04% . 73.08%F1 66.89%., HSD11B2 & [ 57
JK(XP_029702217.1), % JEf(Oreochromis niloticus,
NP_001266686.1) Fl 5 & i (NP_997885.2) HSD11B2
A B S AE 550 R 77.08% .75.33%F11 69.40% .
BEAER o Hr el 20, HSD11BIL Al HSD11B2 5%
TS, —SORMEL s . 528 MR sh ety
), H— (K 4A. B).

2.3 hsd1lbll #1 hsd11b2 EARBIHA LA FHRIE S

hsd11b11 Fl hsd11b2 FENAE 3 #%1W5  EAN [6] 241
UK FR AT EE T R, hsd11b11 FEAESFIE ORI
Kbk, JF Hop R gk W E S TR
(P<0.05)o hsd11b2 TEXGHE . Wy . RN E HE 32 3%
ik, ARG PP ARIK(E S),

2.4 hsd1lbll #1 hsd11b2 4R E B R RIZER
hsd11b11 TEMEFN AL R A FEARARNL L, 3 HRRITF

WA M FRIE, FEONER, hsdlIb11TE 6 AR FRIk
HARITEE, ARG 2 R AR TR, 7E 3 RS
A LA IR R TERSET, hsdl1bll FRik 5
BUELRZEL, 7F 6 H i FA s 2T, 18 2 iR kiR
wIEA TR, 7E 3 IR E T AR R, 1
6 H i I 3 I HoRs S A ek B 1 W 35 (IR P HL(P<0.05)
(K 5A),

hsd11b2 FEHFEPEMN 3L I FEARTRIK . 7oK
Hirp | hsdl11b2 76 3 AP IRFRL, 6 Ak sk (g
H B3 T HALRHY (P<0.05), FE/G7E 2 FEFET
B R AT 2 3 #% 5 7EUREd, S B LF
FEER I B hsd11b2 (35K 6B),

2.5 hsd1lbll #1 hsd11b2 FE =B A B TR X
TE 30 Hir 3] 3 H M5 fbad B x) 2 4 75 St

TR (28 CHRCEE , hsdl1b1l F hsd11b2 FHTEME
rh g 2R A a3 IR T IR R AR KR EE 41(P<0.05), TE
£ ) R A o 22 R (] TAL B). X3 H kY
k1T 48 h B9 SRR | hsd11b11 33k B 7EME
FERIRE e 38 2, ME AR IR SR T Y 37.80%,

T 47.18% ;s hsd11b2 FE R AE It P i % R 35k
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catggggagctctgcacaaagaggagaggagagatagtgtgtgtttgtgtttgtgtgtgtgtgtgtgtgtgtgtgtgagcagcagagagt
ataaacctgggacacagaaacagaggacatacatgaagacagaatcagacagggacagtgtcaggagaaaaagacagaaaaggacagaag
ggtgaaaagacggtgtcaatagagaaggacagaaaagacaaagagtccaacagacggtgagagacaacatagacagacaaaaataagagt
ttgacgaaaagttaggaccggctgagaaagagataggacgaagagagactgacagaaagcaggaggtcagactggacacagatgtaaagg
cagaagcagacaggtaacagacttaacacagtgtctccaacaagactacacttttccatcatggatttacctcgcagtcctaact
EDYTFPSWTIYLAVLT

gtctttgtgggcggagccacaaagaagatcttggcttctcacctgagtcccacccccgtcatggttaggcccggggtcacggtgctggtg
F G G T K I L ASHLSUPTUWPVM P G
gagaggctctgggctatctgtataccggctctgctggtcctggtcctgctgggttttgtctgctgtctttacgctgccgtcaggactcgt
L A I C I P A V F v C C LY AA AV T R
ccatcttccaggttgccagcagagggcaaagttctaggctttgaggtgtttgccacagtgttggacctgtcaggagagggggccagagcg
PSSRLPAEGKVLGFEVFATVLD S G G A R A
ctgcaaaagaactgttccaatcgcctgaccctcctgcaggtggatatcactgagccacagcaggtgaaccaggctttgatggagaccaag
L Q KNCSNR RILT I Q N Q T
gccaagctgggcctcaagggtctctgggcactggttaacaacgctggagtgtgtgtgaactttggagacacagagctttcgctgatgtca
A K L G L K G L WAL VNNAGVCVNZFSGODTEL S LMS
aacttccgcggctgcatggaggtcaacttctttggtacgctgagtatcaccaagaccttcctgectctgectgcgacactccaaaggacgce
NFRGCMEVNTFTFGTULSTITI KTT FTULUZPLILRHSIKGTR
atcatcacaatatccagccctgcaggtgaccagtcatttccatgtctgtcagcatatggagcgtctaaagcagcactcaacctcctcttce
I T TISSPAGDI QST FZPTCLSAYGASIKAALNILILF
aacactctgagacacgagctagcaccatggggcgttcaagtgtccatcatcctgccctcatcctataagacaggtcattccagtaatcaa
N T L RHE L AP W vV Q v S I I L P S S Y KT G H S S N Q
gcctactgggaggagcagcacagaacactcctgcagacccttcctaagtcactgctggaggactatggggaggactacctgagtgagacc
A Y WEEW QHRTILLQTLPKSILIL DY GEDYLSET
atggagttgttccacagctatgcccgccaagctaacccagacctcagccctgtggtcaacaccatagtggaggccctgctaacaccgcag
S YARQANUPDLSPVVNTTIUVEALILTTUPNAQQ
ccacagccccattactttgcaggaactggtgttgggctgatgtacttcatccacagctacctgccgttcagcctcagtcaacgtttcctc
P Q PHY FAGTG G Y FIHSYULPFSLSQRTFL
cagaaactgttcctgaagaaaaagttgccacctcgtgctctaagggagaagtccagtttggagctcaacctgtacaacaacaataacaac
Q KL FLKKIKTLWPPRALREIKSSTLETLNILYNNNNN
aacgaagagaagccgatggtggccaagtctgtatctgaataacagctgtctgtcaaatatatgtctgtgtctgtgatgcctaacta
N E E K P M

ccaccggtggacatgtccacaggtcatatcaggtcagtacctgtggtagatcagtacatgagactgttagcagtcacacagttgaactgc
tgtcacactccggtgactcaaatagaccttcacctttgatcttttttgaatacgcacacacacacacacacaaacaaacacttacacaca
aagtccattatactttggtctcacctccttttattgcccacacatcactctccgtgagaccatatgtctggggttcataaaaaataacca
ctacatattttctggcaccagcctttaattagcttatggtgttattaaggaaatcttcattaaattgagtagccagacagtacgggccag
cacctactggccagcagctgtattgtactctacacttttcagcttaataaatttggtccactctattcatcatttcaataagatctctat
atggaacagctcagctgtgttgggctacaactgcttaaatttatggagacttacatttccaaaagttcaatatcacctgtcattaaatga
cttccctcaatgacagacatttaagtcatttaagttgaagcccattttccaaacgtccagtggactagaacaacctctatggcactgttg
tgacttcctcttggctgcagcccactctctttagactgagtgaactgcagtccgctaactgaaactcaggtcacttatttacaaacaaag
cacaggcagcctataataatcacttcctgtctgcctttccaaataagagcacactattttcaagtaacatatcacctgttgccgggcaac
atgacatgtttcctttgtggtttattatggtcaacgtacatacgtttttagattttagtctgattgtgataaacgtttgtgttgattttc
tgaagttcatttgaatgtgaattgaatgtggaaacaaagttaaactctttgaacatgtgagccagagcacaaacaaactgcacgttctac
accaatcacagggggctgagagggtacgtctagtcacatctaacagacacaactgtgacaaaacctcatcactgactgtccaaatcattc
aactgcctccatttgacattggttagcattaagaacagaaagcctcatcattcctgactgcaggtttgggaacaccagtaaacgacagaa
gcagtggagaaatgaagctgaataaagcacagaaaacatattgtagcctgtttgttcccaacgtttttcccaagtacactggaacctcgg
ttttgaaaattaagtaggaaaggtcatttcattggtcctggctcctgctgaggagtcctgataggacaatgttcacttcactttctcact
aatgattgtctctgaaatactgtggccggccaactgtttctggttgatccaaatcagtgtcaacttttccaacttcttctactgtctgag
atctgttcttggtgatcacagtcactgctttgacaactttagcttctgttactgcttccttcttcttcatgatgctacaaatccaccact
ttgttaaaccatactgtaaagacacatctgaaacaccagctccattctcatgctttcctacaatctttcttcacttctgttgttgttcta
tttttctttctcactgtgatttatggaataaaaaaaatataagaaatagaacaacacaagaaatactatactaatatagttttatactcg
gcaaaattttgcattatgctagcagcaacacgtgttgcagcttctatttactaggtatttactctttatatgataaaaatgtaattctta
tttttttaccaacataaaataaatactaaaatatacaaaggatgataattcaatctgttatttaaggtgttttacttacttcctgttatt
gcagtgtaaggcagacagctccctccagaggtgtaggctgtaaattcacaggcctggtcatgtgaccattcacagtgtcatgaagacaag
ctatacttccattagaaccagggatttgctagaaaagccaaaaaggacaattccagatgtttccggaagttgaaaagaaatatactggaa
ttaaacgggttaaatcgaaattgccgatcccgctggccaacttcaaacaacctaaggtgtgttattggtatggtaccagagaaacacaat
gtgcaaaagcagtgcatactccagcagggcagggtgaggatggaagtatcatattacttggcacacgtgccagtaactaggaaactagtt
actggcacccgtgccagtaactacgaaactagttactagaaactatcttcggttgttcacacatggtaatcatagcctcgccttgtatct
cttggcccacttttacttttcacacaatgggtcgcatttctgctaatcttgtactacagatgagcagggtgggcaacgactgtcagaaca
cacacacacacacagaatgactttgatgtcttcatattaaattttcaatacaaccaatcattttaacagcatattttatcacattaaaca
ttcagttttattttcactccagcacattaaactaaatcattttctcccattttgatatctgtcttaccgtttttaaaaatgcagcttttt
tgtgcttggtatcagcagtctgtaattgatcgttagagataaacactcctaacaatgtctgcccctgtttgtcattgtaatttgecttggt
tgtttgtttgttgaattctgtctgtttccaaattgaaaatttttactgaatggtgtctttttataatcattattaaaaaaactgtgaatt
ttacatggaaatataaaaattcatataaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Bl 2 S8 hsd11b2 FERZHTRIT 5 AN 9 2 3L 51

Fig.2 Nucleotide and deduced amino acid sequences of C. semilaevis hsd11b2

TAHEN R GG ST MRS T, BETRILERR polyA 55,
AT L FOR B ELE B, B8 6T RIL RN IR AT 5L
Frames indicate the start codon and stop codon, respectively. Black underline indicates the PolyA tail sequence,
violet underline indicates transmembrane region, blue underline indicates conserved domain
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Fig.3 The gene structure analysis and protein domain prediction of C. semilaevis hsd11bl! and hsd11b2
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Fig.4 Phylogenetic analysis of HSD11B1L and HSD11B2 proteins

A: HSD11BI1L; B: HSD11B2

A: Schematic representation of genomic structure. The exons were represented by red boxes, DNA sequences were
indicated by lines, and UTRs were shown as blues boxes; B: The predicted conserved domain of HSD11B1L and HSD11B2
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Fig.5 Tissue expression analysis of hsd11b1! and hsd11b2 in C. semilaevis
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Fig.6 The hsdl1bll and hsd11b2 expression in gonad development stage

R E TR BB Y 25.65%(P<0.05), fEMEfa iy F5iA 5
Tolw E x5 (K 7C. D).
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358 8 T i U8 )5 5 % (SDR), & —Fh 22
AR i 5 15 (Ghosh et al, 1994), 8 hsd11b11
hsd11b2 FERIAE Bz I e i) A B A v B 8k 0 Tt
FIVEF o LAk, hsd11b11 3L )5 8§ 750 b AL 5 b
R E ZR(GR) . MK (E2). TATA 455EH
(TATA-binding protein, TBP)&EkE F 485G 5,

hsd11b2 Ji3 8 DX 3040 50 B R 32 R (GR) . T
M A2 R (AHR) M TBP G545 S 45 G 15 o B2 TR &
—BIoWE R TR, T LA S R M R AR A
AL AR A A B B vhole B E 2R FH (Mommsen
et al, 1999), 748, H#E(Oryzias latipes). F X
AR, S5 E RS S HEE 1k (Hattori
et al, 2009; Hayashi et al, 2010; Yamaguchi et al,
2010), HEPCER MM R 2RV LIS 50250
PRI BT . TBP ME—2EAI LIS RNA KRG
I1 e [R) & 3 (R 5% S IR 7, FERS TR it i
ik, Z5RAMIIE L (Schmidt ef al, 1997).
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Fig.7 Analysis of hsd11b1l and hsd11b2 expression after high temperature treatment (28°C)
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it (Chen et al, 2014; Li et al, 2016, 2017). i
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Molecular Characterization and Expression Patterns of hsd11bll and
hsd11b2 and Their Response to High Temperature Stressin Chinese
Tongue Sole Cynoglossus semilaevis

HAO Xiancai'?, FENG Bo'?, SHAO Changwei'?, WANG Qian*"

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai

201306; 2. Yellow Sea Fisheries Research

Institute, Chinese Academy of Fishery Sciences, Pilot National Laboratory for Marine Science and Technology (Qingdao),
Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao 266071)

Abstract

Sex determination and differentiation in fish are not only influenced by genetic factors, but

also controlled by environmental factors. Previous studies have shown that cortisol plays an important
role in the feedback of environmental stress in fish. Fish hsdi1bi1] and hsdlib2 can regulate the
concentration of cortisol. In this study, we cloned full-length ¢cDNA of hsdllbll and hsdllb2, and
analyzed their sequence characteristics in Chinese tongue sole (Cynoglossus semilaevis). We then detected
their spatiotemporal expression characteristics and expression patterns after temperature stress. The
full-length ¢cDNA of Asd11b1] was 1650 bp with 864 bp open reading frame encoding a predicted 287
amino acid protein. While the full-length of hsdi1b2 was 4526 bp with 1209 bp open reading frame
encoding 402 amino acid protein. The gPCR showed that the highest expression of hsd11b1] was within
the liver and the expression level in the ovary was two-fold higher than that in testis. In particular, the
expression level of isd11b1! in the ovary was higher than in testis at the stages of 6 mpf and 3 ypf. The
hsd11b2 was expressed mainly in the testis and expression level peaked in testis at 6 mpf. Conversely,
expression of hsd11b2 was hardly detected in any stages of ovary development. In addition, we analyzed
the expression patterns of Asd11b11 and hsd11b2 after high-temperature (28°C) treatment. The expression
levels of Asdi1bll and hsdl1b2 was significantly reduced in the gonads of males (P<0.05) after the
high-temperature treatment for 2 months. For the acute high-temperature treatment (48 h), the expression
of hsd11b1] significantly decreased in the gonads of both females and males (P<0.05), and the expression
of hsd11b2 was only significantly down-regulated in the male testis (P<0.05). In this study, the expression
patterns of hsdlibil and hsdllb2 genes in the developmental stages of gonads affected by high
temperature stress lays a foundation for understanding the relationship between temperature and sexual

differentiation in Chinese tongue sole.
Key words

Cynoglossus semilaevis; Sex determination; Temperature; hsd11b1l; hsd11b2
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TRAREE, TRMETK, PRIU, iy, W, Gk, BRI e g him g fa S R BRISAR KATIE Asp70 JE K FRGA Y
.l R, 2021, 42(2): 55-62

Xu ZX, Zhang PF, Chen SQ, Bian L, Chang Q, Wang ZD. Effects of feeding frequency on the growth, physiology, and expression abundance
of Asp70 mRNA in juvenile Thamnaconus septentrionalis. Progress in Fishery Sciences, 2021, 42(2): 55-62

RIRMARNRED S E LR, £FEBERK
BTRE hsp70 BEERIEEER N

e km? mmE>® w A2 o F OFExd
(1. VLINEE R R EERE 5K E s 222005; 2. FEKRIAVISE B BB K= B8 266071;
3. FREFHERESEARR S ER LR EZFER B2 S5 EYr- B d BRI E HF5  266071;
4, HFEMIEBEGEEVRBER AR HE  266200)

BE N R B % 4k # 5 W 4 (Thamnaconus septentrionalis) 4 # £ K | A ¥ 48 Ax X AT IE
hsp70 FEE R KR E, AFRE S NERAE, 288 1.2, 3. 4505 K/d(RFEHA FL. F2.
F3. F4 1 F5), G/MALE A 3 ANFAT, B 30 B A[(6.47+0.56) gl. LHHlE], A H 17C~
26°C, #JE % 30~31, pH 4 6.8~7.6, HM4A=5mg/L, HMEAL KN 30d, HEERW, FELEM
ENGHEL BN ERK, KR, HUBERRANEEERTY ., MERRMENE I, %
BOHEyaNFEMAEKHE EABYE, FSHARMERA, BEEN 3.95%, WEE N 347.19%,
BEEKERS507%/d, MEERAFIAN2E S F1AWERE R 1.79, B E KT E A 4 41(P<0.05);
AR A A5, F4 50 FS A8 R B E 5 TH M 3 41(P<0.05), ¥k EME, sk as
EEAAEE RIS, F2 455, X 59.82%; M A EERH WA, FS4Rg, ¥
31.23%, & & B & AR R W e B SR KR B iy %, F3 A 7E MK, 5 37.48 U/ug prot;
By B R H I, F5 4145, 4 2.67 Ulg prot; JE M BEE I T F B9 £ B9 % (P>0.05), 1t
AAvEEE . BA S EEE T A E RS HAE F5 4, 45 4 14.71 U/mg prot. 250.32 U/mg
prot #1 2.73 nmol/mg. KFJEH hsp70 3 F By 48 3tk kB A L HRME W7 (P>0.05), £ TH#EL
WL A KA ER NN EAER, HRERRMEN 3 K/,

KEIR  OWRAE; KETEH; KM £EET

FESES S963  XEAPRIZAE A XEHES  2095-9869(2021)02-0055-08
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* AR A R0 AT R H (2019GHY 112073)  Hf [ K 5 B 2 BF 58 B BT K 7 BT 5 BT S R B F ol 55 9% i H
(20603022017014)FIYT I35 W78 = BHF5 SR A H -1 500 B (SICX19_0996)3L[F ¥E Bl [This work was supported by Key Research
and Development Program of Shandong Province, Department of Science & Technology of Shandong Province
(2019GHY112073), Central Public-Interest Scientific Institution Basal Research Fund, YSFRI, CAFS (20603022017014), and
Postgraduate Research & Practice Innovation Program of Jiangsu Province (SJICX19 0996)].

#IL[E S —AE . 1RFREE, B-mail: 879453952@qq.com; KM &, E-mail: 1573852630@qq.com

O#EREE: ¥ F, WA, E-mail: changging@ysfri.ac.cn

Yickie H 41: 2020-07-24, Wi Eoki H 19 2020-08-12


abc
图章


56 ook B

2 R 542 &

2007), JEE RIS, AR S TR LR

PR AT RE RS , WA K 22 RAUK BTG YL
LR fE Ty A (Thamnaconus  septentrionalis)TE 3% [ B U K
VSRS A5 43 AT (MOBT 55, 1984), E T T 7E KR 60~
120 m &b, Sy HMEEIR iR R A2 (1277, 1981) H
WLR & & iR . Z AN MR R (EPA. DHA), /&
IR IR o 1 R R Bl (TR K RUEE, 2018) 7E 20 i
7t 80 ARARHT, SRf i fili e VR R AR S SO T
Wt (Trichiurus lepturus)(VF2F R4, 1992), {HT4L4F
K, W Tt R, AR EERWE )N,
W, YT RGN TR, TR EE SN T/
B TH AR A B 2R, i R ST SRR T 4k
FRHH o X & fif L 1 i 4 £ S 0 B 0 A L 1 R s A
AT ST A B, o il BRI A] S 4 K 89 09:00~15:00
(R ME A, 2020), (H 0 ARk 45 MR A #6075 i — 20
WFFE o AR S 328 I 5 AN [ 45 ML 238 of 2o 68 1 1oy ffi 4)) £
AR MERE . Al IHAREE . BUA GBS PR SO
JIE hsp70 FERIFRIRAFEM ,  DIB E H Bl B R %

TSR A . B SR TRCR L RPTIR S

1 M5
1.1 LI

o g Ty TR fif )y £ ) ) R K A BRA D, RIS
5 I J T 5 DV v M R R AT RN WD . FRBE S
W IFIAHT, TEARCA AN 39.52 m® (K. 98, &%l
H 7.6, 6.5, 1.5 mAy/KIe bR 2 JA, (H A0S N
FRPAEREE , WM BRI, &K T 06:00. 12:00
1 18:00 Mo 430 3 vk, BT HTGRDRY by itk 11 2% fa A1 r
at TR CA U R RDRL, FLER T 49.86%, FHLAR
9.68%, JK1 12.65%, KI1 8.32%). FRAEI/KARIE
WITIER, Hamm oS igE .

1.2 FLHFITAFERE

SER BTt 5 AR, 4300 A F1(12:00) . F2(09:00
F1 15:00) . F3(06:00 ., 12:00 F1 18:00) . F4(06:00 . 09:00
12:00 A1 15:00), F5(06:00, 09:00, 12:00, 15:00 #l
18:00), HAMALHRL L 3 MEE KRS, K
WLARFR Y 450 R A0 [F-3 1A 4 (6.47+0.56) glREHL ST
BLE) 15 Ml (AR RN 400 L), A6 30 B fh,
fi I K IR 1 7 R AT 5208 . 5250 ok R R &
P, RS 1k, #oK 1R, AW 30d, B
) R R H ARG RR, B2 18:00 45 MR 5 ARAT
HEHH , M52 JE BT K IR A 17°C~26°C , 85 30~31,
pH N 6.8~7.6, A =5 mg/L,

1.3 HmblEMmaRAE

TEFRH SR A RS, Ryl 1 d, ie3%4%
A f Y B ARG, TR E AR RO IR OR &
fEbr o BRI 3 R A AR AN 42 008 FR 1y o SR)E HE
MAEASLIAR TP REALET 3 RLkig Dmbdhighfh,
MS-222 FEATIREERRIE, ARE S RS RE BRI
R, SRIEWRE . BEE ML TR SITFIEER , BRI
FN AL & PR, 23 S FRE, SRIFFAR LA L
T 8 22 W A RAFAE v, BGRR 20 BFIUE L 23 s A
NHAEE T, 8O CLRAF, il T I0 5E TH A Tl 6 1
JHF I 00 5 e S ATl I 1 N Asp70 BRI R S

A R Ky OHLER RIS 5 5 23R
HEFR T4 15(105°C) . BILIGE AU AR Ih £ k)
E o HFE R T ARSI ARG T PR T R At ek
A AT S i A= 7 AR 3 0

FEREA Asp70 &R 335 & 190 E R 38 Vazyme
RNA-easy' " Isolation Reagent 1271 £ i FH 45 2 B 2%
L To i P 9 RNA 3828 F UK I RNA 7 56 e e
Thermo Fisher NanoDrop %€ RNA AV JE ., i
TaKaRa Prime Script™ 1* strand cDNA Synthesis Kit
A A RNA UG5 cDNA, J18 F-20C A7
M4 NCBI A $k 28 Hh I il hsp70 FEPHI 2 KIF5, R
H Primer Premier 5.0 WiT4E R ES |19, ¥ 48 BeK
7 100~180 bp ZIH[(FE 1), FrA I MiE TAY T
PRI ) B A BRA F) 6 o

B-actin Fl hsp70 & K 3= Fe ik R 7500 SEAT
E 1 PCR & %i(Applied Biosystems, 3% [E)#4T qPCR
B, RBRRF: 95C, 2min; 95°C, 10s; 60°C,
30s, k40 MES; MEfEHZ: 95°C, 15s; 60°C,
60 s; 95°C, 15 s, RWZRIE, Wilathse &
B, IR el 2, THE DI SRR R BT
90%~110%, 7 7F 0.95~1 Z [i] ,qPCR [ ZE SR ] 2744
AT,

*1 SLFEE PCR3|¥

Tab.l1 Gene-specific real-time quantitative PCR primers
519 Fr31 RREFNIN
Primer Sequence(5'~3") Fragment size(bp)
p-actinF CGGAATCCACGAGACCACCTAC 139
p-actinR  TGCATCCTGTCGGCGATGC
hsp70F  CAACCCTGATGAAGCTGTG 170
hsp7TOR  TGGTGGTGTTCCGTTTGAT

14 HEAK

BEEFR(FIR, %) = 100 x Fo/[(Wr+ W)/2]
BT AR (WG, %) = 100 x (Wp—W)/W,
B2 4 K2R (SGR, %/d) = 100x[In W — InW,)/T)
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TRAR A PR i Lh i i )y £ A < AR PR AR BT IE hsp70 FE R 335 = BE 1 520 57

TR RIRCR(FCR, %) = 100 x W,/Fr

HE 35 B2 (CF) = 100 x Wy/L’

A48 K0 (HIS, %) = 100 x W/ Wg

WEAARFE R (VSI, %) = 100 x W,/ W

Wi NS A R B, W SR ) bR T
i, Tp LB REL, L RSLImas il ik pgiki,
Wy MR R E R, W, MR R, W,
SRR SRR, Fooh B BEE

15 HEFELESSEITHH

SEEBAE R I Excel 2016 4041, SPSS 20.0 #:47
B Z 5 22 (One-way ANOVA) T, AR5 2 H HAL,
P<0.05 NZERTE,

2 #R

2.1 RRIEIFEDE B4 & £ KIEREFNRRLF
MBS0

AN [R] 45 PR BT 23R 5% 4 £ I T £l 40y £ % R | MG
B R AR AVER ORI W3R 2, 7RI
BRI AAEOL , Sk b BT B4 0 R | 1
HORFREE AR KRR LT F4 FFS 4
ZIMFERR B A B R AR A KR8 EIIANTEAE
I EPEZE R (P>0.05) FEMRBISCR T TH , F1 4104kt
R 2 T A 4 2H(P<0.05), Hifth 4 4l )25 57
A2 (P>0.05),

T2 MRSIERIREEDHEELN S KIERE
FNGARLF A S AR (F X (AR IELR)
Tab.2 Effects of feeding frequency on growth performance
and feed utilization of T septentrionalis juvenile (Mean+SE)

A FmER WER  FREARKER ARRE
Group FIR(%) WG(%)  SGR(%/d)  FCR(%)

F1  2.4140.02* 138.94+5.27° 2.85+0.04* 113.06+2.91°
F2  2.99+0.04° 179.30+12.92° 3.46+0.10° 105.26+1.12°
F3  3.58+0.04° 266.50+10.75° 4.52+0.04% 106.32+1.45°
F4  3.82+0.129 323.56+16.04% 4.81+0.21% 107.68+0.81°
F5  3.95+0.02¢ 347.19+10.98% 5.07+0.07° 107.09+1.85°

e R —FEBUE B bR SRR, Rondlag B

% 5(P<0.05), FFFE
Note: The values in the same column with different

superscript indicate significant differences between groups
(P<0.05). The same as below

2.2 IRIRINE N R EE D E T4 & SIS ERH RS AT

AN [] 45 PR AT 23 % 4 8 L T Bl 40y £ T 25 1) 52 1 D
F 3, BiR R, IR, F1 41 E T A
4 4(P<0.05), TMiHAlb 4 212 [ BAT 222 5(P>0.05).

TERFIR L T , F4 F FS 202 ()0 e & P24 55(P>0.05),
H B ZE THA 3 4H(P<0.05), WE HLA 2% W 45 %
5 (P>0.05)

3 IRIRSNE N LREED HE S 4 IR ARSI
Tab.3 Effects of feeding frequency on body indices
of T. septentrionalis juvenile

0% Group  IEHHEEE CF FFAEE HSI(%)  AEAEE VSI(%)
F1 1.79+0.5° 8.87+0.29° 14.57+0.29
F2 2.1440.37° 8.94+0.29° 14.81+0.29
F3 2.0540.69° 9.71+0.29° 14.87+0.29
F4 1.98+0.35" 9.97+0.52° 15.37+0.52
F5 2.06£0.16°  10.65+0.12° 14.97+0.12

2.3 IRIRSFIE N R EE D S 4) & 1K A 53 B0 RS A

5 WL AT S 0 % 86 L T i 4Ty £ (A R 43 0 B e AL
F4, SRR, MERRBRARM, afHEA
TEF1. F2 M F3 Al Mo i EPE2E 5, F4 M FS 415
FART HAh 3 41(P<0.05). ML MG 7 2 bifi 25 £ RS %
(R BE T RE I, 17K 40 12 TG J 3 1 22 5 (P>0.05)

x4 RIRERIREEDEELLN B KK EIF 0
Tab.4 Effects of feeding frequency on composition of
whole-body of T. septentrionalis juvenile

— —
45 HEH FLI Koy
Grou Crude protein Crude lipid Moisture(%)
P (% dry weight) (% dry weight) °
Fl 58.53+0.16"  26.38+0.30° 75.900.02
F2 59.82+0.66°  26.30+0.41° 75.66+0.85
F3 58.64+0.83%  28.94+0.68"  74.92+0.55
F4 56.90+0.40"  30.01+0.18%  74.19+0.38
F5 55.89+1.18°  31.23+0.76° 73.54+0.20

2.4 IRIRSFIE N 4R EE D S 4) & H L BB Y RS AT

e MR AT A< ] ¢ fifg T T B 4y #4031 A i B 2 e L
K5, WNERSATLIARL, SERBRAREN, hiE
JBRAE A 1 B B TR R T A A T
A, TE Ry B M TC . 35 1 22 5 (P>0.05).

R5 IRIRINEITREED H T4 & HILEE MR
Tab.5 Effects of feeding frequency on digestive enzyme
activity of 7. septentrionalis juvenile

4151 Ji 2 E_E’EI ESH)‘?E@ TEA il
Group Trypsin Lipase Amylase
(U/ug prot) (U/g prot) (U/mg prot)

Fl 47.03+0.77° 1.89+0.38° 3.51+0.28
F2 42.64+0.41° 2.11£0.35% 3.95+0.45
F3 37.48+1.48% 2.28+0.38% 3.84+0.50
F4 41.17+0.96¢ 2.63+0.16° 4.61+0.41
F5 46.87+0.51° 2.67+0.34° 4.01+0.85
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25 BRI GE D mesh &R SV TN
A

8 MR AT 3R X o £ T 1 fnf 0y £ O T SR IS
B WL 6, YHEEMUFRAWIRE I, AR A &
B G 2 A8 fh(P>0.05); # ALY S AL B I PR AN —
P B TE FS i, 1F F3 4k,

R 6 IRMRINEIREE D H L4 & BT AL E BRI R20
Tab.6 Effects of feeding frequency on liver antioxidant
enzyme activity of 7. septentrionalis juvenile

40 EEE EAYELEE N R MDA

Group  (U/mg prot) SOD(U/mg prot) (nmol/mg)
F1 14.49+1.71 218.87+1.48% 1.93+0.04°
F2 12.06+1.59 204.65+4.53° 2.01+0.04°
F3 14.36+1.61 202.38+4.94° 1.9140.09"
F4 13.48+0.48 229.77+7.50% 2.4240.14°
F5 14.71+0.16 250.32+9.44° 2.7340.09°

26 HRWRMRMNGEDmMEELERFAEF hsp70 EE
E3e: kA
AR 1 R0, S o i fdi 40 0 A P Asp70 FEH
AN TR EAERSHZ M E AT E

1.8
161

14 r
1.2 ¢
1.0r
0.8
0.6
04
02
0
F2 F3 F4 F5

F1

hspT0Zk RAHNT Rk &
Relative expression level of Asp70

2H 51| Group

PE1 EMRAT AN i T T fii 4 0 fUE v
hspT70 B[R IR 5L IR
Fig.1 The effect of feeding frequency on expressions of
hsp70 in liver of T. septentrionalis juvenile

3 itig

3.1 IRIRIFE NG 4REE D S 4) f A <1 AE A0 4R AL R
By m

TE—ERERE L, R R BRPUR eI o A R K
YERE, giaRs Ry, (B —E fFEE, PR
R, A e dt a2 M A KPERE , BCmixS £ Py Y i
BAT A (A 7SI AE, 2003)0 386 H A SRR
5 a RSB KA E R . WIRIIRE (20200058 K

B, KIOEE (Micropterus salmoides) Tt 0~60 d B, #
WRATA N 2 YC/d G ANE] 4 Yk/d, fa A E AT
25, MAE 60~120 d B, Bl F MU R I 3G
R A B N B AR (2019) 5T
RI, IR 0.5 Y/d HEINE] 3 k/d B, 458
fi5j(Megalobrama terminalis Richardson @ Erythroculter
ilishaeformis S i 3 FFb, A 3 /d 3 m 3|
4 /A I, iR R SRR AR R B A
FVEAL X GG A RARRL, B
1R/ #2053 3 k/d I, Sl B T il 4 £ ) S B R
W E R E A KRR R ET &, H 4 %/d 1
IE s Jo/d i, R SE AR R A KR FIEDRE
LESOPWTE 3 R e NSNS Lo 1Y )
T : — AR R Al pE 2 R B B i i, e
JER P, TRER 258 A TH AL R AASE , S E SR
T (Dwyer et al, 2002); —Jeta it Z ST
N IHFERR T BE L, DTS M A A U

o R B, PR A0 B FP S FRLAS (AR, SR A%
SRR Z ] 2 BRI OG5 o A SR Ay
RS 8% (Hippoglossus hippoglossus)(Schnaittacher et al,
2005). F®E(Paralichthys olivaceus)(#IA1 H %5, 2019)
5, WA BORIUR ARG, SRERIG N, ECRA
R, AU S F R (Carassius  auratus
gibelio)(Zhao et al, 2016) . B} I 68 5 (Trachinotus
ovatus) (Wu et al, 2015)55, FiZE MRG0, %
JERS LR SV S [P TR SR =S I PN/
(Dicentrarchus labrax) (Tsevis et al, 1992), K
(Pseudosciaena crocea) (PMEfd55, 2013), BHAE M %
AOHEIN, SEE RN, FRRCR SRR . X HAFSE
BERARMIZAL, F1 A RDRACR W35 m T HoA 4 4,
T HA 4 4 Z [ 5A WA 25 .

32 WIRIFERED H L) & KSR E R S

sE A

TARTE bR P fa R RE RS S, B
A, IR Z0RER, ot F®e
e f R 2 BUTE R, AR R Y AR LG RBEAR L |
Tt X K528 (Huso dauricus @ x Acipenser schrenckii
NHE LM, 2020)FIAE i (Lateolabrax maculatus)(E.
555, 2018) I BIFFE A B, 4R WA A8 5 40 28 1 JH-A4 e A
IEAR L 2 0E LG 2R o X RIARDF SR 45 R A S AR, ¢
figs 1 181 £ ) £ AN L i 45 IR0 23 1 184 o 1 8 0
PE2E 5, MR L SHRI TG, X 5F e
i3 (Acipenser sinensis)%5 FA [ (B HL%, 2019), 4
PR AW T I, 77 [CF-fill (Sebastes schlegelii)
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gl fa (B IR AE, 2014) FFAA L A IEAAR L 52 BB K 1
B, kT e AR R O

AR FRE L U E T R B, T R AR R
BT R ARl AR B B TR R R s SR &
ML 5 s A5 AR PR L (R R o AN [) Ay 5 MR AT 3 %) £
TR SR R B AN — o — AR, BRI () 34
SRR ISR B a1 I A A SR I A Ak Sk R I
FEERN, TS B RIR G & & LT, K& it
TR X AR s i (R 045, 2019) . AEBT(EARAE, 2018)
A 6F(Lee et al, 2010)BF50 A B, it 5 45 MR 031 23 1Y) 34
hn, HLIR WG & S Wik, sK4r & BB Wis > . A
GBI, P AT (14 1 0 (o 2t i 5 1 s 4 £ FH i 7
SThE, HEN SR N, Ko 0T A
fbo X5 B A IR A (20 14) KR FCP- fith 4 £ (14 1F 5% 445 2R
AH—B, PTREE th T HRITUR A R BTG N, 268 T 1
i o] DRI T Z B, R kR A9 Be i 5 Ak BT
105, FENUAT A T ok, - FBOK S AL, M
B i D TE MR S R BT AR Z BN
WEE RS SRR e, B R A T i — DY

33 BRFEXRED ML) GEELEBMTERE
L ERE MY 2

0T A =2 FE R B . IR RN JE A Bl 31X
SO 0 35 PR R T A 2 DR A SR T T A R
RE 1 (ZEA E 4, 2005), ASAFTT R, B X 4%
figs L T i &)y £ 3 A TS A I R, it R MR R
38N, %) 38 v AR S ) 2 RIS T e
L, X5 T (Siganus oramin) 31 fa.(1 B B4,
2020) . JKifF S (Hippocampus erectus)(J§ TS5, 2013)
Ry — 2 RN R R AT AR B T ARORRAL, =
e EA L, PUATE ™A R RE AR, 755
W SR & IR, X AT BB 1 W/ LA Rl 3R
R RE MG, PR RFEE A
THALEE RV PTVS AL 75 5 R MR e 2,
BN HAHUR ™ e — s i A, 75 248 R R 1 il R
Fo oA E SR T g 7 TG 1 B o A5 MR 2% 1Y 38 Jn
MEGHN, X IELFEIE T 205 5 Hof g I & A
Wr - T e, 3% B S 6 I T i T e X A A B
FI i HE

8 AL AL (SOD) 2 AL P Ak Py — Fh 2 1 4t
FACHE, RENS AR AT B T A (0 Ak I
i AL E(HL00) FI4A(0,) , P AL S (CAT)HE AR
) 3k AR Ak S A O LA T 3 B K AR, Rl
PO e 32 5140, LIS PR A9 AR A0 T DL BBILAAR ) B2
PEK (BT AEE, 2009). 75 fE(MDA)J&—Fhffif & [

3L S P AL RS AR br, SR AR, T
TUREST RTINS VR4 M B A . R R
Tt (Salmo salar)fIRFFE &L, MM RAE 1 ¥K/3 d~
1R/ d iy, JFRERR DS s . WA Ak AL A
AALRE 22 R B 2 (IRCE 5, 2019), XS AR
LA, FORMURLE 1~3 W/d i, ALY AL
AN RS TG 2E IR B, RN TR
RS BRI 3 Y/d $EmE] 5 wod i, AL
Yy AL AN Y B T, R PR Z E] T
STENS

34 HIRMEIFREEDS L) & FREH hsp70 EE
FiXHI MM

hsp70 JEFAK 78 5 11 (Heat Shock Proteins, HSPs)
FEH e R B — 5L AR PR T | AR IR
B Z NS, WABA s HSPs, UL,
PN H o hsp70 FEPRFERE & 2 I EH 2A
ik E, WELfA(Ctenopharyngodon idella) (FRIVFKEE,
2009) VL (Trachidermus fasciatus)(X| K4, 2013) .
K K8 (Huso dauricus)(Peng et al, 2016)F14%38 15 5
fa (B F 1 Pelteobagrus fulvidraco Qx BL K 1% i ff1
Pelteobagrus vachelli 3)( R, 2020), X 1] HE&
KR FEREAE S R Ak . AR . Sesie R oy R 8 15
SR HARRR T HaEEMEM. REEEE2020)0F
FERHL, KRN 20CTFE % 28°CHE, 248 Bl
FFRE . 65 AL S hsp70 R FAE B FH T
X018 AL, % AEti(Oreachromis niloticus)
FESFRHE 10 d B, A [R]85 WA 3 X6 A Asp70 BE 1
FORIA WA, MAE 20, 30, 40 d B, NWTEE
EROW . ARWETEH, FEE TR AR, R E
W hsp70 FE R GA G B 35 25 5 (P>0.05), {H F3. F4
MFS T FL M F2 40, nRgle A —2&H
FERF KRR, 2L hsp70 FEH FR m AR TR,
MBS 2 2 0] 22 S A8 d 25 2 Bl 7 0 R A ) 3
hn, FARBUR FEEE ST WAH R LA PR A T B
N

4 it

2E R, FRAEEWIN 30 d, MR IA A
TN (6.4710.56)g MY SkGE LB L) e A | AR,
TR . TH AR BRI A A Bl 6 7 TR A 5 R
R TTEA, FEMRPR Ty 4~5 W/d Bl 1% A,
Y FIHTEACEEG M, 3 WR/d Bl o LR R AR EE T
BEgf K il AERSEE AT s, U
AR AT AN 3 W,
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Effects of Feeding Frequency on the Growth, Physiology, and Expression
Abundance of hsp70 mRNA in Juvenile Thamnaconus septentrionalis

XU Zhengxin'*, ZHANG Pengfei**, CHEN Siging*®, BIAN Li%, CHANG Qing*”, WANG Zhida®

(1. College of Marine Science and Fisheries, Jiangsu Ocean University, Lianyungang 222005;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071,
3. Laboratory of Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for Marine Science and
Technology (Qingdao), Qingdao 266071; 4. Qingdao Yuehaiwan Marine Industry Development Co., Ltd., Qingdao 266200)

Abstract The effects of five different feeding frequencies on the growth performance, physiological
index, and hepatic heat shock protein 70 (hsp70) gene expression levels of juvenile Thamnaconus
septentrionalis [body weight of (6.47+£0.56) g] were studied. The experiment design included 5 feeding
frequencies, namely 1, 2, 3, 4, and 5 times/d (referred to as F1, F2, F3, F4, and F5 respectively), and each
treatment group was designed with 3 parallels, and each tank was cultured 30 fish. The experimental
period was 30 days and water temperature range was 17°C~26°C, the salinity was 30~31, the pH was
6.8~7.6, and the dissolved oxygen was = 5 mg/L. Results showed that under different feeding frequency
conditions, the growth, body composition, digestive enzymes, and antioxidant enzyme activities of the
juvenile T septentrionalis were affected. With the increase in feeding frequency, the feeding and growth
of T. septentrionalis showed an upward trend. The F5 group had the largest value, with a feeding rate of
3.95%, a weight gain rate of 347.19%, a specific growth rate of 5.07%/d. The weight gain rate of the F5
group exceeded twice the value of the F1 group. The condition factor of the F1 group was 1.79, which
was significantly lower than that of the other four groups (P<0.05). The hepatosomatic index gradually
increased, and the F4 and F5 groups exhibiting significantly higher values than the other three groups
(P<0.05). With an increase in the feeding frequency, the crude protein content of the experimental fish
showed a trend of first increasing and then decreasing: F2 showed the highest crude protein content of
59.82%, and the crude lipid content showed a gradually increasing trend: F5 was the highest with a crude
lipid content of 31.23%. Trypsin activity showed a trend of first decreasing and then increasing with the
increase in feeding frequency. The F3 group had the lowest activity of 37.48 U/ug prot; lipase activity
gradually increased, and the F5 group showed the highest activity of 2.67 U/g prot; amylase activity was
not affected by the feeding frequency (P>0.05). Catalase activity, superoxide dismutase activity, and the
content of malondialdehyde were the highest in the F5 group, at 14.71 U/mg prot, 250.32 U/mg prot, and
2.73 nmol/mg, respectively. The relative expression levels of the 4sp70 gene in the liver was not affected
by the feeding frequency (P>0.05). Based the findings of this study and the comprehensive consideration
of the growth performance and physiological indices of Thamnaconus septentrionalis, the optimal feeding
frequency for this species was determined to be 3 times/d.

Key words Feeding frequency; Thamnaconus septentrionalis; Growth performance; Physiological index
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KEMEENERERES GWAS ST

2 12

T i

AR

(L. MR R TGy o8 214081; 2. tPEUK=REEIIE R A YA ARPI b0 bt 100141)

WE h T BT K ZE(Scophthalmus maximus) kB2 A0k R IR 09 2T EAHLHE, KF A TR RE

R FARLREREE, KARUAZFFTHBFERIFRLE, 25N EHEE, KK, &
5 B SR 0 R AV, AR B A 4 7 3R (2b-RAD) A 45 A8 b AR AL S8, B T AR E A
X Bk 9 % (Genome-wide association study, GWAS), fiiih 5 k ZeF A EMmE R Mk B R B2 & 1%
R AZ # B (Quantitative trait nucleotides, QTN £ L i . R T or, D& MR & MR A A (mLMM)
SR EARK R KR TR T 2 MR A6 3AT Z Mk GWAS 4, 271l 2| 9 Mfr 2 A~ —
Bl % 3% QTNs; DL — MR &t SR A4 AL (LMM) X &R #EAT GWAS 2047, 78 (R 2 MR o 46 1 2
44052 B 3% KT QTNs, ARKAE TRk #4002 14 QTN, T4 BAR IR & N & A&
ME|BFWREALE, R 2AEANER, LI mLMM 5T LMM #4480 2 F £ QTNS,

ELA M 2] 89 QTNs 4 E B A& 42 & Ui — F £ 3 QTNs, A# % & XA A miLMM fr LMM *t X %
B RE fn ik R IR PEATHEC A GWAS 2047, k| 17 A B #F 8 QTNs, H#, H 4/ QTNs # &=
ZARME, DX ERME M QTNS HIR4, EAZHARLEA FRE| THERERIHN 12 Mrit
B, eMTHEY A EZTEREMERERNEZFERACAGEER, KFARE I K EZHERE MK
RERE 2 FAR LR BB FTRETERZHNSE,

KA KES;, KREMERER; 2EXFA XK ZHEREABERABER

FESES S917.4  XHEFRIEES A XEHS  2095-9869(2021)02-0063-08

KEZZ6F(Scophthalmus maximus), KM L H
et AT, T E A T v X A K SR
P . R HA AU TR | PR B S8 LA K
Ui S5 20 A, HRAE X BOR Y e | 7
AW T (FEFSE, 2002, 2005), #Kifi, Bz LT
I ARFRIE BTN LI AR EE 9, R 312 o o 95 5
IR AL, B AR L A A P G2 18 A5 ) AU

WAL, 2019; F 4, 2017), I, JFREREE
BEAHOC L B MR I BT ST, 35 LA SR B0 A
A PERE BT b ot KGR 67l kSR AR EE R L
L5210 F Ty i 08 561 B AR R 1) 26 B[ R T e i
A T1E(Hulata, 2001), *FmEAd K fikd, M@
AT B AR U A AR R AT BRI SR B d S 24
RAIEBEN R MR RZMENEAH T — L3 E . 4
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WM, 43 A 2 FE R 4 2 B D % Je I fifi 1 2K
FRRF s AL Gk B M2 B Fm S TR M AFE R
ST B RS (XU et al, 2015), G0 LLKE DR & £ FUgCR
PEMRA 5 (Quantitative trait locus, QTL)YE Kl Jy JLA )
Iy FHRICH Bk (Marker-assisted selection, MAS) &
Ffi(Wang et al, 2015; X|i%dE%, 2019), FIH H AR R
54y FhRic i) 5 3% SR Bt | kAR Anic Xt s AR A ARk
114 56 P A e B U 25 B A i 5 R AAE B A A ik
FEEHE AR, IR RS AR, AT ROR.

