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Abstract: Oratosquilla oratoria is a common economic marine crustacean in China, which is known for its
umami taste and high nutritional value. Due to offshore environment destruction and overfishing, the capture
production of O. oratoria no longer meet the market demand, making it urgently important to pay closer
attention to artificial culture. However, the pond culture of O. oratoria always showed defects in growth rate
and gonadal development, and thus promoting its gonadal development had become a key technical problem
in artificial culture. To solve this problem, this study investigated effects of different diet and water
temperature on the survival and growth of O. oratoria during the overwintering period. In total 600
individuals (initial body weight: 21.99 + 4.86 g) were used for this study, and sixteen samples (8 males and 8
females) were randomly selected and anatomized for each group on the day 0™, 45", 90™ to explore the
influences of two kind foods (content of clam and frozen fresh fish) under two different temperature named
natural (7.7 ‘C to 13.6 C) and heated (17.1 ‘C to 20.9 °C) on the survival rate, body length, body width,
body weight, gonad index, muscle index, and total edible rate. Results showed that: (1) The survival rate of
the water heated group significantly decreased compared to that of natural temperature group (P < 0.05),
which implied water temperature was one of the most important factors that influenced the survival rate
during the overwintering period; (2) The body length, body width, body weight and other biological indices
of O. oratoria kept an increasing trend throughout the whole process, without any significant difference found
between any each groups (P > 0.05), and the best feeding pattern on growth effects was group of frozen
fresh fish at natural temperature, while the worst was group of clam at natural temperature; (3) the gonad
development condition under natural water temperature was better than that under heating water temperature
in winter, and the optimal gonad development condition was achieved in group of clams at natural water
temperature, with the gonad index 14.53% for females and 7.69% for males; (4) The muscle index showed an
increasing tendency during the whole process with the highest muscle index (31.75%) detected in group of
frozen fresh fish at natural temperature. For the edible rate, the only finding of significant difference was
between the groups of clams at natural temperature and at heating temperature, respectively (P < 0.05). The
highest edible rate (39.96%) was achieved in group of clams at natural temperature, while the lowest (36.08%)
was found in group of clams at heating temperature. (5) The interaction results of different diets and water
temperatures showed that diets had significant effects on ovary index (P < 0.01). In general, natural water
temperature, especially ranging from 10 ‘C to 13 “C, could meet the basic requirements for the growth and
fattening performance of O. oratoria in winter. Compared to frozen fresh fish, clam was more beneficial for
the substance accumulation in gonad of O. oratoria.
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Fig. 1 Temperature variation curve during the experimental period of Oratosquilla oratoria
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Fig. 2 The survival rate of Oratosquilla oratoria
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among the different experimental groups during
the experimental period

HIRIAIRIZL. Group of the content of clam at natural temperature;
2% 1 21, Group of frozen fresh fish at natural temperature; JILES
12l Group of the content of clam at heating temperature; J[Ti 24
4H. Group of frozen fresh fish at heating temperature.
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Fig.3 Effects of different diets and water temperatures on body length, body width
and body weight of Oratosquilla oratoria
a. WEPEARH: b MEVEARK: o BEPEGRSE: d HEEGRSE: e MEVEMKE, f MEMEAE.
a. Body length of female; b. Body length of male; c. Body width of female; d. Body width of male; e. Body weight of female; f. Body weight of male.
R IRI 2. Group of the content of clam at natural temperature; i 2% # 41. Group of frozen fresh fish at natural temperature; &5 41,
Group of the content of clam at heating temperature; JI#i# %% 2H. Group of frozen fresh fish at heating temperature.
R A RR R EZRRE (P<0.05), BATHEEMRTRRRERMLE (P>0.05.
The columns with different superscripts on the top are significantly difference (P < 0.05), while with same superscripts or no superscripts mean no

significant difference (P> 0.05).
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Table 1 Gonadosomatic index of Oratosquilla oratoria feeding on different diets provided at

different water temperatures

25 Group

5 5[]

