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Harb, DA 2 5 HLR 08 A R R 4 o JICHE Rl
RELC T, FRPE R TR it 52 J6 7 i B A AR, PR
FET-H e H R0 Fa T o AR T v Ak e AL 4 )
FEHH PR A S S T P A SR R Y R IR AR T
2020 4 =] N B FRFE 77 OGO 20 07t (AR
k¥ U R AR, 2021) 7R R R R, AT
XF SR 7 AR T O 0GR, ZWE T E IR B £
Tb, B E b ) R AR S T B o T A ] AR
R A A IR, ol A P A A — T B
2021 4RI AR SR W B AN AR o 02 i DL 5% Ry <ifig
NB 2o, SHAWN THAREABRALCR., /it
PSR, B — B & VAT (Saccharina japonica) Fil
T WiS% (Gracilariopsis lemaneiformis)s /DU LA 2k
Al A, TR SR A B YR IR, X AT RE R R
v B 0 0T 25 S ) R BRI 2 — o SR, AN TR SR AR 2
X T vt B SR L ) 52 e /A 3 (R R 154, 2020)0

Wit & [ R AR VRO | W8 A8 52 A v A A IR
P R ARG AN, DA KGR S AR AR BTG A b S R B
B ALIRIEIG IR . AR E S S I N E AR 0k,
PR F75 497 3001 R A 0 45 B T SR A ) AR B T AR R AR
YRR, A 7 Ml oy B0 P 496 5 9 7 M 7 A R AR AL
BECAIM AR A5, 2021; WefhfB4E, 2021), HAT, EZKIE
KRR R, #ik 2020 4, WA L
THBMCEA 60 ZALIRALH E K Y FER T R
X, Horb, F0 O DU RN 2 A 2 R HE
TR, 30 A B HRE R0 77 b Y AR AL T AL R A B
Be(HAE, 2021; 22 5, 2019), MR, IRIEIFE
B 7 T A TG A, ARATS A A R A S B P P T R
PR TRD A, T 3 A — ) ) 3 28 i PR 22— H AT
AR TG IRLBE AN 2 o 38 4 230 2 B0 o A K TR
J10~22 C(REHEF, 2008), FEREHKF T, b4
g AR WAL, AR ESIRT 0 °C, XM
T, 2 AERAGRMNE, 555 KEstT. bk
FEAFQOITYIFFE A, ELL 2N 7 B A SR AR
TR AR AZ M (H IR X B A SR IR T 32 T R
1A= BRI F B ARG, T A UL JRCH% 57 78 %t
{0 VR IR T 52 P T 52 M ) A DG 08 o AR IR PR 25 T
B R B SR B R I 00 A9 TR AR B 0 L (G T F 9 fif)
ARAEAR IR W38 0 A B 0, 7 258 R R SR B i
FEAR A 5, 3 A PR S AR a0 T A 3 7 1Y)
fhbr. Liang SFQ02)MIRERM, E—ERERMAET,
ORERE ML R, WL, ATk
2 PSRRI A SR, IR AR AL R RIE
AR 32 68 1 19 25 5, IF LA A AS ) 53 A A5 5K
T, e AR A FALE DA R IR R

AR A B AR RS %
1 #REFE
1.1 SEIgHE

B ST 2021 4F 9 HHUA LA 56 iS85
Hu DX, 2 Fh R B AR i 6 Ay ) — A I 0 S 8 VS g 31
B 1 1 IRl —HE R B B3, ROk B < RKiE—5
FeAE I e AT . BURERT, 2 Fh R arAs X i) 6 53 J31)
07T 1 FR b IR MKHE IR . Hd, mdb
B2 1 SR8 A R A AR A VR NS MR SR R A, 7R SR TS Vg
B, IR R S EOIT R A0GE, KIR
FE 12~26 CZ (0] ; A& TR0 A — BV R 7 RIS ™
BRI DX, S PR 8 Sy 1 4R A K 1R A o 75
2% . fL A % (Ulva pertusa) Fil {5 R ) 3% (Bryopsis
corticulans)%:, JKIRAE—1~26 ‘CZla), HURERF, Rt
FIFEFEMERI P 58K (80.32+ 5.61) mm, F- 1) 420
HoN(64.52£12.57) g, AN 12.30+1.32; JEIEF
B AN 2455 K R (75.9145.84) mm, PR E R
(54.55+9.97) g, AEWGEE N 12.41x1.25, BRHUANE 525
filt BREAG 1% 1 HL /N — B0 A6 5 4 0 122 7 37 B fif
2 WA, BB AMREL R 60 cmx40 cmx30 cm
R IFARFERE SR 7 do Bl feh, PREsESRA,
BRI 1, SR 2 R, SZIOET 1 d (R,