Wit o 00 AR 1 A g e 3 e R TR A R R Y
AR & J, FE Tl i B R 2 5% (Single-nucl eotide
polymorphisms, SNP) #r ict (9 4= 5& [ 41 5¢ Bk 43 #r
(Genome-wide association studies, GWAS) &, 51t | i
gt A bRic iy QTL @i, RUM%EE S HirtR
FORBRI AL ) F 27k, R GWAS #F5E &
BLEE X B — AR F AV (Yu er al, 2006; Burton et al,
2007), 7ESEAT A 28 MR st AL i AT FLid st 24
MR FARUERT, R 2 HREAF B 2 Mk
GWAS 3 W3l 5 B0 32 MR 5 38 4% 437 a5 1) 119 56
.43 M (Kim et al, 2009; Bolormaa et al, 2010) ., FH%% .
—Mok GWAS 43#r, e A1LEAT A M S B Z2 Motk
GWAS /AT B HLAR#, BRI YA A R (R A7
FERL LA SCHT, T s — MR o vh 220w i) bk
[y 22, MR M 8 & TR 50 ) 8% (Stephens,
2013) IS EAdi i K5 (Zhu e al, 2009); TEZ AR
GWAS /3 Hr it 8 b, i MR A% 2 (Quantitative trait
nucleotides, QTNS) WS T HEWT Rl 47T — IR G5,
B A R B AT A L, R T 22 S G B0 1 AR YR
25 (Klei et al, 2008); fAAEHE N ZRUERT, AN AL AR
S5 2RO, B2 MR GWAS iR
2 X (Chavali et al, 2010); Porter 25 (2017)45 4
e T Y AT Z PR GWAS 23 Hr s, kIR
ZRIAFIZ PR GWAS 43047 7 36 B 1A AR LY
GG IR, Ha—rk GWAS HitL, fE KR
S8 T 2 3 A AR S R R R

AW 5% K 52 36 A 45 I Y 18T Ak 3 R 41 (2b-
RAD)IMFH AR AT SNP 0, JeF M REMEIR G
R X A AR KR - AR e 3t 2 Fh 2 Motk
HH 56 Fe R A 0P AT Ao 3 IR A SR, S s (o 45
MR ) — B 250 QTNS, Rk 35 6 1 1A 8 Fid R
PR R SRS SRS . EAh, SHEANHERIEAT T R
—PRIRE PR AR GWAS 43T, IR HZER %
PR GWAS 4 #1285 b 47 g

1 #RE5FE
11 M EEFRNES

S Ak 585 &, B 29 P[RR R AL
(I RZZETH FIREIA, 4 AR, XHRER A Brg K ZE 6T
AR S T AR, JEERIUE 54120 DNA H T IR4E
) 2b-RAD ¥ . B, Fdnic e rY K22 6F
PLIRFRTE 24~ 6 mx6 mx1.5 m A EHR/KIRIH R G0
Kb, EEHIKEAE 5C~24C, AR ER MR
FHPRE 2 IR B . 5256 H a4 A H 3 2 e A
I A RECh 275~1001 d A%, XFS28e ] 4T
11 YO E IR A &, &R ERTFT 50 mg/ml
MS-222 o ]2 7 770 JRR I o D DR 232 S 0K, 3l 1oy 33K
SN 3 S e AR A5 o 1 R AR a4 R
# (Body weight, g, BM)IIR, [RIIN7ESE— 1S HHRr R
T, B AR AL Hy 6 B ) LA AR R AR Y
IRRUER . AR EDE . R Imaged #idbr e B
& KEEGFRYIA K (Body length, cm, BL). 14 %% (Body
width, cm, BW)F1E# % (Caudal peduncle width, cm,
CPW)IL 3 AR KRR 2 AU . R FH 7 fb 56 R 4
2b-RAD 5138 bR id 43 BB AR AT SR AN 10 SR
AMMARDEAT SNP 381, L3715 30049 1~ £ 2% SNP 4-+
FRic, Z% KIE6FHELIN 2 (ASM318616v1) 7 & &b
IC PR Pt A K JEIN O 473 d 224 (RS B A
it 5 d) KEEFEA AR R AOIME AR I Z PR GWAS
STy A, [ PLINK v1.9 (http://www.cog-
genomics.org/plink2) X AH W A AR A A 1 35 PR 760 45 4 10
i L IBRAR T 90% /NG Y R AN L % fe
AN B AR T 95% . Fwe /N B AR IR AR A% S i Ry
1.0%10°°, /NN SE AT /N T 3% 7 248 % KT
0.05 fit) SNPs, #4455 441 MREA ) 23988 1~ SNP
i T 4 2L 4 S B 7 o

1.2 XKERGit o

A GEMMA 34 (Zhou et al, 2014) 1 ()
AR IR A48 (Multivariate linear mixed model,
mvLMM)#EFT 2 A~k 2 RU(E AT SNPs FRic () 4 3 R
HOCHR ST BT, i Ry

Y=WA+xp+G+E

K, YO nxe GERAERE, n RREARANEL, ¢ )2
ST HEARAEG W R nxe HEDMAE B (AR 38 1% 1 2 5506,
WS AER SR, A ¢ BRI R AT, o
S R AE N I M B xR n AR SRR
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SNP iy JE K B8 7R AR 1 51 ) 1, B0 ¢ 2 S TR 5 SNP
AP B AG RN AT M 55 G N nxe QEASGLTE Y HTAG 55
SNP [y Z FE BV HERE , G~MN(O, V,®K), K J&
FH A K 20 SNP FRic e £ i BRI 21 SR % 06 R I
Vo i oxt HE T Z LR Ty 2500 )57 225685 5 E R nxe 4
IR, E~MN(O, V,®1), V,J& txt YEiR 22 T7 25—
DT 2206, TR R R

%, 2FEHA A~ SNP ABREFS 2] 1 A~—H
24 Wald Ge it FAI XS B ST HERR P H . 1tLAh,
) FH R 135 43 fifk 2k MR VR 5 151780 (Factored  spectrally
transformed linear mixed model, FaST-LMM) (Lippert
et al, 2010) B PEARFAT B — MR 1Y GWAS 347, Ha
5 A PERA SR QTNs, i R iEH £ 20
1A Quantile-Quantile (QQ)EI, [RIAT, it HF 1%
XN A NN ) 3 N R e S R
(Genomic control, GC)fH , 7 SLPRAFFE H GC {H 8 & X
R SNPARICH R I Geit i (Price et al, 2010).

1.3 EESHMEITHERER
B B S Y 3 R R HE O PLINK %%
(Chang et al, 2015)4b Bk 43 A1 T 5 A RS 28, 1) 3
PEIR 29 o B Rk A2 (Restricted maximum likelihood,
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Tab.1 Descriptive statistics of body weight and Tab.2 Degree of correlation for body mass and
morphological traits in turbot morphological traits in turbot
AR Trait FHICREL {ENG S S N AL
" 2 g e Correlation Body Body Body Caudal
2% thE kK ks R 1a : : .
Parameter Body Body Body Caudal coefficient weight length width peduncle width
weight length width peduncle NS 0759  0.801 0.662
(9) (cm) (cm)  width (cm) Body weight ' ' '
Hij_tﬁ 541.60 26.71 9.16 3.62 i 0834 1 0.825 0.772
Maximum Body length
1=} ge==
BOME 00 1360 4.45 1.58 st 0807 0832 1 0.729
Minimum Body width
Rl 245.72 18.69 6.53 2.53 Jet s
Mean Caudal 0784 0842 0787 1
it peduncle
" e 1.77x10" 1.04x10° 1.51x10° 7.78x10™ width
AER R TE: N =i MR R R AR DGR, B =
VC 0.32 0.10 0.10 0.14 S PP R B TE T A 38 A% T 5500, S e R[] 14 AR DG
- Note: Values in lower-triangular matrix represent
12‘?%77_ 0.72 0.58 0.59 0.48 degrees of correlation among original phenotypes, and values
Heritability in up-triangular matrix mean degrees of correlation among

PR 2R TR A A 18 DA R A P R A B — PR 2R R TR
SR GWAS 4308, % BM-BL B MIRAYZ MR
GWAS 4315 (K1 2 3 3) KB, it FLH 4 @ 35k
(5% Bonferroni % 1E [ {E, HJ 2.084x107°)fy QTN
Pt o4y, Hrb, 84 110 %% QTN F 1. 10
20 Sk B, Bl SNP_1 31495825, SNP 10

6893888 Fll SNP_20 18773114,/ 4 21 ¥ QTNs
fiF 3 (SNP_3 21601589 5 SNP_3 24007357).

5(SNP_5_25635891 5 SNP 5 26888833)H1 22(SNP 22
6190492 5 SNP_22 6380029)5 4Lt {4 |-, i 75 AH[A]
WL FEKUER , BL-BW-CPW 3 MA R IR AT GWAS 43

w (%] =
T

phenotypes which were adjusted by non-genetic fixed effects

BrufE 10 54 ik LA 2] 2 A~ 1 QTN 4 5
SNP_10 2724296 F1 SNP_10 6893888, 2 £ Eik
GWAS 7+ #riy GC {H43 %% BM-BL(1.035)F1 BL-
BW-CPW(1.044).,

XA T AR R 2 RS — PR GWAS 4 #r
gL (K 3 Mk ), 7 BM Rk, T3 M55
e iR BRI 1 DB ERN QTN £ 4,
SNP_3 21601589 F1 SNP_5 26888833, 10 & Mﬁﬁi
EREINE] 2 48R QTN i 45 SNP_10_2724296 £l
SNP_10 6893888, BL Fl BW T£:IR4> 57 62 1 8 5
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o
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Fig.2 Manhattan and Q-Q plots of multi-trait GWAS on body mass and morphological traitsin turbot
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#3 AEHHEEMFRMEREZXKN QTNSER
Tab.3 Information of QTNSs significantly associated with body mass and morphological traitsin turbot
AR SNP {37 55, SEALEE iR o7 P1H B 3T L A [X 12§
Trait SNPID Allele Chr Position P value Nearby gene Region (bp)
ZPERZ IR A 1% Multivariate Linear Mixed Models
BM-BL SNP_1 31495825 G/A 1 31,495,825 1.78x10° GRIK2 31268951~31431331
SNP_3 21601589 C/IG 3 21,601,589 1.09x107° cyp2la2 21601235~21604716
SNP_3 24007357 GIT 3 24,007,357 1.96x10° novel gene* 23968869~23970083
SNP_5 25635891 AIG 5 25,635,891  2.64x107  tshz3b 25624917~25661383
SNP_5_26888833 CIT 5 26,888,833 8.85x10  adamtsl? 26823608~26965578
SNP_10 6893888 AIG 10 6,893,888 3.91x10” SYT8 6878968~6899153
SNP_20 18773114 G/A 20 18,773,114 1.88x10° mytlla 18751768~18792541
SNP_22 6190492 TIC 22 6,190,492 7.73x107"  psmdda 6191068~6196105
SNP_22 6380029 TIC 22 6,380,029 4.98x10” novel gene* 6365881~6382399
BL-BW-CPW  SNP_10_2724296 AlC 10 2,724,296  2.83x1077 novel gene*  2717495~2721226
SNP_10 6893888 AIG 10 6,893,888 1.48x10° SYT8 6878968~6899153
HHRA MR S5 Single-trait Linear Mixed Model
BM SNP_3 21601589 C/IG 3 21,601,589 1.61x107 cyp2la2 21540626~21547626
SNP_5 26888833 CIT 5 26,888,833 594x107"  adamtsl? 26823608~26965578
SNP_10 2724296 A/C 10 2,724,296  575x107 novel gene* 2717495~2721226
SNP_10 6893888 AIG 10 6,893,888 7.32x10° SYT8 6878968~6899153
BL SNP_6_6047375 G/A 6 6,047,375 1.42x10° grm4 5928125~6045591
BW SNP_8 3870447 G/A 8 3,870,447 1.98x10° BFAR 3863424~3871475
CPW - - - - - -

VR * RN ARTE KGR 04 1k P A vh R 47 D R T B A BT ik R

Note: * represents novel gene which has not found any gene function annotation in genome of S. maximus
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ik FkrmE 1 AR ERN QTN fifi SNP_6_
6047375 1 SNP_8 3870447, fiifE CPW fH{k i U] 3%
AR Bt 2 AL R SN AR R B — MR
GWAS 73 #1 1 GC {43124 1.026 (BM) . 1.021 (BL).
1.034 (BW) i1 1.031 (CPW).

23 RiEEE

PAIGZ B Z PR S B — MR GWAS 151 3%
SNP L BT, AR 6 HAE RS2 BF 4 ik K 2H i 37 B
[ b T il SRR B el e e BE D FEASBIESEAG D 2
) 17 4~ QTNs i 485 12 Mk EE N (%€ 3), &
% GRIK2 (Glutamate receptor, ionotropic, kainate
2) .cyp2la2 (Cytochrome P450, family 21, subfamily A,
polypeptide 2). tshz3b (Teashirt zinc finger homeobox
3b). adamtsl7 (ADAM metallopeptidase with thrombo-
spondin type 1 motif, 17), SYT8 (Synaptotagmin 8).
mytlla (Myelin transcription factor 1-like, a). psmdda
(Proteasome 26S subunit, non-ATPase 4a) . grm4
(Glutamate receptor, metabotropic 4) . BFAR (Bifunctional
apoptosis regulator) fil 3 /BT A, X 3 B iz 58 56 P i
17 GO MRS A B, AHMELH 73 200 SAZ R . 40 i
Jo I e A A% S5 5 oD RE E 2 B Tl aE i
PR IGYE | A AL RS 1 | BRI PE L IREE .
HASE N G HAMIRZIRIEESE; WiEY) =it
W 320 e B i OB OBR B A G R L AR
R A . AR S5 SRR . A
fitt . MMM . FESERTER G HE B AR il
P, Horb, 3B AR RS2 BT BL R 20 R A ARG
TERAEE .

3 ifip

GWAS 1 Ry — i o7 5% i HL 22 22 B PR R 40 F A
AR, RUSIEF 4 SNPs % B JubE
ARFHL, Iz N T EY) 5 s i & R Bl £
B FIEETJT I (Santana et al, 2015; He et al, 2017), BE#E
W 227K 77 Bl ) 55 DR 28 I P T AR A 4k 2 8 DA S T 1
AR, K= s A K APUR & Z 22 R ) GWAS
ST Z A WS RIE . Gutierrez % (2015) % K 1 - f:
(Salmo salar)TEPE BT 1) A KR MR T GWAS
ST, RN R Z2 AN R PG A A A AE K R A
S 45 AR A e 3£ X L Zhou % (2019)F1) ] GWAS
R T 2385 85 (Cynoglossus  semilaevis) i i )% %
B, e T S5P0m ek B 25 G 33 4~ SNP fi;
R, BEA TR RN IR AL A AT, R B 5 e
T ST 7 A R R A Jiang S (2019) Xt 2 A £

(Tilapia) WoTH EE VIR BEFT GWAS 1 QTL ENI#FSE,
h % A o 3 AL LB R Kt — 2 T e A M
BEE TR, HAT, KEEEEAE R AR R A SR
GWAS r#rfif A W, (B QTL & M a9 & 78 K2 6
H: K (Enrique et al, 2011) 1K 5. i B (Aeromonas
salmonicida)iit 2514 (Silvia et al, 2011)%F AR
.

LA 4 K 250 GWAS BIF 5T #2615 4 2L R 41
I SNP v i 5B PR R RE, BN 2 e
RIPRIRAF AR, A A & BE PR AR o B A T H—
AR GWAS Z3 47 (Stephens, 2013) , 75 221> HH 56 2
REHT, BR— RO E N 7k Z 8% T QTNs X £
A FRIWEIR B LR R, AT B — MR CHR A BT
2, ZHR GWAS ik EA B RS YIRS 4L
it e ARSI o 38 b RS2 R A R 24
R GWAS 5 &AM HARBA AT B — PR GWAS &
PSR B, AEAT TR ) 8 2 K ME T, A AR I 3 )
QTN #Z TJ5# (% 3). £ BM-BL R4 A2k
R GWAS 43#rep, SLAGI 5] 9 A~ QTNS, i 78 AH X L
) BM F1 BL FA—+PEIR GWAS 434, BM drs: il 5
44~ QTNs, BL F{UENiF] 14 QTN, H BM Hi
MK 4 4 QTNs 145 3 N5 LMk GWAS 4 7s
#f) QTNs & . [A#E, BL-BW-CPW MR & £tk
AR GWAS ZrHrG il 2] i) QTNs 2 T 3 MR H
HEAT R —PE IR GWAS 115 2] 1Y QTNs, B T REME A
MFE Z ) QTNs, H T2tk GWAS 43 Hr A6 £ 1)
QTN J2—H % QTN, M FH—PER GWAS /3 Hr
K2 ) QTN A= H2 A2 br i 2 1 A B

TERZE T LR A - FHRIF B A1 QTN feik i)
B, SR F] 12 MEIER, Hp, F 9B AN
DIRESE D K 3 A 3L A o 1 B 52 e R 32 B4 J R R R
PR A 6% 35 356 R 7 4 6 DR 21 40 A A R 40, AT I I
A5 TP X3, A5 R 1 RN R 32 A4 R FMA R BR
T A FE R 2 S A AT, R 1) 1 RS2 B AH ST 9 v 1
UL ARGE W B BRI RE LR . MO aT R,
GRIK2 S T BIAZ & & I 25 138 18 I P iz 743l
BEEAY, H-590 06k sk S 8510 E 5 (k4 5,
2010) ., Eachus %:(2017) 1 Weger 45 (2018) I HF 5 14 %
B, cyp21a2 fEBE &l (Brachydanio rerio var)%fifg
Wi B M R AW A b R A EEZAEM . Erickson 4%
(2011) ABE T f M SE 56 sh AR A, 2 B tshz3b AT fE I
5 i A Hox ThBE, i Hox THREMIBIA N 5K
K S B RUA 2 BK (Gair et al, 2003), HIGA] L,
ZILA T BES 5 RE AL A & B i FE . Mytlla i) fig
TEA 2257 445 R W B 45 5 BL4E ] (Nakgjima et al,
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Joint Genome-Wide Association Study of Body Mass and M or phological
Traitsin Turbot (Scophthalmus maximus)

GAO Jin*? YANG Runging"?"

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi

214081;

2. Research Centre for Aquatic Biotechnology, Chinese Academy of Fishery Sciences, Beijing 100141)

Abstract

To reveal the molecular genetic mechanisms of body mass and morphologica traits in

turbot (Scophthalmus maximus) and scan molecular markers and candidate genes, which can be used to
improve the target traits, a genome-wide association study (GWAS) was carried out using specific-locus
amplified fragment technology (restriction site-associated DNA, 2b-RAD). First, body mass (BM), body
length (BL), body width (BW), and caudal peduncle width (CPW) of 441 individuals were measured at
about 473 days of growth period in a turbot breeding population. Second, al individuals were genotyped
using 2b-RAD, and 23,988 SNPs were obtained after strict quality control. Using a multivariate linear
mixed model (mvLMM) for GWAS of traits of BM-BL and BL-BW-CPW, 9 and 2 pleiotropic QTNs were
detected for each phenotypic combination, respectively. However, a single-trait linear mixed model
(LMM) based on the FaST-LMM agorithm was used for the association analysis of each trait, and the
results showed that 4 QTNs were detected in the BM trait, 1 QTN was associated with BL and BW traits,
respectively, and no significant locus was found in the CPW trait. A comparison between results of
mvLMM and LMM found that mvLMM could detect more QTNs than LMM in GWAS, and the
pleiotropic QTNs detected by mvLMM were more biologically meaningful. This study applied mvLMM
and LMM to the joint GWAS of body mass and morphological traits in turbot, 17 significant QTNs were
detected both using mvLMM and LMM, and 4 of them were detected repeatedly. Furthermore, 12
candidate genes were found by searching the nearest gene of each detected QTN on the whole turbot
genome. All of them might be important candidate markers and functional genes, which could influence
turbot body mass and morphology. Our study also provided the theory and a reference for marker-assisted
selection of body mass and morphological traitsin turbot.

Key words
Multivariate linear mixed models

Turbot; Body mass and morphological traits; Genome-wide Association Analysis,
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(1. P EUKF=RERF S BEEORE K= 7 SR S EAR R E R LR =
VRO RS SEY e B RIS E T 2660715 2. FIEBIEVERFOKE SAGERE L 201306)
WE  AF 2b-RAD B A 119 B # 4#f(Seriola lalandi) M &S 4T 7, F£ 3515 % £ 4SNP o F
FRIE 26665 A, X EAMINMENEREFR AKX 2N EZAKERFATLERARBELH, Fiks
R EMmAKMERA XN SNP LEfFELR TR, FREF, EAHEREER P HFHE 17 MK
FIERFEXREHN SNP LA, RE 17T MNTRNEREELE, 2KMEREHER 12 MNBERFXTKLT
B, WE 12N R EE, AR KEGG #U4E B Xt ¥ #8 o & 26 3£ B $8 47 Pathway 247, 1% %0 f&
HERNEESE T AR RALEKRZ TR S AR B TE, TREZEWELHEKERET
AR W EEGRY SNP L sy i E, &R H 455 L8 FUICIR o 35 40 7| F fo g Fh 4R a4
ERAHMRE,

K§EiA TAE, EKMR; 2FEEHAXEKIN; 20-RAD; HEEA
hESES S917;Q78 XEAFRIREL A XEHES  2095-9869(2021)02-0071-08

4 B A 4 5 B 3 BT (Genome-wide  association
study, GWAS)J& I F 4 5 PR 219 [l Y ) R & 5 -
W (—Bh SNP), BAnic Ik AL 45 A PR R A g A T Bk
G0, it ARe S HARHEIR 2Z 0] 9 R R/
(—H PEZFRR), a5 HirtRE VI CH R

SE I RE AN E RS R AL S s AR e, R
HF YR 23RS SNP 20 Fhric DL S B gL
S RE , DT IR 2 4 3 8 A s I A = B A ascR i B
", HMCEESSHEMHIWE M Z 0 H
(Tavares et al, 2020; Miiller et al, 2019; Cui et al, 2016;
Zhang et al, 2019), ITHK, KEE IR 4 i

FOR B K e B e A I BEAT , GWASS TR 1w 17K
FEFRBE S 0B MEGY, WAE K B A (Larimichthys
crocea) . fi% 4 (Silurus asotus) . JL44 1 %} #F (Litopeneaus
vannamei) . Ji R 5 £f1 (Epinephelus lanceolatus) . HF
35 31 D1 (Patinopecten yessoensi s)4 1) i %) A= K PRk 56
K SNP {75 | ek P Y424 A4S E (Zhou et al, 2019;
Lietal, 2017; Yu et al, 2019; Wu et al, 2019; Ning et al,
2019) 7 I R OIS T — ke . H2, SkiEH
HEZHWIAH LG , GWAS TEZK ™ 34 & e (4 1z v Ak T
BB,
B 5%Hifi(Seriola lalandi)/& % H (Perciformes) .

IR ST S IR 5 BRI R 5 S50 2 F AR L I01(2018SDKI0303-1) . DK™ B2t S B AR 55 2%
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5%} (Carangidae) . #fE (Seriola), A FR«“iHfEA4", “¥
Gt SRR ARz A H B K R R R
PIRFEME T s, AR TIR , ARk, P
feE I, ELATRCAL A 1 Bk B R B RN (AL, T
A5 =t el se, B AN 2 R BE R,
SR 0 2 2 B B R B — B IR AR, 2 ERIR
Z E KLy Hy T R BB N T 5 F 1525 (Sicuro et al,
2016), HAr, S7EHE. HA, BRFWE . By
I A [ TV B — o BB SR8 7= o Ry S SR
AT HRFSE R R, W1 T B SR 5 B R 1 A DGR
7%, FEAFEYA AR R 55, 2017; XK1l
4%, 2018) FILBE A 35t /% 2% (Premachandra et al, 2017;
Sepulveda et al, 2017; Nguyen et al, 2018a, 2018b)%
WG, FHOCSE R R v 45 0Rh 5T IR A B 2= R A&
WAL T 5 8 2% . RET 2017 4E7E R0
ANTEFREAmES R, iEE htE s,
THE TIREE AU TIREN)T . BEr, ALmE
IETE T JR B S5 #E I st AL RE I SE . FIA 2b-RAD
R AL SE AP HE AR BT T K& SNP o Fhric, Xf
FaA Fy AR L AR S AT

HERMERAEAK T IR h A B AT e, B
= A (Li et al, 2017), #ARBHAR R A, Al
BE, AN R B, A VAR 25 ) i AR A T
A 2 DE MR, HEEPE R IL 42.88% (2R 4E,
2017), AMFREHFLRKAKR X 2 NEZEAERKM
KA Hiw, FIHREE SNP 4 Fhridiffr ek
FRFT PR GWAS 438, LAY 4k 31 52 ) {4 5
AR AERI SCHE SNP 43 Fhnic Ak I REHE A,

Ry SRR BT IR RN R A R R AL fF B
B HIHAAMKE

1 HREE
1.1 Lw#HH

PERRR A TR E WO R TR AT FAC 1~2 i
3 119 B, FHERNERESK(Cem), K% 1 mm;
TR HAR B (), KEHAF 0.1 g0 FIH i syt
(180°C) K J7 9 F- ARG, 43 ) 59 HUAE o ) g i, LA
95% /K LBEIRIE )G, 78 4 CokF P IRAFEREH .

1.2 EHMFEZ DNA RS RS

8 QIAGEN 72 Al AL F= (1) sl ) 3E K 4 DNA 425
R & (DP121221), SR G FHULHA , $EaE 5%
LK 40 DNA. ] NanoDrop 2000 435656 i1 (Thermo,
F )2 FE 4] DNA W, it 1%308 s

‘m‘(*(ﬁmll DNA E"J%%&‘Vf ’ ﬁﬁ A260 nm/A28O nm E/:J H:{E;'é
FIKT DNA RO, B A G545 00 DNA IRERBEE
100 ng/pl, T—20C &AHRAEAH

13 XEMESUF

=200 ng £ HE i 41 DNA R 1B BIFR
il 14 P VI BsaxX1 HEA TG, U1 =44 BN 5 4
A4, ] T4 DNA Ligase #1%, SR PCR
PYGER Y, BRI S AL ER, B S MR
PNy SR B, YA barcode J7 A1, RJE, fi
S Tllumina Hiseq W% ¥ & X IR & 45 09 SCE # 47
Paired-end | >,

1.4 HIESH

141 FRBIEHH i R EFH fivenum() R
B, G E AR AR B R 4 R AN R AT A A M
I, IWEHSEYE . PR e MEL SROKAE . bR
1.4.2 MPEIESHTE SNP 4 A Illumina HiSeq
W1 5 15 21 1 D b BRSO SO 28 B R0 5% Ak
A Raw Reads, iTJEMIBE & A #5758 Reads, 13
#| Clean Reads, &I JEMIBE A N Bd3E L1 K F 8% 19
Reads, i JEMIERARS & Reads(Fi = EAK T Q30 MY
HAB L 15%); FIMH Pear (Zhang et al, 2014)%k
(V0.9.6)$ L4} ) Clean Reads HF4%, HEHUH 45K 5 %F
I Reads, 15 JEMH B AS & BE I 5147 15 /%) Reads &,
132K FE 5L Enzyme Reads; FIfIHFEFVINSH
FE 2 R PR A B UIR B SRR fEN S H T
5, FIH SOAP /144 &+ 5 1Y Enzyme Reads HX
FNBHFH L, EESHN-10-M4—~v2 (-0 15ME—H
XF; —M4 FERAG R —v2 FEHXT R 2 MR,
Ko F X 2 AH [E)FR 25 BY reads 225, 193] unique FR&TR
B, SEPRRE SR>3 HIR <500, AR K JEN 27 bp
P2, I SOAP # 4 (V 2.21) (Li et al, 2008)¥-il]
7R L X B S5 1781, B S R RRIE (ML) #7407
S5 H(Fu et al, 2013), i i #Y RAD 43 A4k
143 (RAD typing), f& 10 ALY, T
B A P 2 A Ay 2 R Y A
143 AARAXHESH  ffiH EMMA eXpedited
(EMMAX) = 2R A 18 (Kang et al, 2010), i 722
Sy i EHELT SNP 43 FhRic R ER AU AR ) 4 JE D 41
KRBT, Pt AL
y=Xb+Ga+e

KX,y WERME; X NEEN EBREM, b

KRV [, G Ailid SNP FRic A 2 A9 %
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BT R IR A AR 4 T PR 4 DG B 43 73

RIEME, a FBEUIMMER AL T 2350, e MR
O 14 i) 2 o

R~ SNP 7 S S8 1 B P, X} GWAS
R P ERIE 2 FBEMKTEL, Hp 1 &4
Bonferroni £ 1F P=0.05/N 3 #f i 4 3 [ 41 o 2514 (B
(Bonferroni, 1936), N & SNP Fric Ay N5, 2 Ik
#: Bonferroni & 1F 5 o 3 LB R {H-1gP=5.726; 55—
Zfdi ] R B Y p.adjust()BRBGTE 1554 FDR
IR S5 1 BE, A5 B PR Vs 7 0 35 S B (- 1gP=
4.091, RMAREAE W 2 K B (H-1gP=4.413, #kik
Scaffold & BT 30 f# H R K AFELHY qqman £ 2
TR, 23] QQ I SCHR AT HEA TP, T S
M R W EE

15 RIEEERLEERINGES

4 i 18 2 A A CIAE 9 SNP A7 55 1R Ui 1 Mb
LN AYRIE PS5 GenBank $U¥E/E hE A B4
W2 % 3k [N 41 (https://www.ncbi.nlm.nih.gov/genome/?
term=Seriola+|alandi+dorsalis)# 17 5 41 b %}, i
SnpEff 4 {}:(Version 4.3T) (Cingolani et al, 2012)%}7%
F B SNP A s i AT IERE, LA SNP i 5 7E 3K T
PR . X IER IS i S R RN FE B SNP {7
MR . TR GBS KEGG £0di %E L
XF, #47 Pathway 237, I LA 23 Ak 46 4 7 23t
HEEEA Pathway 4% H PR A0 B2, AR

()

Ko, N A SR P B A KEGG VE R 3 R 5K
H.n kb N 22 53k 3 HAT 1Y KEGG Ry 5k
HECH, M WA R E R R E KEGG BY%
HEH, m MEBRERE KEGG K2R RIAFED
BH . RS R SR B E LR EER PE, /N
1) PAE 7R 5L K 75 1% Pathway H B ET 46, 24 P<0.05
KRB EFE,

2 #R

21 REMERWEAES T

AR A AIF F T FH 8 2 o P R o R 4 R otk
ARSI A R (R DA, R EVE DY 228~
3000 g, A5 RECH 58.12, LK WHEH 27~67 cm,
AR RBON 1949, Gt b, #AWHA T A
SR IR AT B S o

x1 BEFHERKMERRENSIT
Tab.1 Descriptive statistics of growth traits of yellowtail kingfish

PR P PO BUME RO fRfER SRR
Trait Mean Median Min Max SD cv

WBTRE 153787 047.85 22800 300000 71948 58.12
Weight

Rl 4700 4650 2700 6700 935 1949
length
2.2 SNP 4#!

X 2b-RAD {4k 3 PR 20 0 P 4500 4% B8 LR 48 A
i —25 1 08 o SR T A A i IR T 80% 1A TT LA 43 78U
BN 5 SR MAF (KT 0.05 BN A5, SR &5 o7 B A
KF 2 Wi, 2, MIFRE 26665 4~ SNP i
HEAT GWAS 20 H7 .

23 EERAXRKSH

FIH R AL 53500 22 i) B S5 A ot 4 Pk
R GWAS 430789 QQ (A 1 A 2), Fb A Wi & (9
) RS 2R R ) ) — 380, B A S B S T
A ARG & —8, 103 SNP RBHMEAR, KB
Bras Rnlde . BARWIA R 52 KR GWAS 28T
%) 5 I T ST 40 ) DL P 3 RN 4 AR 4 i TR 4 K Bk 4%
Brigfk EMMAX 5 2243 53 f9 115 fl Bonferroni 15
1iE PAH, LG 2 17 4> 544 T Motk o 2540 OC 1) SNP
{7 15.(F 2). 3L NCBI il Ensembl (8% LX), 4
A B S R ) 2 M P=3.49%x107 'K, 45 1 /) SNP
fPr, RN F465) 1 AHE LOC111655074; 24
P=1.20x 10°*H, 25 H 15 4~ B SNP {714,
A 15 A KRBREE, 4351 J& ptpnl14 .LOC111651007 .
LOC111655681, LOC111658683. LOC111659677.
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Fig.1 QQ-plot of genome-wide association of body weight
trait of yellowtail kingfish



%42 %

74 ook B
5_
g 4f
& .
[*) K
T3_ 2
'U z
rd
2 2r
o}
g |
=
=
0 1 1 1 1 1
0 1 2 3 4

HEE{H Expected value —log,,(P)

B2 B KMR GWAS KBTI QQ %6

Fig.2 QQ-plot of genome-wide association of total length
trait of yellowtail kingfish
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Fig.3 Manhattan plot of the genome-wide association
analysis for body weight of yellowtail kingfish
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Fig.4 Manhattan plot of the genome-wide association
analysis for total length of yellowtail kingfish

LI A I 25 5CHK B {H—log,0P=5.726,
i (0 S AR T 35 R HK B {H—log P=4.413
The red solid line indicates the genome wide
significant threshold: —log;,P=5.726. The blue solid
line indicates the threshold for the significance of
“suggestive association”: —log;,P=4.413

gpr139. . LOC111668306.LOC111670411 .LOC111673333
LOC111645011 . dagl . LOC111645458 . poglutl .
LOC111646889 F1 LOC111648303; 4 P=6.29x10""
BF, EALT 1 A4 SNP fiidi, #6381 ACHEEERH
LOC111657860, 2K MARAIKFIZ Bonferroni £%1E
Je B BI{E LR DAL ) J 35 R B 4, {HZ: FDR KEIEJG
P F R AEIRIEAE I 568 SNP 5 12 (G 3),
ATREAY eI A 12 4

24 REEREMERFESNT

AHIF 5T 34 S R B AR 1 74 1A o MR 3 O B
SNP i 5, 122K ARG 3 L SNP 755 o
i iF NCBI 1 Ensembl $C4 4 b XF, 43 548 501744
J PR SR SL PR RN 124 4 K MR S BESE A | o i 5
KEGG %u¥g e et , 647 Pathway 234, & BAA =
A K MR L 54N SE B IE R 2 5 10 6. 4 FH S A 1 %
(F4), EEEEFRQW . ARG s, B
P S A Y 2 E B DA OG5 X 26 5 (A i A K 1
RICHEAY SNP 7S A SCFE N 2 5 2 A 2F ik 72
BAREBEWEEER, £5 R BEEE Pt A K
KA R A A

3 Wi

AR AE S — B A 3K o A 0 R M 8 T A 2k
(Swart et al, 2016), P& EFR MM ELEREPR L
W2 EZRITE T W Fh % F 37 55 (Whatmore et al,
2013)., A 2H AT T 2Rt 5200 Kk IR, IAh
ol 7 F 00 G RRAK L 5% B R BIE ST AR i LA KR TRk
T Rl ik =2 0 H A8 0 SR A 7l K TR Y 32 O
(Sicuro et al, 2016), Nz id B i MERETR LR,
AR, AR SRHHFD TR T R, AN aR
BRI TR s L B R SIS . BT, A
WS AL B FBE SR D, B L E TR T AN
T B IFIAG T — & € (Symonds et al, 2014),
AN, HAR2EE Ohara 55(2005)38 i3 i3 T2 Fric 27
T S WA T A< Wif(Seriola quinqueradiata) Y it % %
i, B E MR T EE T H, AR T4
GEPER AG SCHE BT o KA 2% 4 Nguyen 45(2018b)
FIH SNP ZrFHric il i 1 B S5l s % B et % 1%
B, Il SR S AT, S8 6 A SR
SRR I R IR 7 a5, A AR T e R A o s A S
Tl AT LT — 25 7 Fh R AE TR o AF 5% 1 U]
JH 2b-RAD faj Ak B P 20 I e B AR 375 T 5 45 BSNP £
126665 A, FETEILEA i TR AR R Y
GWAS 78T, k3] 17 A5 PR Motk 25 63k
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F4 FREBHERFEKEK KEGG ERER
Tab.4 KEGG annotation results of body weight and total length trait

1 % ID KEGG ID iM% £ PR Pathway P{H P value FHF £ FR Gene name
ko00514 Other types of O-glycan biosynthesis 0.000367 poglutl
ko04512 ECM-receptor interaction 0.002148 dagl
ko04380 Osteoclast differentiation 0.004151 LOC111651007
ko04530 Tight junction 0.009224 LOCI111659677
ko04020 Calcium signaling pathway 0.01454 LOC111670411
ko04080 Neuroactive ligand-receptor interaction 0.031111 LOC111670411

SNP i i 12 52K MRV 7E W35 G SNP i
R BRI A A 5 A BT A MR AE A% BRI A A R 5 A%
AR TITE R 85> FhRic S E A

GWAS i T 3% B F-fij(Linkage Disequilibrium,
LD) K A5 9 B B 1A 1) 35t 4% 728 5 55 1 R 22 1) 9 O
KK, SR 5 T8 A S I R R R (1) S I TR/ IN T 32
AR E b A A DA A BN 6 RN IR 6 5a
PR A (QTL) e JE B, i  ILast AL ML (P AR A,
2019; Naha et al, 2016), AT ARHE %58 H 55 14 T
A KPR OCHERY SNP £ 58, 781 SNP b Tiff
1 Mb JPFE 43, A2 3] 17 A5 PR
FORBRIEA . 12 DR MRIE % IR, B
IX BB P 1 R AE AR ST bl . CAWFSERY,
A HESH WAL 4G 0 28 A AR K R e — A 2 56 N 2L [
Z 5P IR AR, BRA K BAROC I 41,
HARARSCHY LA L R L AR E S A . o
G306 B BN AR R B ERAE T, B T TE R B A
i #5.(Zhou et al, 2019), Wang %:(2019)i i 7epe 35
TSR KR OGO B A IR Bk T A R AR K
KA AR FRIBTEEAEH]  (HABETE R BE OGR4 5T
i, 2K E GH. IGF & E K E DI Re R
A5 E 57 3 1Y BT B AR A T A | AR O R
Hrp, s@id KEGG siSCkiZ, AR ML 7EH
Mz R PR A i R Pl SR . 4 adhesion
G protein-coupled receptor B2-like, G protein-coupled
receptor 139 553478 G S MM Z IR L, F&
Z5R253 WSS . Bl R | A ok
454 H S B2 (Raise et al, 2015), Myosin-10-like il four
and a half LIM domains protein 2-like #RJe: 5 2 (1) 41 ifd
HHPHEE N, Z 56555 AR5 40 R 58
(Matthias et al, 2006; Johannessen €t al, 2006; Pi et al,
2008; Woolner et al, 2008)., Dagl it ECM-receptor

interaction i A FEVE N, 405 40 i AL i A BAE
S8 Rz ml s A OoR B L iE A8 L e fk . YGAE
FPHT-4 . LIM 455 25 3L 70 (Gallus gallus)
JHE B R v 3 S R Ik kB 2 e A R ) O

(RN A2, 2016), 76 B R IHE B9 HoAt £ 26 4 K ik
S IE Y s, A KRR R 2 KRB B A K
LA FEE I RE I A, 3 # A K Al LA A 1) 3 DR AR 1
T AH G 3 % ) AR K # [ 422 98 4% 4/ H (Zhou et al,
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A K B Al S 7 28 A KR R T rp ol
L F AR L

ARG EBT 29 N EEFUHMAT E . SKMER
BB AE B G RY SNP i 5, JEE i F 29 M
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Genome-Wide Association Analysis of Growth Traitsin
Yellowtail Kingfish (Seriola lalandi)
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(1. Yellow Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Laboratory for Marine Fisheries Science and
Food Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071,
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306)

Abstract

The genetic resources available for the commercially important pelagic yellowtail kingfish

(Seriola lalandi) are relative sparse. 2b-RAD simplified genome sequencing technology was applied to

screen single nucleotide polymorphisms (SNPs) in yellowtail kingfish, and a total of 26,665 SNPs were

obtained. A genome-wide association study was carried out to detect body weight- and total

length-associated SNPs in 119 individuals from the yellowtail kingfish population in the Yellow Sea. The

results showed that 17 SNPs associated with body weight and with potential genome-wide significance

were found. Genes in the candidate regions with 1 Mb windows were screened, and 17 candidate genes

were obtained. A total of 12 SNPs associated with total length and with potential genome-wide

significance were identified, and 12 candidate genes were found. For these candidate genes, KEGG

pathway analysis showed that they are mainly involved in the metabolic regulation pathway of growth and

development in other vertebrates, which may be important candidate SNP loci and functional genes

closely related to the growth traits of yellowtail kingfish. The present results could provide genetic

information for the sustainable utilization of germplasm resources and genetic breeding of yellowtail

kingfish in the in the future.
Key words
Simplified genome

Seriola lalandi; Growth trait; Genome-wide association study (GWAS); 2b-RAD;
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Fig.1 A. ocellatus

AMIC: MEtE; BFID: Mtk
A and C: Male; B and D: Female
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Tab.l Measurable parameter ratios of A. ocellatus
i H LA LEBSVIR: 3 R
Items Ratio(Mean + SD) Correlation equation

AEMEK TS 1.02+0.008 S=0.9963T—2.3458 0.9883
Totallength/Standard length ?1.02+0.006 S=0.983T—0.1484 0.9927
3'1.024+0.009 S=1.0286T,-7.3767 0.9862

KR S/By 7.75+0.56 B,=0.18715-8.0221 0.7113
Standard length/Body depth Q7.78+0.50 Bs=0.1985-9.4731 0.7829
37.72+0.62 B4=0.17875-6.8712 0.6317

LK SH, 8.32+0.53 H=0.18285-8.6641 0.8441
Standard length/Head length ?8.31+£0.38 H=0.14555-3.436 0.8242
38.32+0.66 H-0.2235-14.484 0.9044

kKWK H/P, 4.314+0.57 P=0.1333H,+2.0461 0.2351
Head length/Proboscis length ?4.32+0.08 P=0.0417H,+4.0218 0.7005
3'3.90+0.55 P=0.2263H,-0.0097 0.9952

S /HR (A BE H/E; 3.84+0.13 E=0.1816H,+1.3508 0.5956
Head length/Eye interval @3.70+0.32 E=0.0447 H+3.7557 0.2076
33.97+0.23 E=0.581H,-0.0975 0.8709

LK /MR HI/Ey 9.20+2.45 E.=0.0546H,+1.0394 0.0458
Head length/Eye diameter ?6.84+0.27 Es=0.1315H,+0.2479 0.8495
3'11.57£0.63 E=0.0756H,+0.1884 0.8605

R MmE S/ 2.24+0.54 L=-0.0135+68.118 7%x107°
Standard length/Intestine length Q1.73+£0.11 L;=0.32425+35.512 0.3307
32.84+0.09 L=0.32085+4.8638 0.7822

AR/l E Wi/ W 28.16+4.16 W=0.0067W,+214.83 0.4356
Body weight/Intestine weight @27.01+£3.81 W;=0.009W,+200.11 0.6054
329.26+4.36 W;=0.0042W,+235.28 0.2196

PREE /P IE T E Wiy W 11.71£1.66 W,=0.0171W,+511.41 0.7859
Body weight/Visceral weight Q11.32+1.71 W,=0.0147W,+526.47 0.7432
312.09+1.57 W,=0.0186W,+501.5 0.8055

HTRTR TS K Ay/As, 0.38+0.075 A=2.8125A,,-0.501 0.9754
Anterior anal length/Posterior length anal ?0.38+0046 A,=2.4286A,10.4429 0.9601
30.38+0.012 A,=2.7568A,,—0.3324 0.9636
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SRRMP R FRAC /R ] B SKAC/IRAR | A /N i
LRVEARSC T BRI RP>0.8, ULHAMEYEZ 7 35 LMk A

WE . HEREAS S SRR R BB, M HEREAS
Eou NUEN SNBSS SINEZ S S LNEINE £ PR N
/NS BREA hZ 5 22 RN,
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Pl A DAy DX f1% 88 e e 14 ) 114 Tk AR AL

TR AR SR E R R AN
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W=0.0337524% | R*=0.9992;

HEME . W=0.0326524%%% ) R=0.9990

FEE . W=0.03595%472 ) RP=0.9995

K, WHKE(E); SHEK(em).
2.3 FIEUMER

A5 I A5 4 A ] SR e AR 20 A 2
ATLUE H, BREARST T Eetk TR AR I E
RIbRER 2 /N, A 0.6, U HEEE ., BHEE
brfifw2Eix e, N 10.49, SEHAT AR R E A, N

232~271, T5HEHE5%(232~267)55 8 i 1iE 4% (189~ 220)
BHA —E AL B AR #—2, FHEMZE
L. FHEMIZAL . B EERTEHE A SRR E . b
R | SR AT ARV ROK, T ERAT L L AR £

OHFE e AR 458 2 I AT SR AR AR R AR T
MEMEREA Y, TS EEGE S BEEEE SR . RAUR YT . Al
Fih . ME SRS SREAARTR , (HERE SRR AR
I, T RS, Hd, FiEEaE AR a5 R
B2 I1L f5 R b A .