) i M e 0 R Jor e i T2
Sexual Time (d) Content of clam at natural ~ Frozen fresh fish at natural ~ The content of clam at ~ Frozen fresh fish at heating
temperature temperature heating temperature temperature
0 5.96 +0.31 5.96 +£0.31 5.96 £ 0.31 5.96 +0.31
v
et 45 13.88 £0.70° 7.15+0.43* 10.18 = 1.82° 6.11+0.71*
Female
90 14.53 +1.55° 10.18 + 1.60° 6.38 +1.32° 6.81 £0.25°
0 4.49 +0.34 4.49£0.34 4.49£0.34 4.49 £0.34
T
liffrl 45 5.89 +0.37 5.95+0.53 543 +£0.30 521+1.49
ale
90 7.69 £1.25° 6.75+0.91° 533+1.23° 5.16 +0.89"

FATEEE EARr BARR R A FARZR B (P<0.05), BATFENEMFAFRERZRAEE (P>0.05).

Values in the same row with different superscripts are significantly difference (P < 0.05), while with same superscripts or no superscripts

mean no significant difference (P > 0.05).
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Table 2 Effects of different diets and water temperatures on fattening of Oratosquilla oratoria
X 215 Group
pey tihs T T o v
Time Gt AR T deey ) ik 2
Sexual (d) Indices Content of clam at ~ Frozen fresh fish at The content of clam at Frozen fresh fish at
natural temperature  natural temperature  heating temperature heating temperature
HLPIFE$L Meat index (%) 24.53+0.88 24.53+0.88 24.53+0.88 24.53+0.88
‘ A3 Edible yield (%) 3049+ 1.19 3049+ 1.19 3049+ 1.19 3049+ 1.19
i 45 HLAIFE2L Meat index (%) 24.62+1.03 26.27+0.57 22.51+5.67 28.96 +3.71
Female A £33 Edible yield (%) 3849 +1.15° 33.42+0.98™ 32.68 +4.96" 35.07 £3.11%
HLPIFE$ Meat index (%) 30.03 +0.51 30.19 +0.77 29.93 + (.89 31.52+1.73
% A &% Edible yield (%) 44.56 + 1.80° 4037+£2.17° 36.31 4 1.65° 3833+ 1.96™
HLPIFE$L Meat index (%) 22.23+0.87 22.23+0.87 22.23+0.87 22.23+0.87
‘ A3 Edible yield (%) 26.73+1.16 26.73+1.16 26.73+1.16 26.73+1.16
Tt 45 JULPIFE AL Meat index (%) 27.01 + 1.40™ 27.85+0.79° 26.15+ 1.14° 29.34+ 1.98°
Male A £33 Edible yield (%) 32.90 = 1.76™ 33.81+0.80™ 31.58 +1.22° 34.55 135
HLPIFE$ Meat index (%) 30.30 +1.35 30.34 +0.41 30.59 +2.30 31.89+1.38
0 A% Edible yield (%) 37.99+1.93 37.09+0.81 35924235 37.05+1.52

FATHAE LA REARIE R A RAREREE (P<0.05), BAFRHEREMRATFIRRERALEE (P>0.05),

Values in the same row with different superscripts are significantly difference (P < 0.05), while with same superscripts or no superscripts

mean no significant difference (P > 0.05).
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1X 55 M TR %) S50 45 SRAH I
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LEE LU BT B, R sk UL P 4R B A s
36 AR AR A SEIR A 2 1 4 R, 5 90 d i,
4 SIS AH TR LR BT (P > 0.05),
hois e VLN R O E I =, 18 31.75%. [
WMk () P BRAE SCIR AT 28 45 d I, IR
L5 IR e R 40 (R A7 0 B 22 R (P < 0.05),
Fopt & H W P 2 (B B AAAAE R E I E R (P >
0.05), ZILIGLEHE (90 d), MG IR 2 AT