S LI 2R B [ 51 DL 28l AR O AT T
KECE IARE R EAT, $hER 31.3£0.3, fliH
NBS FrEE A9 pH (pHxps) A 8.17+0.02, ZUTIE
WugfE & H .

1.2 EH*

121 LR B IRkl 2 AT 9 A iUk
J7 SR A AR I AR A T3 R o T, T
AR HIPEST 24 h YUERAL R, BEHLEER 2 ARt
M)A SRR 2 H, BRI RNLRAZUWER 1 4~
FEAREATE IR INE , K FE A 3 WA A S
o KRMES (R ML EEFE B K
ME ) (GB/T 5009.3-2016) 7 i) L1, 2R Bl
ESIR (BEMEEEZRME &P EARNIE )
(GB/T 5009.3-2016)H LA e Ak, SbE (LA a4
THE S (B MEEEZRME &R, 4
BE . OERE . Z2ENE . FLBERINAE ) (GB/T 5009.8-2016)
TR K -3 R AR TG, 2RI E S M (B f
GAREFERE B IR IE NGB/T 5009.124-
2016) o K43 il E 2 R i TR 43 B9 E W(GB/T
5009.4-2016), & 550 CrEilbdks, AU M &R
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3 A o T R 2 K 2 R AR & E A X
WHEAL, DESTENERER,
122 HAFEMNZ ik BH 2 (2005) A58 & B, 484X
S0 R S FOKIRN 10~22 °C, Y/KIEE T 26 C
ol T 0 CHFHEIAETS, 254 BURE R XK IR, K5
55 L) 24 C(FRKE)E X IE, BH 9 CHREVEN
SO L YA KB RR AT v K T B I A LR AR A
9°C, J—HEKRERRTE 24 C. TENRIEAEET)
FRAA P A5 PR 12 SR A 6 77 0% 4 S 5 B £ 7 S
5, Kok A — Rt B EIBEAL A 6 41, 3t
12 4. BlJe, Br—dirh 2 HBapEfE— R 2R
b, B ILBOA 3L R REIRE PR A 55 A A
2 A/INFLAT A Sk o 1 IR R 4T, L%
S8 W KA B4 7 i SR (DO R, {6f D DU 308 3 D' 2T
AN (OXY-4 mini, 75 E) I & 25 417 24 CH1 9 CHIY
DO, % i B 4K /4 Precens SRAEFALBE

SCE R, FEKARR DO FFUR ST T R T
BF, SEHRETEISY 0.5~1 ho SCHES R, W& Skars:
e iR E . LA DO FISEI T[] t (min)fEE], JF2k
PEILG 15 2 B AL y=kt+b, OR HHEAR N

OR=—k-V/W

Kb, OR NPAAEFEA R mg/(gh)], k HUEH
LAPE, WoRSE AT E(g), V NIFRORIAF(L).
123 wEpZE 2% Chelazzi %(1999)%1 Dong
EQOTV) AN 2 5 I m LAkt , AR . 3ok
U8 . 1 T (Blu-Tack, Bostik Ltd, 2% [F )41 SME Bt
Ii] X A 48 2 2 B R B0 I f i i A se R i, OBk AR
ML IR A E S K2R (AMP 03, heartbeat monitor,
Newshift, 4GS IEAEG, HEPERE(DAQ)
% £ (Powerlab 8/30, AD Instruments, f&[E)igs%, ffi
FH#F LabChart V8.0 A {150 R(BPM), O3 E
T B AR ECR I E A R, 8 24 C(E )
9 CIRIE)FEATLRME , LIFFIAET, Jefi IR
I EERRG TR S e 9 “CHI 24 °C . A LG54
T AME RIS A 24 “CKHIE Y 5 min, FRE 0
M R G PR, 29 0.5 h R S 2 9 Tk
fhep, BE FRSLEKLE, LBRARNE 2 9%
12 HA8cE, i F%F LabChart THE ML,
IC RSO R AR
1.3 SitoHn