T2 IREBHITTECMEAR
Tab.2 Observed numbers of A. ocellatus

Tt H VG RN V- v 22 i H VG RN PP R o 22
Items Value interval Mean+SD Items Value interval Mean+SD
PGB % 232~267 248.00£9.11 ENiPN 1~3 3.000.60
Dorsal fin ray 0232~267 Mandibular canine Q1~3
38234~267 31~3
TR G i 2% 189~220 202.00+7.93 A 5~16 11.00+3.24
Anal fin ray 2189~220 Maxillary molar Q5~16
3189~217 35~14
it £ 2% 15~22 19.00+2.03 T 4~16 11.00+3.31
Pelvic fin ray Q15~22 Mandibular molar Q4~16
315~22 34~15
AR AL 18~25 21.00+2.01 R 49~70 59.00+5.37
Upper lateral-line pore Q18~25 Upper gill raker Q49~70
318~25 349~70
T HEM 2 AL 76~85 80.00+2.77 T AN 55~73 63.0044.55
Lower lateral-line pore Q76~85 Lower gill raker P55~73
376~85 455~73
AR P 1~3 2.00+0.76 HHEE 232~271 249.00+10.49
Maxillary canine Q1~3 Vertebra 9232~271
31~2 3232~271
TR S A 35~40 37.30£1.56
Vertebra before the anal fin Q935~40
335~40

HUL RS

AR 65 1Y) T b R 50 = B S T AL AT AR AR 2 A
T (E 2) JHALIE R, KELSERKR 12, &
BT DR, ZE K, DUILTIHF O RN, 1 A0iE
O, g, 8. /Mo, BRI, R0
SR, IR (ALK 1/5), DWRERIAL, A
AR, TS T B, b R E N, b
AL R 2~3 #4, SR 1 HEF YT, T SR
KA 2~3 B, JEMIE V3 2 He, MK, 15 2
N VHE, RV a8 LR, H Yt i 1 254

24

AR, FEEEE . B AL BRI K
AEE, EHEBE, BAE S Wk, A S Hmn
WA, WA Ak, St 48R, AR, EEREEAM
R, B AR AR . BB R B, AR A — 2L
AR5 WA AR , Jo RS B AL, il E RS
AR, BR, BEE, B 17 B, Bt e, M
ITERAN S AES 3 W, AR, TTH%E, fR)E
BAB RN, RYVRIRESR 2 5. BiaukS5 ki
B, AR WANIL R o S NI R ,
Wascik, SRETARFEE . TR S IEA 2L,
R, S, mEREIEIE . B Em.
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[F) o A 3 1 3 M R, T W T K R o IR
) 3/5, FERERE R i 4 Yol b 1R 2 iR
Kiy 2/5, TEMEE R 2 WS, Emism H k.,
JE S LTI, JF TRk,

THAC R ARG PR . AP R BE 5, B0k, 22
A7 2 i, ZEMNEAT I, G L A A R
HIAHE ,, HPIRERATT, RUFEDIRA . IR Lk,
WY, GRS 5 AN ih A, R ings
FHTF/NGS S WEEAL, BN RREL 6, TR E
B, AR, A L% H LUk A R,
AHEXTRR, R GG 5 B R A

Kl 2 fReginfe RO AR R G4

Fig.2 Structure of digestive and reproductive
system of A. ocellatus
A: MEPE; B: MEM; 1 BIE; 20 HFAE; 3. HEE;
4: 5, 5. H; 6. BRAE; 7: /NG 8. BN,
9: HEH; 10 B 11 BERE: 120 AL 13 ARFEAL
A: Female; B: Male; 1: Oesophagus; 2: Liver; 3: Gall bladder;
4: Bile duct; 5: Stomach; 6: Pancreas; 7: Small intestine;

8: Ovary; 9: Testis; 10: Rectum; 11: Bladder; 12: Anus;
13: Genital foramen

25 H£BEER%

AR08 Shy M S A, S F AR A (I~ IV ) A 1A
BT XS AR AR S (18] 2-8), RMEIE, ML, Af
1A, BN ES, FEARRIRR, bR i IR 4 R A
i, PR BRREN, SR, b AR I A A
TR o J o836 2o A O 4 5 AR BELALAREE , T 1 TR
TR P S A B IR ASE T R B2 172 Ak o FCEA
YRS BT, AN R AR A AR (T~ V) 22 55

@, ZEAXFR, P A 4~5 W, midmoa s, Ja
WAE, 2 Y B RimiUR S, JE SR AL
FHIE, JF TSN o B2 D5 PR R A A — SR ES
HaY T WA HOCHG A YRR S B PRV, R0 J A

3 ifig
31 REBESKRSH

HEDED I W, aIE AR X
P, MR 22 Rl T HIE AR I 2
T, 3K A 2 PR B A — o PR A (2R A
2017), JR6EfRA S 6G T | MEEEK, AR5 AR
A TRV B T B 1) 2 PR AR IE B, IR RS IR, A R
TReL . PRRERCH . WP R, WA 68 A 1 AR Rk
MK, AR B, AR S S R A T
Wi T 200 m 2247 BRI IS (Marliave, 1987; =¥,
1998), Frill AR A8 440 140~150 em, k£ [ BL
PRI, A ) IR A A= 7

0 MR Y LUAE AT DL S et 2 i A 8D | ] B4y
(R HE 25 (R B L4, 2019), MREBIRSEK, 1AK : 1K
B RTEHEL N 18 1 2 1 15 RIS KA He N
8.32, K T4t (Slver salmon)([E & IH5E, 2004) , i
T 5 (Cynoglossus semilaevis)(Bf 5t 1£4¢, 2005), 2R
VL% (Pleuronectinae stellatus)(55 [# 1L &%, 2008), Kz
i (Scophthalmus maximus)(F& £ 55, 2005)FIFA YT fiyif
(Estuarylateolabrax japonicu) (38745, 2008)%, 5
KZHTE AL, R80T & F 85 1Y b4
K, FIHER.

ATECHIR R 2o R R AR 2 — , TEAN[A]
Tl e fr e T KRR AR X AR L AR EE AR BT
PO B8, HWA 2R XIEMS, 2011),
Hart(1973)WF58 3R W], RBFFHEE BN 228~250, 5
ARHFFE B MES B 232~271, RiCA 225, (HEMERT
BHEE R MRaE, N 35~40, B, FTLMER
MSHRKIEZ — . FETARBIRGE R, AR 68 g i 5% |
A AL . FHEZ AL . BaR Y. FAIR . B
B8 I A M R TR EL R 1, T AR AR R
AR X 3 12 K

32 RE\EHHRFLEMERNE

MIAE R AR R R v, B T — R
FEARFAE LIGE N 45 [ A B ) 28 B35 2 7 s (RE 255,
2005). VHALETEAS LM T AR Rk M
P AN 55 AR FRALE] (Y Bl (E R, 1990), a8
AR B R REAS (R BL T B (Wang, 1996). MiF L
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1B 45 BE R ] T AR DL P DI BE (PRI 2R, 1999), fa
26 F 2L AR G B X R /N R B RN R R A
K, WHEMERIEAHG, REMMmR 08—
e IRETERZ B R R (Piet, 1998), AR6E [R5
BOK, AT ER BRI . i 145w T4
B, FEE, ANFEZEA PR wcllr . DS AE
ite, AR RIIRE E S5 EN TR E R UIA G, IR68
BARIRWEE, 7R MIH S5 R 4550
HIBh Y o AR B8 Y R 14 ) 1 MR S S i, R ) A
[F], FTLARF IR . DRAE R AR . X
SRR AE 547 fa (Trichiurus lepturus) . #8 fifi (Anguilla
japonica) ., 7% (Muraenesox cinereus) (K%K F=24 B,
1983)#ifLl.

B RS A E BN R, & 17 A,
BEJEL, A3 RTEI1ER . WA TER AN B ARHE 3 &5, bR
Wi, 5 ARt f0 28 B 5 )1 5 (Platichthys stellatus) ]
IEESE, 2009). IWEHIZEEE, RS E HILZHRE
A TE A AR, R L B A T A A s AR R 48 5
EA BE, BWEHEAGE, B R4 IR KR,
WEARET HHIER, BUVERESD 24544 . Hik
& A E T U AT A T A (A, 2017)

B e T YIIEAL ) E 2, R TRt
K143 1) F AR YR 2 —(Grover et al, 1990), H K (%
KM MO RHAE IR —, ZEE SRR
T R . R EEE N EY k&
by TIHAL, WM, WK —8/hT 1, REg
M 0.45, KA SR 12, YR
BRI 10, 4R ARk (Salangidae) . 3k (Siluridae) .
2% B L (Verasper  moseri) 5 £ 285 AL (T IBe AT 45
2008), /N A E PR 2SR )7 K H i (Slurus soldatovi
meridionalis), 71 %iff1(Pelteobagrus fulvidraco) (& % %5,
1998) i1k & i# (Mystus macropterus)([i] 5 %5, 2003).
AR B8 P JUE A1 HE R g 0 R O3 O 2 5 AR ) 8.54% Al
3.55%, B/ NTAm A Y 1~2 15 1 # 55 £ (Anopl opoma
fimbria)(sF 310 10.8%F1 4.8%), ‘TG M
(Protsalanx iyaloranius)Z&{bl (B = 82 5%, 2001),

THACRR 53 R AR, BERE A P, 2 5B
W5, —mi, — g, 5K # M (Larimichthys
crocea) F (R EMESE, 2019), Hi[a] il 45 4 42L&
B, 0S5 R o es, 208 518 490 L i
% (Lampetra japonicum)AH R, JERATE &3k, XU, B &
SRR, 5 AR 47 28 (Elasmobranchs) A [E) (K% 7K
FEEERE, 1983), JRARY A ME(1984) B KEAF 1 11 285 AR 1F
P03, Arolie B Al | URHOR RN HCAG AY AR 65 i) JE

ERARBELLE, B TRER. #Eeokhcs, —BE
T TR MR 17 e % S B R BB A e, REAS SN
ROt AT IR WA QB 1 75 48, 2001) AHRHTFERMT,
TR UG 2 TR TEEE . ARAR S A5 B (Marliave,
1987; =1, 1998), THALRGEaita o i e i R A8 0
Bk,

4 it
TROB g 6E 4% . FHEMZEFL . FHEMZ L. B

Rtk IR AR | P 8 i A 1 RO A AR
LM REE S-S RS H K. kKRS
KR GIRIEH LR RS, MifEME . HEREA
2 MEPR IR SR R AF(39>0.7), BB R/
DAL S R /MR AR I T LA DX 73R 8 M | A ) B 22 4
FRRAIE . IRER I TR H R AT DL AL
B AT A G AL AR 28 7 AR A8 D P B pE £ 2
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Morphological Characteristics, Digestive System and Reproductive
System of the Wolf-Eel (Anarrhichthys ocellatus)

LIU Yuyan', LI Fenghui®, ZHANG Xiaozhong*, BIAN Li?, CHEN Siqing®”,

QU Jiangbo®’, GAO Wenlei’, LIU Changlin’, GE Jianlong’

(1. Shanghai Ocean University, National Experimental Teaching Demonstration Center of Fisheries Science,
Aquatic Animal Genetics and Breeding Center Shanghai Collaborative Innovation Center, Shanghai Aquaculture
Engineering Technology Research Center, Shanghai  201306; 2. Yellow Sea Fisheries Research Institute, Chinese

Academy of Fishery Sciences, Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture
and Rural Affairs, Qingdao 266071; 3. Yantai Tianyuan Aquatic Products Co., Ltd., Yantai 265619;
4. Shibei Branch of Qingdao Ecological Environment Bureau, Qingdao 266033)

Abstract We observed, measured, anatomized, and photographed the external shape, meristic and
metric characters, digestive system, and reproductive system of Anarrhichthys ocellatus. The results are as
follows: the body type of the A. ocellatus is anguilliform, the skin color is black or rubricans without any
mackerel scales, and there are a number of dollar spot-like eyes on the head, back, and dorsal fin. The
number of spots on the dorsal fin, pectoral fin and anal fin were 232~267, 15~22, and 189~220,
respectively. A. ocellatus has no ventral fin, and the tail fin is linked to the dorsal fin and pectoral fin and
cannot be distinguished. There are two incomplete lateral lines on each side, the upper is 18-25 and the
lower is 76~85. The female lateral line is distinct. However, that of the male is not. A. ocellatus also has
no pyloric caeca, and the number of upward gill rakers, downward gill rakers, and vertebrae are 49~70,
55~73, and 232~271, respectively. Besides, the magnitude of variation in the total length/standard length
is small, with little difference between females and males. The values of the head length/proboscis length,
head length/eye diameter, and standard length/intestine length not only vary largely, but present poor
linear correlation, with great differences between females and males. Therefore, the females and males
can be distinguished. The relationship between weight and length: W = 0.03375**"* (R = 0.9992), for
females, W = 0.03265*** (R* = 0.9990); and for males, W = 0.03595**"* (R* = 0.9995). The digestive
system consists of the digestive tract and digestive glands, and the oropharyngeal cavity is large; A.
ocellatus has jaw teeth, without cavities and plow teeth, the pharyngeal teeth are well-developed, the
stomach is “I”’-shaped and large. The intestines are wide and short, and the ratio of intestine length/total
length is 0.45. The related traits and characteristics show that the A. ocellatus is carnivorous and
hermaphroditic. The ovaries (II~IV) are elliptical, pink, and left right symmetrical. The testes (Il ~IV) are
“Y”’-shaped and pink

Key words Anarrhichthys ocellatus; Morphometic characters; Meristic and metric characters; Digestive

system; Reproductive system
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MM EE RS ARMERSE. RENIE

B2 K A

(L B PR f R 1 TR

mE

WER ZFETEEY, RERTAFATFE AL — MERTUH &,

T =2 BAA?

1 ®

FHE  266003; 2. HE KRR B I K SRS
FREFERESER S ERLRZINEY SR MBI eE H59

266071)

L2 A i

W sh g BN, REWEE . N T EEHNEE LY T 0 BRI ER, KFRMA
T —Fe# 7 %, ABED & (Daniorerio) 7 JEoBF, xtH A AR HAT A BRI, da, BIHME,
B ER | A7 g A A A B 4 k3T KOH ., H 0, HNO; Fu it 2 & B 4 Fk (L 4T 2848,
6 KOH 787 4 & 3E M A7 . 4% e sl 3t 5 (A & L 35 Fn Box-Behnken ¥ bz T 52 55 3% 1144 ft. KOH 7%
AR REHE A, AR, HERELEARE 4%, R 47C. #E 20h, EE
T Hy L3N 97.38%, KOH LA B F# 5 T AR E, HiEN#t—FHN MRS T &

AR ZF,
KA

hESES X55 XHEFRIRES B

Bt #1210 & SR AR f k25, SRt 5
WR A= S5, HETEE ™ & il 3.1114 t (Gil-
Delgado et al, 2017). ¥BLESHUBAIEN . AW F% AR
TRV PH R S5 S o0 i /NIRRT 5 mm
B RIAT 22 SOM OB (SCR, 2016) . PR H 0 9 A 5%
PRV LLE i T AT | T A AN T iR A T B B A RS
(Coleet al, 2011), M fij Xt 4= BRI 7 i A T5 e o BRRE ]
i 1 B AN Iz A T BB AR R N, 1K
HIRERE 23 B e A BN A R O, AR TR S
(Mao et al, 2018) . X5 (Abidli et al, 2019) . ik
(Sussarellu et al, 2016) F1 i1 2 (Espinosa et al, 2018)%% .
AT R, BIRAHLIX 19.4%H fa 14 P R & A 1k
SAARE, AN I BRSPSk (Su et al,
2019); 5 & WAt i v R AR B0 2 B0 e RE X A v 1Y

ME & MR HAE; MEELM; TEMMt
XERS 2095-9869(2021)02-0087-09

TRBRHG Yk, B EETE 703.95~109.80 ~/kg £
1482.82~19.20 ~/kg (Abidli et al, 2019) ; Zhu 5 (2019)
YR TE WG W) Fh 11 7 K (Sousa. chinensis) (1) 11 1 6
DUEN TR, FEIEFE R, TR AR W 1)
Mo FEA 20 — AR AR, &
Xof AR il B AR B . I A RS R B, B
Bl e S 82 (Luet al, 2016) . FH 7225 (Watts et al,
2014) F1 X 5% 2 (van Cauwenberghe et al, 2014)% 711k
ERHZE, SEERe i, B2 SHERE T EREA

S o A0 RHOREHS I AR A RN, 25200 IE R
MEYHERIR, RAREEYKRBYVRMIET: . —2&H
R G SA B A, I faF D
R HER L — B RL E  WA fE A E Y, © 4
K TR R A B s KR, nT LAk 4 2 F 8k
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KBRS R EZMAENIE Y  EE)R,
DU B INFRIAT A= i) 4k 27 5 (Castillo et al, 2016), f# %8
HRHE YL R PR Sh Y ANTR AR 25 R G L T 82, It
N =4 T @iy HAET, Wu % (2019)8F58 T A
[PRLAR TR 295 % N5 W BRI A e i A e sk, 2 Bt
2 PR A A TS g . AR L R S M A
A IRFHMEH . Schirinzi %5 (2017) 1K 5MF5E K 3,
R AT LA | R B AN S I Bz 40 s 6 P 4 A o
Hwang 55 (2019)WF 5% 1 2% P s Tl 28 e A U 14 4t e v
PEEYE, WFFE A, SRR B RS AN o mT R i
75 T 0 95 A A 00 L PR 7 A AR R (), SR
H T i = ] A A B8 o AL OB AR Y LS
B, P, ARE G B b T A fl S Ak X A A {11 S B
RO o & T Il BT AR B AT 15 D LA SOk N A4 feke B
WIS, A V2 TAEZE A

I A R i TP P BB R Y R T vk R T
feidk, BRI . B, AR SR S T A ROk S T A
SUF R . BRI A E 5 8 1 )2 69% HNOs(Dekiff
et al, 2014), HABFRYEHN LKL A 65% HNOs Fl 65%
HCIO, 4% (Santana et al, 2016). B T 1k 1 & 1
i) 42 10% K OH(Dehaut et al, 2016), %A1k 1k i @
WPk 30% H,0,(Karami et al, 2016). it fdi 4 £ 1
JE NI [ i (Waite et al, 2018) . fi 2 [ fiff (Courtene-Jones
et al, 2017), SRifi, £ AR SEI0 5T A7 A — 2 ]
M, B, THAR RO R S AN Sl A AR A
UM AR R R Y, T B S T A T
LV, ANTE 51975 A s B A5 A A5 1 T R 2 A
TR Wb B R e, ST Tk v T ARt T B
SECBURLAE AR, DT S AL OB R . R, ARAT
SRR IHALR | ORI G o A
BRSEZ 7 B A HT, BEBURGE FTH AR, XTI AR
T A A, s —FE s IE A, AR
RGeS, ARUh a2 g,
T E A W ORI A B R IR AR R SR

1 #REFE
1.1 LI

Bt (Danio rerio) & — i WA AT IR K £,
SLoNREAR, WERZIEEE, BHAMERN . 5T HSE B
FE FTRE R AR ) R A R s (Talwar et al,
1994), 7 SZIGHEL A T 2019 4E 4 H W [ 7 & 24 ik
PR, KR (2.020.6) em, SEEHTYIFE 7 d (WIFF
Wi TCBE S (0 5ET), TR K HRAKR TR, 24 h,
KN (26.0£0.5)°C, A HHE 1K,

KOH. H,O, il HNO; 1y [ [ 24548 Al {b 21 A
PR, B srtivsl; A AR AL 23 E4EY
BHEEABRAF]; 500 um R 2w HEHE A R BTG
BUIR 8 35 H R JF At 5 U8 4K (No.540) 1t H 3% [
Whatman /A 7 ,

1.2 LI HE

121 HieE TEHCH Y 4 FhH A6 : 10% KOH
(Ali et al, 2017). 30% H,O, (Avio et al, 2015), 69%
HNO; (Vandermeersch et al, 2015)#1 0.3125%] 4% |
fif (Courtene-Jones et al, 2017), 7EAH[EIRE . AH[E T
8] N HEAT LU AL
FEBERRAY 0.6 g BE 5 41 ff I ZH 2L (SN SR K 20 i
kL) 5354 A 6 ml 10% KOH . 30% H,0, . 69% HNO;
F1 0.3125%# 1 [ fitf (Dehaut et al, 2016), —z{ 3177,
LHURAE L, A 55 CHUR HLAEE 48 he F Whatman
N0.540 JEACH S L AT B as b ik L uEnT s, U8
JEfR+F 50CH 5h, FREAFEN 0.1 mg. THEIHER
(Catarino et al, 2016)
it oo M —Ma W)
W
Kb, WoRBE A2 mindE &, W, Hidig)s
PIDE R i, Wh S DR A D8 B i
1.2.2 wkH W4E 0.6 g BEfRIIBRE S fafa i, %
0.06 g A LI THEHm A B EE R fa A v, HiEFEY
A1, BIR A YR S%E4 6 ml 10% KOH |, 30% H,0,.
69% HNO; 1 0.3125%J8 4 11 i 1Y &, JF7E
55C FH#%F 48 h (n=3), #&J5, A Whatman No.540
eI TIdUE, 7E 50°C Nk 5h, TEARILE B T
PR IRkt . AR, TR BCR (Catarino
et al, 2016):
%% = e
W

Kb, Wo IR RORCImE R, W R
Y INEE G
1.2.3 KB RE AR B AR LI g5

W ARG B ROR O IR PR it 4 Fhil
PR T 0 TR 20 TR FE A I 8% (3) ™ LR,
A R A OB AR A L B E A R AR T
AR T A OB R R, T T RAEROB R Y R
TEAL . B 5 R L Uk A TR A S . IR
PR iR b —J2 4, LAB Ik SO A 7
WEZ A 28 b 3 (6T B ) ) 2R 2R 06 JURL R Ak S5 7 SRR
LREFRLI LS (Al et al, 2017; Sun et al, 2019) .

WA, B T RE YR T ot HIkE R
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% AV b RGO EE A= oyt S W ol IS RS B BE 4N
PEEFEAT OB . RIS ORIl 785 nm, 0
YiFy 350 mW, FHERTSY 200~3000 cm™ (Araujo
et al, 2018; Alexandre et al, 2019),

124 $REER EFHALIRE(25°C | 35C .
45°C . 55°CH1 65°C) . IHALIFI] (6. 12, 24 48 il 72 h).
THAL U E (3%, 5%, 10%. 20%7i1 30%)iE1 7 B PR 25 52
5, B AR 34 B BE D A I AR I RZ
1.2.5 vt i @A 5 Hi4 Box-Behnken =2
Wit E AT 3 &R 3 K PEgikit, FIH] Design-
Expert 8.0 A # AT HHRLL G, RALBES MR T
PR e NS b OB 2 i I e S RS - 4 o S B 7 1 S I
0. 1474t , it 15 928 5 (3 Al ). 5K
55 R R K WL 1.

*1 MNEKREKERE
Tab.1 Factors and their coded levels used in experimental
design for response surface methodol ogy

% Factors

Etfel A Mo B i ] CiRE
Concentration(%) Time(h) Temperature(C)
-1 2 18 40
0 5 24 45
1 8 30 50

2 #HERETR
21 HUZ

TETHACB RN R £ rh, WAL R AR W HE A 15
bro K5 B St A2 4 P AR IEEA T ROV 45 31031
AL WL 1o AN L AT LAE Y, T A 1

120 ¢
X a
S 80 )
60 <
[a)
M 40t
<
T 20
0 - . . . d
e A WEK  BREAR
Nitric acid Potassium  Hydrogen = Trypsin
hydroxide  peroxide

THAL IR Type of digestive compound

K1 REITH A B A i T A%
Fig.1  Digestibility of zebrafishin
different digestive compound

a. b, ¢ dF/nm&AbHE) 2 7 5 3% (P<0.05)
a, b, ¢, and d indicate significant difference
among treatments at 0.05 level

HNO;, 53| 7T 100%. Ali %:(2017)k ¥, H4s HC
1 HNO; I LSEeiH ik a2 . KOH Ffk A (A il
I TH AR 2351 15 51 90.97%7F11 85.89% ., T 1LAE 114555
fIHE HoO,, THALRIUA 58.82%. Mk, MiHIL=R b
KT, H0p ANl A 1E R BE D i T AL

2.2 [EgZER

16 S5CIRET, DMK ERAELIGIRIRS
JE RS 4 FIEALIR — AL, W SR, AN TE
THALB T, BRIE L0 PR By [ISCR DL 2, MR 2 7]
A, ORENE R Z 22 AR 83 . HNO; 1Y [
e, M T 100%, k%] T 104.13%. HE[H ] g
F& HNO; 1] LAAT ST it A AL, ELIH i R4 215k s
{SRAEAE, i FEROR R - B oAy, S f o8
B & E B (B =%, 2019), KOH F1 H,0, Y [F11li
A3k 93.50%F1 94.63%,, [H] i H AR 12 B
fiff , A7 90.13%. 5 AWFFEAF ) & , Catarino 45 (2016)
%} NaOH . HNO; il Corolase 7089 X I D1 H 1) fa %8 4}
HEAT RN, B A R A B RNSCR IR ) T 93%1LA I,
AT RE Y SR PR, AS R TH A TR GO A o 2K A 9 Ak
SHZESE. Fk, WEERE, HNO; A& & 1E
FIHACH . 2R A AR S FICR B 25 38 0T LIS
KOH HA88E A 1F i MBE S5 £ [A) 0 B R BUR K 20
SR ) TH AR Y

110 ¢

—
S
w

H

100
95+t =

90 z
85t

[B] 2. Recovery rate/%
1

TR A MEK  BEOR
Nitric acid  Potassium  Hydrogen Trypsin
hydroxide  peroxide

THALHFHZE Type of digestive compound
K2 AFETHAHT BA M 0RL A 1] i
Fig.2 Recovery rates of polystyrenein
different digestive compound

23 HRAEBRMENE

AR BB 4 FEILBOE L R IE 2
Wk, HEaRRSANE 3 iR, HNOzE N
THAL IR 3 R IR 20 JURL ™ B A8 (0 HL0kE 8] % A kG
%, AR, MRS SRR R A A, T
YT OB2# 461 (Catarino et al, 2016)., 725 €4, 1 5 A
AT RESE T HNOs 1T LUAG &4 74 fift A AL, (EIm AR
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SRAFAE, BB TEMORARL b, 58080 FUR S & A el As
(Santana et al, 2016), M\ I 52 Wil Tl 98} ) e 2 5
SR ) S IR A5 A UE I T 3X — 5. 1 KOH, H0,
FBEEE X 3 PP LA 2 FEGOE R (6, (B3

K 3

A L TR B F2 TR D R AR R AR A S
H, KOH JHALTRIH fad i B £ 0 W0RE 3% 1 B 35 5%
BByt N A B, TR A T AR 3R T AR A
S, FREHSRZE,

TEH S AN R PRI A Ja S A5 ORL I T 30 (R AR 5K 3x)

Fig.3 Morphology of polystyrene particles in digestion with normal and different digestive compound (magnification 3x)

a MG b iHER; o EAMAS; d SALAE; e REAH
a Control; b: HNOj3; ¢: KOH; d: H,0O,; e: Trypsin

2.4 HiE

N T =T R 4 FIHACIRRT S B 206
RIS REPERI RN, HEAT TR BOIES, 4R 4
JiR. MK AT LIFEN, S0k HNOsIHIL R R L
K UL 2 1T HH PR A ELER PR R AL R 1 7E — 2, R W]
HNOs 7ETH LAY LR IR, Xk SR 296 kL ™
AT EE IR, XS AR BRI o i
KOH . Ho0, BRI H A5 B3R A6 BRI R
KR W A (AR R A A H DU B, Hop
e £ 1 I A B BB R £ 0 BORE L 5k B R A ) 441
Bz, HEAE T HXBED M A HLUH AR

25 HBKE

R T A RIS AT AS TR A BOTE E R BROR 20
LI ZE R RAE , AWFSE R B2 6iE 31T 0 ik 5e
ZERME 5 fran. ME 5 ATLIEH, HNOs, KOH
R B (5 0 BB = O A Ee, JF G H A B
FEEME R, gkl %0, HNOs., KOH FiJBEZE M i

FEWALBE D (Y RIS SR R IR 20 1 Ak 2 25
¥ o i HO, B2 ik 5% AR L, 7Dk 1130,
1375 1 1630 cm™ 72 47 A A (I A K X 08k BE 055 o Dk
KR 1130 em™ Ze A5 Ak B AR TS R IR S Rk I T ]
FEXF R4 R sh 5 R A, 107 1375 e 22 47 A9 AR fk
P B SR F AR X AR dh R sh 5 Ay, 1630 cm™ 4b
S R R IR P B S TR X RR AR A A s R Yy o Rt
H20, A3 A B I £ PR 20 23 rp 2 BBl 0 e o
ORTER A3

26 HEEREXR

2.6.1 RFIRE KOH 35D & il 4L 5649 % v H
TR VR B S AR W R K, 7E 45°C | 24 h
BRSO  KOH I 4k 1 %) BE 5 7 31 1L R
G ULIE 6. MR 6 TTLIE H, BE#E KOH W
o, BES AR R ETHEE Y KOH Wk
) 56T, THILRIKFNE(E, S 97.32%., KOH ¥k
akseign, WAEIFE TR, HTREBHB D,
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SEM HV: 50KV WO: 14.92 mm

View eld: 276 mm  SEM MAG: 100 x
Det SE Date(midy): 060419

SEM HV: 5.0hV wo: 14szmm |
View fleld: 277 mm  SEM MAG: 100 x
Det: SE

SEM HV: 50KV WO: 14.70 mmn
View field: 275 mm  SEM MAG: 100 x
Det SE Date(miay): 060419

K4 IEFSAFRFEHETRELE MG A

Fig.4 Scanning electron microscopy of polystyrene in normal and different digestive compound

a XM b fifiR; o SEA; o JEAE; e BEAH
a Control; b: HNOj3; ¢: KOH; d: H,0,; e: Trypsin

Control
L 0 U
1400 65% HNO,
2 1200 |- Trypsin
2 10001 A
g 800 - f \
E 400 W N
B 400 - R N
T /
=200 - NV A s
o LA\
-200 | bt N ™ B e

0 500 1000 1500 2000 2500 3000
P ERE Raman shift/cm™

K5 IEE HUREE AT 1SR C AR 0k r O35
Fig.5 Raman spectra of polystyrene particlesin
normal and different digestive compound
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80 1 | 1 1 J
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B 6 Ak KOH X B £031 16 28 1) 5% 1
Fig.6 Effects of different concentration of
KOH on digestibility of zebrafish

4L Digestibility/%

262 FREEAE D &R HA b
5% KOH ., 45°CHIZME T, AS[RIHE Ak B e %o BE 25 237

AR IR WL 7. 40P 7 Btz , BEE TS AL fal s i,
By b g, YIS AeRS )3 g 24 h A,
THALR L, B30T 97.32%, 47H (L[] 34
g 48 F1 72 h B, BE D TH AR TRE

JHAER Digestibility/%
REKS
T T T T T T T T T 1
H

93
92
91
90 1 1 1 1 )
6 12 24 48 72
Fi} 1] Time/h

L7 ASTR)TH P T Xof B 5 £ 0 AL 32 1 52
Fig.7 Effect of different digestion time on
digestibility of zebrafish

2.6.3 FRREBEMHED & HILEG YA 1 5%
KOH & WIE AL 24 h, BFFEBEL fa il 4k R iR
ULIE 8, 4nlEl 8 piran, Bl WLEE AW R, BE
MTH AR R BURIE R /Y T, MR AR 45°CHY,
BT iH AL Rk Bl i s . =T 45°C, BES A H
e TRE, BARE,

2.7 Mo RZEKIE

271 mp@EkiyEALR FIH Design-Expert
8.0 A AT BIG IS, LHBIT S54RIk 2.



92 woor B % 3 R 42 %
< oo W o >k P ST ] S R S AT 7 22 400 , 4
2 98 RILFE 3.
B 97+
2 %
2 gi: % 2 Box-Behnken L&t R4
M 93 Tab.2 Design and results for Box-Behnken responses
g 92+ surface methodol ogy
=~ 91|
90— ! = ! T ! 5 ! = | SekS O AWREE BHFE CIREE HILE
YU Temperature/C No. Concentration Time Temperature Digestibility(%)
) _ . 1 0 0 0 97.08
Bl 8 AS[R]HEEE X B b fa T4 AL R 5 i ) 0 3 1 9721
Fig.8 Effects of different temperature on '
digestibility of zebrafish 3 -1 0 -1 95.78
4 0 0 0 97.81
272 MAMEIEPEMEL  FJf] Design-Expert 5 ] 1 0 96.17
8.0 B Xy 2 s T Z LA, RIS HE 6 0 1 A 0572
AR (YN B AR B (A) . BHE/(B) . #RJE(C) 7 1 0 -1 95.15
B L2 R T )5 . Y=97.32-0.21A-0.16B+0.32C 8 0 1 -1 95.90
+0.37AB+0.077AC-0.42BC-0.67A*-0.32B>-0.87C>, J5 9 0 0 0 97.06
T Hp A% T 2R 50 A G ) R /N L s e A% DR 28 % i 7 10 -1 -1 0 96.86
ERREER R, REMIE . 0B 5 m] (S 8 1 1 0 1 95.94
4, 2016) (FEAFRFSE, 2019), HHTIZFRERY IR IR 12 0 1 1 95.70
Rl e, T LUy AR s T 1 1 13 1 1 0 96.53
PR EAT B KA, AT AT AR A A0 Pl R f— 14 -1 0 1 96.26
VKT 22 0T A5 1 B B T 6 30 1 36 1 R 26 1 T 0 15 ! - 0 %5.76
#z3 HEABBEFESR
Tab.3 Analysis of variance of the regression model
JeE Source SEHA Sumof squares EHHE df ¥ Meansquare F{H Fvalue P {H Pvaue
i Model 6.920 9 0.770 6.21 0.0292*
A ¥ Concentration 0.360 1 0.360 2.88 0.1503
B H[E Time 0.200 1 0.200 1.58 0.2647
CiiJE Temperature 0.820 1 0.820 6.61 0.0499
AB 0.530 1 0.530 4.30 0.0927
AC 0.024 1 0.024 0.19 0.6780
BC 0.710 1 0.710 5.76 0.0616
A2 1.650 1 1.650 13.31 0.0148
B2 0.370 1 0.370 3.02 0.1427
c? 2.770 1 2.770 22.35 0.0052
5%2 Residual 0.620 5 0.120
24l Lack of Fit 0.250 3 0.085 0.46 0.7372
4lii% 7% Pure error 0.370 2 0.180
BAR SR Cor total 7.540 14
*: P<0.05, N#EF W&
*: P<0.05, significant difference
e 3AT LI, #AIE) P=0.0292 (%), Kl 2.7.3 A @k ST S T R TR AT LU

i P=0.7372 (N 3%), FRUIBAI T LA L6 5
A RER S MR S T 2280 &85
A

e P e 52 A T R AR, R SRR I 55 H
TERIAN 3, GBI 5 2 M5 (B /Nt 4%, 2018),
AR 0] 92 75 R 22 A i i (151 9) o
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Fig.9 Contour and response surface plots for the effects of different factors on the digestibility
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ANBE S AR AT AR R AR R A
SEE AR IR A A e B2 o & 9c A, ik
JE—RE M, TH AL AR BEF I 18] B S I0IHE 0, 50 ] 4

INE]— 2 (AR, AREE AT, ARSI AN &,
FHA TR BRS04 3 9 58 A IR SO 5% M 5
274 FAREARMHTAIE WA, 15
FLITH AR A8 b5 0 S AR TH AL A A MR 4.06% . Bif
6] 20.15 h. WRJE 46.64°C, LAY AL AR T (E Ky
97.45%, 454 SEPRAEAE , B TSR R 4%
BE] 20 h, JREE 47°C, FEBLAAF T HE4T 3 IREEE,
5 AR M (97.38£0.04)%, AHXFiR 2K 0.07%, 4t
TRZEJEHEN, FrLL, SCsE 5 o E AT Ay AR —
B, ULBHBCIE AL SR Y IRy AR AT
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Process Optimization of Microplastics Extraction and Isolation in
Zebrafish Using Response Surface M ethodology

LU Shiwei'?, ZHOU Deqing®”, LIU Nan?, YU Ying"?, SU Xiaoji€?

(1. College of Food Science and Engineering, Ocean University of China, Qingdao  266003; 2. Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Laboratory for Marine Drugs and Biological Products, Pilot National Laboratory
Marine Science and Technology (Qingdao), Qingdao 266071)

Abstract

Recently, with the increase of global plastic production, microplastic accumulation in aguatic

environments is increasing. This seriously endangers the living environment and aquatic organism health.
Furthermore, it endangers human health through the food chain. Microplastic detection in aquatic products
is fundamental to understanding microplastics. Using digestive compounds to extract and separate
microplastic from aguatic organisms is an effective means. It is particularly important to choose the correct
digestive compounds and conditions. In the present experiment, zebrafish was used as an aguatic model,
and polystyrene was used as the raw material. Zebrafish and microplastics were mixed in proportion. The
microplastics were separated and extracted using different digestive compounds. Initialy, 10% KOH, 30%
H,0,, 69% HNO;, and trypsin were selected based on digestibility, recovery rate, Raman spectroscopic
analysis, and scanning electron microscopy. The results showed that 30% H,0O, has the lowest digestibility
and can change its chemical structure. Trypsin has the lowest recovery rate. Scanning el ectron microscopy
and stereoscopic microscopy showed that 69% HNO; changed the microplastics color and corroded the
surface. Therefore, 10% KOH solution was selected as the optimal digestive compound. Then, the optimal
digestion conditions of KOH solution were determined using single factor and Box-Behnken design tests.
The results showed that the optimum digestion conditions were: concentration — 4%, temperature — 47°C,
time — 20 h, with 97.38% digestibility. The digestive compounds and conditions screened in this study
could significantly improve zebrafish digestion efficiency. The results provided a new method for the
digestion of aquatic products and further detection and analysis of microplastics in aquatic products.