ARBME R, N 39.96%, IR ZH AR,
N 36.08%, At S niE st AT
Z [,
2.5 1EEL KEX DIEAEKEEMTEERERE
7 B

ESEIEE RIS (90 d) ARRIER, KIS
R A PR A B R m LR 3. Joiext
WP 1 R i 30 S A R, L A B 1
R s P R B E R R (P < 0.01), FHAMNE
FE S5 P 1 S g R 6 (1 2 e AR B R
(P <0.01) THAk 1 PR R 45 B i fi 2 (P <
0.01), XJHEPENSZIA R (P> 0.05), /Ki
AR 22 A SO e 1 gt g 28 JR 48 4
]RGS R, A Tl st 4 K A
REARELZN (P<0.05),

3 g
30 BERXOFSEKEREEAMEREEH

=20
PR /N XU R R B s, &
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Table 3 The analysis of variance (P value) on the interaction effects of different diets and at different water

temperatures on the growth and gonad development of Oratosquilla oratoria (90 d)

EELAN ]| (LSS (L3 fRE ISR CINAE 54 CIfES

Index Sexuality Body length Body width ~ Body weight Gonadosomatic index ~ Meat index  Edible yield
WM Female 0.164 0.751 0.216 <0.001 0.234 <0.001

I BF Temperature it Male 0.874 0.981 0.250 <0.001 0.138 0.143

47 Total 0.367 0.713 0.921 <0.001 0.113 0.010

MEPE Female 0.695 0.751 0.234 0.008 0.097 0.252

/fliir et Male 0.009 0.211 0.413 0.209 0.275 0.869

#it Total 0.119 0.713 0.886 0.364 0.137 0.981

R X FHE WM Female 0.695 0.529 0.474 0.002 0.169 0.004

Temperature HEME Male 0.015 0.262 0.005 0.374 0.304 0.158

X diet 47 Total 0.200 0.902 0.102 0.344 0.168 0.119

TR R, DR MRS (EHE 1998),
TEASLIG H R UK 2 f L IR P HEAT 7 1R
AR APERE T, LIRS RER, ERAERER
R IEAAT T, PIAMERLGS R A= K FE AR
(IS AAEAE B35 T R, R AR SR TR
HIGKAREE e, tH X R 5 0 IR R ] e 5
FMRTERLE B E KPS K BT BORLER
AN A FRGE RO Ak B R R — A
I SR, RN SR LT I 8 o bk v AR
KRy, JZzE e s, HREA
TEMNFEMMERKMEZmEAEEE (ke
& 2009, Bk A% 2017), TIVFIERREE (2006)
AR, J7BE AR KR (Babylonia areolata)
T 2,16 g 7ol 220 cm 44F N, HTERE
HE KT 35.17%H HARX S 2 5 1)k} i
TREEIEMX, UEEEE S E 35.17%0 F
I, FAARRCRE . R RBELEE ER (P>
0.05) . AHIFF IR (P UK IR F A R 2 g B £
(Pseudosciaena) . #ff# 1 (Collichthys) %511
R, X UK Syt AR P S A AR R AT B
AR Rl R B0, SR R R B S BN
13.53% GEEELL), VKEES AR E A& 20
N 20.50% (RREELL), SZLGH PR R R
Il AR TR BRI G K SN B2, U B R
TE B A4 B AR BY B B 5 SR 1 I S TR

13.53%LAN, fH B AEE i 1 7 DL BT 7
BOUE . SCIQRFFUIE R I, 1My 6T ] PR 1)
HAREEIFUKE e, (HHEARRBEA K&
UKEF A L 2H,  PRBE T R e R PR (R PED R Ak e
ik T 0K i e A ¢, X 5 0 [ xR
(Fenneropenaeus chinensis) 45 K AF 7 45 e AH
AT, FSERE IR PA) ZEL ) o 2] Xof R 4 A B 3
THmEmAH EHES 2006).

