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Abstract: To optimize the healthy culture technology of Babylonia areolata, we compared and analyzed its growth, shell color
and antioxidant properties under five substrate environments (River sand, brown ceramsite, black ceramsite, yellow ceramsite,
white ceramsite). The results indicat that the ammonia nitrogen content in the river sand group [(0.382+0.010) mg-L™'] was sig-
nificantly higher than that in the other groups (P<0.05). The highest survival rate was observed in brown ceramide group
[(62.00£2.00)%], which was significantly higher than that of river sand group [(56.00£1.00)%], yellow ceramides group
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[(48.00£2.00)%] and white ceramides group [(42.50£3.00)%] (P<0.05). The shell height, shell width and body mass in river

sand group were significantly higher than those in black, yellow and white ceramides groups (P<0.05). At the end of the experi-

ment, the values of lightness, redness and yellowness of shell color in brown ceramide group were significantly higher than those

in the other groups (P<0.05). The total antioxidant capacity (T-AOC) in brown ceramide group was significantly higher than

that in the other groups (P<0.05). However, the catalase (CAT) activity and malonaldehyde (MDA) content were lower than

those in the other groups, with (12.614+0.378) U-mg " and (1.179+0.001) nmol-mg™', respectively. In conclusion, substrate

environment can significantly affect the growth, shell color, and antioxidant performance of juvenile B. areolate, and brown cera-

mide can be selected to replace river sand as the substrate in its farming.
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Fig. 1 Measurement of shell morphology indicators of

juvenile B. areolata
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Note: Different letters indicate significant differences among different groups (P<0.05). The same below.
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Fig. 5 Lightness, redness and yellowness of juvenile B. areo-
lata in different substrate groups

Fhakitt . HEMH L) K S 7 PR A T SRR 4R o
MUY T A B rRkEaE, XU R
SRR R R K AR )R 57 5 3h W s Y
w2, FEAKART, NH;-N PL NH; fl NH, i 77

1E, NH; 0] B AL, BORIREH . S
BT, HE A DNA 8145, 7EFRFEK IR

MU, NHi-N 5 NO,-N 2 EWF & & A
MU TR A A R b = A i e )y,
P TR R PR TR FE PR B SR i B AR O, AR
PRI, AREBPAEE  NH-N Fl NO,-N (195
B 5, R4 Hh NHE-N S5, Wkiglid
NH;-N & #fi, XTae S5k fL . ki

ZER A 7, AR RSN 1 58, HL kL
() 23 BREE KA R K AR 8 . P scfe



Fo s KU R ERE R R 71

5553 R AR ARRBPAEE 7 R KIRFEIR A 1
0400 (.
22 0300 | 2
{m
2§ B
B c
é‘g?lc 0.200 | D
= I E
0.100 : : - I_-—I
30.00
()
52000 |

AR A T
SOD activity/(U-mg™)

10.00 I I I
0 ’_l—‘
@&

R
S %@ e

@ & @
R

JE 2R A Substrate type

®&

Ko ANIRIIE BT FRIE 77 BEAR KR HESR ST A ALRE ST

40.00 - (b)

WAL S T
CAT activity/(U-mg™)

[ W

s 38

IS )

3 3

._.
4
=3
S

B
C
i I

iiill

NI R ‘<>
é\% ’®® \ '®® *\ '& Bﬁ\be'
ﬂ% % “b @ “bv‘o %‘ (&6\ @ (b&
&° & o< o<
N D D
) <@
JEJF 2B Substrate type

LA YA RS SN R

(=}

N
wn

BB IRIRE
[N
=)

(35
Motality of MDA/(nmol-mg™)
G

by
=}

[

o
wn

&

Fig. 6 T-AOC, CAT and SOD activities and MDA molality of juvenile B. areolata in different substrate groups

AR Y, MR REA AL NHI-N, KR
ik 80% P, ARSI AR AU RIZH Y NO,-N it 5
TR TC I E P22 R, WO P AR NH-N
SN, X AT BE S B (L e SR A A A G
ER A EMRIAE T, ROk SR
HESZAZ B BRI AT ia , SREwl, HEft R
i, MIMRE NHE-N S8k, HESREEGA
I 0 B or 2H FESR s B /D, il K el LSS
SrH A AR AR S HE L SR R S . Abed il Zeng™”!
W RUIR O SRE U] DAL AR YR, Wi
PRy, MR RT (H6) %55 (Scylla ser-
rata) B LTS AR
3.2 [RERXARFRRNIEEESE KN