Key words
optimization

Zebrafish; Microplagtic; Digestive compounds, Response surface andysis, Process
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STEEZRFTEERT 8 R AR BRI R AL R

v, 1,2 2 2y 20
Tz THR’ %hEE? BRHFT
(. RS54 B 2013065 2. PEDKERIEEIR R EEK T HS 266071)

WE KR 5 AR 8 A 7 i(Takifugu rubripes)4h & 3t 4r by . B &0, T, EM. 4t
K. Ak, EREREGODGS)AFR T THR. HEG., M. &%, SfmEgnk
WL b2 5561 B B 70% By 5t 47 A 30% 8 48 U 47 RHE AR, 8 Am 0.1% 89 = E fH — 42.(Y205)
e RSN IR B A, HEFHEREN 3790 g WA b e, ML) R 84, BAINEL, &
NEL 30 RE, HBARAEI BN, RALRERKELE, FRET, &K, 4
ERFEHETHRENELELE A 7054%. 69.02%F 6037%, TEZHTEHM. KK
DDGS(P<0.05); % & 89 £ W H R A 50.91%~92.78%, K B MHLE & F W H 1 £ & 1K(50.91%),
DERTEER., o, T4, FM. LA M DDGS(P<0.05), £ &N AR RN EAELR K
M ENEAAFBEREANENENEER -3 HEHORAHELEN 70.6%~94.19%, A
0 R AR B R W H A R (94.19%), B F E T AR B R (P<0.05); R EWERMHEMLE R
30.58%~90.01%, & &%, L& 4y ToAFn I A b R fl B 3 U0 b 2 5 5 (76.26%~90.01%)(P<0.05) ;
B RN ELRA 9.13%~68.14%, AamFfoa Ry LR W HELERE (LA A 66.98%H
68.14%)(P<0.05), & ##, BRI &M TR NERWH MR RE, AEREIBHEHERRK
M ERRHNFEMENEREZ; TR EMNHNEARMERLFEERY B MR THEDE
B, MK,

KR aER T, RIHE; FRER; TR

FESERS S963 XEFRIZEE A XEHRS  2095-9869(2021)02-0096-08

1B R K e e B B AR SR, (H R K
FRBE Y A SR LR ARDRE Tolb iy 28, L 3 SR Y
i 32 SO AR RO R, BERE H 43 550k, ST
AR B 2 SR R IS B R, A TR
EER RN ST IR SR AT Wl i R IE ke S egoik7)
JITER AR5 SR AR A BT A R, P 2R
IR B UL AL O 3 IR SR E R 27

3, WO BC A Tk Y 2P 3R (Goddard et al,
2001; Silva et al, 1995), 7E2 32 faRHERHE L %R A4 3
filh b, AReER S mEHATH AL T84 F R ARDR R
IR B I K IR 15 e

41 % 75 J5 fili (Takifugu rubripes) J@ i & f4 44
(Osteichthyes) . fifi J& F (Tetraodontiformes) . fili i H
(Tetraodontoidei) . fifi & F} (Tetraodntoidea) . fili 7}

* Hp [ KRR T B AR L 45 3% (2020 TDA8) R B A Ml 72 b AR A 32 4 301 %5 45 (CARS-47-G15) I [/ ¥ By [This
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Research System (CARS-47-G15)]. E##%:, E-mail: 1429156486@qq.com
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(Tetraodontidae) ., 4 Jy fifi J& (Takifugu), PRIBREESS, &
FEE, ARG, RIREAL ) 'L KSR
25, (LT 7R J7 ol Bl 5 IR 2 A AR e =, R
S E YRR A EORTE AR, H AT 1R IR
B o ARSI E T L1 ARy i gt 2i by . A
foky . TR SR AEADR L RRRT . EOKITERE R 1(DDGS)
FAEH 8 FiFRHER T Bt . B . MR
AR . SRR AR T AR, LU R 208 AR Ty
R DR O B TR R

1 MRIERE
1.1 SEIgE#

DL AR A SOMAE Oy E AR R, A R S
YEMRERR , /N2 348 A A U B ) S Atk il ), St
TR A BB TR A IR 1. R AR E R R
M. Znfaoky . TR BRI SRR TEAEM . RE R
1 DDGS (Fap sk el 55 o W3 2), SE5 R Cho
F(1982)M ik, SIS AR SE A DL 70% AR I i

*1 EMENERRECFER YR

Tab.1 Formulation and proximate composition of reference diets (% dry matter)
JE &l Ingredient # 1 Content JE kL Ingredient &1 Content
Fifaf  White fish meal 50.00 SLHABE  Choline chloride 1.00
EfH  Soybean meal 18.00 W — =45 Calcium dihydrogen phosphate 1.50
iyl Fish oil 3.00 “HMTAH Y204 0.10
Tl Soybean oil 3.00 44 % C  Vitamin C 0.50
/NFZ K Wheat meal 14.90 1227 Chemical composition (%)
B%EEH  Yeast meal 3.00 T#) B Dry matter 93.71
URWEAE  Lecithin 2.50 MEH  Crude protein 48.86
BE&4YA4%  Vitamin premix' 1.00 Gicl Crude lipid 9.89
EHT YR Mineral premix’ 1.00 fit®  Gross energy (MJ/kg) 21.25
FHEN  Attractant 0.50 BB Total phosphorus (g/kg) 26.40

E: L fAERREY(ng/g IREY): WK, 2.5mg; BER, 45mg; HhRMME, 2mg; 484X By, 0.01 mg;
EYE, 012 mg; 4% Ks, 1 mg; WIEE, 80mg; 22, 6 mg; MR, 20 mg; MR, 2mg; 4AE A, 3.2mg; 40
£D, 0.5mg; 4K E, 12mg; KK 867 mg

2 WYBRIREY(mg/g IREY): WALEN, 0.2 mg; BULE, 0.08 mg; LSS, 5mg; IR, 1 mg; BLMREK, 8 mg;
WYY, 5mg; BMREE, 120 mg; WERR A5, 300 mg; FALEA, 10 mg; Bk, 551 mg

Note: 1: Vitamin premix (mg/g premix): thiamine 2.5 mg; riboflavin 4.5 mg; pyridoxine 2 mg; vitamin By, 0.01 mg; biotin
0.12 mg; menadione 1 mg; inositol 80 mg; pantothenate 6 mg; tocopherol acetate 20 mg; folic acid 2 mg; vitamin A 3.2 mg;
vitamin D 0.5 mg; vitamin E 12 mg; wheat flour 867 mg

2: Mineral premix (mg/g premix): NaF 0.2 mg; KI 0.08 mg; CoCl,-6H,0 5mg; CuSO4 5H,O Img; FeSO4 7H,0 8 mg;
ZnS0,4 7H,0 5 mg; MnSO,4-4H,0 120 mg; Ca(H,PO,),-H,0 300 mg; NaCl 10mg ; Mordenzeo 551 mg

®2 IREMEMEFRSER

Tab.2 Proximate chemical composition of experimental feed ingredients (%)

TH Ttems gty A AER ISR B3 ik AR FRIEEN
BFM WFM MBM SBM RSM CSM PNM DDGS
TF# B Dry matter 96.81 96.64 99.07 92.31 95.28 97.26 96.31 93.76
MZEH Crude protein 77.44 71.04 29.95 51.94 60.91 60.91 54.90 35.50
HMLAEWE Crude lipid 7.39 7.61 2.21 0.56 2.56 2.56 0.27 1.44

T VERDRUE . Zofaky BFM: RREIELT; ik WEM: MRPHTEC; AEA MBM: EFETTE; TN SBM. AfKI

CSM(IE = 50 #H1) . ZEM RSMOSESEHA) . AEA4 K PNM A1 E KRS 1 DDGS: IR SR BOA PR )

Note: ': BFM, brown fish meal, imported from Peru; WFM, white fish meal, imported from Ruassia; MBM, meat and bond
meal, from local market; SBM, soybean meal, RSM, rapeseed meal, CSM, cottonseed meal, PNM, local 54.9 peanut meal, and
DDGS, distillers dried grains with solubles, obtained from Shandong Haiding Agriculture and animal husbandry Co., LTD
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B 30%HR, FFRIN 0.1%MEAE2(Y,05) A ETE
ANA . BT RN E B R R, Ry irad 80 H i,
i R sk, BHIRA), PRI E] R B AR A

2 mm FBURLIEDEE, S5 CEI KT 12 h J5 B F-20C
P EDRAT o SR TRV Al 27 21 R % 2 R 4 1 4 93] D
%3 FNFE 4,

® 3 SKRIERMLER AR

Tab.3 Proximate chemical composition of experimental feeds (%)

WiH Item gefily k. REN 9 S A Wik ERTEREE
BFM WFM MBM SBM RSM CSM PNM 4 DDGS
T#JF Dry matter 93.47 92.75 94.74 93.75 90.84 92.33 94.24 93.66
ME M Crude protein 51.67 49.65 38.05 46.57 42.89 47.44 44.90 40.08
Mg Crude lipid 10.78 11.25 9.04 9.09 8.82 8.84 13.40
MAE Gross energy (MJ/kg) 21.06 21.51 17.98 20.98 20.98 20.90 21.02 21.66
MW Total phosphorus (g/kg)  33.70 29.50 51.10 23.30 25.60 16.70 19.10 20.00
Fz 4 LWARREBRERK
Tab.4 Amino acid composition of experimental feeds (%)

TR AR £y BR=g) M e Uik e ek RORTERE
Amino acid BFM WFM MBM SBM RSM CSM PNM 1 DDGS
INEFR  Thr 2.02 2.15 1.53 1.43 1.81 1.71 1.61 1.32
HEER  Val 2.62 2.72 1.99 1.99 2.57 2.24 2.32 1.99
EER  Met 0.39 0.48 0.44 0.52 0.62 0.27 0.58 0.19

RILER e 2.28 2.31 1.59 1.74 2.14 1.81 1.96 1.61
SE MR Leu 3.77 3.82 2.66 2.85 3.43 3.11 3.32 3.14
RINAM Phe 2.38 2.57 1.93 2.60 1.98 2.47 2.23 2.80
R Lys 3.68 3.36 221 2.63 2.82 2.52 2.57 2.31
HABR  His 1.44 1.45 1.08 2.35 1.08 1.21 1.02 0.83
R Arg 2.53 2.37 1.99 3.14 2.21 3.27 3.00 1.83
4-f#EZ  Tau 0.30 0.19 0.12 0.14 0.14 0.13 0.14 0.19
KEZIR  Asp 3.86 438 3.34 3.15 3.59 4.10 4.01 2.04
25 BR Ser 1.88 1.99 1.49 1.47 1.74 1.77 1.80 1.37
HHEM  Glu 7.24 7.50 5.69 5.62 7.33 7.73 7.67 5.08
HZm Gly 2.78 2.80 2.63 1.80 2.60 2.20 2.51 1.85
HWER Ala 2.92 2.89 2.25 1.89 2.57 2.17 2.36 2.21
R  Cys 0.12 0.87 1.18 0.94 0.41 0.43 0.09 0.20
BERmR  Tyr 1.28 1.46 0.89 1.19 1.37 1.09 1.47 0.90
&R  Pro 2.17 1.94 2.09 1.85 3.42 1.96 2.91 2.37
WTREIERE  EAA 21.11 21.23 15.43 19.25 18.65 18.61 18.60 16.03
FENFEILRR  NEAA 22.54 24.02 19.67 18.07 23.18 21.57 22.98 16.21
BEHR TAA 43.65 45.24 35.10 37.32 41.83 40.18 41.58 32.24

12 IBW&ERFERYIK

S FH A7 Ok 9T A R L AR K A B
A, VKEH 1495 ¢, FEEFRMW(TIE, 5.0 mx5.0 mx
1.5 m)H L BL A BN R A UK A 47.74%, 1
Wi 7K A 10.01%) #3517 A3 28 d SH DIk, {2 & 4
T il AR £ D 5 4% £ 7 SR B B Ak o SRy B ok S 5 A 1)
IBEAR Tyl M AR, KRR, IRIFAkLLTE
PR R SR 14 d, (IS N SRR

13 AFEESEEFEKRE

FRBH S AE L AR A B TV P T R IR K A
FeH AT, EBERIER IR E S 37.90 g BYLLEE A i)
AEFEFM (TS, 0.7 mx0.7 mx0.4 m)F AT, 7F
08:00 F1 19:00 F T 1B 2R MM E . BREWK
W1 b JETERRERIE, 5 h SRR R ki e R A
IEAE, BT SSCHET IR, B-20°CUKAIRAT,
FH 00 5 DR EORE e M AR . R fE v, FRAE
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ZEIRERH A RO, WK FRA, JKIEA 20°C~227C,
ERFE N 30~31, pH Ny 7.4~8.2, It (DO) N 5~7 mg/L,

14 HmaWmEHEULERRE

T Ak SR} | S Ak K £ A R A3 1 A BT R
FH(AOAC, 1995) bR #E i o Horpr, /K73 Fr i FH (105+
2)CoHE TR ML B A R LG A0
(VELP, UDK142 automatic distillation unit, VELP,
Usmate, MB, = KAH); HLIE W R FH 2 A 2100 2
(Foss Tecator, Hoganas, HidL); falkl, 384 & JFRHE
FERR S M R I ER R K i 12, ik 4 [ B 2 R 41 A
(H L L-8900, HA)MAE ; Rkl M &8 i e iR H 4
A (Parr 6100, KFENIME; WL, FEME hEBERSL
it P o SR 5 55 B 1 R & 506 3% A (Thermo  iCAP
7600 ICP-OES, 3& )il & .

BB R S B R R T B B IR (R
BT, BN BRI ERR) MAE A FTH (R R AR
.

ADC=(1-Dy/Fy) x 100;
ADCg=[1-(F/D) x (Fy/Dy)] X 100;
ADC;=(ADCt-0.7 x ADC,)/(1-0.7)

A, ADC kb4 Bt i) R WIH AL 3 (%) 5
ADCy Al v 58 IR 1 o () R LR (%) 5 ADC;
s AR TR A UL A6 22(%) s Dy IR Y50,

(%) Fy NEED Y0, &R (%); FOFEfd
HOGE I TR B A (%) s D SR AR R
EFRYI Y (%) ; ADC, S g8 fapRL X B 5= )
TR T A 2(%) 3 ADC, SRl iRDRL ofoxd Ry 4 324
Ji B UL AR (%) o

1.5 HiEZT

S5 T A5 BCHE DL 38 £ 45 1 1% (Mean+SE) &
TN o SEEGRCYER T SPSS 20.0 B AFHEAT AN R T 2207
Hr(One-way ANOVA), 225 It Z 1 (P<0.05), KM
Tukey & #1472 8 AL

2 #R

21 A#EFRFEEN 8 FEAMERPTFME. HES.
HRERG . B EBERRIIHH E

IR g faxt 8 AR Y . ML
. RLIEDT . 2L . BRI BE A R LR 25
W2 5T W B RIS LR ATE 43.35%~70.54% 2 [7] .
Horpr, Ak iE R s, Sk KRG
P22 57(P>0.05), W& T DDGS. M. FHIAIA
B3 (43.35%~46.39%)(P<0.05), 45 1 h TR T8
FE AR, 3 S TSR AR & DDGS(P<0.05),
5A6AE RG22 5 (P>0.05),

®k5 UEEFRFELE sHMEARERTYR. HEA. M. EEUARBINRIIELE
Tab.5 Apparent digestibility of nutrients and energy in tested feed ingredients of T. rubripes (%)

R WAL Apparent digestibility

WiH Ttems AR R B

BFM WFM MBM

FORIEHY
1 DDGS

M KM ik R
SBM RSM CSM PNM

F# R Dry matter  69.02+3.79% 70.54+1.39Y 43.35£2.41° 60.37+3.00° 44.08+0.77" 43.87+1.33" 57.27+2.22 46.39+2.88%

HLZE [ Crude protein 88.57+2.13% 92.78+2.66° 50.91+3.28" 84.01+1.34% 78.27+6.01°962.16+4.98™ 83.32+1.13¢ 72.50+3.63"

HLIET Crude lipid  90.95£0.43%° 94.19+4.28° 78.33+3.08" 89.83+1.22° 80.66+4.91°°70.60+4.38" 89.82+1.02* 84.38+0.62™™

J\BE Gross energy 90.0142.60° 88.62+2.62° 30.58+4.58° 76.26+2.87° 50.39+0.84° 46.79+2.89° 88.67+2.34° 39.17+3.13%

MW Total phosphorus 68.14+5.25% 66.98+3.17¢ 31.04+4.35% 20.94£1.67™ 45.2044.06° 9.13£0.50° 31.74+0.59*° 37.20+1.87°
Ve W —ATEUE AT E AR NG TR R AL IR AR 3 25 5(P<0.05), ]

Note: Data within the same row with different superscriptes are significantly different (P<0.05), the same as below

T R R KL R R 2 O T AL R AE 50.91%~
92.78% Z Ia], Hivh, o M iy 2 T 1k i
92.78%, LNy . M. EORIAAE AR ISTE 78% L
I, H5AM IR EEZERP>0.05); KE KA
AR 1 FRTE AL 3 5 52 50.91%F1 62.16%, ik
ERF MR, gk, SRAEARP<0.05); HE
WEATDERHE AR RS, B S THRP<
0.05), S5AEAEH . 32K DDGS J i % 25 5 (P>0.05).

T Ak SR K R 7 R 3R 0TS fE R R 70.6%~

94.19%, M, DDGS. Ffar. M. Sk, 44
Ky FNAEA KRR 105 2 UL fb 45 v, 397F 80% LA I,
H A 2Z W] TG 5k 251 22 5(P>0.05) 5 ARRRI IR A
& 1 22 VLT AL 243 51K 70.60%F1 78.33%, WBEFILT
1 a8 4 (P<0.05)

TPk BE I R L3R 30.58%~90.01%,
Horp, ARy . B0 2R R AR Y e B LT
R B E ST DDGS. M. MMAA T K
(P<0.05), AI'B By i BE 1 22 0 1k 2 5 (K T 1 A0k
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. B M. FEAERTRIAR A (P<0.05),

TRk R L% R 9.13%~68.14% , Hir,
R RAB () 2 UL T AR B IK T ok L 20k Sk .
WAH . AE B DDGS(P<0.05), [y flLr ks
PRV 1) 2 ULTH AL R Il 2 v T Gk L Sk, ARk L AR
1. PI'E R R DDGS(P<0.05).

AEEFRTTEIXT 8 MIARIRR hREBRARIUH

CLEEAR Dy gl fa Xt 8 Fhinpie ORIy 2 R 1) 3
SR ANZR 6 7N, L16E 7R Jr i &y fa %t 8 Fh ikl i
HAY SRR 1) 2 T Ak 3 25 SR, (E S TRDRHERHEY
SRR AR A R AR B 5 45 R AR 1 R0
THALRIEAR —B, [ M FNLT k) ) R LR 2 LT
e A, 43 BAH] 84.35%F1 85.79%, b w5 T3
. SO FEAERT . ARG . A8 Al DDGS(P<0.05),
HIX 2 2H 2 W 4 LA R Y A | 5 S IR 1) R TH

2.2

TR IGTE 75%LA | DDGS Y B R TR F W LR K
61.21%, BFMFHMM . LMk, Sk, B4
KoM, ST REE(P<0.05), TOMIFIAE A KM
FEFR I FE M L0 R 76.40%F11 75.57%, 1A
G E M2 (P>0.05), T E LR LI LR
K 78.39%~95.35%, AELTE A IR R ML FE N
20.68%~87.52%, ALAKIW T R IERR 0TI 1L RN
74.02%~85.10%, FE A5 2 ILFR LI LR 40.77%
~86.75% FMIFIZEMI) A EILR 69.26%F1 67.63%,
FARI0ATF AL MR R LN 63.74%~80.89%, JE &b
THRILTR I I E N 28.46%~80.70% , KL
FHRERF LR A 63.90%~82.18%, AF T 2 IR
12 UTE ALK 36.72%~81.40%., [N #5 b 28 Sk 36
WIHE R 41.90%, WEMARTAGAR . a6k,
SR MR oM. B4 RITFT DDGS(P<0.05), i
IR FEWIEAL AN 25.08%~57.82%, JE T B IR
FWIEALHR N 15.26%~59.38%.,

R6 UEEFRFEILEI 8 MR R EERMNRIIHLE
Tab.6  Apparent digestibility of amino acids in tested feed ingredients of T. rubripes (%)

H IR FAREOY o) M 8 EEg R M HHA K FOKIREE
Amino acid BFM WEM MBM SBM RSM CSM PNM 4 DDGS
JhER Thr  90.83+2.85¢ 80.33+3.23% 25.08+4.38% 79.06+3.31% 63.90+5.44% 65.18+4.04° 74.02+2.98%  44.00+5.65®
AR Val 93.06+2.49 91.49+2.85% 45.02+4.69° 95.35+2.68¢ 68.39+4.03° 80.89+2.96°¢ 83.77+2.36%  71.32+1.89™
EAR Met  75.08+4.82% 75.99+2.33% 29.7943.44% 78.85+1.89° 78.07+0.90™ 63.74+4.10° 76.91+2.95% 24.81+1.59°
SEEB e 89.48+3.90° 84.8242.29% 39.14+3.73* 80.65+2.78% 66.18+1.19° 72.50+8.33% 75.43+4.46% 65.33+3.12°
ZEER Leu  88.58+1.79° 84.3244.20% 44.3743.65% 83.2243.54% 68.5743.64° 71.54+4.51% 77.2643.16% 72.34+1.36°
JENERR Phe  91.01£3.63° 88.54+3.59° 56.78+3.05° 78.39+4.69° 75.40+5.58% 75.97+4.92° 78.67+1.02°  81.26+4.59"
AR Lys  93.28+0.81% 93.93+1.08° 57.82+4.25% 89.72+2.53°°77.90+2.99° 71.41+3.99" 83.46+1.62%°% 79.54+3.80°
AR His  91.86£1.92° 90.05+1.97° 33.55+6.98* 80.5622.81% 82.1844.42% 63.8542.34° 75.3943.42% 66.02+3.41°
KRR Arg  90.42+330° 90.78+2.04' 44.53+3.93% 83.18+2.25% 79.23+2.85%175.95+1.78™ 85.10£2.95% 68.20+3.20
TR Tau  81.6242.66° 73.6124.24% 1526+1.09° 53.70+£3.11° 47.49+4.79° 57.1146.46™ 40.77£2.20°  56.95+4.86™
KAHMR Asp  88.37+1.56° 82.68+5.04% 59.38+6.87" 87.52+3.25¢ 65.43+0.82% 80.70+4.61% 86.62+2.82¢  40.04+4.19°
2B Ser 87.1242.89° 88.42+3.66° 38.56+4.95% 71.27+2.54% 81.40+4.00% 76.54+4.21% 81.77+2.57° 64.57+4.04°
AREME Glu  80.7124.46% 90.45+£3.35° 52.24+3.47% 75.11+1.58" 77.8342.65™ 71.8243.80° 78.74+1.82% 69.87+4.47°
H&# Gly  7829+236° 89.01£3.40° 4524+1.04° 76.79+1.91¢ 60.42+3.89° 79.95+3.65¢ 75.0042.23% 61.49+3.91%
AR Ala  90.38+3.61% 92.53+2.53¢ 20.71+2.64° 83.50+1.94%976.85+3.62° 71.66+6.52% 73.74+2.12°¢ 70.06+5.52°
e R Cys  73.26+0.80° 69.19+4.15° 33.24+4.40° 20.68+4.06° 66.01+1.49° 28.46+3.68° 61.66+2.40°  63.09+2.53°
AR Tyr  90.59+4.15% 79.79+4.30% 46.88+1.64° 75.31+4.05°944.47+439° 65.56+4.30% 86.75+2.40°  60.64+2.08%
Ji4lR2 Pro  66.1943.10™ 66.4143.41% 36.6043.65° 68.74+3.90° 36.72+£3.02% 71.95£1.98° 63.54+3.12% 52.10+0.87"
WS BEAA 893120257 86.54+1.16% 41.7140.62° 83.01+1.31% 73.28+1.49¢ 71.28+1.33% 79.23+1.51¢  63.34+3.75°
JESTFEITE NEAA 81.70+2.60° 81.40+1.03¢ 38.46:0.42° 68.53+2.32% 61.44+1.52° 68.21+2.42% 77.06+£2.99% 60.19+1.14°
MR TAA  85.79+0.43° 8435+1.93° 41.90+£0.84° 76.404+2.24% 67.63+0.86™ 69.26+2.97° 75.67+1.30° 61.21£0.97°

Ham i RIE R e, BEmTRER. i
1M DDGS(P<0.05), Srfaky. = AAEA K W
FHEF(P>0.05), BRAAR . AR M b 2 R 1 T
RSN, LT 8E A D7 i %k (A dy | 20 ot il HoAh 42

FEMR AL R R BRAF RSN, LA T A &
WREMHEAEREMTEMN, ELREER
(P>0.05); ZLH& 7 J7 ffi % PR 49 1 28 PR T A R AR 1L
AR BRI R AR E R, 40884 lixt DDGS 4
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FER T AL I BAIL
3 itig

AW FE LALL 68 2R 7 i ) R gE X 4, SR AL
.Y 05 MAMNEFE R, FEREHBCHI D71, R Cho
SE(1982)/y “EHE”, BIAT “70%KY Bl REHFT 30%
A A IO ARDARE SR ™ ) S g i , X AR BR AR IIE T 2T
B AR Ty B P T R AR R AR BT R, SUORIE T I AR 1 i
ARk LT Ak 23 A 50 B 2 5 0 AR SR T Ak AR B
FLAE DL

T4 I3 19 2R WL Ak 2R S T £ X e} SR A
A BT A TR WSOK T o ASHIF 58 21668 7 T Bl 4 £ %) 11 F 3
FLL A8 1Y 4 o 3R WL A 26 0 2 5 TAR Y PR DR
X 5 ok 3% 6% (Scophthalmus  maximus)( #% 14 ¥7 4
2016) . 7= 4 (Rachycentron canadum)({T: % #& £¢
2012). E.ff(Pagrus major) (McGoogan et al, 1996), &
i 1 (Pseudosciaena crocea) (25445, 2007) ., 440 ff
(Morone saxatilis) (Sullivan et al, 1995)F1% F fa
(Oreochromis mossambicus) (Guimaraes et al, 2008)[¥
R A, MH, HAte ARy, Ratkfa
2 %) A0k 45 S Wy P RDRE R 4 B A i L
FE Y PE BB (Bergot et al, 1983), P& 11 25 F]
A4 Z 0 BE ) 2% , VT RS 4 PR Tal e k) 2R 0LV
AR S A, AR B9 TR 13 18 T 0 o 3R UL 7 Ak %
H 43.35%, I E AT 35 [E 41 £ (Sciaenops  ocellatus)
(86%) (Gaylord et al, 1996), [F] it i Z K T 2 AL
A HI(P<0.05), XFRZEHMZERARR, ATERKH
(A 2SVAE, 2007) A BRRIIE N . A HIEFS I,
B RHIR 22 0K, Wl etk 2: , IRk
B O RO, AT RE 2 I A WIS B A2 B 5 )
(FFEEWE, 2007), X AT HE S T 9 0 Ak R AR
JEA

T SRR BT Y BT R A e A S A KR RE Y
G S S ARV kA B S UM ER e S mf ST
VISEA R ik o ABEgE T, 2068 7R Jy fili 4)) £ %)
8 Ak R A R AR 1 R Ak, ok R e
KF 92.78%, LLfaMRZ, X5REREN N E
PRSI —3, Pfaky . 20k B RLER 1 R
F 5 G AR SRR T 3 PR 25 R (P>0.05),
Ui B £T 8 2R Oy Sl00E TR L AR AR B SR B 1 TR AL
FEGE, AT ARG A . AR, 2T
B 7R J7 SO0 A AL AR T AR AR (50.91%) , LS
(Lateolabrax japonicus) %t Al ‘& ¥ 14 1 b 2R B SR 7E fr
M pyfaoky . NER . SO, AR . AEARR AR
I F ALK, AR T 77.39%  (FESE, 2005); T

fi#%(Oncorhynchus mykiss) (Bureau et al, 1999)% [A & #3114
THALZ N 83%~89%, L4fii(Ophiocephalus argus) (Yu
et al, 2013) A& FIH AL %R 80.10% , HLEE T fL
SO, (HLAZ R R 09N T4 R Y BT
HIRW X FHEYER, SAAEAERE AL
Bm, SRR Z, MiME2ZE, X SRR S R —
H(HHESE, 2005), AWF5E DDGS WHEN 72.5%,
AL i T REZESE ML, 2016)% £ K8 H B WIHE
1E3(48.97%~57.20%) , I T4 [ 57 45 (20 12) 4 18 5 2
7% 77 fili (Takifugu obscurus) & >k %4 [ ¥ 19 14 1k %
(94.97%), 1H3EHIE %48 i (Zhou et al, 2004), FHf#
(Cyprinus carpio var. Jian) (22714, 2010)F1 FLYH
X (Litopenaeus vannamei) (i3t %5, 2009)%F K &
F Ry H OB 8RBT Y RO R R A I 94.42%
92.85% /% 90.40%. FIfEJ K& DDGS & —Fh Ll oK
M IR R TR C B e 7 R, SR AT, B
WA R S B R , e — AR R kL, 50K
R AN R 8 B f SO Rl oy 25 S R o ARt
GER IR, 218 AR T % PR B R RURRA AR 1 BT A 3R
ik, EAERCIT PN B S KN 5% fepRH R R
HORLER IR AR R R AW, — &
JO ) J i MR R 1 U ) 2 R R 4 RN AT R,
TP AR B, AR A AR Y & A SRR AN
iy 10 5 e HLAE (%R 2% (Hasan et al, 1997); &4
Yk IR PR — R B 2 AP SR, Xt
SRR 1T AL IR (Francis et al, 2001).

GA KL 1) 2H BN 3R OUL T 1k 28 AT DA S R Dot
FER BT . AWFaE Y, £1EE 7R 5 4 fa Xt 8 e
B R Z R T 1k R ny A8 A B A S5 LR i R
N AL R LA — 5, X 5 4R 7 (Bidyanus bidyanus)
(R 44645, 2003) IR ZZ6F (L3745, 2016) iR Hi Y
SEHL A — 20 DR AT ZE R 1 = S B R A
K 5212 (Bergot et al, 1983), TEIELEIRRHE R, 1Akl
IR L 2 R 2L, DDGS [ 82 R Al 5 2 R 1Y
THALREAL, RECHE IR MR &
2R . RN =R S @R IBAL, SHEEREAE
SRR EE AW G o £18E 7R 7 il 2 JE R I AL R I RS
ol BEORS ¥ T 20 B M A T O T AR DA SE B

JIg i 2 S A P L W BB R A I o AR F T 416 AR
Dyt gyt Xk 8 FviEl el Rk A B 7 2RO 1k 25 5 i
F(P<0.05), £ 70.60%~94.19%22 6], 1341 68 - )7
fii Xof S 43R %) B 107 B AR A7 IS AL RE T, BR AR
FAFN PR BB (AT A SR AR AN, LA A fRDREAR 7 T 1k 23
HRTE 80% LA I, 5 K Z B SR ml A AR 7 i e ot —
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2 R 42 4%

o MRIERLIR I R IH L E N 70.60%, IKT1E 61
(H 7 5%, 2005) 1 BE 51 2 & (Ictalurus  punctatus)
(NRC, 1993)[WBFFEE5 5, 43310 80.46%F1 88%,
TR B AT TE LS 5 (61.3%) (25, 2007). AE
W HRLIE 5 2T LSRN 78.33%, %536 [ £1 A it
FE45 FHEIT (McGoogan et al, 1996; Gaylord et al, 1996),

WFFE 2 IA , A A 2R sh 4 e e R IR G BE
1 b R 20 T A8 ) 1% W Rk OBE(Cho et al, 1982;
Sullivan et al, 1995; Bergot et al, 1983), AR H, K
R RE 1 LI TE 3R IR AR (30.58%) , X T AiE 5 1A 7
R JEURFEE R . Tl R 3 WA 56

B, XK MR . SR DDGS
S JURMBE I RSN 9.13%~45.20%, FF7E%
TR I B4, 3 i A7 0 Al £ 288 40 B 55 SR8 e
(NRC, 1993) , i i (Lall, 1991)4% Py £ fa. 2 rhts 45 2
IR ZERE, G AEA KRR S5 A8 P P TRDR L rh
() 2 AR R S L3 B 2UAE A (Lall, 1991), i a2
TG A PR Tl , X AL 5% ) T 1868 7R 7 i 4 £ % A )
PEARDRHEURHBE I R 1L % (Marty et al, 1996), A<
8 H B PR EE R OB UL T Ak R I i AR, AR
FHmpAataky, NEhhaesEm, ek
T KB, XK 2 LIRS 230 A KR
BEIRAS L AP e, AR S (Lall, 1991), X
S G R sl RO TR 17 Tl 2 L AL R AR
TR AR

4 NG5

kiR REANE R RS e I W ISP URICR o
PIREAE, A AR A RS IR I 9 R AL R A
X2 5 B SAEADR AL 9 B0 1R S s 5
MR AIH LRI T HABE Y B, SRRz, I fELLEE
AR AR RO RN
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Apparent Digestibility Coefficients of Selected Feed Ingredients
for Juvenile Tiger Puffer (Takifugu rubripes)

WANG Jianxue'?, WEI Yuliang®, XU Houguo’, LIANG Mengqing®"

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao  266071)

Abstract Apparent digestibility coefficients (ADCs) of dry matter, crude protein, crude lipid, gross
energy, phosphorus and amino acids in white fish meal, Peruvian red fish meal, meat and bone meal, corn
gluten meal, soybean meal, peanut meal, cottonseed meal, and rapeseed meal were determined for
juvenile tiger puffer (Takifugu rubripes) with initial mean body weight of 37.90 g. A reference diet and
test diets that consisted of a 70 : 30 mixture of the reference diet to test ingredient were used with 0.1%
Y,0;5 as an external indicator. White fish meal, Peruvian red fish meal and soybean meal had higher ADCs
of dry matter, dry matter ADCs ranged in 43.35%~70.54% among ingredients tested. Protein ADCs of
feed ingredients ranged in 50.91%~92.78%, meat and bone meal had significantly lower ADCs of protein
compared with that of white fish meal, Peruvian red fish meal, soybean meal, peanut meal, rapeseed meal
and distillers dried grains with solubles (DDGS) (P<0.05). Amino acid ADCs generally reflected protein
digestibility. ADCs of lipid were relatively high in the ingredients tested. Energy ADCs of feed
ingredients ranged in 30.58%~90.01%, white fish meal, Peruvian red fish meal, soybean meal and peanut
meal had significantly higher ADCs of energy (76.26%~90.01%). Phosphorus ADCs of feed ingredients
ranged in 9.13%~68.14%, white fish meal, Peruvian red fish meal had significantly higher ADCs of
phosphorus among ingredients tested. In conclusion, ADCs of dry matter, crude protein, crude lipid, gross
energy, phosphorus and amino acids in white fish meal, Peruvian red fish meal were higher, while ADCs
of dry matter, crude protein, crude lipid, gross energy, phosphorus and amino acids in meat and bone meal
and DDGS were lower compared with that other tested ingredient for tiger puffer. Soybean meal and
peanut meal had higher ADCs of protein and essential amino acids in plant protein ingredients. Resultant
digestibility data may provide useful information to commercial tiger puffer feed industry.

Key words Takifugu rubrpes; Apparent digestibility coefficients; Feed ingredients; Nutrients
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116023)

it 25

3 72 Y BN 4 % (Dicentrarchus labrax)4h f 78 4/ % & 4 3 /MK 4 T 58 3% 4 8y B T8 Fe AT 9 5%
P, LHEEEL"A, A 3/ PVC MR H#E Y 60 cmx60 cm By 523 X3, 2 /M AE4T X 3 2 8 i A
Bh12em AR E R EYE 1fr#EE 2), £REF: DERIFEAER & FHNIME
(ARfEEh 2 PHAZK @& RN NERSPHBE LAY 2 et H A EERTHELAE 1 a1
(P<0.05); (247t 2 AN52def AF fn SF B 1 (@3 2 Wit B AT, ZRATREZ

7+ (P>0.05); ()% 4 2 At & b9t 20 5 &

B L AERE SR B E R
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M E &8 T B %
XHRIREG A

AT W e Z A D7, G UKA T O (Cal
et al, 2013). AT H(AEAIMHSE, 2019; KNG K4,
2020) F1ZFE AT R (XN A6 4%, 2010)4%, 1 %) £ 2SI A
PR D o IANHI(EAEIRN . 2220 | iEIC R 4F)
TESh AT A ke % # B4 (Shettleworth, 2001). 7E
BAESH Y AR gE v, e — R B E AT 5T 1)
#EIAR (Bshary et al, 2014) . 2256 fil2f 2] J& fa 28 i
rhE E B A 3 (Hsu et al, 2006; Kozak et al, 2008;
Manassa et al, 2012; Alcazar et al, 2014; Vega-Trejo
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etal, 2014), HAj, X TaISNMPHRZE T TEMA
FE A% B W DI RE 9T 7 THI (Giaquinto et al, 1997,
Lucon-Xiccato et al, 2019; Frommen, 2020) ., {H i f ik
ZINIF5E R, AZONFANMUR T 3 S G285,
I ZARYEAH BRI AT R 2 [ B iz ) (Berdahl et al,
2013), iEi 5 EA L8RS Bk
H 347 MR . Reebs(2000)F 58 £, A8z g
25 1Y 3% fif (Notemigonus  crysoleucas) fE 5| 5§ ok 28 Il 2k
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(2017) WF 7% & B, 28 & Il Zk 19 3 £ (Gasterosteus
aculeatus) fig 1t & £ i 1R G A th R 2 U0 R AR 1)
W 5 14 % (Dicentrarchus labrax), N 44 Wi,
2 H R H i DO E B R SR sk —, B
WS Y 4 2] B ) AN AT D Al 98 % (Covés et al, 2006;
Benhaim et al, 2011), XTI A% > 11 0 F
5% ¥ £ 4 P 78 fL 4 i (Poecilia reticulata) (Goodey
et al, 1986; Shohet et al, 2009) . T fi# (Salmo gairdneri)
(Ware, 1971). KPi¥fi(Salmo salar) (Reiriz et al,
1998) . % i (Acanthochromis polyacanthus) (Ramasamy
et al, 2015)4F 125, X WU 7 147 B 2% ) T B 1% 36 114
ARS8 D o A 5338 o T TR IR BT S 451
T, BT BRI 1 B4 A 1O SR RS T
58 BT 55 (A B TR] SAR SCA T A 84w 1 DGR, 4 e I
I 5 WU 5 145 5 N FC At £ 288 7y 2% ) R BB AT
F S

1 #REFE
11 SBXNEREH

S 6 FH I 5 147 5 &)y £ B [ K HE R 2 B
Holy BOE 0 E S S0 =, Jt 45 B, P4 K (20.69+
0.21) cm, Jr A SCo AR & B R, A%
BTN

SEYGAEAE A O N EE BUKA , BANKAR 5 R4,
SHGIE T RET, LA e KA R 5% 20d, KR
FEHITE 18Cx1°C, WA (DO)YIRFFIE 6 mg/L LA I,
JeHRJEW A 12 L 2 12D, 4 H 08:00 11 17:00 $ M4
BHBURL, S50 A TR 45 1 45
12 XWkE

SIS ECE T 240 cm x 240 cm x 50 cm (3
EErh, 3t 2&, KEN 10 cm, REERELAL, R
A PVYC s, 3554 34 60 cm x 60 cm 14
B, AHARZRBR 2 Ml fh P42 12 om Y35 B 7 341 T
A A %58 (1B 1), o, R 1 53 iE B B A
A 20 cm x 20 cm (¥ ({5 PVC i ; 28R 2 45 EAE
TR T 43 3 4 20 emx20 em FOLT (8 B K IS 4% ; %
PR 3 2 b A i i A 435 4 40 ecm x40 cm Fl
40 cm x 20 cm LR K40, 21 R K48 — &
T ARG A BT S IAEE s R AR B A RN
MELR 2SS

Sk RAT gl S A o 5 T, A4 60 om x
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Fig.1 Top view of experimental setup
a: 2 1; b: MR 2; c: RIR3; d: HIH 1;
e: B 2, JKEXIRFIR A ANEYTX K
aisthefirst quadrant, b is the second quadrant, c is the

third quadrant, d is the first channel, e is the second
channel. Gray areas are red sticker

L, KRB, ST A F KR, LI /D
22 (A5 B T REYE . B E LRI B IE By
FAKE 135 LED JTH1 1 & g gl .

1.3 IRt

SEE SR 2 ANERAY: SEE 1 R FIN E kaEA

FEAFREE S, Bl 1 B4 MR, LK 2
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Tab.1 Correlation analysis of behavioral parameters
between pairs of fish within 10 min after the first met

TR 28 AH 2
Behavioral parameters Correlation Significance
% 3 JE & Distance moved (cm)  0.798" 0.001
U Velocity (cm/s) 0.810" 0.001
Jn3# ¥ Acceleration (cm/s?)
H/ME Minimum 0.634° 0.020
KA Maximum 0.865 " 0.000
A/ Turn angle 0.833" 0.000
IR BE (M YKR) Activity (frequency)
FE#E: Highly active 0.882" 0.000
IR Active 0.784" 0.002
# 1l Inactive 0.823" 0.001

T *3RRTE 0.05 HHI(XUZ), **KRTE 0.01 2451 (W
Fe), ARSCHE R

Note: * at level 0.05 (double-tailed), ** at level 0.01
(double-tailed), the correlations are significant
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Effect of Experience on Behavior and Parameter Correlation in
Juvenile Seabass (Dicentrarchus labrax)

HU Yu™ LIU Ying"? FAN Jize*?, ZHOU Cheng"? ZHANG Zhigiang*?, MA Zhen'?"

(1. Dalian Ocean University, Dalian  116023;
2. Key Laboratory of Environment Controlled Aquaculture, Ministry of Education, Dalian 116023)

Abstract Learning and information transfer are two important parts of fish cognitive processes. This
study aimed to compare the time and behavioral parameters of juvenile seabass (Dicentrarchus labrax)
with or without experienced individuals under a specific environmental condition. The experimental
device was “L"-shaped and consisted of three 60 cmx60 cm test compartments made of PV C material.
The two adjacent compartments were connected by a cylinder channel with an inner diameter of 12 cm
(i.e., first channel and second channel). The experiment comprised two trials: The first tested the time and
behavior of an aone fish (AF) to complete the task, and the second tested the time and behavior of
inexperienced fish (SF) in the presence of experienced fish to complete the task and the correlation of
behavioral parameters between pairs of fish. The results showed that the time for the AF and SF to pass
through the second channel was significantly lower than that through the first channel (P<0.05),
regardless of the presence of experienced fish. Over the entire experiment, no significant difference was
observed between the times taken for AF and SF to pass through the second channel (P>0.05), but less
time was taken in the second trial. The pairs of fish showed similar motion trends within 10 min after they
first met and kept the relative movement distance within one total length. There were significant
correlations between the pairs of fish in terms of the distance moved, velocity, acceleration, turn angle,
and activity. These results suggested that inexperienced fishes behavior might be influenced by an
experienced individual, and that inexperienced fish might obtain more complex information in the process
of exploring their environment.

Key words Dicentrarchus labrax; Behavior; Experience; Learning
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(Sun et al, 2018), i, KEIFZHF 1 (HIF1)RZ
WML R E AR S I i S R S, 2 EA
TR o WA R E IR B WA AL, e
Semenza(1992)7E Hit 40175 5 1 20 A% i 45 42 v % B
S5V ZEENEY =N . B, HIF1a F1 HIF1B
M S 2 5 UR 2 Bl 4AUTE I 1 S (Terova et al, 2010,
HARAE, 2016), BRARE, FLANEXTERGE HIF 1o, H il
TRES - 3 - T T I8 S it 0 Mk O Tl 1 SR W U . SRR - 1,6
TR RS i G S, W HIF Lo 8¢ HIF 1o W5
() 10 BR BE BT T OO Al R G R TR O S
(Camacho-Jiménez et al, 2018), BH KM T, HIFI )
FeE VRS e HIF 1o YE5E , HIF 1o WR 5 52 Z2 80 A
Em, H HIFla H&—32 O, WIEM I, HIFIa
BN KRN T o F B TR R SR
5 DNA JEAI454, HIFLa B C A3 KA S
AR TS, A 2 Do s 5, 2 4
SERIRT 51 1) Sy B0 R 4 S ST S AR, i R AR
WS 5 A 25 #e) 385 (Oxygen dependent degradation domain,
ODDD), ODDD ¥tiE HIFla Wik @M TEH A &M
T, fiF HIFla ODDD PR MR 5% 50 5L e nT
fE U HIF Lo BY72 R AL R, X RS fE
M ZRAEN S b, Il 5 LA (PHDs)
BV FEA R S Tz ek, R R R R i
Ko 55— FhEEACTG & HIFT M7, FEHT R
AR EL DR AL, SEMTHNE] HIF Lo 300 (45 E
HAE, 2005), sl = n] FT A [ 4 2 s A iR
BT HEI KRR LS, K854 F ) 6E
AR B AL A o A5 3 i s I, e M G4
38 T & B F ¥R (Palaemon carincauda) =L FL[H 1) 22
SRR, AT Rk — 254 s A AR 7 AR SR Y 53 AL
HlfE S %,

1 M5
1.1 SEIHigit

1.1.1 fREMMHEE SR8 SCERHT, R AMFE SR 1A,
DL N S8 = A . B R i), KR 22°C~
24°C. BN 29, pH Ky 8.1, ATII%. BEHLYEE
MR N (3.15+0.26) g MERE MR 60 H, 220 2 4,

B 3 ANEE, BAKBEROKIEL 50 LigsE 10 2
HRA, ANTHEIEN 24 h, K75 (HACH) DR900
5 S K ARV S8R BE R 7.6 mg/Lo SEIR TR,
15 AR AU e 2 A N TG40, KA 2 mm JREWRAA
AU, WAy 3.5 hg, B AR EFRIF
AR 9 4h)a, JRRMIENTES), AL T B

RS, BUET, KRS i SR R (1.13+40.26) mg/L, H
B IR SR AR IORE , MR TIRA 2 . TS 220,
ARG 25T, FEFUENS 29 10~20 min FET . RH
PRECEH R RE R, IR EMNIE S S ERURE . X RR
HARFEN TR, FAURFShIE S, W Ak N
(7.59£0.66) mg/L, [RIFEHUREALE

112 AR AKXBRIEER SCYOHT, AR AR SR
18, BRI 111, FEHLIPk e E R (2.7740.34) g
IR 120 X, k241, BHAR 3 EE, &
A IKIEFEORIRZ) R 100 Lyjitss 20 IR, AT
&R 24 h, WA (HACH) DROOO 75 7K 1A 75 fife 480 vk JiE
h 7.6 mg/Lo SR TF LRI, ARAME 4145 1k N T34,
AR 2 mm SRR ARG S, #E 0. 10, 20, 40,
120, 240 F1 480 min, MEANFHAEC 2 HAF, fif ] H
LP L SR BRAE , YRR R, BURERS [R] AT K AR
fift 48 HE BE 43 ) M (8.05+0.40) . (7.21£0.23) . (6.71+
0.18). (6.10+£0.22). (5.81+0.25). (4.08+0.47)F1(2.03+
0.15) mg/L; XfHRAILPAFE AN TS, FERIEShIEH

VAR SEUR B H(8.1140.42) mg/L, [AlREBUREZRTE

1.2 #HFXANF

¥ 111 R IRAF AR UM 38 2 ROGT BE LA & 0 51
FERA P UM R A, WAL RNA, R
A Oligo (dT) MY HERR & HAZEY) mRNA, JTA
MR, B mRNA JEATRENLATIG, D) mRNA AR,
S O SE cDNA 4% . #) i AMPure XP beads #iift,
cDNA, XF4lifbi)as% cDNA ST RSB E . eI
HEEM T3k, SRS, K AMPure XP beads 47 H
By R/NESE . B, 81T PCR & 4755 cDNA U,
KL A A E ARG BRA A#E1T HiSeq2500 1H
WY, WP PE125,

1.3 4EWMERESW

X SR B AT 0, 2 B R Sk B B
Reads, FRA5 i 0T A0 00 PP 8 o 4 vas Jo a0 80
WA Trinity BASEIT SN H R, R LYW
Unigene JF o H4% 5000 2H R0 B A i o 2 04 ) 4
i 5 20 445 2 1Y Unigene JEHE1T T 81 X R R R 56
AT, Tk 2E S RIA MY . ffTH BLAST #4424
Unigene /#5115 NR, Swiss-Prot, GO, COG, KOG
M KEGG %4#8 Xt , 3845 Unigene f2 22 7 A5 H
I RETE B (R R o i ] TransDecoder #K {4 it 17
Unigene & K 254 Tl

14 EIHEENZE

WROF PR 1.1.2 FRREST RNA, RFESEAR
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cDNA. [Fif, &5 917 55n E & PCR, 519
B L2 1; M #AE SPSS 11 #4785 4047, LA P<0.05
VB2 5 8 K.

*x1 BERANIHESRAIMFT

Tab.1 Sequences of P. carincauda qRT-PCR primers
5|#) Primer JF%1 Sequence (5'~3")
HIFla-F GCTAAAGGTGGGGCAAGTGG
HIFIlo-R TGACGCCTACCTCGTTGGAT
HIF1B-F GTCTCGCTCGCCTTCTACAC
HIFIB-R TGCTCCTTCTGTTCCCAAGC
HIF l0i-F GCCCCTGAACACTATGAGCG
HIFlai-R ~ AGCTGATCAAGCCCAGGGAA
PHDs-F GGGGATGGCCGATGTATCAC
PHDs-R AGGGTTCCGTCTATCCGACC

21 HFRANFHIFEAELE

SE ST FEFIIG S0 0 201 20 6 8 PR RE o A 2 s 2
W, 4% 10.62 Gb (= BTl P EE , 45 FF 5 i
T E AR ik 5] 5.27 Gb, JREHE =30 BITREERT 5
B E 2 H(Q30)=90.21%(F 2).

N Trinity X i o 0 P e A a3, 75 3
155113 £ A1 118953 4% Unigene, #3745
Unigene 4 N50 4351124 1940 F1 928 (3 2), JFHI K i
}3 200~300 nt ¥ Unigene 125, 5 A1 42.76%;
300~500 nt FJ47 33316 45, i 28.01%; 500~1000 nt £7
19088 %%, 5 16.05%; 1000~2000 nt A5 9112 %%, 5§
7.66%;32000 nt LA |/ Unigene A 6569 4%, 15 5.52%.

*2 BRENFHETGSEIT

Tab.2 Statistics for evaluation of clean sequencing data

Qb7 X1 I 134K LB e GC & Q30(%)
Treatment Pair-ends reads Base number GC content(%)
X 18 Control 20926999 5270136419 44.29 90.21
4 P38 Hypoxic stress 21257665 5352900655 44.42 90.35

W Q30: FiE{H =30 BYBIE R 5 E 4

Note: Q30: Percentage of bases quality score which is greater than or equal to 30

*3 BRGRZT

% 4 Unigene TR %it

Tab.3 Statistics of assembly results Tab.4 Statistics of Unigene annotated
I SN . T B%
nH HoRA Unigene tE AR Unigene  >300nt  =1000 nt
Items Transcript Annotated databases
200~300 nt 57076(36.80%) 50868(42.76%) COG 12527 9481 4182
300~500 nt 39602(25.53%)  33316(28.01%) GO 13878 10018 3941
500~1000 nt 26081(16.81%)  19088(16.05%) KEGG 11275 8707 3995
1000~2000 nt 15506(10.00%)  9112(7.66%) KOG 24738 18260 8144
>2000 nt 16848(10.86%)  6569(5.52%) Pfam 23791 18817 8903
J¥K Total number 155113 118953 Swiss-Prot 22344 17618 8421
X Nr 33659 25595 10923
BKJE Total length 135682981 73521294 .
#1F Total 37580 27426 11044
N50 K J& N50 length 1940 928
FHKE Mean length 874.74 618.07 B R NAETR FTI(Zootermopsis nevadensis) (2787 2%,

2.2 Unigene ThaE £

X1 B F ¥ FUnigene#E 47 DI BEIE B, HEHEBLAST
SHE<10° AIHMMERSHE<10"", 37143758054
RS B Unigene (£3). HH, COGH 2 RBEM)
Unigene 1252745, GO 13878%%, KEGG 11275%.