BRI FRIEZE(Mean+SD) %7, 15 R 4.0.5
A R T G0, Bl Ye4ad bootstrap 1

FFE(n=1 000), AR M IEZA 504 Ja #1750 2 07 22 08T
(one-way ANOVA), 2257 EMEAKFEE N 0=0.05,

2 HERE5HW

21 MABAREURSER

211 AKRZTHRY R ENGEE i WEN i # & A !
9 H BUFEAMARRY S KR AL S A B 2 (R 1),
o, 2 7 SR R R G 57 58 %) A A B KR 4 5 oy
(74.70+0.90)% Fll (72.85£0.75)% , Ad B & & 2> 9 Ky
(1.25+0.05)%1(3.20+0.00)% . 5 J1 3558 MU A& F5 51
AR R BB B Y B (15.5020.70)% £ (15.60+
0.60)%, JCIbE 2 F(P>0.05), JiSHEF55H A K
A3 M (3.30£1.000% ,  $% 7 37 A 114 K 43 F
(2.40£0.50)%, —HAfFIEREZERF(P<0.05), H 2 14
s AR ALY &b A iEER
(P<0.05), o, JEFEFRGHHIA R A B & H S 2
(27.60+3.70)%, TMii4% J1 37 58 B B AR BLY) & w0
(14.80+2.70)%, e Wit 2 Fh 7 FEAR 20T 1Y 4 S0 8 B 7
BRYRSE LA EES.
212 RABAMREF 2 A A A i 2y A
16 FREFEIR , 15 71 IR FE FURHE IR 2 4R & 7 )
H9(12.75+0.45)%F1(13.40£0.20)% (£ 2), Hrh, 8
7 FONK LT R IELRR (EAA): JR &M (Thr) . 52 & R
(Leu), HZ M (Met). RN Z MR (Phe). SFEz R (1le).
G5 TR (Val) IS IR (Lys) , $2 ) FR 58 FURE TR I A
SR B i3 9 (3.85+0.01)%F1(4.19+0.09)% , JiEH
TR P BIAR T IR & m i m , H 53 3R AT
T I 1 22 5 (P<0.05),
22 RIBAME THMERREESR

WE 1 i, 78 24 CJRCHE FHE 1 3758 1) 4 0%
FEAECRAT T 4(0.077+0.024) F1(0.082+0.012) mg/(g-h),

TEARIR (9 C) A A T RHE i ) 35 58 1 AR FE S %R 40 1)
49(0.017+0.006)F1(0.018+0.009) mg/(g-h), HL K & )5 2%

x1 TRAFEEXPHELEAEREST LR
Tab.1 Nutrient comparison of H. discus hannai collected
from different farming models/%

BIFWIT VIS JRHESRIH

Nutrient composition Relay farming Bottom sowing farming

7K 43 Moisture 74.70+0.90° 72.8540.75°

1 F Protein 15.50+0.70 15.60+0.60
S 4¥ Total soluble sugar  1.25+0.05° 3.2040.00°

JK 4 Ash 2.40+£0.50° 3.3041.00°
AHW) Organic matter  14.80+2.70° 27.60+3.70°

e AT AR/ NG F R 22 5 B 3 (P<0.05), Tl
Notes: Different lowercase letters in the same row indicate
significant differences (P<0.05). The same below.
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F2 2MFEEBEXTHIAAHNIERSE/(%RH)
Tab.2 Amino acid content in muscle of H. discus hannai
individuals collected from two farming models/(% wet matter)