T BEAR KR EAT W ST M, XIS B B —
BOR, HARBHEA TR B, 2% B B2
Ao MIEBHERN—FIINAASE, SE. 8. &
fifE LR G K AEA AR R T . SR ERIL
REEALR . WSS T, U AR
FERO L S, AWK R R (38 A
R 2 T BOH I FE K e g i T HRAE A a0

HEFF AR FIHUARE RIS, FEm R AR
K TRk s aead e, S AR AhE T

WURIREE, A M Tl AN R 5 L o RE

THFE, MM HARRAE K . AR A, AEIE
YR BN 23 I 5 B 2R KR HERR A PE T, [
A A 25 FRARAE TG R I A K MR . AR AR S0 55
T, KRR FT D BR] T BE AR KR A B 5 A
K, AR KRS, BOERRIK. TR
lT%%ﬁ?ﬁM%ﬂ%ﬁ@#ﬁ@i%,&@
(BRI ) BRI T 5 2 KR [ SRS AR A 22
K, WAL T BGRPAEE NG, (HAHERR AL T R BTk
A, X EEFR A T-AOC Kk, CAT.
SOD., MDA =5 SIUESE o i X7 € B R IS
JoT R B AN TE I (A RE SR AL T R OIRAS,
ZIRes H THVANA A %, SECLAKSE
1 o RFSE Y e i e B A A F R A, R
FEOET, WA R T R . AR
WA H A RIS R, WK BT 54 A Bk 1 A 5%
B, FIFE MR R fEREAMO @ SR
T, SUEEOR NG R e Y R AR S )
Tz shR 1425,  H A1 HAG 16 i ol e 1tk
A, RERPETTIREY, MIREIR S H [ RS
PR 22 SRR, HAR B SZ B, i
DATE SR P R Hh O 3 8 IR S R B X6 B A XV ) 5%

M), BEAR, ASSEORZE oA 7 BEAR KU HERE Y i
SRR, FEHR TERAELERT 1—2 H),



72 2R S

H19 %

T ALK [(24.3%1.6) °C], PEORE A
R, XA REART . TR KRG R, X)
AKAE WFIE R B S KRR T 26 C B, D5 BEAR KIS
MG s SR HRE R, AR d R
MKIRAE 24 °C A0, HARERESI TR, W
FEXTIRES , BEE R TRE, FaHER T BAET
IRESSZAEYI AR . fA . . RS2
T BRI, AR REAR KR SR A AT R PR I oK
JE IR A5 B FE A
3.3 RRXTBER KRS A 20

SN A E N B 2T MR, &R o
H WKL S ) BT R — 1 SR
AL ZETH BB R 252, IR RE R P M
WA, VRS EZ e SR, T
HARER . BFRNRSE, SO S IHRERRC
RENEES ML, o b ENTEM AT SIYE
P FDW R S ZAR bR, LK S R s s
B RS angr B AR, B (Cyprinus
carpio)V 5, ABFFIM L. o\ b XARET
KT ST TING, KINAS Rk 4 SR A HE
Ul SE e, H LT o', b R E R T AR
B, [FIRFURE L (AP | AR P ki)
M TR AE, IR OB
B XATRERTEARIMEL T, AW iafmin Tikse s
B ARE B, NT7E 278 B9 BREE IR AF A
.o Manriquez Zi 48] Jit o % 8 F| 8 (Conch-
olepas concholepas) 7¢ (4,234 MA A A W]
TR S ; Siegenthaler Z" & B4R IR
(Crangon crangon) B8 1b PRk e 28 1A 8, L3 1 J#]
FEIERHE; Stevens 61" WF5E 45 MR VDB (Ocypode
ceratophthalmus) 2351 K AR AZ AT 22K
REAEVDWE RS [RIRE, TR BEAR IR R4 it
Firp, ARSI R B R E A, D
AT A
34 AERERXARERXEZEG L R RN

T-AOC &ML N HT A AL RE 1 1 SR R B0
SRR AR H P AL RE I S G . A K
kR PR LR T-AOC fiwfm, REIATEIZIRI I
MHEREAT R PR ALRE S . 1T CAT. SOD &
MUAN EZHUALEE, CAT Fl SOD f HrmI/EH
FTYERE A A ST, ST LA ) A0
$it1 . SOD ¥ P Il Hz R e T HILAA T B 76 480 A el