5 Nr 8 AU AT RNE M LR X, A 33659 4%
FHHF Unigene 5 RIS AR, 75 Nr 28 £ 2
SRS RE B A (B 1) AT 51 L] B

8%), BlEHIKIETIRF (Daphnia pulex, 1765)., LWk
(Stegodyphus mimosarum, 1169), X B ff(Branchiostoma
floridae, 1046) . #&7% Hi(Saccoglossuskowalevskii, 1019)
LG HH (Strongylocentrotus purpuratus, 965) . IR UL %
(Tribolium castaneum, 871), K FRIRBTK B (Acanthamoeba
castellanii, 735) . 4% HU(Capitella teleta, 644) . % T34
LR (Lottia gigantea, 605), NLANEXTEF217). PR
HER(107). FEXSUR(Fenneropenaeus chinensis, 92)Fl
H A VBER(M. nipponense, 79).
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B Zootermopsis nevadensis 2787

B Daphnia pulex 1765

W Stegodyphus mimosarum 1169

¥ Branchiostoma floridae 1046

B Saccoglossus kowalevskii 1019

B Strongylocentrotus purpuratus 965

B Tribolium castaneum 871

B Acanthamoeba castellanii 735
Capitella teleta 644
Lottia gigantea 605

B Litopenaeus vannamei 217

¥ Macrobrachium rosenbergii 107
Fenneropenaeus chinensis 92
Macrobrachium nipponense 79
Other 21558

K1 Nr [REA R A

Fig.1 Homologous species distribution of Nr

11275 4% B HF Unigene ER 3] KEGG, H%
Sy 223 ARGE R, Hoh, SERBCRHEA T 20 1938
FEANE 2 FroR, BRI PR B e AR N T
RNA ¥z | BU40K . Wik Semimefl . WEmEf/
Wi . FIRIR . 2R R UK R AR
mRNA W . N PI3K-AKT {5518 % . 25 I REA
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SAEES 2L PPESRSR 25888« §
Z38ES »2S 85986 o3 SEE BBy &
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BEZ” 28 355 T Haayg
e 55 £ET 2 (iEuE
£S £ E55 £ §EES
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Fig.2 KEGG analysis of Unigene

WRFEP R HEA AT 20 029 KEGG 3 B
Top 20 of gene number in KEGG pathway

ARG | B LR IR A W) 5 R BRI
W mEREACSE, ATBRIEER I RNA B 74k, 1E
AR % P SR A A R B GLE Wne {5538 B
mTOR {5518 . FAWEINY . p53 (558 %, AL
B HIF-1 {55 0RO 24 5 il R AUt

23 ERREEESN

REE I E R AR ™ 1392 F#EF KRB
P, BL4G 311 4 RIRZERI I 1081 45 FRZER . X5
FE IR 22 R Rk B I AT D R A, R 784 4%

SR, Hidr, COG 232 4%, GO 240 %%, KEGG 206

%, KOG 460 4, Pfam 587 45, Swiss-Prot 542 4%,
Nr 742 %%, B 3 JB/R T H R 22 5 R GRS R M T A 2L [H
TE GO £ L Uigeh RIS O, &I 2E N J 8L
WAEBIUAAIE M . AR OSSR NI
. ZApAEY R BRI

FIH COG X R IR 22 S Rk LR = Wy it 47 B
RIS, KRG Yz . 2
il . EAAEE . BB . 8RR
1R5F 4 K2R 20 4~ Hk, THLE
T 5. [F5 5 SPUH . AR i A,
A B 1 0 O S PR G s B £ 5= Wa e |
B EHEE . BOBEIRGS R A R AR Y
G, AU EL B EENERENKE
(& 4),

%I KEGG MM, HREAIFERRE
FE R 430 T R B A A BAL . AR | BB R B
bR AU, e R A YLRSE 6 oL, Hr,
B F BAL A0 i PR X 3 KK s
HMR 22 R B AR 2 TEx e Qb , 2550
SR K GEREE A SR 2ZE S RENEZ, 758
11 #0110 455 HUCREUR4) | i A4 FIm
YEH@B); 78k, A FEE A A5 2 M AR i (6) . KE &
TR A Z R A (4) . SRR H E R 4) . NETR
RAG RN &R @) IR )& 5).

5 CRTHGE AR R R 2 e R IA
KOG 7rRERMEAE 3 A LM 0z AR A
(Amino acid transport and metabolism) ., 5 ZR/KALA W)
Ay 32 i FET R AR 18 34 A (Carbohydrate transport and
metabolism) .2 4% B M AL % A (Defense mechanisms)
2 ZRE TR rE AN A 2 [ (Energy production and
conversion), 7 Zx—MIIHETHMILA (General function
prediction only). 6 2&TCAHLE F %% iz AR it 5
(Inorganic ion transport and metabolism). 3 &g Fi%%
iz T AR5 36 B (Lipid transport and metabolism) .
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Fig.3 Annotated statistical map of GO secondary node of differentially expressed genes

Biological process

1387
24

138
2

Number of genes

BEARARSY GO = RAME T B9 0 i, HNARBRFR TR B IT a i B D K 5 BT A BB B A a3 L,

LU R I S DR O, i (R (AR 22 5 AR R D A T R O

The abscissa is the secondary node under the three categories of GO. The ordinates represent the number of

genes annotated to the node and the percentage of all genes. The red column represents the annotation of
all genes, and the blue column represents the annotation of differentially expressed genes
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RNA processing and modification
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Fig.4 Classification of COG annotations for differentially expressed genes

REALAR A COG #7JNEE, YA R K H

The abscissa is the classification content of COG, and the ordinate is the number of genes
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Jak-STAT signaling pathway [N >
Notch signaling pathway [l 1
VEGF signaling pathway [N 2
Neuroactive ligand-receptor interaction NN 3
Pathways in cancer [N 3
Proteasome ] )

Protein processing in endoplasmic reticulum ] 2

RNA degradation | 2
SNARE interactions in vesicular transport ] 2

Environmental Information Processing

Human Diseases

Ubiquitin mediated proteolysis |

Homologous recombination ] 4
Mismatchrepair | 2
Nucleotide excisionrepair | 2
Basal transcription factors ] 5
RNA polymerase ]| |
Spliccosome | 3
RNA transport ]
Ribosome 1 5
mRNA surveillance pathway [ ] 4
Alanine, aspartate and glutamate metabolism [N 4
Arginine and proline metabolism NG 4
Amino sugar and nucleotide sugar metabolism [N 3
Fructose and mannose metabolism NI 4
Glycolysis / Gluconeogenesis [N 6
Glyoxylate and dicarboxylate metabolism [N 2
Inositol phosphate metabolism [N 2
Pentose phosphate pathway [ 2
Nitrogen metabolism [N 3
Other glycan degradation [l 1
Other types of O-glycan biosynthesis [N 2
Arachidonic acid metabolism [N 3
Glycerophospholipid metabolism [l 1
Sphingolipid metabolism [N 2
One carbon pool by folatc [N 2
Insect hormone biosynthesis [N
Terpenoid backbone biosynthesis [l 1
Purine metabolism [N
Pyrimidine metabolism [N 2
Celleydle 1 3
Oocytemeiosis[_____ ] 2
p53 signaling pathway [ | 2
Adherens junction ] 2
Endocytosis ] 3
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Fig.5 KEGG classification map of differentially expressed genes
DA bR S KEGG A8 B0 24 PR, 180 AL bR TR 21120308 B 1) e PR A0 R A8 B e b 8 R A B L 4

The ordinate is the name of KEGG metabolic pathway. The abscissa is the number of genes annotated to the pathway and the
proportion of the number of genes annotated to the total number of genes annotated

9 ARWHEIR B . A F T B R R PR AR 2R I

(Posttranslational modification, protein turnover,
chaperones)., 1 428 il . 4 &2 FH (Replication,
recombination and repair). 2 2RI A G
B3z Ao g A 3 F (Secondary metabolites
biosynthesis, transport and catabolism). 7 515 55
B 3L (Signal transduction mechanisms)., 1 2&%% ¢ 5k
PHl(Transcription)#1 1 4% B OB A4S K F1 4= Py 2 5
FL[H (Translation, ribosomal structure and biogenesis).

log,FC B {H e KAy 22 % TR /5 A FR 4K 1 I (Serine/

threonine protein kinase), A 4.98; HJE DNA 45Hid
&5 5 H (DNA mismatch repair protein), & 3.38,

log, FC BUH I/ N A ZUE il 1 (Cathepsin 1), 4
-6.89; HKJE WYL T i i (Endochitinase), —6.58,

24 REMEN HIFLESERERRENFMN

ABRGEH, HIFT UM 27 HAE 4 4,
HIFla 1 HIF1p SRR I, 1 HIF1a
FI(HIF 1oi)Fl PHDs ik N o LS4l F 3 8
BB HIFT 5 5 F 4 HIF1o 3Ri85Z PI3K .
mTOR T MARK %4553 S K B 52 i (18] 6)
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Tab.5 Part of differentially expressed gene
AERAL fEEhMngl
KQG ﬁ:}%@(ﬁ% ' Unigene FPKM A FPKM 18 log,FC
KOG classification annotation Control Hypoxic stress
FPKM FPKM
SR A P A 411l B 16.60 65.77 2.13
Amino acid transport and metabolism  Prophenoloxidase activating enzyme
FFRFE AR Amino acid transporter 15.38 1.40 -3.27
R @B S WU Glutamine synthetase 3.77 0 —-6.04
WAL A Y 432 S F0 397 A 3 MR Adenosine kinase 1.84 0 -4.12
Carbohydrate transport and metabolism i g H- i % 1 Bl 1 1.21 0 —4.12
Phosphoglycerate kinase 1
B A 1 Glycogenin 1 8.96 0.28 —4.64
1,6- T R S Bl A R il 5.22 0.08 -5.06
Fructose 1,6-bisphosphate aldolase
b 3 BRI = 1.95 0 -5.13
Glyceraldehyde 3 phosphate dehydrogenase
B 1L Defense mechanisms 22 R A A R R 37.19 2.97 -3.46
Serine proteinase inhibitor
2 F R AT Serine protease 42.28 2.65 -3.84
REVRAE F= i 4k B E AL 1 Hydroxyacid oxidase 1 0.90 0 -4.28
Energy production and conversion SERLER I E( B Malate dehydrogenase 1.90 0 -4.56
— T T fE AR BN 2 2 5.53 0.80 258
General function prediction only Gonadotropin releasing hormone receptor
4Bt E ALY EE Chorion peroxidase 17.91 2.01 -2.98
PEFEHE A Zinc finger protein 2.76 0.25 -3.18
2K Neuropeptide 1.97 0.17 -3.20
B UG N7 Translation initiation factor 3.90 0 -5.53
JUT BRI H  Chitin recognition protein 11.77 0 -6.08
WEIJLT i Endochitinase 20.70 0.10 -6.58
TeHLES T4t 15 A BEEE{R Zine transporter 1.99 0.27 -2.49
Inorganic ion transport and metabolism 445 v 4 J& K 76 1 21.23 0.5 -4.97
Copper specific metallothionein
#1148 Copper chaperone 4.88 0 —4.99
THLE 75 iz ARG it A LB Catalase 1.77 0 546
Inorganic ion transport and metabolism  Fi R i fifi 1 Carbonic anhydrase 1 11.61 0.14 -5.75
4 JRHLEH Metallothionein 9.54 0 -6.32
g 5 1 32 FIH AR g WilR A Fatty acid synthase 17.14 6.66 -1.22
Lipid transport and metabolism WIS BEIR — HEnE 1.71 0.11 -3.65
Sphingomyelin phosphodiesterase
WLEE 3 B & 1.40 0 -5.13
Inositol 3 phosphate synthase
B . BT E R RE R LSS | Peroxidase 1 0 1.36 4.24
ER R T 1 20 Heat shock protein 20 5.93 0.38 -3.34
Posttranslational modification, protein g7 4 £ % [ 2 Thioredoxin 2 1.63 0 —4.12
turnover, chaperones S S AL 553 0.08 500
Glutathione peroxidase
AR EH B Cysteine proteinase 1.81 0 -5.43
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@RS
Xf B 2H iR e 4
i
KOG stk Unigene FPKM f{H FPKMH o4 pC
KOG classification annotatation Control Hypoxic stress
FPKM FPKM
BRGSO BRREME AR R R A 15.38 0.22 —5.63
115 Protease regulatory subunit
Posttranslational modification, protein 24 e+ ik S 4: 7 i 4.43 0 -5.92
turnover, chaperones Glutathione S transferase
ZH 2R H i 1 Cathepsin 1 46.67 0.30 -6.89
R =BEIRNE ATPase 6.84 0 ~7.23
Tl WAAEE DNA B 5 26 239 23.72 338
Replication, recombination and repair DNA mismatch repair protein
WAERMYIN AW SR, B8RS ILAEER S Sorbitol dehydrogenase 2.38 0 —4.21
fr A Wl T NADP f 2k S 4L 12.52 0.27 -4.88
Secondary metabolites biosynthesis, ~ NADP dependent alcohol hydrogenase
transport and catabolism
e L 2 R A R 1 B 0.11 5.97 4.98
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Transcriptome Analysis of Palaemon carincauda Subjected to Hypoxic Stress
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Abstract

510300)

A rapid reduction in the dissolved oxygen concentration of water is an important factor

contributing to disease in shrimps. In this study, we examined differential gene expression in the shrimp
Palaemon carincauda under conditions of hypoxic stress. We obtained 10.62 Gb of high-quality
sequencing data, from which 155113 transcripts and 118953 unigenes were assembled. Among the
unigenes, 37580 were annotated and 33659 were found to be homologous to genes in the Nr protein
database. We also annotated 11275 unigenes using the KEGG database, which were further classified into
223 metabolic pathways. We detected 1392 genes that were differentially expressed in shrimps exposed to
hypoxic stress, among which 311 and 1081 were up- and down-regulated, respectively, and 784 were
annotated. The enrichment of differentially expressed genes in antioxidant activity, cell connection,
protein-binding transcription factor activity, multicellular biological processes, replication, and
reproductive processes indicated that exposure to hypoxia activated a series of physiological responses in
shrimps associated with adaptation to low levels of dissolved oxygen. Among the genes up-regulated
under hypoxic stress was hypoxic induction factor 1 (HIF'1), which is comprised the two subunits HIF/a
and HIF1p. RT-PCR analysis revealed that during the latter stages of hypoxic stress, there was a notable
up-regulated expression of HIFlo and HIFIf in the hepatopancreas and gills of P. carincauda. These
observations indicated that P. carincauda cells induced hypoxic induction factor production in a hypoxic
environment, thereby inducing an increase in blood oxygen supply. We also detected an enrichment of
differentially expressed genes in the glycolysis/glucose generation pathway, arginine and proline
metabolism, and pyruvate metabolism in response to hypoxic stress, which indicated an upregulation of
anaerobic metabolic processes such as glycolysis, and increased metabolism of certain carbohydrates and
amino acids. In addition, we detected numerous differentially expressed genes associated with the
pathways involving lysozymes, phagocytosis, peroxisomes, and endocytosis in P. carincauda exposed to
hypoxia, thereby indicating that HIFs might reduce mitochondrial oxygen consumption by inhibiting
mitochondrial biosynthesis and activating mitochondrial autophagy.
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H1 ML 44 75 %F B (Litopenaeus vannamei) (fifl {3 IF %
2019)%5 1) PO 4T T /0 & alifb A A= Ak e AF 5T, &8
AFEFRZEERE) PO FE43F 1t . SEHLAN . Aedl pH {H.
PFE M DL NS 1= S8 A AR K 22 5% 0 X T
IR R AR ) B AT R A, AR R R 2R
(Z/NEESE, 2012), 43[R 28 (B 5255 4%, 2019)
DL S — 26 SRR (Jang et al, 2003; Nilesh et al,
2009; Nalan et al, 2008)4%, ¥R T 1R U105 AL
AR EUX T I T P ) e A 5 AN A 4 TR

B I (Euphausia superba) & & 8 f A ki
RAEM B HE T, BARSNERNECGEERSE,
2016; 54, 2018b), JIZ 40 T pE AR OR Rl AR K
B, GRIR AR FE R o A B i i B R iR
HEOL T, e AR AT A T F el & 58 1 5 SE A I
SR B T VR U (T 2 55, 20188) . 1 Hoaz i i
Hh L R0 oR FH A 1% VR O 81 i by e R — I
M, RIS B IRAE S KA A . BARGEk,
2 B AR AR o T (AR 1R 425, 2018) . FR [E M 2009 4F
T4 X5 AR B A A AT R R ASE A R oL A A 5 R T
(ke 4E, 2015), [HAEMEOIN T HOR MBS s 5 ik
FLBTE e, TE ma R R 3z 5 01 T A A o A b s
WSS (HE T SE, 2019), JE JTURE X T (Trachypenaeus
curvirostris) LFRIHF | ZLUF, (RBIEN, AR SR
WEARAR DL, J2 TR B L i ™ v ) — PP TR AT AR 2
DRIESESS , SZINT SR By R 1R
1992), HEI, CAHKZ T IRGFZERIE A RS J71H
MBS IE , EX] AR AR R AR DL K PO M B A AH G
TR, T B Tl A 5 A 3 Al T R A8 R R AL
7 T2 A AEAE 25 S i R T

A I A A B i T JTORS X6 MR AR A A 58
X4, WLEE 2 Pl 7E (2+1) CIE e A2 b i BB AR E R
MKk g FR 2 ) PO ML -4 T T 2k, XF 2 Fpi PO
M AR B AT T X LG A AT, B E R e AR B AR v
W Ao A P A o A o RN B S R AR HL PR 5T S R AR
2%,

1 MR57EE
11 SRBEEASIKH

T A B B PR O 4 R T e B A e i
YEMV AT 2018 4F 11 H 7 ra B i Skl 57, il J f i vk
&K, —30°CH#, 2019 4F 5 At s, Mk
TSR, e BT 2 Y e A Wl R A A 7 5 2252 6

i 355 O JTORS X6 MR 0 75 &5 Tl B 2R K ik ke i
Y, FESKMT 30 min Wik EELRE, HERIET:
A, BRI — A (4~5 em), K ik S Ik
WEFE, AT SRS

L-34- R ER N IR . R . e .
WHRER E0 . FEIREN . L-BIEER . 4-C 3 mI2R
(4-HR). HUIRIMER . IR . AP IR I FLIR 534 R 73
Mréf, T EE SigmaAnl.

1.2 L H*E

121 ZE AR W 0 R 5 110 e R Tl A
BY. S5 1 T JTORS Xof 0 43 01 i 8 1 (2 1) C Uk, 230
IBURE L FL PR ARG I
1.2.2 PO HLB&R b %) &5 3R 5 44k Z MR/ IV
45 (2003) 1 71k, BEAT 2l sy o HOIRAY Sk Hgiifsd 1 2 5 (wiv)
Fo BN A 5 56 v 20 R R 22 v W (0.1 mol/L, pH
7.2), B, Y98 30 min J5E5.0(4°C, 8000 r/min,
20 min), HULTEW, e A R S T .

TE LW A8 I A BRGRRR B AR, H AW
FE, S RIEE 0~40%. 40%~75%F1 75%~100%:K 43
MIUTTE o K 3 LLUTTE /3 B TR £h 2% v i (0.1 mol /L,
pH 7.2)1, BHT 24 h, B.0:(4°C, 8000 r/min, 20 min)J&
T, A3 D e B P o AT T

Sephadex G-100 % i i+ #1841 (1.8 cmx75.0 cm)£:
Wil 22 vhik (0.1 mol/L, pH 7.2)Ti-F-4 )5 , B 40%~75%
T R e DL X 0L AR 2H 43 A, LA 0.5 mil/min B 37 s adF
ATVRIE, A 280 nm T ARG EEME, Yo B g Xt
IR Ay, RN BTG T, SO T A A R, R E
Wedi J5—80°CIR-AT, BATFIGE LS50 E .
1.2.3 POE A 2 18 Zamorano%: (2009)
ik, WAME ., PIL-34- " HREENERNIEY ,
F 2.0 mIBEiR R 2% M (0.1 mol/L, pH 7.2)5 2.0 ml
L-3,4- R ELOR TN 2 R %5 W (20.0 mmol/L)IE 4, 30°C
KGHIEE, IMARFERE 0.2 miiEA), K5 min
Ja ., TEWRN 475 nmdbil e O EEE . 5T IOt
FE{E 8 fin 0.001 %E LR 1 NS F1 B (U)o

KA IR E I A BT & aE, THE S 1 (U/mg) .
124 BEAEBAAHE N G R IR 57
BRI 4E 5°C . 10°C . 20°C, 30C., 40°C . 50°C
M 60°C &M TR FIRA, )N 5 min & & B 77 .
1.2.5 pH @ PO & # 69 % a1 FIEY 5 AR pH
ML P ROIR A, (8 RO AR R B 2% pH 43511k 3.0,
4.0, 5.0, 6.0, 7.0, 8.0 #119.0, 30C/KBHME, I
AFFIBEE 0.2 ml VRAT, S 5 min J5 I B i 7 o
1.2.6 AFXA T PO & 580 % 53 ) i i)
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0.1%(WN) I FE WA IR AN . WARER E4M . AR EN . L-
PR . 4-CFEMIZE . PURIMER . KR . Y
BEIR A FLIR KT B I A TS R 1 1(viv)
BA, 30CKBHIE, IMARHUEK 0.2ml 1EA],
KN S min &, RN 475 nm AN EWOGEEE, 1T
ST 77 o AR ER G2 v s W R o BR, TSR X S T o

1.3 HiE4hiE

K SPSS 17.0 Sk {4 X K da ik A Ab B, 25 R LISF
Y {E %5 22 (MeantSD) % 75, P<0.01 Mk &k &,
P<0.05 N %, P>0.05 A,

2 HRE5HH

2.1 PR S E TURE XS 4R @ T 12 R A2

t 26 1] LA Y, g A i A i) S AR i A 5 1 JTORYS
XTURAH LT S, R T 24 h B, st ir
[ RRAR L R R B R, SRASTERA A T AR SK IR . IR
e B R4y, X5 K AT EF (José-Pablo et al,
2009) & A= AR RS AL, 8 )TORE X R AE 72 h B AT
DS 31| By N = v 155 S 23 S P L ) =R e S
PR ART o 8 JTORE X6 SR AS [ A (0] 1) 2 AR 33 R s
2250, X AT RES HAEHT A AR BRSO, IRAMATE
TP | il PR 45 7 1T 1) 22 S A1 23 5 i AR 1)
AR
2.2 FAtREHIRS E TR XTIR PO DAL & R

Xf 2 FiF PO RYLlifbg IR 2, R BEIF PO
FLBEWE 09 L% 11k 1.58 Uimg, &BiBRiEs, 19
WL, Horh, 40%~75%00 IR £ 1T T 240 45 1
F Rl 40.67%, BTG RICR E A 67.11%,  LEig
J1#ERE %2 2.61U/mg, i%41434 Sephadex G-100 #Eficid
JEJT, FLTE F1ik 27.25 UImg, AL RAEGRE 2 17.22,

JEE TOREXT IR PO MBS %) EL 1% U1 1.28 U/mg,
WA TR AR BT, H PO 75 7 = B 4E HH 7E 0~40%f#7i ik
BRUTTETRAY , B ISR GA 59.55%, 1X -5 X 17745 (1997)
KIH AR PO 16 M T ZAFAE T 0~40%fi FR £ UL JE
Horh—3, %A% Sephadex G-100 BEfigid 1€ )5
Foid 4 &2 25.21 Ulmg, iRy i A5Gk 3 19.67,

23 RE3 PO &K

TEEEXT 2 FpER PO & SR an &l 1, g Al AR
PO 7¢ 5°CH1 10°CAAF T, & J1k b 35 i 1 8 TORSE Xof
WF(P<0.01), X5 HAEAG IR fifh g8k i PR AR & A T Ry ik
PR —2, BaERELE 30°C A4, 50CLL BTG Tyt
BN, X A RS RO AR A K A PR IR AR,

W T del T K R VL R /E—1.3°C ~3.0°C (&= % 545, 2012)
HX,

J& TREXTIR PO ZEMRIRLA A T 1% J1 441K, 1 50°C
F1 60°C T (9% 77 5k 2 55 T R BRI o T8 JTORE XS PO
() T I B FE A0°C A2 AT, i 5 LA Xof I (B4 P 55,
2019; Nilesh et al, 2011), 1 [FEX1 R (B LR 45, 2002)
%5 PO 1Y il i H230 ©
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Fig.1 Effects of temperature on the PO activity of
E. superba and T. curvirostris

*F7R 25 57 1L ¥ (P<0.05); ** Rk 22 Wtk # (P<0.01)
*: The difference is significant (P<0.05);
**: The difference is highly significant (P<0.01)

2.4 pH 3t PO & QB

T AW Bl B B JTORE X IR PO B pH 19 748 T B %
F—3, WE 2R, fad pH ¥TE 6.0~7.0 {EFEIN,
P 1 P % 1 o) il 3 0 R A — R B
B, AR AR AE 3 i o R P AR — A TR MRV VR R B X
BERVS i3 RIS E AR ]

FARBELF E. superba
~ o025l "™ JE&E JTCREXTUR T. curvirostris
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K2 pH Xl g R i A -5 1 TORE X B PO {5 52 i)
Fig.2 Effects of pH on the PO activity of
E. superba and T. curvirostris
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25 FIKFIFE PO &S BI R M

A2 A i MR S A F oA LA . JLRRE
AKX 2 FhEF PO TG 7 RS LI 3. AHEREN . K
FR . Fr e R R L R A 2R 0 H B 2 Y PO SRR
FE IV B PR 470 R SIE A7 TR L X T R T A D S JTORR of R
PO B4 B (A IR T, ARG G #RIK T 60%.,
BB ER IS AE AR R SR AS v i 32 (/N 4%, 2012
Ferrer et al, 1989), H//3fift 5 BELY SO, il A8 &3 il
PO Gk, (R, W5 2R i v u] P= ) R A 9 &
A IS T BEL T SRR A ST R i 288 A f P i
AR AR R S0 | AR BB AR Y ), A —E
LARE

4-HR FHHARLFY PO KRR, FEtk AR
JETORE ST IF PO 48 4-HR AbFRUS , AHXS 6 AU
30.16%#i1 19.75%. 4-HR n[sz4-PEimil PO, 4%k b
1EPREZE IR (E 5255 4%, 2019). R 7E 20 th42
90 AFARH [ T 36 I B M 28 Wl (4 MR A 52 7 i (B
%, 1994), %7 EEAPULA D 4-HR, {H 4-HR
BASFRT R, BRI T R BN FH AR

L -2 e 20 R AT IR It R AR 2R B B 1 PO T )
TSR o BUIR I R e — o R B, AT BHLLE R bk
ALK DL B2 — 2 G R 3, T
A L= e s R ) S A S N 1 T 7 TR
FALA W4 A A TG ) B S Ak A 4 (Soottawat et al,
2006), M PHWT AR B KA L X 2 Rk AT A
REERER, fEEMEEITHEFAZR,

FARBENF E. superba
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Fig.3 Effects of chemical reagents on the PO activity of
E. superba and T. curvirostris

3 i

VAR AR T A A Bt A 55 JTORRS Xof W A 15 00 2
SRR, R BEIR SR AR O, X AT RE S AR IR
BA K, St KR FARGERE, e A i IR o 8 3 0 {1K
RIAEE, BT L PO FEAR IR A T AT AR FR 8 5 13 T
T AT B MR R B JTORE 6T MR PO 1949 3 3 T J3E 43 31k 30°C
40°C, fixi& pH HI1E 6.0~7.0 JLE K, MRIEIFEEAERS
L Mo LRGP, 7E 2 FPERAGIE . RAF R
AT PRSI — S R M ) 0 A R B A LR G 1 1Y)
B, BWHARN . WHREM . 4-HR, L-2Pai
FIPTIR IR 1 2 B 4809 PO T6 I RUR: , & H
FHAC T ] AR 285 7 PR AR P 551

& % X #

Bao JW, Li Y, Weng L, et al. Purification and characterization of
polyphenol oxidase from Pacific white shrimp (Litopenaeus
vannamei). Journal of Jimei University (Natura Science),
2019, 24(2): 100-109 [#ERIT, 2=k, #0E, &, NLAEXS
R 2 B AL B AL B R BT oA SR SE TRl (FLAR Y
22hR), 2019, 24(2): 100-109]

Begofia G Oscar MA, Pilar M, et al. Characterization of
phenoloxidase activity of carapace and viscera from
cephalothorax of Norway lobster (Nephrops norvegicus).
LWT—Food Science and Technology, 2010, 43(8): 1240-1245

Cao R, Yu YK, Zhao L, et al. Study on the protein autolys's process
of Antarctic krill (Euphausia superba) and its influencing
factors. Progress in Fishery Sciences, 2018a, 39(6): 114-118
(W28, KRB, K%, & B#YF(Euphausia superba)
EHE R M AR SR R, ol Bt e, 2018,
39(6): 114-118]

Cao R, Zhao L, Sun HH, et al. Nutritiona characteristics and
umami assessment of Euphausia superba and Exopalaemon
carinicauda. Food Science, 20180, 39(4): 149-153 [# 5%,
XF, PhEREE 4%, FIMBEIT(Euphausia superba) 5 e
I 4F(Exopalaemon carinicauda) s 35 =45 fiF 43T K fif T
#r. iR, 2018b, 39(4): 149-153]

Chen Y X, Chen X, Wang F, et al. Study on the basic enzymatic
properties of protease in crude enzyme of Antarctic krill and
the development of inhibitors. Progress in Fishery Sciences,
2018, 39(5): 152-157 [BRlasZ, BRI, 175, 4. RItRBLF
OREL TRV 1 25 11 T 1% Al 6 2 A SO 5 R 40 1 590 F) O ¢
Hlv B2, 2018, 39(5): 152-157)

Chen ZX, Wang ZY, Ouyang J. Development of technology for
Antarctic krill fishing and processing equipment in China.
Strategic Study of CAE, 2019, 21(6): 48-52 [i:&#r, £
B, WRBAZ. F I p Al AR 4455 15 o T2k A R R R JR
5. HE TRERI, 2019, 21(6): 48-52]



130 ook B

% 42%

Fan TJ, Wang XF. Purification and partial biochemical
characterization of phenoloxidase from Penaeus chinensis.
Acta Biochimica et Biophysica Sinica, 2002, 34(5): 589-594
[BEAERR, T/, v EXTER(Penaeus chinensis) i A L it
153 B alifl SRR o tE i s Ve L. ARk S A )
PHAEAR (B, 2002, 34(5): 589-594]

Ferrer OJ, Otwell WS, Marshall MR. Effect of bisulfite on lobster
shell phenoloxidase. Journal of Food Science, 1989, 54(2):
478-480

Friedman M. Food browing and its prevention: An overview.
Journal of Agricultural and Food Chemistry, 1996, 44: 631—
653

Huang HL, Chen XZ, Liu J, et al. Anaysis of the status and
trend of the Antarctic krill fishery. Chinese Journa of Polar
Research, 2015(1): 25-30 [#iltse, PR, Xk, 55,
WA el 3 e S a3 . AR FSY, 2015(1): 25-30]

Jang MS, Sanada A, Ushio H, et al. Inhibitory effect of enokitake

extract on melanosis of shrimp. Fisheries Science, 2003, 69(2):

379-384

José-Pablo Z, Oscar M, Pilar M, et al. Characterization and
tissue distribution of polyphenol oxidase of deepwater pink
shrimp (Parapenaeus longirostris). Food Chemistry, 2009,
112: 104-111

Li XL, Cai YQ, Qian BL, et al. Investigation on standard of
sulfite used in crabs and shrimps. Chinese Fishery Quality
and Standards, 2012, 2(1): 29-35 [2/NE, KB, ik
A WHRERER T AR R b 5 'JE’JKEE%‘HT. rhE

LB SR, 2012, 2(1): 29-35]

Li YC, Zhu GP, Meng T, et al. Observation on the temperature
tolerance of Antarctic krill under artificial conditions.
Jiangsu Agricultural Sciences, 2012(9): 216-218 [Z=%54,
REPE, &, 5. N LA Rt i 2 il 52 1 i
gL, oAl RHY:, 2012(9): 216-218]

Naan G Pinar Y. Inhibition effects of grape seed extracts on
melanosis formation in shrimp (Parapenaeus longirostris).
International Journal of Food Science and Technology, 2008,
43(6): 1004-1008

Nie YC, Zhang B, Zhao XY, et al. Seasona variation in lipids
and protein content of Antarctic krill (Euphausia superba).
Progress in Fishery Sciences, 2016, 37(3): 1-7 [ £ )=, 7k
e, WIEH, 4. B #ENF(Euphausia superba) g 545
HS A ZE AR L. Ml Rk, 2016, 37(3): 1-7]

Nilesh PN, Soottawat B. Melanosis and quality changes of
Pacific white shrimp (Litopenaeus vannamei) treated with

catechin during iced storage. Journa of Agricultural and Food
Chemistry, 2009, 57(9): 3578-3586

Nilesh PN, Soottawat B. Use of tea extracts for inhibition of
polyphenoloxidase and retardation of quality loss of Pacific
white shrimp during iced storage. LWT-Food Science and
Technology, 2011, 44(4): 924-932

Rolle RS, Guizani N, Chen JS, et al. Purification and
characterization of phenoloxidase isoforms from Taiwanese
black tiger shrimp (Penaeus monodon). Journal of Food
Biochemistry, 1991, 15: 17-32

Simpson BK, Marshall MR, Otwell WS. Phenoloxidase from
pink and white shrimp: Kinetic and other properties. Journal
of Food Biochemistry, 1998, 12(3): 205-217

Soottawat B, Wonnop V, Munehiko T. Properties of phenoloxidase
isolated from the cephalothorax of kuruma prawn (Penaeus
japonicus). Journal of Food Biochemistry, 2005, 29(5): 470—
485

Soottawat B, Wonnop V, Tanaka M. Inhibitory effect of cysteine
and glutathione on phenoloxidase from kuruma prawn
(Penaeus japonicus). Food Chemistry, 2006, 98(1): 158-163

Wang XF, Fan TJ. Some biochemical specificity studies of
phenoloxidase from Penaeus chinensis. Marine Sciences,
2003, 27(4): 71-75 [TE/NeE, BEEEAR. rp [ X HR SR AL
IR A= A2 R W WESE . R, 2008, 27(4):
71-75]

Yin BZ, Yao J, Xu MQ. On using everfresh to prevent occurrence
of blackspots on the shell of Trachypenaeus curvirostis.
Shandong Fisheries, 1994, 11(6): 33-34 [ERFRL, Wk, &
RS, MR 527 0 TURR Y By PR AR IR . S5 & iffll, 1994,
11(6): 33-34]

Zhang SD, Song AQ. Talons shrimp and its fishery. Bulletin of
Biology, 1992, 11: 12-14 [FKRI{E, ARz 8. TR K i
b, AP, 1992, 11: 12-14]

Zhao J, Qi XY, You YM, et al. Study on some characteristics of
phenoloxidase from Japanese prawn, Penaeus japonicus.
Journal of Shanghai Fisheries University, 1997, 6(3): 157—
165 [, WUEE, JUHIEL, 2% HAERA S A AR
HERFSE. K= K224 4R, 1997, 6(3): 157-165]

Zhou YF, Hu JK, Hao YB, et al. Kinetic anadysis of the
inhibitory effect of 4-hexylresorcinol and ascorbic acid on
polyphenoloxidase from Solenocera crassicornis. Food Science,
2019, 40(4): 69-74 [T, W, Mo, % 4HR
SRR X e A A AR 22 13 S A 4 410 1 3 g 27 A
AT, iRk, 2019, 40(4): 69-74]

(% % HE)



2 AR PRAT: R A A 55 5 JTORR: XoJ 5 5 S0 (0 g A= A P JBO0 BE 23 # 131

Comparative Analysis of the Biochemical Properties of Phenoloxidase | solated
from Euphausia superba and Trachypenaeus curvirostris

LIN Ruihuan?, ZHAO Ling?® CAO Rong®*", LIU Qi?

(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai  200090;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao  266071;
3. Laboratory for Marine Drugs and Bioproducts, Pilot National Laboratory for
Marine Science and Technology (Qingdao), Qingdao 266071)

Abstract Melanosis is a prominent problem in the transportation and storage of Antarctic krill. In
order to explore the similarities and differences in the process of melanosis between Antarctic krill and
common sea shrimps, Euphausia superba and Trachypenaeus curvirostris were selected as research objects.
A sensory evaluation of the melanosis process of the two shrimps during storage at (2+1)°C were observed.
The phenoloxidase (PO) was extracted and purified from the two species, the biochemical properties of
which were further examined and compared. The results showed that the black spot formation was more
serious in Antarctic krill under cold conditions at 24 h, and large areas of black spots were concentrated in
the cephalothorax, abdominal shell, and tail of Antarctic krill. For T. curvirostris, slight black spots were
observed in the cephalothorax and tail after 72 h, and then gradually spread to the whole body. The crude
PO solutions of the two shrimp species were purified using ammonium sulfate and filtered through
Sephadex G-100 gel. The purification fold of the PO solutions of T. curvirostris and E. superba reached
17.22 and 19.67, respectively. The optimum PO temperature was 30°C for E. superba and 40°C for
T. curvirostris, respectively. The PO activity of Antarctic krill was higher at low temperatures and that of
sea catch shrimp was higher at high temperatures. The optimum pH was between 6.0 and 7.0 for both
species. Sodium metabisulfite, sodium bisulfite, 4-HR, L-cysteine, and ascorbic acid can al effectively
inhibit the PO activity of the two shrimp species. Among these chemical reagents, 4-HR showed the best
inhibitory effect on PO activity. The findings in this paper may provide a basis for the quality control
during cold chain logistics of Antarctic krill, and also provide a reference for effectively suppressing
melanosis in shrimps after death.

Key words Melanosis; Euphausia superba; Trachypenaeus curvirostris; Phenol oxidase
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=h BB HE T4t iR AN K 4 i sk = I ST o R mE

1,23 =
EER Y RFEY EpmP THW Y BEHRY

FEM? Fxm " E XY BHWAC FEE FEEY
(1. PRSP S5 A3 I 2013065 2. PEIK=RIEBRIERE i K 7= 058 T

L AT TR B B E A LRE IASERESASHEESLRE H5  266071;
3. HHEHRFE SEARAR S BRI S SHERFEELRE F5  266071)

WE RALBREAFTE, RTHEREGE 27 10, 20, 8 43K 3 B A 20T 4
#7 (Crassostrea ariakensis)fr & 4t 47 (Crassostrea gigas) 4 FE R #f th % . 2 R B 7, #hE B KK 4H
8 PRI 4 B By R F (OR). HEE £ (NR), H £ E(FER)H A T # %7 (P<0.05), F 2 F 4tz
ERENmMEFEZR., KEFWEEAE, HEF, BEFWRMFEXHE R BRI RE, K
KA AR REN e, M TG ESE R 200N ERBTFEES THMEELEL,
BN ELEAEEGORSE, B2 AHFELRZETHRAEREAECEE)NE T T E,
BRI A LR, Y=aW, BT — A, RERBEA20gH, 2HEENRESTR LR, &
A 20 B, ST A YR RO R R R 16.1%), TTKH A B SR A R R R R (R
WEEE 7.8%), 2 AT EY R RE AR h 10 B, HEd, KEHFIREMNE 0.7%. TR
Y, HEREMKEFN T A TIIHY, MEENZEREGTITHFHEERTHE —EH
IR RARNEERMAE, W TR MK RERT N BN, TG REE
TR A TR EFRESE

KA HE; KHdr;, T HEY; BEER L

FESES S966 XEAARIREE A XEHRS  2095-9869(2021)02-0132-07

R RS SR L X IR, TRk /Naf 32k (Beck et al, 2016; Jackson et al, 2001), 415
& RO RAE S MR EY SRS T A AE AESBEC LN AT R YRR 1)
PR AR, EJL TR, R . RETEG FEINE o BRICZ AN, HiRAR T BIG 51 K 3T 11 XK
] T 1 b g R L fof e SRR YT T R VA X B AR AR B R, ™ DX P A A DL IS Y SR K
SR UTR AT e I N G oL 1 AR et 8 7 NI AR B . 2018~2019 4, FE AL R AR TN L1 AR 44
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B /NG AT X A 7 A T, FERRKEEE . S
FEARRRE R A 4y, KAHWA(Crassostrea gigas) AL T %
/5 TR VT4 175 (Crassostrea ariakensis) .

KA WGAR PR , JE—Fh R TR R
FEOU 23R [ Vv XY B B SRR 2 DL YT
SRz A3 A T IR E (AL A s AR L,
TR R, Je TR O K R A AR, R —
FEIN A e B b Wil D BE 1 48 . s ELAT B SR Y
1 UEThAE, BORRONIETE T RN, 7R R AR AR A
BEh EAEEINRE. DA 5 IR |
R IR S MG UIAME, K. BE
TR AR 2 AT« PE Rk B 5 2 R R I T 1
M), 2 S e P DL 2R A BROR O Y B B bR, R
£l DU SR 25 1 W LB S B (B RS, 2013; Mao et al,
2006). B R R I8 DL S ER B AR A — A
B, KSR S R 405 i 1E AR A LS
B B R AR, HE SR KHARIET (B S
45,2019), AWFSE MRE R AR B, B0 T 3T VAT
TR A s %o 8 B A ) R LML, 8 AR A WA
IR A P R Y A AR BRI S % |

1 HREHE
1.1 EIed#Hl

SEG T AR 2 $0L, AEEESEOLER 1. K
ST A SIATE GG SR X, VARG T 2018 AFTE
INARAE MBI TR SRR %, 2019 4 6 H
SRR 2 FPLG, 200 B IS T SL RIS Y MM E YIS
I A SR T VAR 15 S G 5 b T SR A X AR, ST
7d, Hnl 2 Fgtan, BT KGR IR 55
B FRKIR M (21.5£0.3)°C, HEAKERE N 29.0£0.1,

1.2 EIFigItT

2018~2019 4, FEIM L /NI 11X, Wk
RS2 A P W I 3] [ TR R T K TR A, (% X e
JERRRER] 10 ELETEAL, BUE KW A
FEARPEEL B B FRARAE B, 31T 2 MRS ERRE, &
B2 10 120, H AR KAE X RZH (ERBE 207 29),
FIHIRAKHN [ SR EE KA RV BC bR 28 g $h 5, I
IREE B TF S, BEAILBK AN [R) R 1 30 VT4 5
WA T

x1 2MHEIHREYFEE

Biological parameters of two species of oyster

5E9% Shell MR EH Wet

BRI BARTR T

height (mm) length (mm) width (mm) weight (g) Wet body weight (g) Dry weight of soft tissue (g)

Tab.1
LIS 7o Shell 524 Shell
Species
IT7L4E C. ariakensis  33.1~89.9  20.74~60.9  8.2~54.8
K405 C. gigas 32.8~95.0 19.45~659 8.6~30.4

3.0~57.3
4.0~49.4

0.24~9.03
0.27~12.11

0.01~1.46
0.05~2.07

1.3 RERMHAIRMNE

BEHLIEBCRAS RIFRY 3 HALWIHA 400 ml Y1
WO, KPR KR TR R A (DOYFE 2, FRAt IR
SEIFETED S EIEOR A T, SCHRHRLE 2 he TS
55 R ) K PR R 5 AR BE U E K SRR AH A
DI I ) 1 WP IRV S % B, A SR B2 AR B2 4% 3
ASFAT, 3SR I SIS S IO s A AR
A (NH-N)RIHE . DO fili I UL (78, PreSens,
OXY-4mini)E , NH,-N R JH R IR Eh S A 0
RAEIA R DO Fl NH,-N ¥ B (9 78 fb 134 8 4 K
(Oxygen consumption rate, OR, mg/h) fl HE 2 F
(Ammonia excretion rate, NR, umol/h), SZERE5H )5,
FRUEAR R RO Wi i BURS (Fe s . e AT i), R
IR, A R IR LU 5T, AR
WH, I 60 CHUFIHET 48 h JFFRERAHLITH . #%
DN 7 = N 2 S I Ee =

OR=(DO,—DOy)*xV/t

K, OR NH—1LJF (20 gFEHE AR, DO,
DOy 43 58 S 40 TF R A5 R i 525 7K DO Y & &
(mg/L), V AFFIEARUL), t LR FFLERE (),

NR=(Ny—Ny)xV/t

A, NR FHEH—MFQ0 gHEZ R, Nofl N5
23 P25 9256 20 9 NH,-N ¥ (umol/L) .,

AA (O « N)FE I #E AR F RS HE =S
RIETHZ I, #5015

O : N=(OR/16 x 1000)/NR

14 BEZEMHEEZRNE

SR K %% B AT U8 K SR (E R R4S, 2019).
R 8 A= 0 0 FR R I 08 £ 1k 3l U K (R A
2002), HEEFGUGREA AR E 3 AT, B
AT 3 HARWG, H ARG AKAE X IR A7),
SCEGFE SO L KAE R A T, SCERETEIh 24 h, SEER
SiORJE, WEERAE, B et DU SE K ET R K AR
26 v (%) 84 UK 4 ¥k BE (PIM) FHSURE A BILA) (POM) ¥k
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B, THRICHUBRL v i
PIM=TPM—POM
POM #il TPM R H GF/C Bt g, SR KBk
SE, TEULHEE R MLYE(GB 17378-2007).