AR EUVIEY | IR

Amino acid Relay farming Bottom sowing farming
RAEGIR Asp™ 1.29+0.03 1.3120.03
IR Thr' 0.5840.00° 0.6420.00°
2 F % Ser 0.67+0.03 0.68+0.02
BER Glu™ 2.17+0.09 2.15+0.05
fiti &2 Pro 0.77+0.05 0.75+0.02
H& M Gly™ 1.32+0.19 1.35+0.05
A Ala™ 0.84+0.04 0.87+0.01
SR Val' 0.51+0.01 0.560.00
EHER Met’ 0.31+0.01 0.33+0.02
SIEER e’ 0.48+0.00 0.51£0.01
SRR Leu 0.89+0.01 0.92+0.04
fi% &R Tyr 0.36+0.00 0.40+0.02
HKNER Phe” 0.36+0.00 0.4320.01
HEIR Lys 0.73+0.01° 0.810.02
AR His 0.17+0.01 0.240.00
KA Agr 1.32+0.03 1.51£0.07
MR B TAA 12.75+0.45 13.40+0.20
RIS EAA - 3.85£0.01° 4.19+0.09°
EAA/TAAX100% 30.20£0.99 31.20£0.17

Notes: *: Essential amino acids; **: Flavor amino acids.

% 0.12
2 a
2010F a O JR#EIRAE
= { Bottom sowing farming
Q
£ 008 P
M g Relay farming
B2 0.06
®g
2 0.04 -
15} b
2] b
§ 0.02 I
2 l
2
©c 0
24 9
1B Temperature/'C

P ORRNEEE AT 2 Fhesi r N S e S R 5 5
Fig.1 Difference in oxygen consumption rate of
H. discus hannai individuals collected from the two
farming models under different temperatures

534 (one-way ANOVA) /R, 2 FhFRFEARL A A 4 S 2
i 7 A [ 25478 #ESA R TG 3 22 5(P> 0.05), Tiifa]—
FRIA AR B 98 S0 B B AR = (24 C) FIMIR IR (9°C) 5%
TF T AR R A 35 22 5 (P<0.05), R, (KR
SRR B Y P %, H 3R 07 S 22 X FE AR
S I AR

23 REMETHORESR

TE A SO B0 38 1 v, 2 PRI TRL 3: B 43 il
A L0 R4 L4 (Liang et al, 2021)8] K 21 4ME %
A AN R TG AR RS 1O R BUE . AT,
e 1 SR B MG F2 0 A SR F 8 AN DL Bk
PAF T AR, DR IE 2 Fis, Was~
PR R IR BT BE S5 AT A5 R A, Wil 3
N, BIRQAC)FMNT, KRR FRIE R T35 56 W 48
FHI0L0F 35 K (45.05+6.79) F1(46.95+5.01) BPM, —
HEZEF(P>0.05), MRS, NG F75H 9
SR AR RO R T R (12.82+1.72) BPM, #1155
P A ST B R0 3 R FE 2 (18.11+2.79) BPM, —
HES R EP<0.05), RHAERZMT, AFFRHE
KISR0 = A5, (HREE R G, A
[i] 35 FE AR 20T 1 4 S0 B AN R FE KB A0 AR o 3e
X R L AFAE— 225 o

3 it
3.1 FRIATT XTG4 508 60 4 1k 4 AR R0

WIS HNER 5 A5 8 SR o v i T G
T 7R v AR A T A TRT S5 e PR A< (0 g DA
2020) . ASBIESE BT i A4 R R TS A S L A R
Wy ) 2 AL, R AL E LA 4 R o0 E fE
B W% E FRAE ARG, 1T B ARG 5 SR iy
TR BN EA RN, AT A A O
BRGIHET, 2013), ik, wE#F 9 A BEATHUREI E
BRI . GEREM, IRFRIRTHE R BESE | AP
AR Y Y T SR, o, ALY
BRI, K F R R E T I R
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Fig.2 Heart rate of H. discus hannai under different temperature conditions
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SOF [ D soving fuming SRR R A S BT RS AT . B
& 40 | WEHRI BR T F R, SR R AT B AR 2 b
£ Relay farming TR (K RS PR SR 25 5%, LI A
EN_ e MR E 2 5, AR, SRR SRR R I
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Fig.3 Difference in heart rate of H. discus hannai collected
from the two farming models under different temperature