FIRE S, EREWILEMEE LA, Al Ak
4l (H,0,) FIE (0,) P, 1fi CAT BEfEfL H,0, 4
BK (H,0) i1 0, i CAT. SOD it 1948 fk #x
—EFERE e MR E RS 0 T HUE L R S
AR AWFTE, ARE R CAT. SOD
WA, FRWITEIZ SR E PR v 2R XU 14 07 33 IS vy 358
/N MDA SRR BT A o Jo B2 ), R
g it E ALV E A AR e, dmT ()4
S WA SRR RS, HAE #5 SOD il CAT il
FEMAMY . MDA AR 25 S R R 7R P
2] KRR, A2 R AN, 2Rk
LSRR EERT AR KR FE SR A2 M 5 /N T v e Bl e
MIE BT EE Y, T-AOC 8¢Iik, CAT. SOD. MDA
B, BIRIHEZEA TR BOIRE . s AT
REE T S O FRFE A W R DK 7= A T, A
U RAE A A YA R, AnET 2B R AE
IR HLAA B i A K RN s R 5 LK
T (S. paramamosain) TELZL IR 7= A B8R 1Y
EALRIC s FBE (Paralichthys olivaceus) T35 1
b rp R R

4 45t

ASBIE G T8 3 X AN [ JEE o A 1 T AR TR 35 4
PRy AREETR DL se@Afl . UARALRE I LU
P RR BE ARSI, A SR [ I B B AR €, 7T i
FREJT BEAR WURFEIR B A 1 Fe (0 eyt AL g
T30 TELIRR BN R BT SR B 251 T HERR A LT
by, AEREUERR, S EONHEN, IR NH,-N
B, BYURRE RS, SRR, "]
W, e PR B R J7 BEAR XU AR 7
FEIRFORACITRY , BA Tz B R AT

S 3k
(1] RO, R XUBR L0 L 5 B LE WA 0F 5T (D). JETT: TR,
2016: 1.

[2] FUJ Q, SHEN M H, SHEN Y W, et al. LC-MS/MS-Based meta-
bolome analysis of biochemical pathways altered by food limita-
tion in larvae of ivory shell, Babylonia areolata[J]. Mar Biotech-
nol (NY), 2018, 20(4): 451-466.

[3] LYUW G, ZHONG M C, FU J Q, et al. Comparison and optimal
prediction of goptimal prediction of growth of Babylonia areolata
and B. lutosa[J]. Aquac Rep, 2020, 18: 100425.

[4] REEFE, EBEH, & &, 55 3 DRI BE AR KR LR K
COI H:H Mg Z AR T U], BIR AR R4 (A AR



553 7

A AR RS 7 BEAR KURAEIRAE 1 | 52 (0 AT A AL PR RE 52 IR 73

), 2016, 42(4): 429-434.

[5] #3CH, Zon, P, 55, 07 BEAR WUR T AL IR PR /K R FE I
5 7] Bh2AF7 10, 2021(3): 64-65.

[6] #tn, #F iR, L IEHR. R 7 BEAR KRR 14 5 Jie K Mo
SR (7). Bl FR 40, 2011(12): 39-40.

[71 MACIEL C R, VALENTI W C. Effect of tank colour on larval per-
formance of the Amazon River prawn, Macrobrachium amazoni-
cum(]J]. Aquac Res, 2014, 45(6): 1041-1050.

[8] WKER. Jr BEAR KU f T8 FII S S8 PR I5E A0 1 50 K A 1 22 R PERTT
5% (D). Liff: IREERE, 2017: 4.

[9] MACFARLANE G R, BOOTH D J. Estuarine macrobenthic com-
munity structure in the hawkesbury river, Australia: relationships
with sediment physicochemical and anthropogenic parameters[J].
Environ Monit Assess, 2001, 72: 51-78.

[10] SIVADAS S, INGOLE B, NANAJKAR M. Temporal variability of
macrofauna from a disturbed habital in Zuari estuary, west coast
of India[J]. Environl Monit Assess, 2011, 173(7): 65-78.

[11] W%, BRiede, 2ok, 45, A5 A IR TURP R IR 19 it 32 M1 0

U1 ZKF=Rl, 2008, 27(11): 566-569.

34, HARM, VPR 4RI HE DUEDRLRUR B BFSE 7], K™

4R, 1986(1): 29-39.

[13] RS, B, A [R) Fr A P 280 55 0 AR e I 4 o )],

L, 2002(3): 30.

TR, FHEAC, ZEIE R, 55, 5 BEAR KUR /K e i IR AL A [ i 5

PR R S AR [J]. ALK, 2011, 33(2): 29-32.