IFR=IBD (1)
CR=IFR/PIM=IBD/PIM )
FR=CR x TPM=IBD x TPM/PIM 3)

A HF, IFR A1 IBD 4 D125 K A ICH LA i 3t g ok
KHEYITRGEZ, CR (Clearance rate)fl FR (Filtration
rate) 73 R UK RIS B 3, ORIk BEAR 5 LAEL
SIS AR, 1T I HE T R

15 gE=RENE

DIERE I e C=G+R+U+F

AXrh, CHEERE, G NAEKAE, RIMENAE,
U bHEGE, FoRHEZERE. C. R, U A F 43l &
Yirh POM, FEMER | HERAIZEME o POM 5, SR
M RE RN T4 1 mg POM=20.78 J, 1 mg O,=
1424 7. 1 pmol Z %A =0.347, A Kfemt FX3H5,

1.6 R4 E

P T 30 VT4 05 A A 5 B A AR 22 SR, ke
A58 2 Tl g ol R A W 3 ) 25 S 1, X 2 A
F AR AT — A B e AN FER R E T, A
[ A ) A g 0 ST A 5 B A AR S 38 AR (FE 4R
FOHRECR | HER SRR R), @S REtshr S
s SR R AH T R, ﬁﬁﬁﬁﬁ?ﬁ KPR

Y=a

Ao, Y RAREHECR; WAIRE; a f1b M REL

X2 AP A RAS S AT AT LA, R
oM 20 g BF AT IH— AR BE, TFEE 2 PR W5 AE R
720 g B AR AE bR, I 38 3 5 1 e P A D
EKig s B URE | HEWERE L HEZSRE A A
Kag(W 1.5), @A FER MR ST R

1.7 HIEST

{81 1] Excel 2013 F1 SPSS 18.0 B {47 548 40 Bt
FERE, S280 s Bk FH - Y {E +hR 1fE 25 (MeantSD)
N, R K 5 22 (One-way  ANOVA) #1754 43
Br, Lh P<0.05 AR ab 3 [\] 25 7 3%

2 H#R

21 REES5HECEE)WEXAE

2 PR R R R FRAECR . HRECR | HEEER Y
BIREARG, HAFGREIREOCR: Y=aW, HICRE
WA 2, NFE 2 ATLAE T, 2 MW 280 b &/ T

1, JCyTAENGRY 25 b YEFH 0.3669~0.9369, K415
M ZEE b TN 0.1954~0.9641,
F2 TREEBET 2#HHIFRGHERSEEXR

Tab.2 Allometric relationships of metabolic rate to wet
weight of two oysters under different salinity

g EVCH K407
Metabolic .- C. ariakensis C. gigas
Salinity
rate a b a b
R 10 02715 03681 0.4648 0.1954
Ingestion 20 0.2149 0.7278 0.3607 0.3520
rate (mg/h) X4
0.1590 0.8564 0.2916 0.4550
Control
AR 10 0.0112 0.5750 0.0009 0.7417
Oxygen 20 0.0242 0.7858 0.0048 0.8458
consumption -
rate (mg/h) AL 000c 08154 00123 0.7883
Control
HEE &R 10 0.2789 0.5724 0.3899 0.6857
Ammonia 20 03733 0.8797 0.2521 0.8714
excretion rate
T+ HAE 4]
(umol/h) XA 7007 08218 0.9878 0.4827
Control
Hiex 10 0.1235 03669 0.2750 0.9641
Feces 20 0.6524 03940 0.2688 0.2847
production »
o H
rate (mg/h) ML 0000 09360 03439 02953
Control

2.2 AN[E) R BE X I T A5 F04K 4 5 P R AR 35 Y R M

R B8 Y T RN ER A A S R X 2 bt s 14 6
ARMATIH— bR, THERE D 20 g B, 2 FhAHEE
FIARESECR(E 1) I 1 RTLIE W, SRR v 455 A
A 7 A AR BRI AT 3 IR (P<0.05) . KA WO AE

FURTEERE N 10 B EAIK, S 0.008 mg/h, XFRRZAR)
035,
= o K4 C. gigas
<=
5 @ TG C. ariakensis
£ o025t
2
8
=]
T2 o)
% § *
g
&
? N N
S L0 20 % B4 Control
-0.05L

P Salinity
B ASTRI R BE T W 6 48 3 A 2 1)
Fig.1 Effects of salinity on oxygen consumption rate of oysters
* g [ — b A A [ £ BE Ak P
Xof BREH 2 ) 22 5 1 % (P<0.05), Tl

* represents significant difference between treatment groups and
control group (P<0.05), the same as below
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FEECRER, N 0.13 mg/h, MiTVTHMGFRIFE AR IEE:
FEH 20 B, A 0.25 mg/h,

B B 3T VA 0 0 A g HE 2 R ) R 2 5
F(P<0.05), TEEREE K 10 F1 20 B, KAWGHER REE
I, 7EXF B2 v, HESRIB RN KA, 4 4.19 pmol/h,
ML LA WG HEZ R AR B 20 BE &, Hh
3.98 umol/h (¥ 2).

O K45 C. gigas
B SEVI4YS C. ariakensis

*

W

*

I

*

Ha#H
Ammonia excretion rate/(umol-h™')
w

(=]

10 ' 20 ' X B84 Control
EREF Salinity
Bl 2 IRTR) R R X i HE 2 2R A 5 )

Fig.2 Effects of salinity on ammonia excretion rates of oysters

23 AREEIIEIHFEMKEFERE L (O:NE

A

KA wFIE I HE Y O = N (I SITE RN 5.5~9.4
(K1 3), 0 : NAHAEEREE Hy 10 F1 20 A AH I ELAK T % I
4 VAN R SR B Z R O ¢ N {E A I 2%
5:(P<0.05), 7EEREE N 20 BF, EVLAHEERY O « N ik
K, H242,

30 (o K4tH5 C. gigas

25 (B IEVI4EYTG C. ariakensis

20

E{J‘ 2 157
w10}t *
*
5t
0 1
10 20
L Salinity

E 3 AFEFHRBEXHYE O @ N 152
Fig.3 Effects of salinity on O:N of oysters

XTHE4H Control

24 AEEHEMIDTHFMRKEFERTER, HZER
IRl

0T R A B B R R HE R R B W
M (P<0.05), VTyL4tWEAEEREE R 10 Al 20 B, fRE%R

To il 3525 5 (P>0.05), K AHWETEER A 10 F1 20 A,
B R R I F X BRAL, 13 VLA W5 i 5 %
FHEZERAEER RN 20 W fiy, 23507 1.90 £ 0.73 mg/h
(Kl 4 F1IEL 5)

2571
0 K45 C. gigas

20l IELVTLALYE C. ariakensis

15¢

1.0

HmaER
Ingestion rate/(mg-h™)

05

0

10 ' 20
¥ Salinity
B 4 TR R EE X B B 2 5 1

Fig.4 Effects of salinity on ingestion rates of oysters

X} i84H Control

1.0
— O KHWE C. gigas
= 0.8 | @IETLALYE C. ariakensis
g *
%g 0.6 |
w8
Rt *5 L
® 35 04
2
g,
2 02+
3
S 9
0 s R
10 20 ¥t B0 Control
ER¥ Salinity

P s AN [l o 0o s 1 26 5 4 52 1

Fig.5 Effects of salinity on feces production rate of oysters

2.5  AN[E)ER BE XA T 4 W A 4K A W BE S U ST B ST

KALUGEER N 10 B RERAK, 4 0.37 J/(gh),
LT AR WGTEER BE R 20 R & RE RS, 4 1.97 J/(g-h),
HATIT A WG AEER BE N 20 BF, PEURAE . HEMHRE | HESS
A8 S A A RS IR B 5 K o K R ST VT A 5 e 3
R IRRE AR, AR 25 5 I (3K 3).

3 itig

VLR BB AR 52 2 PR T ] 1~ i i e, SR8
S PR SE TR DL IS A I 5 i A PR A B B IR
W12 — (BRI A4, 2007). XK I2KJE T8
B Yy, HERE A AR A, R EH AR R R
TR ERPAG, fEi il kB2 (H S R4,
2007) B2 32 T3 5w T DL M P A5 R T
BRAGH  HARICRCR L AR T S AR AR
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Tab.3 Energy budget equation of two species of oyster under different salinities

£8 B Salinity YiFh Species fE | I SZ 7 F2 Energy budget equation
10 K445 C.gigas 100C=0.68R+7.50U+43.98F+47.84G
JEITHEYE  C.ariakensis 100C=4.98R+2.94U+42.95F+49.13G
20 K445 C. gigas 100C=6.50R+2.01U+51.13F+40.36G
JTYL4NE  C.ariakensis 100C=16.09R+3.42U+43.96F+36.53G
YR ZH Control K415 C. gigas 100C=7.85R+1.25U+49.52F+41.38G
ITyL4LY5  C.ariakensis 100C=6.68R+5.80U+50.54F+36.98G

K. KF/ . BEHEKMORECKEE, 2017)0
31 ARHETIEIHFEAMKHEEE—CAEREY
BT

YRR B OC FR O AR A A KR, — AT
BRIGBOTRE: Y=aWP, Hif, 2% a flb
W0 o SO B, PR TERPE AT, R b AR
RIIREH AL, R a fe R E IR R, 5Fp2E
K, BB RARRISC R EFIRAE A, B FE 4 i ok
CO, =i, H, H4iiadwrR% b 4k 0.66, 18
RBZR 0.88, AR SIYIZIH 0.69(Kooijman, 1986).
Mg, 2 Rt W R . AR HEEE .
FeR 5 BB A R AT S R Y=aWP R, 5
Bayne %5(1976. 1973)IWF5E 45 A0 —2, RE b 1)
B — MR 0.40~0.75, ABFFEH, ST VLA 7EA R
HET, b HAZILTE 0.3669~0.9369 (], K45
TEARRERE T b (HAELTE 0.1954~0.9641 Z [7], K
HUGLEEREE S 10 BF, $RER b AL, WThE S K4
WG FEAR R 55 1T D17 Hh B 4 w4 3 G PR I A 6
(Djangmah et al, 1979), 30 AR H £ B R EUK,

3.2 #h R X A WA A0 4K W AR 24X I Y 2 M

£ R 52 e DL 2 A BRI S H A3 A R B BR B
Wz —. WFog 0, SRR i R D 2R 84T Bz 8
(Berger et al, 1997). - IESks) . B & 77 55 A4 BAC T,
HE T T B0 PR S A o AN DL £ B A A Ak L
A 8 WIS WS Ao v B AR Y B AR 5w DLk
FYIEH AR (B RS, 2016).

ABFFE R, K55 5 T VT A5 R B A 7 3 Rl
A, KALWETE A AR K T GREEZ S 29) B R 3
XPHS R, T VLA WRAEER BE SR 20 B i A8 25 AH X A
B, BFIE S R SRR A (2015)% 2 Rt e D1 A Ky
R EE R —5, DARERF NG, 76 ARIK T, K4t
WEFESARICK, TEEREE N 10 BHRAK, 5TI54(2003)
XA W G A5 R — 3. FEEREE N 15~35 JE N,
A 7 SR B AR B ) v T K, D PR AT g A T
RTEARER AT, DFE 2 i 7 B B O A L 5

(Djangmah et al, 1979). ARG B A WG 7E R
JEh 10 B, BB RAGNAMERSET- S, FIhE
PR IS N IR AR ER AR, SR ETL, £ 2E
T, H B R Rk B R 5 R i /KB 8 R ) el AR
0T DU B RE T T B Rl AR MITAE, 20006)

O : NEM R/ T shi e e RS T AL R D5
FER 5 8 A o A 0 LR T S ML o 34
Bi R BT bR (RIS SE, 2017) . YHLIAR LR 5T
W B RE Ty S, AR DL B RSk
O = N {EHAAK; Wi b g i Fak Kb A 91HtEE, O = N
HZ00 24, ARWFgEr, FhEEN 20 B, XF R KA
Wi O« NAHE R, $HhEERARRT, O N TR, X3R
WITEARER PR T, AW 2 1 B Al bl g3 Ok . v
FEWFAE A ER BEAR LA Y O ¢ N EEK TR 4105, 7 hE
EH— R AAEZES, EAXT TR, e
HET O NHE,

£ PR IR KA XoF ST A 07 5 W () B 9 AR N R AL, R
W B AR (Xu et al, 2012), FBEAY) . B
PR M A, AT D B 5 VD K B L A B RE
(Audemard et al, 2008), AHFFE R, T4 WG AR5
RAEERE R 20 WP, U BHIZER B R T VT A G
THER RS, X 5 UKFEZE (2015 BIFIE 45 A —3, &
HH ST VT4 W 1) el £ FE VR L R 10~25,

ARAFFRAEBAUIIG 5T, HEr T 2 Pt e A
[ B RE RIS BT LAE Y, 2 A 76 AR [
R A RE AR, KA W ZE AR N R AR R
I, EHH A2 258 B BRI A Wit B, T VLA 35 71K
R A K BEAR B R o AN ST R AR W DR vk
ST AEE T R TP R AR KRR AN T A SRR A, T RE
T H AR K R AT R, Pe A — e iR 22
{EN GRS A BE AT, KA WEAE A SR K rh 4G
SRREE D VT AT 5 B IS N AR AR PR

£ % X M

Audemard C, Carnegie RB, Bishop MJ, et al. Interacting effects

of temperature and salinity on Bonamia sp. parasitism in the



)

%2 FERREAE: b IR R X T VLA 5 R 005 R S IS Y R T 137

C]

Asian oyster Crassostrea ariakensis. Journal of Invertebrate
Pathology, 2008, 98(3): 344-350

Bao J, Jiang HB, Dong SL, et al. Comparison of oxygen consumption
rate and ammonia-N excretion rate between green type and
red type Apostichopus japonicus. Journal of Fisheries of
China, 2013, 37(11): 1689-1696 [f37, 2270, HEAUMK,
8. LS HE RIS ARG HRECR I LA SE. K™
274, 2013, 37(11): 1689-1696]

Bayne BL. Physiological changes in Mytilus edulis L. induced by
temperature and nutritive stress. Journal of the Marine
Biological Association of the United Kingdom, 1973, 53(1):
39-58

Bayne BL, Bayne CJ, Carefoot T, €t al. The physiological ecology
of Mytilus californianus Conrad. 2. Adaptations to low oxygen
tension and air exposure. Oecologia, 1976, 22(3): 229-250

Beck MW, Brumbaugh RD, Airoldi L, et al. Oyster reefs at risk
and recommendations for conservation, restoration, and
management. Biology Science, 2011, 61(2): 107-116

Berger VJ, Kharazova AD. Mechanisms of salinity adaptations in
marine mollusc. Hydrobiologia, 1997, 355(1-3): 115-126

Brett JR, Groves TD. Physiological energetics in fish physiology.
New York: Academic Press, 1979, 279-352

Chen LM, Ren YP, Xu BD. Effects of environmental factors on
the clearance rate of the transplant enhanced Manila clam
(Ruditapes philippinarum) in the Jiaozhou Bay. South China
Fisheries Science, 2007, 3(2): 30-35 [BEuEHE, £—F, %
TR, PREE R X VS AL R SRR AR R S R A B K R Y
. BT KE, 2007, 3(2): 30-35]

Djangmah JS, Shumway SE, Davenport J. Effects of fluctuating
salinity on the behaviour of the West African blood clam
Anadara senilis and on the osmotic pressure and ionic
concentrations of the haemolymph. Marine Biology, 1979,
50(3): 209-213

Du MR, Fang JG, Ge CZ, et al. Effects of salinities and
microalgae densities on filtration rates of scallop Chlamys
farreri spats. Progress in Fishery Sciences, 2009, 30(3):
74-78 [REZEZR, rHEDL, BT, . HE R
FifL i DURE DL g8 /K AR5, ol Bk, 2009, 30(3):
74-78]

Gong JW, Li Q, Yu H, et al. Screening and validation of internal
reference genes by quantitative PCR under normal and low
salt stress in rock oyster. Chinese Journal of Fisheries, 2019,
26(4): 657-663 [FHE3C, 453, TLLAF. SAHhlsiE Ak
EhA T E# PCR NS TR SIE. IR
2%, 2019, 26(4): 657-663]

Ikeda T. Nutritional ecology of marine zooplankton. Memoirs of
the Faculty of Fisheries Hokkaido University, 1974, 22(1):
1-97

Jackson JBC, Kirby MX, Berger WH, et al. Historical overfishing
and the recent collapse of coastal ecosystems. Science, 2001,
293(5530): 629-637

Jiao HF, Zheng D, Yan QN, et al. Effects of water temperature
and salinity on oxygen consumption rate and ammonia
excretion rate of Saccostrea cucullata. Acta Ecologica
Sinica, 2017, 37(2): 692-699 [f&ifEIE, FRFF, X34, 4.

TREE . EREE KA H AR FIXTHE M4 45 (Saccostrea cucullata)
WP HE S IR, A 2SR, 2017, 37(2): 692-699]

Kooijman SALM. Energy budgets can explain body size relations.
Journal of Theoretical Biology, 1986, 121(3): 269-282

Liu JY, Yu DH, Li JB. Effects of salinity and pH on oxygen
consumption and ammonia excretion rates in Pinctada
fucata. Oceanologia et Limnologia Sinica, 2011, 42(4):
603—607 [XIENl, WikHF, 25428, EhEEFN pH X5k
B} DI (Pinctada fucata)#6 4 R FIHEZ R A, HEVE-S5 1)
A, 2011, 42(4): 603-607]

Liu Y, Shi KT, Zhang SH, et al. Advancement of respiratory
metabolism study in bivalve molluscs. South China Fisheries
Science, 2007, 3(4): 65-69 [XI5, Jtiddys, kMg, 4
DIPTSR . R /K™, 2007, 3(4): 65-69]

Li HZ, Liu J, Chen JH, et al. Effects of salinity on the filtration
rate, feeding rate and assimilation rate of three filter feeding
shellfish in the Changjiang estuary. Marine Sciences, 2016,
40(8): 10-17 [B5EFE, XM, PRERIF, 55 HEXRITA
3BT DUZRIRKR | SRR FERAE . AR
2#,2016, 40(8): 10-17]

Liu ZG, Liu JY, Wang H, et al. Study on salinity adaptability of
juvenile scallops in Gulf of Mexico. Journal of Zhanjiang
Ocean University (Natural Science), 2006, 26(6): 12-16 [XI]
AN, XUAEEE, W, SF. SRPURR R DUME DL BE 3 N
HIWFSE. VLI R 2= A i (A SAREIR), 2006, 26(6):
12-16]

Mao YZ, Zhou Y, Yang HS, et al. Seasonal variation in metabolism
of cultured Pacific oyster, Crassostrea gigas, in Sanggou
Bay, China. Aquaculture, 2006, 253(1-4): 322-333

Mayzaud P. Respiration and nitrogen excretion of zooplankton.
IV. The influence of starvation on the metabolism and the
biochemical composition of some species. Marine Biology,
1976, 37(1): 47-58

Wang F, Dong SL, Zhang S, et al. Experimental studies on
feeding selectivity and the filter-feeding rate of Argopecten
irradians and Crassostrea gigas. Oceanologia et Limnologia
Sinica, 2000, 31(2): 139-144 [£3%, TEXbK, Tk, 25
VA B DURIR V- PR 1) B W e P B I8 R 38 1) SR A
TES T, 2000, 31(2): 139-144]

Wang F, Wang ZP, Dong SL, et al. Marine sciences effects of
salinity on respiration and excretion of diploid and triploid
oysters Crassostrea gigas. Marine Science, 2003, 27(6):
73-76 [T37, EWPE, UK, 55 SR AR AR =17
AT FIHEM S, TR, 2003, 27(6): 73-76]

Wang XQ, Wu YL, Fang JH, et al. Effects of acidification stress
on the energy distribution of Mytilus galloprovincialis.
Progress in Fishery Sciences, 2019, 40(3): 21-30 [LI%/F
ST, P 5O, A5, MEKRRALIE X 5206 DL B8 & 73 BC Y
. ol Bl2EdERE, 2019, 40(3): 21-30]

Yao T, Wang ZP, Yan XW, et al. Effect of salinity on growth and
survival of Crassostrea gigas, C. ariakensis and juvenile
hybrids. Acta Ecologica Sinica, 2015, 35(5): 1581-1586 [k
¥6, EMM, FEER, S SRR AR VA G K
Fe A HE DUAE AR 16 B 5200 . A2 2574k, 2015, 35(5):
1581-1586]



138 ook B

542 %

Xu L, Li Q, Kong LF, et al. Effects of temperature and salinity
on the growth and survival of larva of Crassostrea gigas.
Journal of Ocean University of China (Natural Science),
2017, 47(8): 44-50 [VFid, 23, fLA48, &5 IRBERIERAE
X 5 A W Ay A AR B2 o ] PR R 22
WA RELE/R), 2017, 47(8): 44-50]

Xu T, Xie J, Li J, et al. Identification of expressed genes in
cDNA library of hemocytes from the RLO-challenged oyster,
Crassostrea ariakensis Gould with special
implication of three complement-related fragments (CaClql,
CaClg2 and CaC3). Fish and Shellfish Immunology, 2012,

functional

32: 11061116

Yang XX, Lin XT, Ji XL, et al. Influences of temperature,
salinity and illumination on clearance rate of Perna viridis
(Linnaeus). Marine Sciences, 2000, 24(6): 36-38 [#%%HT,
MONG, BTN, S8, JREE . SREEFDEHRAE S 352005 D1
THUERIYEZ . RN, 2000, 24(6): 36-38]

Zhou Y, Mao YZ, Yang HS, et al. Biodeposition method used in
bivalval physio-ecological studies. Chinese Journal of Ecology,
2002, 21(6): 74-76 [Jil%k, BEE, Hed, 5 MATN
B A AW A O . R4, 2002,
21(6): 74-76]

hE P

Effects of Acute Salinity Changes on Energy Budgets of
Oysters Crassostrea ariakensis and Crassostrea gigas

HUO Enze'*?, ZHANG Wenwen'>*, L1 J iaqi2’3, DING Jingkunl’2’3, XUE Suyan2’3,
WANG Yingpu®, YU Wenhan'**, HOU Xing'?, JIANG Zengjie*, FANG Jianguang®, MAO Yuze**"
(1. College of Fisheries and Life Science, Ocean University of Shanghai, Shanghai  201306; 2. Yellow Sea Fisheries Research
Ingtitute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of

Agriculture and Rural Affairs, Qingdao 266071; 3. Laboratory of Marine Ecology and Environmental Science, Pilot National
Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071)

Abstract

The restoration of oyster reefs is a hot issue and has being attracting the attention of

researchers worldwide. Crassostrea gigas and C. ariakensis are two important species that build up oyster
reefs; however, the population dynamics of these two species in low-salinity estuaries are not the same.
We used experimental ecology methods to study the effects of acute lowered salinity (10 and 20, with
natural seawater about 29 as a control) on the variations in the physiological metabolism of C. gigas and
C. ariakensis. The results showed that acute lowered-salinity incubation significantly affected the oxygen
consumption rate, ammonia excretion rate, and feces production rate of these two oysters (P < 0.05), but
the responses of these two species were also different. The highest oxygen consumption rate, ammonia
excretion rate, feeding rate and feces production rate of C. gigas were found in the control group, which
indicated that a decrease in salinity impacted the metabolism of this species. However, C. ariakensis
showed better metabolic parameters at salinity 20 than that in the other two groups. To normalize the
metabolic rate of oysters with a broad range of wet weights, a regression equation for the metabolic rate to
wet weight was established: Y=aW’. The wet weight (20 g) was used for the comparison after
normalization. At salinity 20, the respiration rate of C. ariakensis was strong, and the respiration energy
accounted for 16.1% of the total energy consumption, while C. gigas showed a stronger oxygen
consumption rate in natural seawater (respiratory energy accounted for 7.8% of the total energy
consumption), and a lower oxygen consumption rate at salinity 10 (respiratory energy accounted for 0.7%
of the total energy consumption). Our results indicated that the acute lowered-salinity incubation had a
more significant influence on C. gigas than C. ariakensis, and a low-level reduction in salinity can even
promote the energy metabolism of C. ariakensis. From the perspective of energy metabolism, this study
explored the response of C. gigas and C. ariakensis to acute reductions in salinities, and provided
references for oyster reef restoration, selective breeding, and aquaculture.
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Salinity; Crassostrea gigas; Crassostrea ariakensis; Energy budget
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A: 1st day; B: The hook of 1st day juvenile; C: 4th day; D: 10th day; E: 15th day; F: 20th day; G: 25th day; H: 30th day
f: Foot; h: Hook; vm: Visceral mass; g: Gill; aa: Anterior adductor; pa: Posterior adductor; he: Heart; i: Intestine;
ea: Exhalant aperture; ia: Inhalant aperture; aw: Anterior wing; pw: Posterior wing
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FEmA N 1.5 mm, FERFEFEIEN 1.3 X+ H4%,
2009b) , JEAR m] = IR 8 A8 (X1 1= 3 55, 2009b; il 1%
25 2019), WA £A 0k EAE R Y 2R K (BRI 2 TR )
TREAFT TR o A5 A R 32 3 R ] 22 3 A
o R e, FEFre K AsE & AKX R (BT
SRR 7E 5 A AR 1) 22 572 A5 HA A 2S48 0 i 0
i R — 2 W IE

4 L5

AW SR BT F G M AT 5 A0 IR RS T35 A
Wi 1~30 d HERERIE 2L . S E K E LA RKER
ARSI o HEME TR 2572 b i B RRIE R B R T2 Al
JE g1 LR, e TR ] Y WCHE , A AR K
S, e S 1) % 7 ) AR A, TR AR X )
A o MERESR B K B IE U SE R I ] R R AL
PIERT S8 PZEL, ORE . il #EKAE R KA,
HERRRE SR MRS RAETK, 7%
5 H S Z T S B R C R, AR KR BT
P RIS B AR RRRIE, Hie K 55em e E K
KR RGN T8 H IR e st
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Growth and Development of the Early Juvenile Anodonta woodiana

ZHENG Haoran', CHEN Xiubao?, LIU Hongbo?, YANG Jian"?"

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi  214081; 2. Key Laboratory of Fishery
Ecological Environment Assessment and Research Conservation in Middle and Lower Reaches of the Yangtze River,
Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi  214081)

Abstract The freshwater mussel Anodonta woodiana is a freshwater bivalve with important
economic and ecological values, e.g., as afood source or for pearl cultivation, water purification, and
aguatic biological monitoring. In order to understand the morphological change, organ development,
and growth rate characteristics of A. woodiana during its early life stages, relevant studies were
conducted on 1~30-day-old juveniles. From the 1 to 30-day stages, the leading and trailing edges of
the hinge for the juveniles were raised upward. The umbo was contracted relatively inward. The
anterior grew rapidly and extended outwards, but the posterior grew toward the ventral edge. The
ventral edge grew toward the ventral edge. The most obvious feature in the one-day-old juveniles was
the appearance of a mobile foot. The visceral mass was more obvious in 4-day-old juveniles. At 10
days old, the gills were clearly visible, and the anterior and posterior adductors were formed. The
intestine and heart were obviously visible in 15-day-old juveniles. The incurrent and excurrent
siphons had been formed in 20-day-old juveniles. For the 25-day-old juveniles, the organs were fully
developed. The shell length, height, and age grew exponentially, and the shell length and height grew
at a positive allometry. These results can provide theoretical guidance for the artificial breeding of A.
woodiana, its germplasm resource protection and population restoration, and the effective
development and utilization of this bivalve as a special indicator for aquatic pollution biomonitoring.

Key words Anodonta woodiana; Juvenile; Morphology; Organ; Growth; Bioindicator
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T e R s AL B IR R SR R SR )1 A AR AR 6100415
2. DU BRI EIFIE e AR 610041)
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A % LA A K % % ZL B X small RNA(SRNA), ARHF R At 4t T & 4 & A5 Faxt BB 4 By AF & 2F AT o
R47 AT JE A% 5% 4 77 M 4% 5K 41 L sRNA 24T, FF % Al Real-time PCR 77 il 22 5 5 3k 25 B B9 4 2t
kB, BRETF, FHENUTFHEKREE Y 1.40x107 4 reads, 17845 43 4 DESeq2 4715
3918 NERERAKLRE, HEEEKEGG HIEEFH 176 M FHE, Ao, BF8NMNFENE
CRATNFEHANGEEABEERAL) FRAE BEARED AR ELRAE), FE LI, epsA,
tasA, sinR, gInR, gInA, tnrA #1 ureABC £ ¥ it & 56 Z 5 AT H X & AW P AL . & sRNA
TR AF BRI A B AT SRNA 62 4 %t sSRNA $E X F th i 8 £ B r, H A 3960 3T AL
LR, FESE5HRANADZRFHERY ., EXRET ARG, BXLE, £,

sSRNA2073 F1 sSRNA2182 *t b iy #2 Jk [ 4 5| 4 sinR %1 tnrA, Real-time PCR %4 £ & <, argH. codY.
argG. ginA fr gINR HEF M Xt Rk B RN S HFANTFER—F, AR IH S REHELFH

AW FAB AN FIERES S B,
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hESES Q933 XHfERIRFE A

A T 5 K HE TR A T3 | 4 T R IE AR B T
b 7K A5 R RS K AR b A E YRR, S 8Ok
FRIGY, XX KA AV A A & BN (Liu et al,
2004), L, KIAREILE RFEN AT LS, K4
A E B AR, DA P S A 2 Dk
HeFG AR, AR R . ARG, T ER S i
PRSP (AL £ 55, 2018).
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LR A P e AR 2L 24 B 1R M g ) T T
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I . R ZEAATE HAINUP4O AT R 8% /K
KFRFEE K AKE R T, Rk B —F R
G A= S U MEZE, 2018) 0 Al L ZE AT 1 X 211
A i AR A B e SO A =R A
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ZFAUFT BRI L T 5 2 R PR BT A DG B [N Bl i, Atk
— BRI R ENLE 1 70 1 HIL R S e =4

1 MR57EE
11 SRBEH

i 2T A R47 43 B3 Tl 6 (Carassius auratus)
0, RAF T VG R B 75 9 IR sh ) 1A% W R
PS5 FH 20 SRR Y] 4 S
12 HMEFHFE R WML LIS

PEAL L ZEAUAT RAT 3200 T LB WilkRE 973k, 37°C
B, (SRS 1.4x10° CFU/ml B, HC 10 ml
HEWOIMA 100 ml ZKEEH, 4305]F 6. 18 F1 24 h HUE,
MR8 K TG 2 59) £ e i A8 2E W R A R )
Y45 7 I 58 R A B (mg/L)

1.3 HERANFESH

1.3.1 A ) & o B PL(NH4),SO,4 2 A
TGYORIE, B SR AT K KA R 2RI I R4T
AT LB WIASE AL, 37 CH AR, RERIRKREE A
1.4x10° CFU/ml B, [6] LB ¥4 55 37 3 o 45
(NH4),SO4, XJHEZH (C)FIALELLH (T) Y (NH,),SO4 e
3512k 0 F1 40 mmol/L,37°C 180 r/min ¥53% 24 h )7,
4°C 12000 r/min &5.0> 2 min, WHERFEEDTRE, —80C
R BN FE L 3 M EY R S AN B RNA
PRGN & AL RARA LB A PR mDFRH 2 2040
W & RNA, £ NanoDrop ND-1000 #% i 6 i 1%
(LabTech, 3£ E)¥: il RNA By S54aifF , T
Mlumina A 5538 &0 75 F- 5 (HiSeq 4000)IU )7 , H I
T 2675 A= = 2GR AT FRA /) 58 o

132 HFMHEAEYE HH B4R 5 1 R G
HdE, BP Clean data, 55% K4 {d 4K F Bowtie
AT XY, RIS F IR 25T B9 Mapped data, [A] R,
XoF AR YR Si 2 I e ) LE XoF 285 SR AT B f PP AL, Reads

TE 2% FE A AR X353 41 DA . Reads FEAS A4 €5,
o3 A o3 A, LAHGARTF 25 FE G Reads 11 H XS 8803
Reads 7EJE A A BRI EAE B o X S5 B K 24 #E 47
Rl D REE R, BT H H P55 NR £ (Non-Redundant
Protein Database) . Swiss-prot J& (Swissprotein sequence
database) . Pfam (¥ FE . COG %4 JF (Cluster of
Orthologous Groups of proteins) 1l KEGG %#i/%(Kyoto
Encyclopedia of Genes and Genomes) 6 JEUHE 1T kb
XF, F3BIAH R B DI RE T AR S, £5G NR. Swiss-Prot,
KEGG. COG FiI Pfam ¥ii /B2 AR RESER , e fefd
) Unigene #4753 87. FIH 4 RSEM(RNA-Seq
expression estimation by Expectation-Maximization) LA
TPM A & 5 b5 ) Jk PRI e 3k 7K P #0477 540 A
FF 1 "I 3 4 1) DESeq2 3X %} Raw counts #4741
) 235 22 5 AL D GE VT o0 BT, B R DA 6T L 2L R i ] 36
K45 %U(Fold Change)=2 Fll4fi% & Bl (False Discover
Rate, FDR)<0.05&[log,"[>1. R Goatools X
£ 7 FGRFEHILT GO Al KEGG Pathway & #4047,
AT BE S 5 By A= P2 BRI DI RE

133 small RNA(SRNA)S# KA Rockhopper
A3 sRNA T 45 R )5, {1 Blast [z 23 A dE
sRNAMap, sRNATarBase, SIPHT & Rfam %% i X} %
EEIH sRNA #E17H R . kA RNAplex fl IntaRNA
3% sSRNA B A TN , SR J5 Xof 5 A 4k P ) B g
AT

14 SERTSEHEE PCR HH

i PrimeScript™ 1* strand ¢cDNA Sythesis Kit
1 & (TaKaRa 22 @)l & cDNA. £ T 5 M 2EFR
BN, PUREKF . fEERIBE 16S rDNA K 5 N
S, WIS R 1), LAY cDNA B
WAL, ffif TB Green™ Premix Ex Tag™ 1117 &
(TaKaRa 23 7)) #EAT 920 72658 B 7047, 45 1 H: mRNA
KBRS Bk, SR 272 T SR . Real-Time
PCR 4538 5 56 S0 7 5die 45 5 2 DU Logs “| .

% 1 Real-TimePCR 3|4}

Tab.1 Primers of Real-Time PCR
JLH Gene IEM 5% Forward primer (5'~3") X549 Reverse primer (5'~3")
argH GCAGAGGAGGGAGCATTG AGTCGCCACCTGGTCATT
argG AATCTTGACAGCCCGTAT AAGCGAGTAGGAAACACC
glnA GAGCCAACGCTTGAACTAAA TCGTGTTGACCAGGTGCTAC
ginR GCCGCTCAATGCCTTTAT CCTTGTTCTATCAGGTGCT
codY AACAGTTGTCGGAATGGA TAACAGAACGGGTAATGC'

16SrDNA

GTAGTCCACGCCGTAAACGA

CGAATTAAACCACATGCTCCA




%2

B WA A 2 ST T X U B SR 2 S sSRNA 7B 149

2 #R

21 WMEFAFE RATHEIAHME

B ZFHOAF IR R R47 N2 U0 0 24 S 0 2%
WoR,7E 6 h G K A A &R 0.8 FE % 0.01 mg/L,
18 F124 h J& , K e 2 A & I 4ERFTE 0.01 mg/L,
X W B ZE AT R R47 1T ) 8 R AR LU 2, T
FELE LM VR -

22 HRAWNFBFEHFESAE

SEREEAS I P REAAS 2 2 1.40%107 2% reads. i
a5 1% 2 (Clean Error Rate)d 0.01%, Bi3Ei
HAERT 20 (194 99.24%, KT 30 1947 97.55%, GC
TN 43.51%. LA ESSREIR, B4R A R
HEE . BAFEARLXESZ LMY K Reads
(Mapped Reads) i Clean Reads 1Y 43 Lb KT 80%,
2 BH T 16 2 2 1 PR 4H A 28 mT LA R A BT I K o

2.3 Unigene W IhgE T &

T NR., Swiss-prot, Pfam. COG. GO
KEGG ¥ e 847 A Unigene 718, TEBF] NR )
RPN AR, B 96.95%, TEREE] KEGG JE i3
A5 R ERD, R 42.51%. 6 5 2 ST RE
B Unigene 0 H hy 4420,

24 HEFANFERREEESNT

e SN P B AR S ARG A 25 SR o, AR
Ji1] 5 1R 3 38 7K O B2 R 30 AR 26 R B F (RO K T
0.65, RP4&AIFE M Z A FRAA X AR B =, 3
T AT FEE OB 2 AN IR R K A AR 3
M R H] DESeq2 #4740 0r, 4R o, S5XTHRA
AHEE, Ab BEAL LG R 3918 Sz R IKEN
(Differentially expressed genes, DEGs), H:H', fu#F
1887 /> DEGs &3k, 2031 4~ DEGs NIk,
FIH KEGG $udi e, nI#% DEGs #2182 5 1) Pathway
PR AT N REHEA T 432, AR, RIB T A
FESHEEMACH . Bk LS YR Bzt
2, LIAERE N FES SRR AR
S 5B e R F AR AR R
25 ERREEENBEEESH

K A Goatools X 22 5 2 ik B I #E1T GO & 4E
3T, RAG 2R RRFEN FEEA R GO I 1).
VRSP o 5 AR DI BE A DG GO 4% H S fig ik
MNP T, HAH 14 Go &H, ®HEF 37 4

DEGs., FHZERF GO & H oA ik 3 K i 2k M A5 3]
134~ GO % H, % 574 1~ DEGs. ¥ DEGs #5iE
KEGG #4 i, X5 51T KEGG Pathway & 443
Mr, g5, EER 176 M5, FRIER
HTREERILFEGSEEA 130 1~ FEEFHEN
KEGG & 445 R o, Phik T 5 FE i B/ 20 58
EFEIE R (E 2), 7ETA KEGG i, X545
oty o 2 R AT T 2 2R A I T 30 R PR s ke, A5 )
8 ME S, 1 260 1~ DEGs (% 2). X253
FiEHEH GO 5 KEGG & H /M i i H 9 A S5 Ak L
ZERIAT B R47 X 7K b & RN 2 A SEHE R (3R 3).

2.6 SRNA HyFimlFo 4 #r

BRI IE N AR S, IR1T 3348 &K
FE} 50~500 nt A sSRNA 4], Hd, Ll 50~100 nt
[1))7 5 8 2 . A Blast K A HE 5 2 SRNA Map .sRNA
TarBase . SIPHT % Rfam %5 X % & 5 sSRNA 47
R, BERRIAY sSRNA BECN 62,

27 SRNA WMEBEBMARRIESE

XF sSRNA HEJE R A 20 Brds B s, HoA 3960 4
Xof o BV AE S L KEGG B8 P Vs 7 (4 0 6 I 4
TG PRI BAL AR 6 K(FR 4), XL AEH
RN AT Y R R e, o B S Sk
IKACE Wiz S AU R . ZOE R A B AR L e ok
RS, HRTRIEAR, A 1285 NMEHNIIGER
R o AR B SR A0 HT A 9 AR SR IR R, Hor, sinR
H1tnrA 352 sSRNA2073 1 sSRNA2182 AY#I AL

2.8 SEEPREEE PCRIIE

S VEAR B 53 200 25 R 0 vT SE A, Bl BL Bk AE
argH. codY, argG. glnA fil gInR 3t 5 A~FEE AT
Real-time PCR 43#f7. MRS R ER, IR
LR BN 0.947, P<0.05, Real-time PCR 5% %41
WP 25 R AT — Bk, R T SR ot 22 7 3738
FE R RIS R BN T EE (A 3),

3 WS

TAE YT 2 5K A T i S, KA HLRN TEHL
Y EA R TCEEAL G, T A B e K s AR
(Hu et al, 2012), ik [ 7K 5388 B Al 5 2F
. 20T (Alcaligenes faecalis) Fl4g Ik
(Pseudomonas aeruginosa), &L 2 AT B AT 431 1 it
HAT e i, LB 68 ) fici® (Marathe et al,
2018)c 43 & T oK™= FRFA K AR S U rh i 5L ZE AT T



150 ook B

2 R 42 4%

GO enrichment analysis (down)

Chemotaxis |-

Taxis -

Alpha-amino acid metabolic process
Alpha-amino acid biosynthetic process |-

Cellular amino acid biosynthetic process |-

Signal transducer activity -

Dicarboxylic acid metabolic process -

IMP metabolic process |-

IMP biosynthetic process |-

Glutamine family amino acid metabolic process
Cellular amino acid metabolic process

'de novo' IMP biosynthetic process -

Locomotion |-

Organic anion transport -

N-terminal protein amino acid modification |-
Glutamate metabolic process
Imidazole-containing compound metabolic process |-
Histidine metabolic process |-

Arginine metabolic process |-

Arginine biosynthetic process |-

Number

) 126

[ 0.4

0.4 0.6 0.8 1.0
Rich factor

GO enrichment analysis (up)

T

Intracellular organelle part

Translation

Structural molecule activity

Structural constituent of ribosome |-
Ribonucleoprotein complex -

Intracellular ribonucleoprotein complex
Ribosomal subunit

Cytosolic part

rRNA binding

Intracellular non-membrane-bounded organelle
Single-organism cellular process

Ribosome

Single-organism process |-

Macromolecular complex |-

Organelle part

Non-membrane-bounded organelle
Developmental process

Intracellular organelle -

Large ribosomal subunit

Generation of precursor metabolites and energy

T

T

Number

. 762

0.8
0.6
0.4

o
. 0.2

0.4 0.6 0.8 1.0
Rich factor

K1 ZERFBEN GO EERAR
Fig.1 Scattered plot of GO enrichment of DEGs

B7 BA RIFry/KBiREER, 5(T7J<ﬁ§'4“/§h/fkl§l’]2§[3‘f
KT 80%(Wiir, 2008), it rp 435 (1 A 5
FIFF TR R47 X 2 A 2 A AL B, 75— EHHLIETJWTF%
REA &=, Mﬁ'ﬁiﬁliﬂﬁﬁo

EE%PIKXT% — AR Hh LR, ) B AR M D g
W B il R B OGN . AR AE GO &S
Mrisent b, #F—2HF@ T KEGG 55 T,
%3 DEGs & £ f 2 W18 08 {5 5 100 15 200 1 XA 73
4 (Two component system, TCS), TCS 7E4HFE . 40
DA A R, R OO R B IR Hh B g ) 2 R
et R, AR EZEAAFTRGE A TCS RN iRk B 2

RN, 159 DIAE 35 Hp A £7 (Galperin et al, 2018; Krell
et al, 2010), epsA. tasA fil sinR £ 5 ki 5 2 /AT i
Xof 1 e P S R N IO N . TCS W] 5210 41 B8 A9 A= 9
I 1 (Plate et al, 2012) . Al & 25 F0AT B A= 0 4 5 119
Ji A1 3 o 32l M A 2 W5 RN L AR B 1 BT TasA 2 A4S
F AN, 5 B epsA-O 1840 1 il tapA-sipW-
tasA #: 9\ 715 5 & Wi (Kolodkin et al, 2010; Nagorska
et al, 2010), SinR &4k 5 2F AT 1R A W) 4 B i i
T v A R AR A, 38 ] A 220 R A AR
1 TasA B9 AL, PEMH ) A= P I ) IE il (Kearns et al,
2005), 25 RINIHIEE R TR, epsA I tasA PRI
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Bacterial chemotaxis

Two-component system

Alanine, aspartate and glutamate metabolism
ABC transporters

Sulfur metabolism

Folate biosynthesis

Biosynthesis of unsaturated fatty acids
Arginine biosynthesis

Pantothenate and CoA biosynthesis
Histidine metabolism

Glycine, serine and threonine metabolism
Biotin metabolism

beta-Lactam resistance

Polyketide sugar unit biosynthesis

Ribosome

Valine, leucine and isoleucine biosynthesis
C5-Branched dibasic acid metabolism
Biosynthesis of siderophore group nonribosomal peptides
Flagellar assembly

Nitrogen metabolism

Ribosome

Oxidative phosphorylation

Propanoate metabolism

Valine, leucine and isoleucine degradation
Citrate cycle (TCA cycle)

Peptidoglycan biosynthesis
Photosynthesis

Porphyrin and chlorophyll metabolism
Carbon fixation in photosynthetic organisms
Pyruvate metabolism

Carbon fixation pathways in prokaryotes
Cell cycle-Caulobacter
Glycolysis/Gluconeogenesis

Nicotinate and nicotinamide metabolism
Central carbon metabolism in cancer
Nucleotide excision repair

Riboflavin metabolism

Bacterial secretion system

HIF-1 signaling pathway

Vitamin B6 metabolism

& 2

KEGG enrichment analysis (down)

°
1

Rich factor
KEGG enrichment analysis (up)

1 1
0.2 0.4 0.6 0.8 1.0

1 1
0.2 0.4 0.6 0.8
Rich factor

7= SRR KEGG & 4EH5 &

Fig.2 Scattered plot of KEGG enrichment of DEGs
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SRRPHEXEFREZERE KEGC R @K

Tab.2 The enrichment pathway of ammonia nitrogen metabolism related DEGs

1.0

Number

68

FDR

coooo
Mhoo

Number

46

FDR

coooo
(SN

B Pathway

Pathway ID

DEGs

down

R AU I> RGE
K& TR & L
IR AR
A
TN ES AW

R i 2 R A8
PR A4S R A

e
WA . KAHA

Two component system
Arginine biosynthesis
Metabolism

Lysine biosynthesis

Nitrogen metabolism

Thiamine metabolism

Arginine and proline metabolism

Alanine, aspartic acid and glutamate metabolism

map02020
map00220
map(00230
map00300
map00910
map00730
map00330
map00250

62
11
31

11
19
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Tab.3 DEGs related ammonia nitrogen metabolism

A Gene

iR Description

epsA hypothetical protein

glnR MerR family transcriptional regulator
glnA glutamine synthetase

SinR XRE family transcriptional regulator
tasA spore coat protein N

tnrA MerR family transcriptional regulator
ureA urease subunit gamma

ureB urease subunit beta

ureC urease subunit alpha

F 4 SRNA BEHEREM KEGG KB 2 L5 it
Tab.4 Classification of KEGG metabolic pathways of
sRNA potential target genes

KEGG fUifjf i i FEHNEH
KEGG metabolic pathway Number of gene

L Metabolism 834
i1 (5 b s
Genetic information processing

L5 BAL B 234
Environmental information processing

A FE Cellular processes 113
YR RS Organismal systems 27
ANZEPH Human diseases 71

25r O Real time PCR

1 e sRAN P

2 5% Fold changes
>
T

argH codY  gind

P 3 B S AL P 25 SR A SN E H: PCR S5 E
Fig.3 Verification of RNA-sequence by Real-time PCR

ginR  argG

TS, T SnR I _FIRET . XNT R R A
ZEFUFT TR RAT 1IEAL T vk BE 2 RKAR ) 968 1 [ B

i B2 AT R AT A 2R B A G PR, i
GS/GOGAT #& 12 [RIfE A, gInR. gInA. ureABC Fil tnrA
Z 5 R o gInR K g it 1) A 2 AR A SR 4
AT (Global nitrogen regulator, GInR), —Fj#& 1%
PRI il R 2 AT P 0P A% 1 A3 2 I e 5 i Tl 2
gInA % GInR I (HILEE, 2019), X —WATE
AR WA LIIESS . gInR AT gInA _FiiE, Z5 83U

KRF glnRA #EFIIH L. HA—A o-BRTE5 -
IRHELE A I GInR TR L RIKJG, 456 5] gInRA
Pr b, FERBEFEIIH ginA 55¢, BRI AR
£ I 7% PE(Brown et al, 1996; Wray et al, 2008),
A, GInR g #n il IR ureABC 9\ 155 5%, 1
S BHLi8 # BHLAS tnr A 3[R 3 35 (Brandenburg et al, 2002;
Randazzo et al, 2017), ZFRAFEH SIS R TN,
glnA. ureABC Fl tnrA B FiE#a%, SHARF—E
il B 2R TR A B SR — N A RN, 2
538 FEAH L PME TE R o AR ST ARG FEZE AT B R47
A 5y R G0 58 SE AT TR, T IR AT R
5%

SRNA A5 1147 55 I ik PR 02 A 0 A 1) — o
RUFEDRFERLR], E A DS N AT | R A i
ShEEY SRR AW EENEN. AhiaiEs
RNA1 F1 RNA4 A 75 &3k % (Nostocal es) Fl ik 4H 1+
(Cyanobacteria) %I % 1 7] F F 14 (Alvarez-Escribano
et al, 2018; Klihn et al, 2018).Gaimster 55(2019) % ¥,
Bl Bk # (Paracoccus denitrificans) sSRNA29 i3 35 F
R IV 2 5 30 It I PR 40 B 7 A NO I NLO o ASHIF
FEMHEAS sSRNA AYSEIE A HEAT 700 73 A, sSRNA2073
Fl sSRNA2182 ST A ) 4 38 2 7T 8 2 Ay B 2 fELAT
W R47 AT R Y EE B .