B, E 202 ) A S 202 DBFFE & B, hEr
£ 8115 24 5% & W & (Enteromorpha clathrata) Fil f7 Zii
(Ulva pertusa Kiellm)& #2655 #| T HAK A F , MK
5 1) 1) 77 8 PR R A T Aok AR B A R IX i X I
BERAE EM L BB E S T R,
I, A SR EYIRIR . JiAh, SR e KR
JEE T FL AR A I BB, IS 7 TR ) 2 7 B A iy
BRI IEAE, VLA B2 I fe
SR A R R B AR, VR R TS B
REIRYI 0T, FEHCAAIGIR PR LA, B2 e T AR 2 O
A i B fE e B (R AR 4%, 2012), BA TR,
A P EHE B v ) A S A 0 25 TN 5 B JE ki A 3
(Koyama et al, 2020; Ma et al, 2020), [, 75
PR, AT DATE AR HE T AR

FIERR I E L5 R R B, 2 PR R Ak aC
FeORTE A ERR S PR 25 R A, SR
AR, G F7 8 1) A S 00 T 28 FE R 5 o 1o 3 ey
THE T FRHH I P S, X 22 S AT BESR IR T X 2 4
B AU SR B A TR, ARG IR X B 2R R
FREER, JOF HOZIX IR BEbEE = ny i, HAR
AW A AR, MR T R AR MR AT e e A i —
P2 e} (9422 7 55 G SR U, RS R % 5 Y Ak o A B e
P2 R R 2 R, U RN LR
Z & (Ansary et al, 2019), 7ETi37 b, IKIGFFIH A
AR T g, A PR HG 11 J ah L 42 J) FR A B SO, T
T2 B M E BRORLE %, 2020), T X%
(2020)WFFE &I, b7 £ SR it %) &5 1 T AR
BTN R T R A, B =T
TR Ay, A% AR 5 T BEATHURE, ATREZ
At 77 7 2 5% B 00 A B A 2ok B TP AR T ORER 43 1Y b
fift 45 o