[15] SHI C, WANG J C, PENG K W, et al. The effect of tank colour on

[12

—

[14

=

background preference, survival and development of larval swim-
ming crab Portunus trituberculatus[J]. Aquaculture, 2019, 504:
454-461.
[16] TAMAZOUZT L, CHATAIN B, FONTAINE P. Tank wall colour
and light level affect growth and survival of Eurasian perch larvae
(Perca fluviatilis L.)[J]. Aquaculture, 2000, 182(1): 85-90.
BHH, b4 R, Bk, 55 N R 37K 6 X 4 2 R AE IR A
i AERAMAERIZN [J]. B REE, 2022, 18(1): 77-83.
[18] DUARTER C, STEVENS M, FLORES A A. Shape, colour plasti-

[17

—

city, and habitat use indicate morph-specific camouflage strategies
in a marine shrimp(J]. BMC Evol Biol, 2016, 16(1): 1-15.

[19] SIEGENTHALER A, MASTIN A, DUFAUT C, et al. Background

[}

matching in the brown shrimp Crangon crangon: adaptive camou-
flage and behavioural-plasticity[J]. Sci Rep, 2018, 8(1): 3292.

[20] SRk, U AHT. G JREIR ROR S BRI BF T BERE (7). WA
Fl2#, 2007, 19(1): 1-10.

[21] ZHIE, BRI, 22300, 5. I 88 5 Je il 4 7K Ak 35 P L
JEEL )] BPES IR, 2018, 37(3): 142-146.

[22] B, B, JAIARME, 5. BB T Rtk Pk ) 4 Bk b R RE
WS [J]. ZRALAR R 544R, 2016, 47(10): 74-82.

[23] EIH. 65 aRUR K SR BEFEIST 5 3 RERE 48T (). 1L
FREWEPE, 2022, 43(1): 47-49.

[24] B BRI GHRR S HP IR K IR A ERIE AR AL K52 (D).
et shER B R (P ER BT, 2021: 3.

[25] DUTRA F M, FORNECK S C, BRAZAO C C, et al. Acute toxicity
of ammonia to various life stages of the Amazon river prawn,
Macrobrachium amazonicum, Heller, 1862(J]. Aquaculture, 2016,
453: 104-109.

[26] BRI, o B, BB, 4. S BRIR X 30 S 35 FE G T B A
A RBCRIBIESY 7). M PEWIVHIE R, 2018(4): 126-132.

[27] HREIE, AR, WO, 4. R Je R 4 SR REDTEST ()],
&JEH7IL, 2022(11): 229-237.

[28] W57 75, SRS, BRAR, A5 i BEK A 3 P R 04 1 45 Sk g
5T [J]. DUBEAAL, 2020, 51(8): 8100-8104.

[29] ABED G R, ZENG C S. Effects of tank colour on larval survival
and development of mud crab Scylla serrata (Forskal)[J]. Aquac
Res, 2005, 36: 1112-1119.

[30] LECLERCQ E, TAYLOR ] F, MIGAUD H. Morphological skin
colour changes in teleosts[J]. Fish Fish (Oxf), 2010, 11(2): 159-
193.

[31] SHEN Y W, ZHANG Y, XIAO Q Z, et al. Distinct metabolic shifts
occur during the transition between normoxia and hypoxia in the
hybrid and its maternal abalone[J]. Sci Total Environ, 2021, 794:
148698.

[32] YUF, WU Y Y, SHEN Y W, et al. Heat adhesion duration: a new
high-throughput abalone thermal tolerance assessment method
[J]. Aquaculture, 2021, 545: 737226.

[33] BISWAS A K, SEOKA M, TAKII K, et al. Stress response of red sea
bream Pagrus major to acute handling and chronic photoperiod
manipulation[J]. Aquaculture, 2006, 252(2): 566-572.

[34] POERTNER H O, FARRELL A P. Physiology and climate change
[J]. Science, 2008, 322(5902): 690-692.

[35] MhaEke, EERAT, A M IR A 25 5 BEHH > M ()],
Bl#, 1998(5): 11-12.

[36] ZHENG X, LIAO X R, ZHANG M, et al. The effect of aquarium
color background on the survival, growth performance, body colo-
ration, and enzymatic activity of laboratory cultured Cherax quad-
ricarinatus juveniles[J]. Aquac Rep, 2023, 32: 101699.

[37] H . 5 BEAR KRN 5E Ko FOXHRE A RR AL e 17 (D). B 1T: 7]
K2#,2017: 1-3.

[38] ETI, TRk, W e, 45, IRLLIRER A WS ()], K2
iz, 2013, 37(12): 1807-1814.

[39] k&%, JLAAS. Nassarius JB SRR EAT A K TE R W5 E
J& [J]. KA, 2006, 26(1): 9-12.

[40] FRARBR. B MR . AR RARHICHTSY [D]. T3 TR
2,2012: 74.