AHIFSE A lumina — A5 38 5 0 7 H R X HE &
B E R BE PR BE AT B RAT AT, SRR A A
B &2 BRAN B WU 73 RS0 epsA | tasA., sinR. gInR, gInA
tnrA. ureABC 25 3L K 1 iE S 5K FL2EfATF I R47 Xt
RAANZ SR, FFHETT sRNA 200, MEZIRA
PRI B 27 A T 0 B /00 T AL SR AR S 4%
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Transcriptome and sSRNA Analyses of the Response of Bacillus subtilis
to Ammonia Nitrogen

ZHENG Yao', WU Kainian', WANG Li'", WEI Yong®

(1. Key Laboratory of Qinghai-Tibetan Plateau Animal Genetic Resource Reservation and Utilization,
Ministry of Education and Schuan Province, Southwest Minzu University, Chengdu 610041;
2. Animal Science Academy of Sichuan Province, Chengdu  610041)

Abstract To explore the molecular mechanism of denitrification by Bacillus subtilis and screen out
candidate genes and small RNA (sRNA) related to the response of B. subtilis to ammonia nitrogen.
Transcriptome sequencing and sSRNA analysis were performed on B. subtilis in both an ammonia-rich
environment and a control group. The relative expression changes in differentially expressed genes were
analyzed using real-time PCR. The results showed that each sequencing sample yielded approximately
1.40 x 10" reads on average. There were 3918 differentially expressed genes in the control and treatment
groups as per DESeq2 analysis, which enriched 176 signaling pathways in the KEGG database, including
eight signaling pathways (bacterial two-component system pathway, arginine biosynthesis, purine
metabolism, and so on) adapted to the ammonia-rich environment. We found that epsA, tasA, SnR, gIinR,
gInA, tnrA, and ureABC genes may be involved in the response of B. subtilis to ammonia nitrogen in water.
Sixty-two annotated strains of B. subtilis SRNA were obtained. The prediction and analysis results of
sRNA target genes revealed that there are 3960 potential target genes involved in carbohydrate transport
and metabolism, amino acid transport and metabolism, and transcription processes. Among them, the
target genes corresponding to SRNA2073 and sRNA2182 were SINR and tnrA, respectively. Real-time
PCR analysis showed that the relative expression changes of argH, codY, argG, gInA and gInR were
consistent with transcriptome sequencing. These results provide reference data for further exploring the
molecular mechanism of nitrogen removal by B. subtilis in wastewater.

Key words Bacillus subtilis; Response to ammonia nitrogen; Transcriptome; Differentially expressed
genes; SRNA analysis

D Corresponding author: WANG Li, E-mail: qinxin916@aliyun.com
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ETFRR, SRAR, JTWetE, WHEN, T o5, TR, MK 6 B i4s) 2 4% (Zeylanicobdella arugamensis) it 7E R YL 5
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Ren NX, Shi CY, Wan XY, Xie GS, Wang RB, Wang HB. In vivo infestation and life cycle observation of marine leech Zeylanicobdella
arugamensis. Progressin Fishery Sciences, 2021, 42(2): 155-161

i3 7K A 1E P & Nt 55 = % (Zeylanicobdella
arugamensis) I FER B S EF RN E

Tk EmAE Y reg gwEm' Froget?
1. PEKFER2EVIIE BRI K A GEAT A AR R TBIE K FEGE IR B S LI
SRS ERERE R R S EY s i BRI e LR E
A R R SR

B3 &
R
5 AT R SR T R S
Ty 266071; 2. LMK Sl LiE 201306)

WE 24 2L % (Zeylanicobdella arugamensis) & & F By & RSN F A b, TR S 30 4 A i
Kak, TEmBGLtEREREMATESNERNEAFA LT RIT, PTERT SHEEXKX
BERT. VRS RE. REHREEERT AR, b BERAREN, AFREL & FEAK
JestBe, AL T S i 2 BRI RR R PR AR, 2 A AW & [ £ 4] (Premnas
biaculeatus)fr & 4 M 4% # (Amphiprion frenatus)| FT £ 4 & £ &, FTZaBNERER, AEIRE
FENFREARBEHRES, A FENEF S WEL T, ZEENETE LT 00BN E
KEB2NME. AKIEN26C., HhEHNOMNEAHT, #E KA 20dH T mHEAES, L, 5
ERA Y EFTE O, B EEA 838 HEREEE. RAERANFFLFNERETE 11d,

AHTGE T R K B U A A A R R B 6 AT AR BRI

KA
hESERE S941.54 SCEkERIDAD A

IR 0 S B RS AR S A A TE R R
T, WEmRIG, fEEaERAR . SR, ™
AR R A B S, I 3 R R (K A
2018), fOIEAATVEANER | WS RE . LB LR A7 AE
MR, SRR, BRI fa
(Cruz-Lacierdaet al, 2000; Kua et al, 2009, 2010; Hayes
et al, 2006; Ahne, 1985; Mulcahy et al, 1990),

g oK 0 BT S 4 B 22 1% (Zeylanicobdella
arugamensis) s J& T 3 15 319 '] (Annelida) . 1% 7 49

B BRI ETE Y AW,

SR

XEHRS 2095-9869(2021)02-0155-07

(Hirudinea) . 1% H (Hirudinida) . fa#% £} (Piscicolidae) .
B %1% J& (Zeylanicobdella), HF-H De Silva(1963)E
Ffr o Bl i) 2 g ] R e 2 Fh iRk fa 2, SR
o 05 5 7 K R N AR e W 2 A R T2 AT IR SR
MK FRFE IR IAET . kN, 2000 4, FEIERRIESR0H
14) s 47 56 1. (Epinephel us coioides) %)) ff fl i farp, H:
WATHRAY 91N 83%FH1 17%, H i fa7r/sys 3d 56T
(Cruz-Lacierda et al, 2000), 2009 4F, 7£ 53k Py &
FREH G R W) iy (Lates calcarifer) i i, FoydT 30
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100%, JEYL4ifiFET %1k 60%(Kua et al, 2009).
2018~2019 4, FATAEPE . bk VG I AIED FE JE 74 T
FEBH Y 50 S (Plectr opomus | eopar dus) FlZT fiE
i (Lutjanus erythropterus) ffi{& 22 ¥k & 3 T Bl & fin
W == 0 SRR R A T, RO,

AR T B i 2 2 s AR A 2, B4R
HTE AR . fa B AR TR R M2 W B iR A T I
(L k%5, 2018, 2011; Cruz-Lacierda, 2000; Kuaet al,
2010; Williams et al, 2006; Murwantoko et al, 2017,
Ravi et al, 2017)., SCHRC 438 1B & a8 =2 i 1 52
A 3B, AL Y oA B . B A B
(Epinephelus coioides) . #% 17 £ B ff1 (Epinephelus
lanceolatus) . 48414 i (Lutjanus argentimaculatus) .
%< ¥ 4 (Rachycentron canadum) %5 (7K % 45, 2018;
Kuaet al, 2010; Nagasawa et al, 2012)., Bl fin i) 2%
g JE F LA AR, Yy Eh)E, 2—HH
FEAPR B, ARG B s £ Op i, PRER AR
AR g B JF R A T . KuaSF (2010) Al
Murwantoko% (201 7) i 58 & 3, BT I i) =2 i A 3%
SHRA TR AR, AL N AL P A iR R E 24N B AE
27°CHI24°C~25°C IR, ] &5 Jon AR ) 2= s B 0B £ 23531
T 27 dfi12d. [ PR B & i) 22 ds i s AR 20
XA 7K 55 (2018) X Bl 65 Tl by > gt T i i o 288 2
FE A ERAF ARG EESY, R IRAEE LAY SRR BE
for, BN o R R 2 0 0 A O A AR B A

P45 4 54 (Premnas  biaculeatus) 1 45 U4 £
(Amphiprion frenatus) & 4 £} (Pomacentridae) & UL 1)
2 Mg AOULF 2K, Bl FRAEKiIR R 26°C, EREE 30,
OB SRR FRB L/, (RBLN A0S AR FR
et/ A, PR LA SRR R (R AR SE, 2018).
R B R 1) 45 0Lt B BLAT IR BN L A B R S =
WA, R 5 T s s . B,
AR AT BTG5 o AR 5 24 s Ja Y o 9 0 R 1 4% RUH A1 1Y)
a8 o STk 2 iU 55 B i a4 24 e A T T B
T8 7K U FNER BE ARG, ASHIF 5 5 1R A RN 1 4% 0L
A Ry i AT T BT 6 i A8 =2 s 1Y) A A Bk L
FAREEES , FF XA ARG F5 0 s i A5 1% L AT T WS AN
AT, DABR Kt i A I . e ER L BUR L
e 55 B G A ST B A M A R R R S

1 MRS
1.1 REHR

TE FE 14 50 SR G 058 2 R AR T R fhE
A7 [l SR A P . BB i (221 40~45 mm,

1K K 2.0~2.5 )1 &R (42Kl 70~75 mm,
{RE A 9.0~11.0 g), ¥ h H [ K P= Rl 27 B IR K = 10T

SRR
1.2 L H*E

121 T8l 2IE e AR Fo b RIESR Wil
ST B R 1) 2% BUERE 0 1) 57 B TS T B 3 R K AR
(0.8mx 0.6 mx 0.4 myak 2 L RIBZEELEAH, KRN
26°C, hPEE N 30, FERH U3 MK, WM 1K, $K
LR AR RERS 2 12 LN FRph, 1 &R/L,
HALP S 2 ml EEEIEEK, T 26 CHEIRE R4
R, B2 d¥e V2K, frfamgr= s, i
DR AR, MDA, WAL O . FR DR
R AR S5, TEMERBE T R o I e B 2 /KA o B 3
BebrH, (i [ SR BRI A B R 2R AU £,
B, AiE e, BMAK>10 mm I AR
i, BT ) R R FE RS BT Y 12 FLAN A IR
W, 26°CHHIRR %, B LR ERME, HEar Mgk
T~ 0 Y TR R B FAR REE TR R

1.2.2 L4 29590 & 49 AL HROM o A Bt 7%
F14) ¥ A 7= B9 2 P B B (L A 11~14 mm)),
WA 2ml TEEKE 12 FLANE L Fe bt , koK
il 26°C . R 30, fRfamErs I )E, AR 2~
24 h 7E{8)& 1445 (Optec BDS 300PH) FWi%E . i
AN R Z B IENL, H B ahg,

1.2.3 [&hmigs) 2iEs i X F e 15L&
PRI 2 L BEESBEAt b, 2o 2 R fat B i) i
MRS 1R AN, T 26°CHER A PRI,
5 MIIEH Y 30 Z5alie b A 28 1 5 ol 2 1 % 1 4%
MR R, BESBERR 10 B, A KL Ly g (1)
KBGO, 0TI S0 W] PR FE 57 FE M K OK IR
S 26°C . ERAEEH 30, AR U3 MK, BME 1R,

2 HR

2.1 [MEmlss =t EdREmERER

TEIKIRN 26°C | R R 30 BISR1ET, 12 fL4nf
KR ) 16 sk g3t = B 259 4>, REHLIN & T
50 A BRI, K/MH 053~0.77 mm, VKK
(0.66+0.06) mm, &EANIRE N A 142600, Al
14408, 9 dJ5, 259 NUpE It s 217 %%,
W IR B AL E RO 4214, BN 83.8%.

I H Y 4t b BB LR 30 4%, &5 10 550 14,
L34, MAFFEA 2 REEE R beAr T, A
SR BB, 1 d 5, 3 d4higEt sy, JF
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=S U A T W e S RN 7 S R N [T
B 1N RIERE . 2RO T 2 DR Z 08, T
TERR VB TR B A op i A R 2 B K 200k
g5k, AR TSR IR AR (K 1a), 2 h A KAk
ZERTH O (] 1b) o BIFE & B AITT 36 h IR iR AR 38 4%
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WA, Se SR ITE KBS, SR, MY & B

1 B s 2 g O A R
Fig.1 Cocoon development of Z. arugamensis

aOh;b:2h;c:12h;d: 36 h; e: 48 h; f: 72 h; g: 96 h; h: 120 h; i: 144 h; j: 168 h; k: 192 h; I: 216 h
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B RS RL(E 3a), 4his LT LR 1 mm DL (1R
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SRATAE R, BT SRR, 7E 26°C . R
30 WIS RIGSR, fMigEs MR-, Frid i fag
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200 pm

P2 a5 i ) =2 i ) e &)y
Fig.2 Thejuvenile of Z. arugamensis

a: 4hIE; bl c: BIMLAE, MR (SR k) R ) (R 4L i K )
a Juvenile; b and c: Anterior sucker, eyespot (solid arrow) and proboscis (dotted arrow)

——

x

K 3

E
‘1:\
¢

(%

| o

A 2 T 9 2 4 ot SR e OIS 2 4

Fig.3 Infestation of P. biaculeatus by the juvenile of Z. arugamensis

a B 1dJE; by Y 11dJE. Fik PR o faig
a 1 day after infestation; b: 11 days after infestation. Arrows indicate Z. arugamensis
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ELULRA TN, SiRemai . Wik, TR,
BRI A% AR B R R 9 d J UM IR KR 172,
HIFWEHGA B, BRHBURSERAL, FeRBm,
10d J54ET.

g5 Bk, FEKIR R 26°C L RS 30 M ARAET

fEEf
Host fish

HIELhiE
Newly hatched leech

687 BI85 U £ 7E AR SR e AL AR 855 5 B
SOmEE g, kg NN BRI A 2T 9 d, 4R
KEH R RIETF O e e T 2 11 d, RS 20 d B
AT E T — A AR o BATE i R 2 i ) A 3 s R A
UL 4,

HE11 d BT R

BRI dfEt i gl
9 days were needed for the
new cocoon to develop into
juvenile

11 days were needed for the
newly juvenile leeches to
grow to mature adults

Cocoon

Pl 4 a5 om0 =2 M ) A 35 SR
Fig.4 Thelifecycleof Z. arugamensis
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Abstract

Zeylanicobdella arugamensis is an important ectoparasitic leech that can infest more than

30 species of marine fish. Diseases associated with Z. arugamensis are prevalent in China and many
countries of Southeast Asia, and frequently cause the death of cultured marine fishes. In order to
continually and steadily provide sufficient live leeches and cocoons for the research of the prevention and
treatment of Z. arugamensis, this study established a propagation method for Z. arugamensis through in
vivo infestation experiments, and proved that two ornamental fish species, spinecheek anemonefish
(Premnas biaculeatus) and tomato anemonefish (Amphiprion frenatus), were suitable for use as fish hosts.
The parasite descendants generated by the in vivo propagation method are still very transmittable after
nine generations. This study also used micrography to observe cocoons and the life cycle of propagated
fish leeches. The results showed that the average cocoon size of Z. arugamensis was (0.66+0.06) mm, and
there was only one fertilized egg in each cocoon. The life cycle of Z. arugamensis can be divided into two
stages. The cocoon hatching stage and the juvenile development stage. Under a seawater temperature of
26°C and sdlinity of 30, Z. arugamensis can complete its life cycle in as short as 20 days. The cocoons of
Z. arugamensis developed into juvenile leeches in nine days, with a hatching rate as high as 83.8%. The
juvenile leeches subsequently infected the host fish, grew to mature adults, and produced new cocoonsin
11 days. This article confirmed for the first time that P. biaculeatus and A. frenatus were both susceptible
hosts for Z. arugamensis. This study not only established an in vivo propagation method for
Z. arugamensis, but also provided technical support for research on the pathogen, pathology, pathogenic
mechanism, detection, and prevention of leech diseases related to Z. arugamensis.

Key words

Fish leech (Zeylanicobdella arugamensis); In vivo Infestation; Life cycle; Spinecheek

anemonefish (Premnas biaculeatus); Tomato anemonefish (Amphiprion frenatus)
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EAM:UNMAXNMBXNMC~%NMJ

AE  BE CE JE

GAEEIR Ot (mg/ )= A S LR 7 i A 43 LU /B A
FLEE H & i H 43 H%6.25%1000

O, N MR IR T LA T E IR
AE. BE, -+ . JE AN AR B A AL T A SRR
i (mg/gN); A, B, - o3 e ISR LA BRI
Ik B 1 O ) T SRR 7 i (mg/gN)

1.4 HiEALE

JH SPSS 16.0 G itsrMr bt i geit it , FEH
b 3 RIS RRAS ] ) 22 S A SRR t 4G
55, M Levene’s test 77 =57 A 50, ik tESt
THE A V- 475 i 225 (Mean+SD) .

2 #R

CS

21 ENEFERS

b B SR A A B [C R S MR AL PRORL 2R 1 Rk B
W Fe AT A R AR S, (0 22 RO 11 2 (P>0.05),
TR o 1 b 35 MIK TR H 3R B A X (P<0.05) . 5340,
b 38 7 H AR 2T 1Y T ER B LA A K 43
TR TR AR X (P<0.05) (3 1),
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x1 2MFERKXTRREZIMNA S
BEFMBRCFHEARELE) (%R H)
Tab.1 Nutrient components in muscles of the
P. clarkii in two culture models
(Mean+SD) (% wet weight)

—RE IRy ity et H
General nutrient components Pond Paddy field
7K 4> Moisture (%) 72.67£1.05* 68.03£0.61°
HLIERG Crude fat 1.00£0.22*  1.03%0.69°

LK 5> Ash 9.60+1.20* 12.43+0.78°
¥ Crude protein 10.69+0.94* 11.70+0.78%

F: WA—HGREEAARA LT EREREE
(P<0.05), A

Note: Different right superscript letters in the same row
indicate significant difference (P<0.05). The same as below

F2 2#FERATRREETNAMFRRPIERARRD

22 @EBAM

SRR I 2 AR 9 5 EC R B MR AL A v
ARG 17 R SR (R2), EEM A S RN
17.0%F111.2% . 3t 33 F5 5 458 20T 5 [ 2R L A Hh
FETR B | W 2 F R e R TR v T A R AR
f {HE AR A B B 3 22 5(P>0.05), 1 B R 2 FL TR A

T 5 IR M (Wpaa/Woraa) FY HUAE 522 v TR M
%ﬁ@ﬁmwoﬂo%%Z% HhIEFR AR I
JE S A 0 LA rpo 75 24 L R L i AR B
(Wean/Wran) I FLIEAS TR0 H FRPEA R, RIA 3 25 22
F(P>0.05), AT 2 HEMR Gl & it (7 AR A7 2 IR Gl i
(Weaa/Wean) 1 HUAEL T 251K T8 FH SRR AR 20 (P<0.05)

B(CFEHEARER) (%)

Tab.2 Amino acids composition in muscles and hepatopancreas of the P. clarkii
in two culture models (Mean+SD) (% wet weight) (mg/g)

HHEIR WLA Muscle JF AR Hepatopancreas
Amino acids it 3% Pond T I Paddy field Hi3E Pond #H [ Paddy field
RITEHAR" Asp 17.87+0.10 11.85+0.12 6.70+0.04 6.40+0.07
Ihalig* Thr 6.53+0.05 4.8040.03 3.53+£0.02° 3.27+£0.02°
2 H R Ser 6.77+0.04" 4.80+0.03" 3.23+0.02% 2.80+0.03°
BRI Glu 29.17+0.20 18.75+0.08 9.37+0.05 9.77+0.14
HE&m" Gly 8.37+0.08" 5.15+0.07° 4.30+0.05° 3.50+0.03°
WEMR" Ala 10.93+0.05* 6.70+0.053 3.63+0.02 3.63+0.01
REER Cys 1.03+0.00* 1.25+0.01° 1.60+0.00* 1.07+0.02°
AR+ Val 7.17+0.03 5.20+0.03 3.63£0.02 3.50+0.01
EHER* Met 4.27+0.02 2.70+0.02 1.43+0.01° 1.3320.00°
SILEMR* e 7.67+0.03 4.95+0.05 2.97+0.02° 2.80+0.01°
SLAMR* Leu 13.57+0.07 8.85+0.09 5.13+0.03% 4.87+0.02°
Mt =R Tyr 6.37+0.03* 4.55+0.038 3.3340.02° 3.03+0.04°
RINZPL* Phe 7.07+0.04 4.80+0.05 3.20+0.02 3.03+0.02
A ER* Lys 14.37+0.08 8.95+0.09 4.27+0.04° 3.83+0.02°
HEMR  His 3.77+£0.02 2.70+0.01 2.07£0.01° 1.93£0.01°
AR Arg 19.40+0.04* 12.45+0.10° 5.40+0.05% 4.80+0.03°
%R Pro 5.37+0.04 3.65+0.04 2.60+0.01 2.50+0.02
FHEMEE W 169.80+0.70 111.90+0.82 66.47+0.40° 62.20+0.27°
NI RIEIR B E Weaa 63.78+0.32 43.35+0.33 27.66+0.16* 25.40+0.09°
ER A IEBR B Wpaa 66.34+0.23 42.45+0.32 24.00+0.14 23.30+0.14
T E IR D Wapaa 109.03+0.394 71.85+0.48" 42.23+0.24° 39.44+0.22°
Weas/Wraa (%) 37.56 38.74 41.61° 40.84°
Weas/Wiean (%) 58.50" 60.33"8 65.50° 64.40°
Wpaa/Wraa (%) 39.074 37.948 36.11° 37.46°

T MUR DT IR, #UREIR IR . AR FRFERE T LA vh 2R 5 22 S RS F8F A F1 B Fon, A IFI SR
ﬁé*ﬁiﬁ?ﬂﬂ%ﬂ%ﬁ?ﬂ%@a SR ZE S HV/NG TR a Fll b RoR

Note: *: Essential amino acids; #: Flavor amino acid. The difference of amino acid content in muscle under different culture
modes is indicated by capital letters A and B. The difference of amino acid content in hepatopancreas under different culture modes
is indicated by lowercase letters a and b
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AR b, b3 IR A AR 2T o R DA S i vp 1
FEMR B RN 06 S LR e B i TR R AR X
(P<0.05), i fef R 2 LR A o TR I R AR X, 1
ZFIEAEE(P>0.05) A, MisEFRHEET 7%
BRI TR AR Weaa/Wraa 1 Wean/Wnpan 35825
TFAE M IR (P<0.05), T Wpaa/Wraa 5K TR
HH #2745 2 (P<0.05)

2.3 AAEF@EITEN

38 3 A I AR T SR A A SR v G R
HRLP FUIFIR AR A AAS Fi1 CS {H, MIEFREHERT
G AR LA o TR E IR 1Y AAS FE 0.27~2.47,

IR o T SRR 1Y AAS 7F 0.43~1.01; g HI 35514
BT 3 R IR ZS AR LA b 5 A LR 19 AAS 7E
0.30~1.41, FFERR b5 23R 1) AAS 7E 0.26~0.85
(3% 3 M5k 4). R4 AAS W4y, WhIEAIFE M 2 Fharsg
H 20T e G B A UL PA) R JBRE I P A 2 — BR o) 42 3
MR 141 R B R + D 20 5 B RS ) 2 o o A A X
T 5 FR I ST LA %) 2 B ) 2 R R R R 5 v
IR 2 FhaRm =X v PG B R R i ) 5 — B
TR EMR T R . MR CS PB4y, Y FNAE H 2 Fh
FRFH AU T o i B A JUL PR R JR R v 19 25— B o]
RUILTR AL FF AR R + 2R 5 1M 28 B i 2 L iR
BN

#3 2MFERA TRREETNAPIERITSMUFETS

Tab.3 Comparative analysis of AAS and CS in muscles of the P. clarkii between two culture models

TR FAO TF/3 8 XS EH H R L
TR AP Amino acid contents  ppEvE A EARAES B Paddy field Pond
EAA i 3k FAO score  Eggscore ZJEMRITIr fh2aibn @RMIFT fL2Ai¥s
Paddy field  Pond model model 5 AAS  {H CS i AAS  fH CS
ZE M Leu 473 793 440 534 1.08 0.89 1.80 1.49
SRR Tle 264 448 250 331 1.06 0.80 1.79 1.35
MR Lys 478 840 340 441 1.41 1.08 2.47 1.90
IE MR Thr 256 382 250 292 1.02 0.88 1.53 1.31
AR Val 278 419 310 411 0.90 0.68 1.35 1.02
HIN+IEE IR PhetTyr 499 785 380 565 1.31 0.88 2.07 1.39
B+t &R Met+Cys 67 60 220 386 0.30 0.17 0.27 0.16
Hit Total 2315 3727 2190 2960
F 4 2MFEERXN TR REEITFREYSERITOMEETS
Tab.4 Comparative analysis of AAS and CS in hepatopancreas of the P. clarki between two culture models
TR FAO IF/M8 287K 1 Fi Ttk
W HLR Amino acid contents ARG B RARE S B Paddy field Pond
EAA Em Ly FAO score  Eggscore @AM ITSr 1P @RMRIFS b s
Paddy field  Pond model model i AAS  fH CS 5 AAS  fE CS
SeH R Leu 260 300 440 534 0.59 0.49 0.68 0.56
FEER e 150 174 250 331 0.60 0.45 0.70 0.53
WAL Lys 205 250 340 441 0.60 0.46 0.74 0.57
IE MR Thr 175 206 250 292 0.70 0.60 0.82 0.71
iR Val 187 212 310 411 0.60 0.45 0.68 0.52
KN+ ZEBR Phe+Tyr 324 382 380 565 0.85 0.57 1.01 0.68
H iR+ &R Met+Cys 57 94 220 386 0.26 0.15 0.43 0.24
it Total 1358 1618 2190 2960

2.4 PERRERLARK

5 52 [C 2R B WLPA rh e AG I H 20 AR ITIRR ,
FU45 10 FAS I R (Saturated fatty acid, SFA)9 Fft, AN

18 A1 5 5 2 (Monounsaturated fatty acid, MUFA)3 Fi,

% A FJE 15 R (Polyunsaturated fatty acid, PUFA)
8 Fh(FR 5). Hrp, MislEFRIEBIZT LA SFA ALK
TH 34.71%, .35 & TR IR T Y 31.37%;
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W FE A AR LN MUFA 5 LA T E Y 23.29%,
[R5 T A RN A 21.93%; I3 %
FARIC T LN PUFA 5L TE R 41.54%, WEK
FRMHFFHE R TR 46.23%, A, EAFEERE S,
BRWLIA ks th 7 20 AR IR 21, 7E SFA Hrid il
HIZERR (C10:0) 1 H HEfR(C12:0), MUFA FRaf &) i
+ 8RR (C17:0), 7 PUFA k&l ity y- 30y R
(C18:3n6), Hrr, whIEFRFEA T AR SFA &
FEREF M) 35.11%, o3& & TR R T 1)

31.11%; MhyEFRFBL N IR MUFA 5 FBET
Y 36.44%, 355 TR IR 30.02%;
17t 38 % FE A X R AR v PUFA & JHFE -+ 5 1Y)
26.85%, b FHARTAE H IR 1Y 37.72%.

7 2 PR AT, o FC R B B Y AL PR R Tk
H SFA 5 it i B R BRI (C16:0); MUFA & i
BT BR(C18:1n9¢); 1fif PUFA TENLIA 55 B fie i
SR M X -5,8,11,14,17- B MR (C20:5n3) , 76k
i v e A R B 2 IR (C 18:2n6¢)

*5 2MFERATRKEEMIAMHERFIEHEREMREECFHERMEE) (%IEH)
Tab.5 Fatty acids composition in muscles and hepatopancreas of the P. clarkii
in two culture models (Mean+SD) (% wet weight)

HLA Muscles

JiF % Hepatopancreas

g g 3 A M
Fatty acid Pond Paddy field
C14:0 0.73+0.08 A 0.61+0.018
C15:0 1.13+0.094 0.91+0.018
C16:0 19.33+0.68" 16.80+0.10®
C17:0 1.29+0.04 1.29+0.05
C18:0 9.51+0.35 9.374+0.03
C20:0 1.13+0.08" 1.04+0.01°
C21:0 0.24+0.01* 0.27+0.038
C22:0 1.03+0.06* 0.80+0.063
C23:0 0.32+0.02 0.30+0.04
Y SFA 34.71+0.90" 31.37+0.26%
Cl6:1 2.31+0.61 2.01£0.16
C18:1n9¢ 20.40+0.71* 19.20+0.50°
C20:1 0.58+0.03" 0.72+0.108
S MUFA 23.29+0.67% 21.9340.448
C18:2n6¢c 12.13+0.81 12.60+0.10
C18:3n3 2.80+0.30* 4.08+0.60°
C20:2 1.28+0.25 1.22+0.08
C20:3n6 0.73+0.15 0.66+0.01
C20:3n3 0.53+0.03* 0.55+0.018
C20:4n6 7.46+0.49 7.18+0.16
C20:5n3(EPA) 12.37+0.47% 13.70+0.1%
C22:6n3(DHA) 4.25+0.194 6.25+0.125
S PUFA 41.54+1.25" 46.23+0.26"

NR VTR b 3 |
Fatty acid Pond Paddy field
C10:0 0.05+0.02 ° 0.04+0.01°
C12:0 0.04+0.01 0.03+0.00
C14:0 1.13+0.23 1.110.04
C15:0 1.15£0.11 1.21+0.03
C16:0 25.43£0.71° 21.13+£0.47°
C17:0 0.73+0.02° 0.98+0.13°
C18:0 4.75+0.11° 4.19+0.26°
C20:0 0.54+0.05° 0.610.04°
C21:0 0.25+0.03° 0.38+0.04°
C22:0 0.53+0.04° 0.73£0.02°
C23:0 0.51+0.05° 0.70+0.03°
Y SFA 35.11+0.03° 31.11£0.89°
cle:1 6.60+0.32° 4.91£0.10°
Cl17:1 0.64+0.07° 0.75+0.02°
C18:1n9¢ 28.87+0.10° 23.830.17°
C20:1 0.34+0.04° 0.53+0.04°
> MUFA 36.44+0.78° 30.02+0.28°
C18:2n6¢ 19.83+0.22° 25.23+0.10°
C18:3n6 0.24+0.06° 0.49+0.02°
C18:3n3 3.2240.41° 7.44+0.68"
C20:2 0.39+0.03° 0.50+0.08°
C20:3n6 0.17+0.02° 0.24+0.04°
C20:3n3 0.17+0.02° 0.24+0.04°
C20:4n6 1.28+0.23° 1.63+0.29°
C20:5n3(EPA) 1.16+0.26 1.28+0.55
C22:6n3(DHA) 0.38+0.09° 0.67+0.04°
Y PUFA 26.85+1.45° 37.72+1.69°

T AFEFRFEBT WU IR IIR & i 22 5 RS 50/ A Il B R, AR FRFE AT I AR b g o 1R % ek 22 53 I/

G7hEa fl b FoR

Note: The difference of fatty acid content in muscle under different culture modes is indicated by capital letters A and B.
The difference of fatty acid content in hepatopancreas under different culture modes is indicated by lowercase letters a and b
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3 iFig
31 REKEEIMENEFRDSTW

RS SR E E AR A . K MR
0 AL 0 B 5 o Hevh 2 B 2 R sh ) — D) 4
i DA RN DI 9% R VI 2 N S R DA D
SUEARMZm,. gmhEARERNZD, BRAA
RETRE —Fh i B SR E R = A%, HIFE —Fh & il
IS0 SR (B, 0 DR 5T 3 o R (CE AR,
1996). ABFEH, WHEFFEH 2 MIRFEAT wik
JREIRAHLEE B I 2 R, 5 HAMAMC R0
o [Q 2 MR A5 75 0 A HE , AS AR5 1 o TG i B R 2
3 R T 2 B A8 55 (2013) B 57 A% 86 FH 19 o [ JR 2
IR, (R EHAR TIR B2 38 R 2T R B b DX (T 0 4,
2010; HIEHEE, 2017, XIF-48, 2011), X AT AESE 145
M DR . ARKAR IR 1 28 Ak Kl M7 A AS [R5 30
AW 2 FEECT 09 5w QR ZE AR K 20 & 1 7E 70%
Aidn, AT EER . B/EBE AN R A I, R AT
41 % % BF (Cherax quadricarinatus) . H A< A IF
(Macrobrachium nipponensis) . JFL 44 % XF #F
(Litopenaeus vannamei) . % [X ¥ #FF (Macrobrachium

rosenbergii)Fl H 4<% #F (Penaeus japonicus)( 57 i Hr4s,

1995; JE-F-4F, 2008; FRIGEDLAE, 2001; k#1455,
1981; VFRMEE, 2011), NI ZIMAREE KR, A&
F 5 v [ R B AR T 7 2 AR 0 2, = Tl gE
W1, 5 R BE ) S RSB BT (T 85, 20105 T4
452017; ShEitESE, 2013). HAL, MR & & T4
HERE IR AR 38 (X WA AR X AT g R T3 [G
JER S M RIS LA A7 6 s A0 B IR (R R 8 4, 1995
MRS, 2001).

3.2 REREELDEZFRBRBIEN

4 FAO/WHO FyHUAEA S, 075 2 LR o 24 2
PR Sl B UM (Wean/Wraa) W 40% 704, AbTs S HEMR
575 IR B HAE (Weaa/Waean) TE 60% L4 - HY
g T A A (15 (Pellet et al, 1980), AHF5T 1,
5 SR AR T S IR S AR WL Y Weaa/Wraa fHAK
TREMFEFAE R, (H 225348 B3E (P>0.05), 1] Weaa/
Wyeaa (B 5 KT R5 MR A (P<0.05), 1dBHAE M
FRAH AU o G B R JUL PR 1 R P 0 o el 3
B AR AR A L (H 57 A FAO/WHO ARl
Xof O R A5 g ) 2 P T SRR 2 B R L T 2 Rl R
PR 70 QR EEAR AT AR ) Weaa/Wraa TEHFT Weaa/
Wieaa [H 5055 T 40%H01 60%, Uil 2 A R 5

PG JE B I ) JHF JEE B JE R 2 LA & LR HR AR SR, R
FFREAT . FENLA S, 2 FhIRamsi=tT o ak
iR O 1 B e (R 34 R i 2 2, 34883 FAO/WHO A5
XA, I 0 2 A LV B — BR ) 1k 2 SR
I HEREER” ZFR, B RIRE AR AT LR AN
DAY ERREEHE B TR AR, i s
EARF FHR(AEEE, 2006), BRIz, #iEm
B A = T LGN G B R R B $8L R B (Parribacus
antarctcus), iK1 % [K [ ¥F(Exopalaemon annandalei)
FH A TR IR (FRRDLEE, 2001; #PRAESE, 2012; HEF
4, 2008) o H 5 i 55 R B R B T S R A4S
AR AN R 1] A 2R T 52 H R 1 H 0 A0 7 2 R 1 2
S ER, Hf, SEEEIEER, i
IR i R ) A R, 8 I 2H A AR AR S A B
PEY) B S S 5y (K B AAE, 1988; X% 4%,
2018), 5 PLGNEEXTHR . A AL A L 22 [ AR AT H
ATRIFHILE, ABFFE 2 FhIRFEA T 58 R R E IR L
PR R 8 SR 1 A A v, 1 o [ iR S R R T T
fitf 3 .

NEMFRSE LR F B REVR 2 — , XFURE Ay A4 K A
AR EEAEA . s ARG 2 Fhassii AR, e
PSS AT L o YA 20 AR TR o e PR L ES IR
WLIA o IR B R LA PUFA fz 1 , SFA IR Z , MUFA £¢fI% .
55 5 it 55 (2013 ) W58 0 BH 1 5 [ )52 R4t SFA B
5, MUFA IR ZIEERA—3L, X0l BEJE TR
KNSRI L 2 T R . NE I TRAS I 25 5 B
FEMRIR (C16:0) FITHIFR (C18:1n9¢)7E 2 FhFEFME R T,
i, CQ SR B R AL IR R R v & e ey, (X — 25 R 5%
[ R AN H AR IR 25 SR — B (-4, 2008). 75 K
JEEC AT AR R AG I s 24 FhARIGER,, Horb, (AR
iR 11 Ffy B FPR IR 4 Bl Z A0S iR
9 Fofr o XU SIS T B AR B 7 R ) BF 5 AR B/, AR
BRAER “HFE”, aRnlftNEBH, TeSirELm
5%

4 Zig

2 FhFRFEAAR BRAK o RO 7341, HAt— Ji
TP BTG 25 5 o IR INEAE 2 A SR FE AR LA A
IR R 2RI 17 Mha R, o, AR
7, BEOREIERR 4 B ARYE CS PEar, 2 RHIRAEAR
2T 7 R 2 AR UL PA) 0T 1 it i 114 265 — PR ) 28 2 1R
Yo P 2d R + DR , T — BRI R R O
MR, oty @AM LR B . Heoh, 20 FhiRHTR
T 2 FPFRFE AT A9 5 FQ R Z R LY Fp ks o i
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& % x #

Chen XH, Chen Q, Xie DX. Assessment of meat containing rates
and muscle nutrition values in whiteleg shrimp (Penaeus
vannamei). Fisheries Science and Technology Information,
2001, 28(4): 165-168 [MREIL, BRZE, BHARE. FERAN
IR R B LRE FRME R . K FHE ), 2001,
28(4): 165-168]

Chu QZ, Liu SC, Fan DW, et al. Analysis on nutritional
components of Parribacus antarctcus. Acta Hydrobiologica
Sinica, 2012, 36(1): 168-172 [HIPAE, XIATnL, AL,
A5, FIARAUR ARLA B TR . KRR R, 2012,
36(1): 168-172]

Ding JY, Kang J, Xu JR. Nutritional composition of analysis and
evaluation of Procambarus clarkii. Fisheries Science and
Technology Information, 2010, 37(6): 298301 [T &3k, ki
B, tridoR. O IRIEEIFINLA B IR T S Y. K
BHEIE ], 2010, 37(6): 298-301]

Dong CH, Wang J. Immunostimulatory effects of dietary
fructooligosaccharides on red swamp crayfish, Procambarus
clarkii (Girard). Aquaculture Research, 2013, 44(9): 14161424

Li Q, Xie LL, Lin YC, et al. Dietary phosphotus requirement of
juvenile red swamp crayfish, Procambarus clarkii. Journal
of Huazhong Agriculture University, 2013, 32(2): 109-115
[ZFoR, BFPES, MRARZ, 2. oo [RJSEZIRX R P B
SR el K2E2EdR, 2013, 32(2): 109-115]

Liu F, Li XK, Liu YY, €t al. Effect of starvation on amino acids
and fatty acids of juvenile Larimichthys crocea. Progress in
Fishery Sciences, 2018, 39(5): 58-65 [XII&, B /NEE, XIBH
BH, S5, DU R B #h 4)y fi JJLPA) Hh 22 S R 17 R 2 AL
RSN, LR HERE, 2018, 39(5): 58-65]

Liu H, Cui J, Yan J, et al. Cloning and relative quantification
analysis of expression of the partial vitellogenin receptor
cDNA/mRNA of the crayfish Procambarus clarkii. Progress
in Fishery Sciences, 2014, 35(6): 83—-89 [XI4L, #E1&, B,
8. SEIRIEESIRON B PRS2 /K cDNA B/ 7 41 Y ve b
Lt mRNA AR E R, L RH7E R, 2014, 35(6):
83-89]

Liu P, Zhou YQ, Zang LJ. Investigation of heavy metal
contamination in four kinds of fishes from the different
farmer markets in Beijing. Environmental Science, 2011,
32(7): 20622068 [XIF, JE#4T, M. LRk ETTE
4 M SR N E RIS A, RERE, 2011, 32(7):
2062-2068]

Pellet PL, Yong VR. Nutritional evaluation of protein food.
Tokyo: United National University Publishing Company,
1980, 26-29

Shu XY. The industry development and key technology of
Procambarus clarkii in Hubei Province. Fisheries Advance
Magazine, 2014, 5: 93-96 [#F# 0. LA /NEIRF= L A&
JB R ERFOR. KRR AR, 2014, 5: 93-96]

Tang L, Yang JJ, Lin YH, et al. Analysis on flesh nutrient
component of freshwater crayfish Procambarus clarkii
farmed in ricefield in Guizhou province. Hebei Fisheries,
2018, 297(9): 19-23, 49 [JHEL, MK 7, Mffazr, 5. M
e FH R0 e RIS MRALIA 3 37 3 o3 # . Tl 2018,
297(9): 19-23, 49]

Tian J, Xu QQ, Tian L, et al. The muscle composition analysis
and flesh quality of Procambarus clarkii in the Dongting
Lake. Acta Hydrobiologica Sinica, 2017, 41(4): 870-877
(R, FI50E, B2, 5. e 5o IR A R LA o343
B K db BOREPE AT, KA A 2R3, 2017, 41(4): 870-877]

Wang F, Wang XL. Principles and techniques of food nutrition
and health care. Beijing: China Light Industry Press, 1996,
23-24 [EiL, ERfe. BMEFRREEESEAR. Jiat
HEER Tk MU, 1996, 23-24]

Wang SC. The biological and ecological cultivation mode of
Procambarus clarkia. Freshwater Fisheries, 2003, 33(4):
59-61 [EMTE. 5o REIFALEY A S IRAR. R
7Kl 2003, 33(4): 59-61]

Wu ZX, Chen XX, Xiong CX, et al. Analysis of nutrient
compositions for Cherax quadricarinatus. Hubei Agricultural
Sciences, 1995, 29(4): 59-62 [R&HT, Mistks, fefe=,
S RO £1 S B SR o . R AR R
1995, 29(4): 59-62]

Xu WN, Liu WB, Shen MF, et al. Effect of different dietary
protein and lipid level on growth performance, body
compodition and digestive enzymes activities of red swamp
crayfish Procambarus clarkii. Oceanologia et Limnologia
Sinica, 2011, 42(4): 521-529 [#RUEME, XISORK, HEF,
SRk O (R AR B T KT X B IR 5 B R
(Procambarus clarkii)AE & PERE . AR RN AL B LY
SR, RS, 2011, 42(4): 521-529]

Xu XH, Liu X, Yan BL, et al. Nutritional component analysis
and quality evaluation of Penaeus japonicus. Food Science,
2011, 32(13): 297-301 [VF2M, XU, Eie, . HA
Xof MR LA 35 1o o3 T 5 B, B AR, 2011,
32(13): 297-301]

Yao GM, Li XZ. Determination of nutritional composition of
Macrobrachium rosenbergii. Fisheries Science and Technology
Information, 1981(4): 23 [BWRIE, ZEFHL. P IWRINE TR
AR HGIE . K RHE R, 1981(4): 23]

Yi RK, Hu HG, Wang SH, et al. Analysis and estimate on
nutritional components in muscle of Procambraus clarkii in
Poyang Lake. Journal of Nanchang University (Science
Edition), 2013, 37(3): 255-258 [ZEald, #J, T it,
S5 RBHI v QB AR LA S IR e A SR B
FERAR (FERHIR), 2013, 37(3): 255-258]

Zhang CY, Li L, Li CF, et al. Biochemistry. Beijing: People's



%2 Ji G4 b E IR FH IR FEARE AT s R SRS R UL P 0T 77 123 Pe A 169

Medical Publishing House, 1988, 305-561 [3k 27, 25, reactivity of crayfish, Procambarus clarkii. Journal of the
ZEET, % AWt s ARDA B, 1988, World Aquaculture Society, 2010, 41(s2): 284-290
305-561 Zhuang P, Song C, Zhang LZ. Comparison of nutritive components

Zhou J, Song DJ. Advance in lysine nutrition. Feed Research, of Exopalaemon annandalel and Macrobrachium nipponensis
2006, 27(8): 48-50 [JEY, RAZE. BEIREFEM IR, collected from the Yangtze Estuary. Acta Zoologica Sinica,
TARHIFSE, 2006, 27(8): 48-50] 2008, 54(5): 822-829 [JEF, Kifl, BhE. KITHO%K

Zhu F, Quan HZ, Du HH, et al. Effect of dietary chitosan and HEF S HATEERE FR o e, shi2#dRk, 2008, 54(5):
chitin supplementation on the survival and immune 822-829]

1 B

Comparison of Nutrient Componentsin Muscles and Hepatopancr eas of
Pond- and Paddy Field-Cultured Procambarus clarkii

ZHOU Jian, ZHAO Zhongmeng, HUANG Zhipeng, ZHAO Han, LI Qiang,
ZHANG Lu, KE Hongyu, SU Xutao, XIAO Yu, DU Jun"
(Fisheries Ingtitute, Schuan Academy of Agricultural Sciences, Chengdu 611730)

Abstract To evaluate the quality characteristics of red swamp crayfish, Procambarus clarkii, crayfish
from pond and paddy field cultures were used to compare the muscle, amino acid, and fatty acid
compositions between the two culture models. The results showed that there was no significant difference
in crude protein and crude fat between the two culture models (P>0.05). The muscle moisture content of
crayfish in the pond culture was significantly higher than that in the paddy field culture (P>0.05), while
the total ash content was significantly lower than that in the paddy field culture (P<0.05). Seventeen
amino acids, including seven essential amino acids and four flavor amino acids, were detected in the
muscle and hepatopancreas of the crayfish in the two culture models. There was no significant difference
in the muscle Wgaa/Wraa values between the two culture models (P>0.05), while the hepatopancreatine
Weaa/Wraa values in the pond culture model were significantly higher than those in the paddy field
model (P<0.05). According to the amino acid and chemistry score, the first limiting amino acids in the
muscle and hepatopancreas were sulfur-containing amino acid (methionine and cysteine), while the
second limiting amino acid in the muscle was valine and that in the hepatopancreas was leucine. In
addition, 20 and 24 fatty acids were detected in the muscle and hepatopancreas of crayfish, respectively.
Palmitic acid (C16:0) was the highest saturated fatty acid in the muscle and hepatopancreas, and oleic acid
(C18:1n9c) was the highest monounsaturated fatty acid. The muscle and hepatopancreas of crayfish in the
pond and paddy field models have higher edible and nutritional values.