SRHRE SR B B B i R TR IR, N A
N, TR IR I I AR S B AT 3 T A SR (E

3.2 FERRARigH5 it 3R IR BE B WA R

R B0 R0 0 2 i 48 50 A% ) A FHAR 00 1) T B
FabR, WEMCAE A DU I i AR B Bl , REAR AT S it
TR — R BB 0 R i A W A AR B A SRS
FE AL 0] B ke Al it DU A R ST AE IS 0, DT
S DT A BIUIR A (Z2 PR IR 4, 2017; B2, 2017), A
ZTAMAIN B JECERLI R DL 203, ] AFE AR5 DL S A1
U AREER . AT RER B TS R(Braby et al, 2006), Jf-H.
AT B AAENR DL (Mytilus edulis) . €I (Littorina) . 3F
T (Ruditapes philippinarum)2 U1 247 50 PE BF 5%
RS T A, AEELTSE b2 WA £ (Bakhmet
et al, 2018; Chen et al, 2016; MIEIEEE, 2016; Domnik
et al, 2016). LELIVE NS, HIABEEE S
A BRI =2 6] AR o I OG5 38 B IR B A 1A
P, ARIELAS PR 25 1 B A FE 48 5 0 R IR BE AT, X
o 1) A= A % B R R, AR AR 0 T B R BE W AR
PEAl BT IGIR B8 1 A48 45 Z —(Chen et al, 2019). 7E
ARG, 2 4 A S0 SRR A RS2 50 25 1 R YRR AR
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Felhin (R R 4, 2020; EAHESE, 2017), OFAE
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TV A% % i) LUz 00 3R B SR TEAR A O 3K, BRIt
AR I 4% 75 B A T R SE A R T B A AR AR ok
SIS AZ VAR AT SN 32 A6 7 B A 22K
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Effects of Two Farming M odels on the Biochemical Composition and
Responseto Low Temperature Stress of Haliotis discus hannai
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Abstract The Pacific abalone (Haliotis discus hannai) is naturally distributed in the Bohai Sea and
Yellow Sea. In China, the Pacific abalone is an important living marine resource. Over the past 40 years,
the abalone industry has gradually developed from wild harvesting to aquaculture. Currently, the main
cultivation method is long-line culture, especially north-south relay aquaculture. The north-south relay
involves transporting abalone cultivated in the East China Sea to the Yellow Sea and Bohai Sea over
summer, to avoid extreme temperature stress. Due to the consistent favorable temperatures, this method
achieves high survival with a shortened cultivation cycle. The rapid development of this efficient
cultivation model has supported a substantial increase in domestic abalone production, exceeding
200 000 tons in 2020. However, the north-south relay aquaculture has several deficiencies, such as a large
influx of abalone being supplied to the market over a very limited period with a homogenized flavor. This
has led to a sharp decline in price. Abalone grow slowly in the bottom-sowing model in northern waters,
however, the quality exceeds that of north-south relay cultured abalone. The optimum growing
temperature of Pacific abalone is 10~22 “C. Bottom-sowing cultivation in the northern waters has a lower
seawater temperature, occasionally below 0 ‘C. In addition, in long-term north-south relay cultivation,
abalone are always in a suitable water temperature environment, reducing the low temperature tolerance
of abalone. The increasing investment in recent years in marine ecological protection (such as marine
pastures, habitat restoration and abalone habitat creation) and the technological breakthroughs in the
cultivation of low-temperature resistant seedlings has enabled the optimization of bottom-sowing culture,
reducing many issues, such as high mortality while overwintering, which has been partially solved.
However, the impact of both cultivation methods on the nutrient contents and the physiological index of
abalone is rarely reported. In this study, the north-south relay and the northern bottom-sowing abalone
cultures were investigated. The total sugar, protein, total organic matter, and amino acid content
characterized the nutritional value of individuals from both culture methods. The oxygen consumption
rate and heart rate identified their low temperature tolerance. We explore the differences in body
composition and physiological mechanisms in response to low temperature stress using specimens from
both farming methods. The results showed that the total sugar content of the bottom-sowing culture
individuals was (3.20+0.00)%, the total organic matter was (27.60+3.70)%, and the essential amino acid
content was (4.19+0.09)%, which were significantly higher than those in the individuals from the
north-south relay culture (P<0.05). At 24 “C, the oxygen consumption rates of the bottom-sown abalone
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and relay cultured individuals were (0.077+0.024) mg/(g-h) and (0.082+0.012) mg/(g-h), respectively. The
oxygen consumption rates of abalone in low temperature stress did not vary significantly, with
(0.018+0.009) mg/(g-h) (bottom-sown abalone) and (0.017+£0.006) mg/(g-h) (relay cultured abalone)
(P>0.05). At 24 C, the heart rates of bottom-sown and relay-cultured abalone did not vary significantly,
with (45.05£6.79) and (46.95+5.01) BPM, respectively (P>0.05). In low temperature, the heart rate of the
bottom-sown abalone was (12.82+1.72) BPM, and the heart rate of the relay-cultured abalone was
(18.11£2.79) BPM, statistically differing significantly (P<0.05). The results indicate variation in the
abalone responses to external low temperature stress between individuals from the different farming
models. The low heart rate level in low temperature conditions indicates a low metabolic level, which can
reduce energy consumption, improving survival in the low temperature stress of a northern winter. Studies
have revealed different farming models can significantly affect the nutritional value of abalone and the
physiological responses to low temperature stress. Abalone cultured by bottom-sowing have higher
nutritional value and a low temperature tolerance. In addition, abalone heart rate is a highly sensitive
indicator for studying physiological responses to low temperature stress in abalone and other shellfish.

Key words Haliotis discus hannai; Low temperature stress; Heart rate; Nutrients; Bottom sowing

farming