[41] X7k, BT, BHE, 5. FEAKIBHANTE 7R ]
KT FEEH, 2004(2): 22-25.

[42] REGUNATHAN C, WESLEY S G. Pigment deficiency correction
in shrimp broodstock using Spirulina as a carotenoid source[J].
Aquac Nutr, 2006, 12(6): 425-432.

[43] TUME R K, SIKES A L, TABRETT S, et al. Effect of background
colour on the distribution of astaxanthin in black tiger prawn

(Penaeus monodon): effective method for improvement of cooked



74 2R S

H19 %

colour(J]. Aquaculture, 2009, 296(1/2): 129-135.

[44] LIK, CAI CF, YE Y T, et al. Comparison of non-volatile com-
pounds and sensory characteristics of Chinese mitten crabs
(Eriocheir sinensis) reared in lakes and ponds: potential environ-
mental factors[J]. Aquaculture, 2012, 364-365: 96-102.

[45] TRERFR, FIE R, K, 4F. NRFE B2 SO iol SR e [7].
IKF=REE, 2008, 27(12): 680-683.

[46] CHRISTIANSEN R, Estermann R, TORRISSEN O J, et al. Assess-

—

ment of flesh colour in Atlantic salmon, Salmo salar L.[J]. Aquac
Res, 1995, 26(5): 311-321.

[47] BRAH, KA, DL 55, URHA I &5 AL R0 i A 4 A
A A ARFEPRISZI []]. 2553541, 2022, 26(4): 261-267.

[48] MANRIQUEZ P H, LAGOS N A, JARA M E, et al. Adaptive shell
color plasticity during the early ontogeny of an intertidal keystone
snail[J]. P Nat Acad Sci USA, 2009, 106(38): 16298-16303.

[49] STEVENS M, RONG C P, TODD P A. Colour change and camou-
flage in the horned ghost crab Ocypode ceratophthalmus(J]. Biol J
Linn Soc Lond, 2013, 109(2): 257-270.

[50] Bxinag, EWF, ", %. NO 1EH BN SRS T iy 1]
PEFT ). BREERI, 2006, 26(3): 505-508.

[51] MARTINEZ A R M, MORALES A E, SANZ A. Antioxidant de-
fenses in fish: biotic and abiotic factors[J]. Rev Fish Biol Fish,
2005, 15(1/2): 75-88.

[52] Mgz, E40, ThE, S, 3 B2 SAR XS PLAATE X IR R R S S
JER T2 []). K7 HIFSE, 2008, 29(1): 38-43.

[53] ARRELE, X5, *ﬁ%lﬂ. GRS AL DL Ik 0 P 4R i
BURALREE LRSI (7). WK D5, 2005, 26(1): 23-27.
[54] MATHEW S, KUMAR K A, ANANDAN R, et al. Changes in tis-
sue defence system in white spot syndrome virus (WSSV) in-fect-
ed Penaeus monodon(J]. Comp Biochem Physiol C, 2007, 145(3):

315-320.

[55] BRAR, UKW, # K, 4F. Wt OXTOREAR R . A6, k6
LRRAT IR [7]. R, 2020, 44(10): 60-65.

[56] i, Sk ST, w7, . FRIHA S O U R 4
o B SEBTE SN (1], TR (BT RR), 2021,
6(34): 43-49.

[57] KANG DY, KIM H C. Influence of density and background color
to stress response, appetite, growth, and blind-side hypermelano-
sis of flounder, Paralichthys olivaceus(]]. Fish Physiol Biochem,
2013, 39(2): 221-232.



	1 材料与方法
	1.1 实验材料
	1.2 实验设计与养殖管理
	1.3 样品的采集与处理
	1.3.1 动物组织样品处理
	1.3.2 底质样品处理

	1.4 检测指标与计算
	1.4.1 底质指标的检测
	1.4.2 生长指标及成活率
	1.4.3 外壳颜色指标检测
	1.4.4 组织抗氧化能力及膜脂过氧化物含量的检测

	1.5 数据处理

	2 结果
	2.1 不同底质的氨氮和亚硝酸盐含量分析
	2.2 不同底质环境下的成活率
	2.3 不同底质环境下的生长情况
	2.4 不同底质环境下的壳色分析
	2.5 抗氧化酶活性和膜脂过氧化物含量分析

	3 讨论
	3.1 底质对养殖环境的影响
	3.2 底质对方斑东风螺存活与生长的影响
	3.3 底质对方斑东风螺外观的影响
	3.4 不同底质对方斑东风螺抗氧化性能的影响

	4 结论
	参考文献