LIS AR N, UK SRR PR X
UL PR RO A LE 2 5, (R MR AR TE 2
CIREES ARSI PEYON: SR N A
R P UK e et R T HAPE IR R S . XA REE
W] PR ) IR A SE AR R T R i B
EFRMRA K. AR, @i FFmH
B A R B, B ARG IR PR A )
FHEE A& EMAR T OKEE S, {H ER T il A
A MKy (89.66% ) T UK fif 24 fa
(78.09%), H. 3 U 52 A T 11 At Yo sy A PAY £
HEEEET S Tk R, EE2RRFHN
Il 55 £ ey ] PA) S SRAS 1R B TR A3 T RR AL T
UKEE Al , T REEBEPEIR A R F i
Xof R s (1) ] B S AP AE 25 50 . K= 304
(I R 7 L SR — AN R S IR AT K
R RMERE, EERRAMN, FERED
ERVIPCRBIH R G, X LR E NS Y £
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BB, BEE. BE. H
e 45 B RS MRS (Mourente et
al. 1991). T AFEERNE FRA R & Sl w
AN, RIBEAS R RE X 1 AR R B R AN ],
UNAE FLYRTE AT IR SRl M R R B ek R, 1 i
(Hypophthalmichthys molitrix) FAI M. 32 HR
PERRFE SRR = (BRIKSESE 201D), #7 (Thallus
laminariae) ANEMG 1 (Mytilus edulis) 7H M
A M oA Bk ¥ BE ( Srongylocentrotus
intermedius) 4 AR 2 A AR Fi8 B0 0K 2 3
T, b R I R B R
FHEAE AR 2013). Bk, f£0
R PR R R B, ROZIR U IR TR N
F & MERREAT & FR 0L, R iR
(R TR TR, DA R A 5 KT
3.2 JKEX iR K E IR AR K B IR

PR FEIRIE, WA K= 3 A
KRB MEERZE, & n] kKA bR 5
PERRR BT IR (W= 1995). AHFFL,
R, AKURXTHE, HEOARET A EK. B
REFERA B35 5, (S IRt i iR R 5 5
Wi A 2, W T AR T st b AR A B v T b
AR, HBLE PG R R AT g 5 IR A 1)
i 52 7KMo BB TE 25 10 BRIl R A S 50
FORIL, ZOKRRERT 8 CIY, FfiFlhEER
BIEH e, HKRMEZE S ~ 8 CH, R
B B R RTS, AA D BEREATAKE:
LKL ZEAE S CLLU R, lfsh ) 3 A5 10
B, AT, IR S K iR A H#
f£ 10 CLLE, Hpbheh T IEH RS, #&
IRl B i 2 LA KR B Fi ok, R
P EKE IR 2 R AR, HAEKRER A
PR B S AR B E AL

W FEIR I, KRN T sty 1 A i 1 S
EVESU R BRI 45 ~ 90 d I [A) B, 76 1%
(YRRl Y, R H IR 2H i T
IMAE 0 ~ 45 d I E)YE A TR AL S A 1 1t
MRE B R BN 2R, HIXFILR T
JE R AT e 5 i 1 R B K ARG SRR A

Iy HUR AR S0 I AR T R KR R
LR NNUR LI 172, 78 IR 4 A 3 & i KA 24
AR T S0 R gt i P AR 3R IR R 5 e
THFERL, HE S BOLME R A S R IAE
X BB AL R AE F A K =S B
W, WfE 23 CAI 26 C/KIEMNE F4ELm
(Scatophagus argus) 14 i pk 2 He £ B 2 T
29 CERIGH (IRECESE 2013). /KiRikE] 32
‘CIY, MEtEFL4Et (Poeciliareticulate) f 50 &
188 AIBINS (Dzikowski et al. 2001).
R 2 RO (Salmo salar) PR IR %
A (Fjelldal et al. 2011). 1B A AR iR
IR i 1 i 8 B B AE AL o 75 3 — 20 1)
W AT IRIE -

SEBR b, KPS A K B IR R IR E
Bk T SZIRERVE R AL, 857 FAR R R anEh
FE. EHREZ MR R, e v KR ER
PERRE R FE e, 25 ~28 CHIZKIE. 16 h : 8h
(19 B 3 e el o s o £ R S5 sh P v L
SHMERREEGHEREEHN (EXK%
2012) . R4 5 75 2 R G0 7o A4 4k iR bt A=
KEIE LR R B G E A, AP E iR,
A F AR EARIK, B SR 5T B Rk 1 b
B, AR,

Z % X W
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