Key words Procambar us clarkii; Pond; Paddy-field; Nutritive value; Comparative analysis
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B K 22.66%F1 21.27%, trEMFRER AT, ARXEH, SEAREEIEL, fFENREER
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BRER, RAERPw W as, BA 8 may stk .
T SR | TR AN HOBR AR VR, Hp A A
S R o ELAE AP S L A T A L PR IR
Jok K S 2 FREARR AL 1t A A0 000 0% 25 PR g D28 W]
Vi LRI A 9 R B B R JRORE, Mk 1L A
. BT B TE R RS (IR, 2018, 5L AR,
2008).

Har, X7 R 0 EE IR X, H
TSRS PR B A5 A TR] , ity 758 X 3 9 28 A 4
Vi) 4 2 LA 5 5 7 VA P 22 S (BUAB G 5, 2015), F
FKHE IR AL 5 2R S0 B R o SR I T R TR I A Y
BRI, WA G IR TR QI 24F, W& 7%
PRI K, BB Tl R A O 8%
2, 1996; H13%, 2009), FEMBA B IFHEAMT , IR
AN, T s EAE, AR EN, B
B IR 2 BB . fh R . AR BB . FRAE IR A
T o7 R & E 5 (Hwang et al, 2014; Boakye
et al, 2018), i £E [ — R BUAS [R) 37 8 7 2 g 45 %)
TREATY 078 35 A0 72 A S W M N T 48 VR TE R R DA,
FINVEWEH SR A R JEAE b, B T I R
AR S HR, BUS T B MU (5 o 55,
2019), M 5T 78 141 1 490 57 FEAR =X RbR o Ak 57 i 5
KX, SAFRFEAEGEEERY R GEES, B
TEFE— S IE RITE bR ALy SRR AR B,
T FR 5 1 R I 2 A

1 HRS
11 SHEEHERIE

ST SR F AR AL TEAH IR X AL SR A i X
2 ANl XA T SR VS R A0 AR B SRR IR, AHEE
25 50 mo PRifEfLFRIARI A S G FREA A, 3
KTHMEEE | PR R /ANIE R4 A, b T R4
FEBR gy o B S R AR ATy 4 D (R AR AR, X et
ZB0I R e o o A R AR 0 Y 1) 2 R R AR A
G358 7 ) 62.9%(Fr 5 HESE, 2019) 2 AN X AT
Je RIS A 2017 4F 12 A, F 2018 4 5 AUk,
TR FE 4 H 7 AR o A 58 BEALAE WSO 1 gy
A 10 A, BEUEH MBARERTE 1, .
| 3 BESEEBRES T 500~600 g 1 A RE S HEAT 0 HT .
Horp, bR A IR AR A O T B RS R (1791+481) g,
1558 7 FA AR AT O HEA% R (1511+£405) g.

12 HRLEBESEZFHSNE

TET0°C AT T, il e AR 80X J: 4 (DHG-
9240A, _LifEFf i AR A ME T AR, A ROF

Fra T, TSR, FEARES F A A o 5 o
Horpr, WA PR S S R, MR D e
GB/T5009.6-2003 H i J7 6l & 5 24 2R % GB/
T5009.124-2016 1 4 77 32 ffi Al 20 5E /R A 30 43 B 41X
(L8900, HITACHI, H )il ; Jig i i fdi H g i i o3
Fr X (QP2010plus, SHIMADZU, H74)$% GB/5009.
168—2016H (1 77 A 7 5 A ) 5 o0 2 A FH it I o't
1Y (AASO0, Perkin-Elmer, 3 [E)i5E ; #8350 & &%
FHTE TR E5 100 5 5 1T AR T B A A vl s M i
e R B QBRI b vk ) I o

1.3 HELE

FASBURE R0 SPSS 22.0 Si 40 b 443 #r 4k
B, SRS AEA tKG K HL B 2 A IR AEAR SR A )
— BB SRR . EIEIRAL AL . JRTFRALAL . B R OT
RO, AR S R S, L P<0.05 1F
h#E 5B E K

2 #R

21 —BREFRS

2 ARG R I 0 — O IR R 1. bR
WEAC SR TR AL 197K 43 | 38 SRR 43 1 s e T
LG gt =0y, (AJE W22 55 R & fEng Ik
Fieg A, (A0 M2 7 (P>0.05), #r
HEAL TR A AR AT i AT PRI 1 A & s TR 4
IR (P<0.05).

x1 2MHFERATEEN—REFKS
Tab.1 Nutrient compositions of kelp under standardized and
traditional long-line aquaculture mode

A BRI (kg
Nutrient Standardized Traditional
7K 43 Moisture (%) 88.32+2.10 88.06+1.58
it Protein (%) 6.88+0.33 6.88+0.33
A 0.74+0.20° 0.41+0.14°
Soluble protein (g/L)
fig i Lipid (%) 0.88+0.25 1.00£0.12
JK53 Ash (%) 48.15+1.19 45.30+1.56

T R Rl A7 A AN [F) 5B AR08 s A B 2 ) 22
593 (P<0.05), &M

Note: Data in the same row with different superscript
letters are significantly different from each other (P<0.05),
the same as below

22 SEBAR
M2 W LIEH, BRIERR LIS, brifEfb FRaE
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ST 1 T ZIE TR 1 - 34 1 1 3 8 A% e 3R FH AR £ 3 2MHFEERTIEHHAEHERER
g o, PERR . 2SR A B 8 Fh Tab.3 Contents of fatty acids in kelp under standardized and

ﬁ%%ﬁ%ﬁ%ﬁ?%%%ﬁ&ﬁm«mﬂoﬁmw
x@,rﬁw#ﬁﬁﬁﬁ%%

SRR 1.75%F 1.27%,
W@%%ﬁﬁﬁ?;=m%%£%ﬁ%M¥ﬁﬁﬁw

IR, RARE
FRPAAL T A A

o TG

®2 2MFERA T EHREEERER

Tab.2 Composition of amino acids in kelp under standardized

and traditional long-line aquaculture modes (%)

HHER FrEAL 25 (CE R
Amino acids Standardized Traditional
WER Ala* 0.63+0.10° 0.51+0.06"
2R Ser 0.28+0.05" 0.24+0.04°
SRR Leu 0.39+0.06 0.34+0.06
KW Asn*  0.97+0.24° 0.75+0.16"
REAEmR e 0.22+0.04° 0.18+0.04°
HEM Gly*  0.34£0.05° 0.28+0.05"
KA Arg 0.22+0.04° 0.18+0.04°
A His 0.11£0.02 0.09+0.02
HAR Val 0.36:£0.04 0.34+0.04
B Thr 0.37+0.05° 0.30+0.04°
KNER Phe* 0.27+0.03 0.24+0.03
HiRZf Met 0.15+0.02 0.14+0.02
BHER Glu* 1.75+0.61 1.27+0.43
AR Lys 0.27+0.04 0.34+0.35
% Pro 0.26+0.08° 0.13+0.05"
fit R Tyr* 0.22+0.02 0.20+0.02

traditional long-line aquaculture modes (%)

e LIRS
Fatty acids Standardized Traditional
C14:0 0.100+0.010 0.090+0.010
C15:0 0.002+0.000 0.002+0.000
C16:0 0.170+0.020 0.170+0.020
C18:0 0.020+0.010 0.030+0.010
C20:0 0.003+0.000 0.003+0.000
R IR A 0.370+0.036 0.330+0.120

Saturated fatty acids
Cl6:1 0.020+0.010 0.020+0.000
C18:1 0.160+0.020 0.160+0.020
C18:2 0.060+0.020 0.06+0.010

C18:3 0.030+0.040° 0.020+0.010°
C18:1n9 0.150+0.020 0.160+0.020
C20:3 0.003+0.002 0.005+0.003
EPA 0.030+0.010 0.030+0.010
C22:1 0.020+0.000 0.020+0.000
C23:0 0.070+0.010 0.080+0.010
AR D 0.310+0.038 0.330+0.048

Unsaturated fatty acids

x4 2MFEBRATEFNTYRTRESE

Tab.4 Contents of mineral element in kelp under

T * PR BEIRE AR

standardized and traditional long-line aquaculture modes (%)

Note: *: Flavor amino acid

2.3 RERRERLA R

2 FhRBIAR X VT 1 45 TR I R & 8 A/,
Br C18:3 4k, Wiy i L ALRR MR HE ARy o o 5 22 7
(P>0.05) AnifE Al R A AR 20T W4T 1 10 ARG i 1R SF- 15
TR AL G IR, N AR B IR - 4 B
RFAEG A, (B0 W2 22 5 (P>0.05)(3 3).

24 WHIRITE

2 IR NI T Y RS R e R
(P>0.05). Bk Fe. Ca Fll P Z4h, ﬁ@%ﬁ@ﬁt@
WY Zn, Mg, Na fil K 4 Fhi 4 50 K A0 25 B4R
W= TR AL 2, (HTC 2 7 22 5 (P>0.05)
(#4.

JLE FrEfb e (EER
Elements Standardized Traditional
Bt Zn 0.0008+0.0003 0.0007+0.0001
£ Mg 0.56+0.13 0.54+0.04
Bk Fe 0.03+0.02 0.03+0.01
£ Na 2.62+0.33 2.47+0.24
B K 13.73+£2.87 11.96+2.13
£5 Ca 0.66+0.08 0.66+0.05
78 0.13+0.01 0.15+0.05
e R 2 PR O TRl 48 AR 0 B0l I 8 M 2% 5
(P>0.05)

Note: There is no significant difference in the same
parameter of the two long-line aquaculture modes (P>0.05)

25 FARAUBEREBERHESE

PRt 2 A T T IE MR A N
0.89%, HWAL%FAE A AY0.59%1550.85%, H#ERF
3 (P<0.05), 8 0E & A G R A 5 6.54%,
{H2FIAR 20 TC . 35 22 57 (P>0.05)(385)
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x5 2MFAERATEHAAMENEERNESE
Tab.5 Contents of soluble sugar and sodium alginate
in kelp under standardized and traditional long-line
aquaculture modes (%)

Fabr FrifE L IR0 1B 5 348
Parameters Standardized Traditional
RTINS Soluble sugar 0.89+0.33° 0.59+0.16°
B Sodium alginate  22.66+3.89 21.27+4.15

3 iTie

3 I 0 vy 7 o S A R, A X R A 2 R
S HAAEEZR L, EAMUREZENES, Wi
ZN . MR H RE RS R =R, B, %
T A E SRR IRE R 2, BB AFE(2011)%)
VA AN ) AR R B A 35 R W 64T T RS, R
RO 0 H R | A P RS & g T s e &
HEQOI)LIEE 1 S M 4, XHAER
) YR ) 3 3R A EAT T ST, R IR — & A e A )
I E SR S AR R E S RILLH % (2005) %
LR 7 8 R T 8 T e P 9 7 35 5% B R A T F
g8, R PO L BURE B B R T
T T, T TR SRR A R e R 0 P %) 5 o D i
INFE BT . BRILZ AN, A E R R,
(Black, 1948; Adams et al, 2011). & Fh(F Rsoh4,
1998) . fi RCAEEHTSE, 2001), HEMRERES,
1993) 2 S 4 2 5 Mgy B SR M I EE I, Rl
RAEAFME, mTAKRRSERE . LIS RS
FARF S FBOEW aAEES . Wik, A KR
25 5P NPT 2R 1 B TR OO R

RAERBE S5 — B0 [ — 8, SR FHAS [ 1) % 5
LA, 2 XA 7 it R 3 SR A0 7 A S, XA DA
BT P i ILHRGE o ASBIFIE B, AR A SR A AR = mT
DI mEfga A . nAEER O ERR . AR
iR . Tl TR R AL P AR IR A i, U]
DA i 2 SE TR R IR R 1) 7 o 1X R B AR ME AL 3R B A
2R 77 i B IR (AN S T AL B R A
XF Lt 2 i R AR AR X B B IR B AR AR A, BR AL IR A A
T AT Lo AL B % SRR U 3 70 A 1) O ORI o v
(R K 5S4 BE o Ol HRBIR A JE R A5 G R i AR 2
A R, VT BT AL K 2 B O A B AR /D i
8000 Ix; fEHEFRIHB LI P i 4018, PRI T8 Rk
BT, X 2 N B R R BRI T A5 48 77 s p X it
AR (B SR, 2019), M 30 R LB A,
PRI, R SR 50 I X0 R PR 45 25 S5 W DASE i Vgl A 4

FVE IR LT A1, W DX B PR 8 28 f A A5 2 52 1) il
AR RS SRR R R

ARWFFEFE B, R AL F5 5 0 TR 5 5 o0 % i
T b A G SR = . REDEZ 0. 48
R H 8 T S 1) = A 7 [ CRIER AR, 2016; XU 7
2,2007), ENE B EZRR, W PSR &
Tl AE = B LE R AR R BN, ik
FREARIECT , BN R AT 3440 B & i LU AL S AR
P 6.54%, Q5 LTk 07 I 5 1 e 3 g 7= b B A
PEAFTH R (MBS S, 2011), #8 6 I &5 i A R T T DA™
AR BN B AR, BRAEALFRTEAR T WA (1Y)
AT PERE CELAE S . SEWE AN 220 & i LU A5 Go R A
X F 50.85%, FHoBE AR & A5 DL i (7 5o 4%,
2019), $&F¢ TR 2 0E4R BUSUREA RN A
XF FRFE A MY U, A v AL SR TR A 2 PT DA i A 7
mi BT, DA AR R AR R AR (5 SRESE, 2019)5 XN T
AR, B TR i T sURE, 7 R B T
TG, AT LIRS S A e 0 T, RIE R
TP R R (TR, 1986; MIAEZEZE, 2011); XY
B AL, T LA 5 A It = i v AR A a1 Ak
WL ORI SR A4 RS, T 2 RS AR
L, ArifEf SRR R S 2, AT DA = 7
din I, [RIASE, AT LA N 2R B R A AR A AR (1,
2010; FEJATHEE, 2013), fRALFRAALEHS, etk FRaE 7
RS IR B AR T R ST 1]

4 Zig

AR, TER— e, A RFRFER T 1Y
B SR A 22 S o AR FE A S A
FRER, MBI R o A SR TR bR AL
FrpE A SRR, BESR Al 19 B O ELAN Tl A
fE, A=A B R S
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A Comparison of Nutrientsin Kelp Cultured in Standardized and Traditional

Long-Line Modesin Sanggou Bay

FANG Jinghui', HE Wei'?, MAO Yuze', FANG Jianguang', JIANG Zengjie'”,

GAO Yaping', LIN Fan', DU Meirong', LIANG Bo'*

(1. Yellow Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Laboratory for Marine Fisheries Science and
Food Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao);
Qingdao 266071; 2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306)

Abstract The primary nutrients in kelp (Saccharina japonica) products cultivated under standardized
and traditional long-line modes in the waters of Sanggou Bay, Shandong Province, were analyzed and
compared. The results showed there was no significant difference in the moisture content of the kelp
produced by the two methods, and in both cases, the moisture content was higher than 88%. The
cultivation method did not significantly affect the total protein content of the kelp, but the soluble protein
level was significantly different between the two methods. The fat content was low in all the kelp samples,
and the difference between the products of the two cultivation methods was not significant. The essential
amino acid content (except lysine) of kelp from the standardized cultivation method was higher than that
from the traditional method. The amino acids responsible for flavor were higher in kelp produced by the
standardized method than in kelp produced by traditional cultivation. Glutamic acid content in kelp from
standardized production was high (1.75%) in comparison to other amino acids (1.27%). The fatty acid
content of kelp from both cultivation modes was lower than 1%. The average levels of zinc, magnesium,
sodium, and potassium in kelp from standardized cultivation were higher than traditionally produced kelp.
Additionally, the soluble sugar content of kelp from standardized cultivation was significantly higher than
that from traditional cultivation. The alginate content was 22.66% and 21.27% in the standardized
cultivation and traditional cultivation modes, respectively. The results showed that the protein, amino acid,
fatty acid, mineral elements, soluble sugar, and alginate contents in kelp produced by standardized
cultivation were all higher than in kelp grown the traditional way. Therefore, the nutrient value and quality
of kelp products were significantly better, when produced by standardized cultivation. The value of kelp
products for food and industrial raw materials was also higher. Therefore, the standardized kelp cultivation
method in Sanggou Bay has significant advantages.

Key words Standardized cultivation; Traditional cultivation; Saccharina japonica; Nutrients

D Corresponding author: JIANG Zengjie, E-mail: jiangzj@ysfri.ac.cn



B42% 2 Wl B o% U R Vol.42, No.2
2021 % 4 A PROGRESS IN FISHERY SCIENCES Apr., 2021
DOI: 10.19663/.1ssn2095-9869.20200108001 http://www.yykxjz.cn/

W, ZEICTE, TR, KETY, SRR, R NS VRV 0 R A A AR, ol B TR, 2021, 42(2): 176-183
Li Z, Li WT, Yang XL, Zhang YH, Zhang PD. Distribution and ecological characteristics of seagrass in Shuangdao Bay, Weihai.

Progress in Fishery Sciences, 2021, 42(2): 176-183

BiENBEENEESHREESHE

F R FXE Bk

ChEWERY: WKFRHPE T EALRE HE

wom AR

266003)

*

WE 2016 4 8 A, IFALHMT LKL BET R B e ERIR R E S, &
AT AR Y 442,19 hm® i E IR, A2k 88 % (Zostera marina) F1 41 4F 4 AT 7 # (Phyllospadix
iwatensis) 2 . 8 ¥ 0y A H AR 4 A 434.46 hm®, 5 B E AR 98.3%, FE A AN 8 IE FEH AN
R 5, H T B S F A 4B 4 5 h(174.249.2) shoots/m” #1(337.7+17.5) g DW/m’, #1474
HHEW QA ERA AR 7.73hm?, &R ERE 1.7%, FELAAENEEE O AN FEF A 3 km W
HREAEERKK, EWHBWEROA, T HEMATE AL E 57 4 (889.1£17.1) shoots/m” Fu
(605.918.1) g DW/m*. W & & i 2R T AKE 494 1.6 m, 83 2 R i WA, PR FR 249 4
(4.3£0.2) mm, ABEEXYW, REYBEFEER T ERGT LMK, BERAFFHELEAXES
W ERM, BT HRPREGEEERNE L, AR EEERIAEFRE-EEFET,

Kigia

hESES Q948.8  EAFRIRED A

Vi % — 28 4 A T A BB A A i T I ) e A
KAFEY) (Duarte, 1991), FEZHPERAL, HAT, 4
BRYGFH NS A B 74 B (/AR 2018), HEFhEZ
T K S5 P 98 A S b BR AE W P B i PR I A S AR
4522 —(Duarte et al, 1999), &L MK A4 sh W) 8 2 )
FEOR% . B 435 A B (Costanza et al, 1997; Short
etal, 2011a), #RIM, 7£ AR AT 3 i W 52
Wi T, 5590 B P9 R e 1/3 996 B PR B 2871 2K (Waycott
et al, 2009; Short et al, 2011b), LLIZRA BRI T 4
IRAEEGH R IR R E T 90% (FRREAE, 2013),
Bifi 4 T R AR S I R B IME AN T R i, 45 T T s
AHAE ST T 4Rl DX S PR v T ST TR, U R R
PRI FVE A5 A 9T IE BN AR BB TAE R A5
(van Katwijk et al, 2009, 2016; Statton et al, 2013). Ifij

WBER; BEME;, pAEAR; EARME XEE
XEHE 2095-9869(2021)02-0176-08

S L B ANRRYH A LE , 3 [ X i w5 PR A 7F 52
T3 Rt , L 2R 2 85 8 g Bl ) 98 R PR 93 A1 B AR 85
RO R A FERIECAE , ™ FR R 70 1 B BT B A
IR SR TAERRA IR . i, fE#T 2016 4F
8 S LU ZR A BT LI 5 AT 98 i BT R S R BRI

AR AL TS, DU R i PR AR 28 R GE B 52 A B
PRGN o

1 AEFE
11 BEGESEESE

XL (37°27'N . 121°58' B T+ 1L 4 2 i A& b
W, WisACEEwE, PENTRE, A2 18.70 km?,
P T 32 2V A RTAT 18 5 AF ph AR, SLS VBT B T Il kR
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BT =AU R AR MR 3, MER LA A R R
S IE, 75 oA JE A R A A (Ruditapes philippinarum)
B X (E %4, 2012),

2016 4 5 M, dEak B WA RGE DT, B E
XL VB TR SR AE AR B R TR TR K . [RI4E 8 A, ddat
PRI BT T AT 15, 25 WU Y5 Vg 38 4% o B T BT R 7K S
G ELIR IR BERRAF S B0 A= 4 2 1, X o] BB T R
GYA I R B A T A B A . BRI AR 31.60 km?,
g 32 DA WI, B AUSIE S R

FUZR MR, AT A Wi AT R 30 m (B 1),
FER T BB AT A2, FERAR L MO0 T ik
IK B FRK T BRI T K30 I8 5 1%, DU S e
B R AR BRI | A3 A R B R DR B AU ) b S5 A
TiE o FE I RO 35 >S5 % A IX S Bt . 49 05 S O B
BHZA GPS ENLL, FIMPLIE A E RS X 48
PR RO o 7 I — 2 XA R R e SR A
I 5% N AT HT e, X 5 A AR BR EA T RS 23 0] 3
(=D M B SO TR BTG 7 IR RN W FRTET S0

N N
A {37032
4 37°30'
N
37°30' | e
N, B B W . > o
N IF ~ *’r/é;‘;il';:?fi‘, s .
11ZR48 Shandong Provinckéf "; jl 37°28
LT 8
B
37°00" | & 32
o 0¥ =
' m
4 37°26'
36°30' = : :
122°00’ 122°30'E
0 1 2 4 km & 451 Legend
e e T JEAE WAl Survey section 437°24'
I il 1 1
121°56' 121°58’ 122°00 122°20'E
1 R VR A DX I v A o
Fig.1 Section layout map of Shuangdao Bay survey area
12 BEEMKEE. ESEHLESEMERE

TE R B TE 5 R N BE ML BB 3~5 S RBEub iz, Al
Ji125 cm x 25 cm BIHUEHEBEA TR AR, ol R4
3AEEMTT, R IBUREHE N BT 7 55 b A #R23
SERBUL , ECHVEUES B TR AR, KRR AR O
G S0 R (AR H I 4 AR A5 (5 RO 5 IR AR
Fraf Il Se a0 s o A5 S IUBTRI SRR ke AL, 00
it SRR 15 2SN 1 8 G S RAR 7 S W S W
Mrifg RERRE o GET AR RO, 1030 (o7 T AU PR 2
TE I HE ] A DX SRR AR ot BEALIEER 30 BRoE BT
FOABLIR , R T B 5 e VD v gk T e AT
A o A IS A RO RRTE 65 CIE R A% 1F
TR, AT AR R A A ) AT A

BERAXBXEAMIEFRAE

TEA KRN, 38 F SM-5A M¥E{Y (Speedteach,
DM KGR, 2755 1Y H Al =R E L RKIR
H 1 YSI 650 Z2 S H0K BT W A8 (S 1 ) M 00 380 A5 14 35
FKE . WAL, ERBERNERAKEE . i SD20 i B B
FE A T R A PR 2w )il da 7K 44032 I 2
FAEVURYY, RS8R ATk 45 & S IR SCHOG R
{¥ (Malvern Instruments Ltd., & [E) i E DI R
FERRE ., R MR LS.

14 HIEKLESSHR

iz ArcGIS10.2 J Ak 53X I3 V5 e I 12 43 A7 1]
LR AR L 1B SPSS18.0 B4 X i # R 56
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2 R 42 4%

HEAEE N RN R A8 AT TAIR  fliA S it
FIEAPR 277 2% /0 M1 (One-way ANOVA) ., SE6 554 % J11°F-
PIEAPRHERZE (Mean+=SE) R, 1 E PR P=0.05,

2 #R

21 BEME

AR A 38 M R 25 2 A ML 8] 7 vk 6 o
A IR TR R T RN A o SR W, R T AR
oA A 2RI R, 5300 Ry 68 BB (Zosteraceae) . 85T
J& (Zoster a) [t i #.(Z. marina) ([ 2) Fiis & RHRE 518
(Phyllospadix) i 21 £ 4 KR E 5 (P. iwatensis) (1¥13).

2 e SR AR B G A i
Fig.2 External morphological characters of
Z. marina and its transection of leaf

100 pm

B 3 LLLFLE R TR S AR A AR B i ik i
Fig.3 External morphological characters of
P. iwatensis and its transection of leaf

22 HHmER

TR PR AT MR AN 442,19 hm?([&] 4), 8B 8E
XU T8 I F AL 3R, A3 A TRl 434.46 hm®, (5
ALY 98.3%, EZL43A T XU 7 ER A M K i 2t
d, WS AR A TE AN 34.26 hm?, XUSTE
HR R AN F14) 98 43 A T AR 400.20 hm?, 7511 1~3 m
K DX TS A AT, TS i e B BEROIR B 28 AL 4y
A, B VS PG PR A2 7K 2 34 R A RROR T B B 1 v
K PRI AT o LT LT YA Y 5 R B A TS VBT
AR B2 0] 7R 2 3 km A3 R AR OK X, 0 A AR
Uh 773 hm?, HETE 1.7%. Hd, 3040
ST LT YR MR B A A3 A T AR 20N 3.65 hm?, T A JE i
SE/NBEHCIR AR 5 0 TR AR K X 4 A AR 2
7 4.08 hm®, L MEESEE RN .

NI N

37°30' - A a
/

¥ 43 Eastern bwou

5 I1 Bay mouth 2 \C -

e

\7

37°27" L

2 P
Z . //

- \\
\>V~]7§ Innerrbay \

FUEs NG
{ EI#] Legend
= ST Aquaculture pond
—— 1 Bridge
|| V&% Shoal
0 1 2 km E SBELEPR Z. marine bed
1 AYEIME EER P. iwatensis bed

121°57 122°00' E
P 4 LI T2 90 5 PR 1) i B A

Fig.4 Geographical distribution of seagrass beds
in Shuangdao Bay

23 BEMNEE. EMESHSFEHE

231 % XL 5% VA 96 358 0088 %) ST S5 WAL AR 2 R
(174.2+9.2) shoots/m*, HiH, FEIT T 171 14 8 51 5% B
K (218.7 shoots/m?), ¥4 sl #/N(138.7 shoots/m®),
88 B F S 24 2 W hE M (337.7£17.5) ¢ DW/m?, Hirr,
SIS VS A W i K (472.4 ¢ DW/m®) . NS
(132.2 g DW/m?),

AR 82 V5 H S T 1T A VS R A R it v 45 B AL

FHEL 30 #R6B R JEFTIE S E G 0. AR, X
5V b A M Y AN AR AR B TS M
(P<0.05). MR B P bk i s, LU AL B8 R
210 cm, HCVE PIBE R 24 20 om, SEERARRIE KL
RIS SF R AR A AU R 1o HER 3B
Ay, VBRI A 0 1.7 ecm, SEX A E AR
24 0.6 cm, FERKLH 16.7 cm,
232 LLFYITHE XS 5% VS YA 38 3 VS 1T P 41
2T Y MR 55 A A AR 25 2 (969.8  shoots/m?) KT 185 1 4
fill(738.7 shoots/m?) , *F-34 % i 4(889.1x17.1) shoots/m,
LT 27 Y MR B R -2 A M (605.9+18.1) ¢ DW/m?,
SEATTE OASE R W ie R (727.7421.3) ¢ DW/m?,
FR T O ZRMN[(525.3£15.8) g DW/m?] (P<0.05).

AR5 V5 A 0 R A R B T 21 2 AR R B
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6 BB 30 BRAEFTIGASF 500 BT, I3e 2 7T
1, XU 11 B AR LT 2P A MR B Bk . T
WK S AR KA 35 22 AN (P<0.05), JUb T A 24 bR

ZERANEEP>0.05), BMACKRE, TR R ppki
F#0M 3.4 leaves/shoot, E¥¥kE N 71.2 cm, “FE3nt
Fa A 0.2 cm, SEHHE] EAE N 0.4 cm, HREN 1.0 cm,

F1 WHITAREXIGBERSFER
Tab.l Morphological indices of Z. marina in different areas of Shuangdao Bay

2 LN | e e I RE FEAKL
Morphological index Bay mouth Central bay Inner bay Number of samples
I A % Number of leaves (leaves/shoot) 6.0+0.3" 6.7+£0.3° 5.840.3° 30
¥k Shoot height (cm) 152.7+7.4° 166.7+3.7° 154.4+3.6% 30
M #5K Leaf sheath length(cm) 37.9+1.6° 40.5+0.9° 38.8+1.3° 30
#4598 Leaf sheath width(cm) 1.1+0.0° 1.2+0.1° 1.1+0.0° 30
KK Maximum leaf length(cm) 114.8+6.1° 126.2+3.5° 115.6£4.2° 30
i KI5 Maximum leaf width(cm) 1.0+0.0? 1.1+0.0° 1.0+0.0° 30
¥4 Internode length(cm) 2.140.1° 1.7+0.1° 1.240.1°¢ 30
45 8] E42 Internode diameter(cm) 0.6+0.0° 0.7+0.0° 0.6+0.0° 30
i KR Maximum root length(cm) 17.1£0.4° 17.1£0.9* 15.7£0.5° 30
T ARTFRERIR 22 5 .3 (P<0.05), T
Note: Different letters indicated significant differences (P<0.05). The same as below
%2 WBBRE XL A S5 2T
Tab.2 Morphological indices of P. iwatensis in different areas of Shuangdao Bay
i 25 24 5 AR FEAH
Morphological index Bay mouth Eastern bay mouth Number of samples

M F %% Number of leaves (leaves/shoot) 3.4+0.3° 3.3+0.3° 30
¥k Shoot height (cm) 67.4+2.8° 75.0+2.3° 30
58 Leaf width (cm) 0.2+0.0* 0.24+0.0* 30
M#51 Leaf sheath length (cm) 10.3£0.5% 9.8+0.4° 30
n-%4 9% Leaf sheath width (cm) 0.2+0.0° 0.3£0.0° 30
4516 EL 4% Internode diameter (cm) 0.4+0.1° 0.4+0.1* 30
KK Root length (cm) 0.9+0.0° 1.10.0° 30
# H 4% Root diameter (cm) 0.1+0.0°* 0.1£0.0* 30

24 WBEEBERXIBXBERERTF

OB P55 10 Y Rl . PSS 0 A 8] A
P, 2 BEALAER 15 2 OCHE PR T X HEA 5 8580 23

AT LRI 3, N 3 AT IE Y, 300 X /K I
75 W B TS i AR B A7 AE B 25 5(P<0.05) . Kl .

ERBEAN pH 2R A K, FIMES R 28.7°C L 31.9
7.4, VAR BN, B8R DR T IRAE, P34 TR AR

®3 WHTHEERXEBHXBINEET

Tab.3 Key environmental factors in the seagrass bed area of Shuangdao Bay

. s - & 1 A N
SRHI T W i P BHAM R
. Eastern bay ~ Number of
Environmental factors Bay mouth Central bay Inner bay

mouth samples
7K Water depth (m) 1.8+0.3% 2.0£0.2° 1.2+0.1° 1.5+0.1° 15
#EWIFE Transparency (m) 0.9+0.1* 1.4£0.2° 0.9+0.1* 1.2+0.1° 15
7K Temperature ('C) 29.0+0.4* 29.0+0.3* 28.0+0.3° 28.9+0.6" 15
£hJE Salinity 31.6+0.2° 32.1+0.1° 32.1+0.1° 31.9+0.1° 15
W48 & & Dissolved oxygen (mg/L) 7.9£0.0° 7.7£0.0° 7.5+£0.0° 7.4£0.0° 15
R B pH 7.4+0.1° 7.540.1° 7.4+0.1 7.5+0.1° 15
JiE e Y > rh grpab kA1 5
Bottom sediment types Medium-fine sand Medium-fine sand Fine to medium sand Reef
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F1(4.3+0.2) mm, ZTEFESFHE N R AR TG L
3 itig
31 MERFEBENH. ESEHENEEXR

JE KRR DN 2 S B b 2 S Pk Y A
[F—YFPfE AR AL T T A& B — R
725 (Palacio-Lopez et al, 2015), ASiEA H, XU 75T
FL v TS R AR K L 32 I R RIS o
WA B E S SRRSO T A A2
SR EEREAE,

TR FKAAR 175 B 88 38 38 52 i o't JR T 53 i) 9
HIE 2524 FF A (Karydis, 2009), —MIEH T, [H—K
Wb, SGIEBE K TRIG I g ; eAh, K AE IH B
&, R AR D SR g N . AR, W
VS TR RIS AN (A KR | 375 B B I 2 TS R
ECIT 19 ol o Qe R R S EANES B4 A
2EAE bR B = T DRI (P<0.05) M 2R A

TURRA AL AR S 52 el YA 5 53 A7 e A ) 2 R i 1 XL
—H F[K 2 (Schanz et al, 2003), —BEH T, HIRTT
BRI AR R P8 B A IEAH GG R, DR R AR
N, RINZIX R K 3h 7% /M(Andral et al, 1999).
T R 38 33 3 N 7K B 7 A [R) ) IR 45 of 9 2D Fof 1) B b
Wiedr, T+ A BAEFRE I MTTIEF] FH % (Schanz et al,
2003), HEIEZMIEASSRRE . AT, WIS
AR B R i A, I S ad, W H AR
MEAREA T, S8R OE 2R

32 NEEBEEEREYE

XL V5 e Sl R P Y A PR 4174.2 shoots/m”,
BEMTFZE 5 (364.0 shoots/m?)(ZE it )R 4%,
2019)., SRR AR (1209.0 shoots/m?) . .yl HL
75 15, (688.0  shoots/m?) Fl %% i, K % ] (416.0  shoots/m?)
(Zhang et al, 2016) % 8 B pRAE AR % B . HE4liE, 201H:
A 8OFACLATT, AR B . 75 5 AR 5 S W 1 35
Pz Ay A R Rl i i e A8 B PR S 1 R ) A B
1500.0 g DW/m*(ZEfE25, 2006), 1 2% 825 $R 451 35
TS 41 R PR AR MRV 3377 ¢ DW/m?, £ 4R 4ENRIE
FF20114E95 81} 5 fG b (Short et al, 2011b), X} #8E
AR, MELATE S 1 AR 25 A5 4 47 (Shelton,
2010), APHEH, MGELA LI ENE R AT
A b, S48 4889.1 shoots/m?, K TRZETY
B S 2T LT AT R T BRI (3087.0 shoots/m?)
(EPLREE, 2019), WP RAREEEM,

AHIFGT I, X T VA dok 3 o FINZT 2 24 MR R A

LA B N AR i 2 A TR ARUKF B R T B = 0L
TS T T 7 PR 1) 1 S B3R, BCTIG  UE T 98 RE TR Y
TR B HEAT 2 ELVERR O PEAY o Tl I Xk B e A
FEARGE T, WA A U 5 1 e PR Ak T 0y ™ B )
BRBL o BEAN, XU 5 o W B, T e o S A AR
PRILHRAOXE AR R, — BV RE PR B ER , i 1 AR
N T HEAT RS R 5 TR o

33 WBEBEKEE IR

HR AR V8 A 5 90 B T 2 B, 0L 25 Vg el VA R
A BRIE 32 B IR . AilB A Tl K i 7™ 5
331 BE#ES. XL VS 2 JE T 2 4 ) T 5
HEFRAE X (2 AR AR, 2015), 38 1141 K T B A v DK L
P A B T SR A B T O S i B PR R R] P
Hewi S8 K FRAE S, BB R aE I, IRa
Xof Ui g A K BB 3 R R (B /N5, 2006)
BeAh, ol FH AR IR Y HLGZ 1 (Sargent et al,
1995; Dawes et al, 1997) , il 4 X A4k (Burdick et al,
1999; Neckles et al, 2005) ) e fef FH 27 g st i) Py 7™ &
VIRGESH R, S 806 R RN BEH AL A S0k Ak o
332 Tk HK s, A ISR A T
JH 10 K, Hih, ffRdeE) . a0 REE .
HLARER T4, HEH Y Tk K 2 HETS 1R AR T Al
L, P AL S SR A ST o KRS A RS
FH IS5 3R B R, DU TR KA 15 8 IR K-
XA HLE YA TR, 25 o, XU T i S K A 4k
T E G PRS2 45, 2008), KT KIS S
ity B — R AN R AL B, IR P i A
KR H B85 H T (Adams et al, 2017), /K44K 1
B E IR AR g 1 B T W R R S I o P R A T Tl TR
FEERE, X ifg B o At TR WA ) 7 Ak B R PEVE
B 2= 5 5 HYE T (Touchette, 2000; 78 R\ 5 %,
2020) . JRAKE P v TR R R JE ML LS 37 BRI 52 1 44
%, UNZT L7 YR IR B — B A 6 7 HPAROK 8 FR SR A b
W, TR & E SR KR R, R R A AR i A
SHEG| A AP R 3, JE 17 2 12 (Ramirez-
Garcia et al, 2002), Hk, K& EFISMEH A
BRI R AR, KERIAE RS & it — 2 i
FEXER I, $ECLAET (Han et al, 2016; Ruesink,
2016) F34b, PEHE B IS KAEAE = SR E S
IR (SR A 2014), VR I T 42 8 23
TNV B T 2R A R I A IS ) A P F AR TR
FRPEAROR, B8R fk(Ralph et al, 1998),

3.4 (RIFEIN
B Ko RIS V8 T PR T 2 B R 2R R G R, R
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DI, DS RO TRl A 3

(L™ A% ) L 5% V5 80 30 Al 1 ¥ 7K HE i [ B ™
RS HERCE K AL, DhekE K L.

(2)X6F XL VS T 3 0] 4 AN TR D RE DX, in s % 2 g
XA B o 255 AT A 45 SR> M SE PRAB 0, TR XL
BRI 3 A EEINREX (& 5): BFHHBIIX .
ORI X RNRE K FRAE X . Ho, 8585 X £ 20 T
DU B HOR AR AR, IR KSR A K IR, iR
W5 K MR, IS T IR KA R, A
117.32 hm®, BRI X e H R X, AR
105.21 hm®, % XU FEL 5, KRR LAY
ZHMR T, B2 NEIE MR, RIS
RCE R EEIR o R, 32 DX 7 A R i vl Al 55
THEAUIE AT o WK IR IX Z B AR e,
BEEFER, MIRET I, & T AR
B, EINREIX EEFLZ N 163.93 hm’,

N
37°30"f

37°27

0 1 2km N [ #4784 Breeding area
) | /> [ mwkRmMK Maricullture area
121°57 122°00' E

P s XL P59 S ) D R X 20 7 T
Fig.5 Schematic diagram of the distribution of different
functional areas in Shuangdao Bay

(3) % B BN WU PR & SR A FF AR 4, [ XL
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Distribution and Ecological Characteristics of Seagrass
in Shuangdao Bay, Weihai

LI Zheng, LI Wentao, YANG Xiaolong, ZHANG Yanhao, ZHANG PeidongiD
(Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003)

Abstract

The seagrass bed ecosystem is one of the most productive ecosystems on earth with

important ecological functions and ecological service values. In August 2016, the seagrass resources

and ecological characteristics were investigated and analyzed in Shuangdao Bay sea area of Weihai
city, Shandong Province. Seagrass beds of Zostera marina and Phyllospadix iwatensis covering
approximately 442.19 hm? were discovered. Z. marina was distributed over 434.46 hm®, which is
approximately 98.3% of the total seagrass area. These Z. marina plants mostly grow in the eastern
part of Shuangdao Bay and in the farming ponds of Sichopus japonicus. The average shoot density
and biomass of Z. marina were (174.2£9.2) shoots/m* and (337.7+17.5) g DW/m’, respectively. The
distribution area of P. iwatensis was 7.73 hm” and was approximately equivalent to 1.7% of the total

seagrass areca. These P. iwatensis plants mostly grow on rocky coasts and displayed an obvious band-like
distribution. The average shoot density and biomass of P. iwatensis were (889.1£17.1) shoots/m” and
(605.9+18.1) g DW/m?, respectively. The average water depth of seagrass beds was about 1.6 m and

the farming ponds growing Z. marina had a hard substrate with an average particle size of (4.3%

0.2) mm. The investigation showed that the seagrass habitats are being seriously threatened by human

activities, such as pollution discharge from the land, culling, and fishing. Suggestions for the

protection of the seagrass beds in Shuangdao Bay have been proposed to provide supplementary data

on China’s seagrass resources and their conservation.
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Bay

Seagrass bed; Seagrass species; Distribution area; Ecological characteristics; Shuangdao
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Fig.1 Production and degradation processes of amines in
marine environment (Carpenter et al, 2012; Mausz et al, 2019)
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HLRE ) e FE % 55 (Wang et al, 1990; Wang et al,
1994), Bil4n, 7EZ=E - DU 3 Foa HLIE T
e iE 2 A1) 35 26 umol/g (Fitzsimons et al, 2006).
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Advancementsin the Transport and Transfor mation
of Aminesin the Marine Environment

HU Qingjing'?, CUI Zhengguo'*, MENG He’, BAI Ying'?, SONG Ruohan'*,
LU Changkun"*, WANG Hongsheng', QU Keming'*"

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of
Marine Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao 266071; 2. Laboratory for Marine Fisheries Science and
Food Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao  266071;

3. Qingdao Eco-Environment Monitoring Center of Shandong Province, Qingdao 266003;

4. Department of Fishery Science, Tianjin Agricultural University, Tianjin - 300384)

Abstract In the atmosphere, amines play potentially important roles in climate change, which is a hot
spot of the current international research. The ocean is an important source of amines in the atmosphere;
however, the mechanism of the formation of amines in the environment has not been elucidated due to the
difficulty of detecting amines in seawater. This article outlines the concentration characteristics of amine
precursors in marine organisms and their impact on amines in the marine environment; summarizes the
concentration characteristics of amines in sediments, seawater, and the atmosphere; analyzes the
formation pathway of amines in marine atmospheric particles; and identifies the difficulties in the
detection of amines in seawater and the related problems that need urgent attention. This study provides
insights into the transport and transformation of amines in the marine environment and the resulting
climatic effects on the marine atmosphere.

Key words Amines; Marine organisms; Salinity; Formation pathways; Detection methods
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