F415 H 2 M
2017 42 A

Koo

JOURNAL OF FISHERIES OF CHINA

Vol. 41, No. 2
Feb., 2017

X EHS: 1000-0615(2017)02-0285-12

DOI: 10.11964/j£c.20160510418

FRFEF. BENERSERYEBHEE
HiEFE, KEHE, KFEM, F &

(F R R SA R TR AR F L S S, AR T8 266003)

HE: VMAANTFEAMTHFRPHENATNBENBRRFERARAAE, RALE
ESFTE, SATFEABTHFRFET. RERAFUERXTRERN S AW F H#
BREFTTAR. ERET, FRFPHT. RECAARBNRE LD, WWHFEQH
B)BRELFHEHITI00;, EHMFESEH)ERHEAQEMNELFTE S HIANA
16:00—20:00, ZAX ARJE LR WRFMF. HEXNEOIREELH A
42.26% (2H 1) 16.25% (15 H #2)F113.07% (25 H %), 71K I AF 4 ¥ IR o 5 30 & & B B¢
HEREWSZME. EAIRQ2£0.5) CEHMT, & AT MEK TR AT KF
By B (FHEMELTBMES 2R AL NE LW EHZHML. RAKEER., 5%
A, P RAE A FrLogisticl A 3 A F M A LR 4y A o B MR B . IR, RSS,
SDRyfRf st —F i, HRET, KR ELTSMB2 g4 & EH R R EMNHE LA K
L A AnLogistic AL, H & H = & 25 §0.007420.047 g/h, AR YEH F H R AFAE LK
RME A Sk KB W E ST, EIEE R B R2~3K/dME  60~90 B # 4y f iy & H #

RAE

KRB FKPH; FHAERE, FReE;, BHEE;, HFHA

FESES: S 9653

AR S IHA AR AR R A
SR ZAE SN A . R B By 2
TR IR BT fe o SURR, KR R R B R
WEENESNEESGES . Al EE SR
W, SFEEAOAIE T, AF . HEAB R
W 50R A7 B T 42 £ 28 B0 % 7 B B pd 4 B L
NI A I 48] . 7 25 300 2 Al O B D o
T B B ORGP A S R R,
BEXSAF  ME AR B R A S T bk 2 B A 2,
BRIV 7K A SRR sl A2 3 R A T8 A R RGR T
B ERCEOW . fA R, EIRRR IR 22RO, M
BAR s Ja B BRI A, AR SR UV B R 4K
Ho TR R BT MEAA AR, R
BiRELY, BB — By A, )R]
TR AR R, DRI A A S 58 A R R R

Wi HHEA: 2016-05-30 &R HEA: 2016-07-27

X RAFRAERD: A

SR FH I A6 I8 oA PER T 500 0 B8 f 2 A | HE £ 1)
IR E R EDY, B HEZs % (gastric evacuation rate,
GER)WZ 45 Sk & 5 BN B b (B8UH 1L 1) HE
A ERE 2 HEA S B AR IR 2 (]
BBV R . TEEE B AR 2 I 45 Wk
ALLLHE I fa 25 0 B, B TR R
RUNCFENTEHEEKMET, RO EHE=
FART TSR, S A
e AE BT A, S R R RS, T
RERAS 38 R A R ROR S e
oSS &, ATLAATH T #F Wk oA F &
BB AR MR E R, R E SR AN
7o 10 21 4y £o B0 G B B A, DT o AR
PR, W E AR .

VF K F-filh (Sebastes schlegelin) = Jg& T hi 5 i1 4K

BHMTE: FXKHRBEAE4 (31172447, 41176117); B 52 38 MEAT Mk (6 3 ) BHIF % 151 (201405010)

BIE1EE: K754, E-mail: gaozhang@ouc.edu.cn

http://www.scxuebao.cn


http://dx.doi.org/10.11964/jfc.20160510418

286 ko

4%
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Fig. 1 The underwater illumination change and the

feeding rhythm of S. schlegelii larvae and post-larvae
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Ledhrh, W E3HAT . SERTE IR S R AR
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A5 (8.52+1.22) gl 95 H A 4 o JF R S5, 29k
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1.3 BEAHETERE

1. aFRFN IR R /DR AR
(9 75 i VAL VR EQF il A7 FE R R R, B

SHOTE T

BB & AR (%) kT A PN A TR S AR
7R BURE AR L

T 538 (Yo) Ay BT A 4% i (I b 3 1
R 3G A AR 7 B B SR B E A H .

T e (mg) A AT o 3 Ak 0 R R 3%k
AL 4 B 1

M0 & K (min) Ry 1 HEAS AR S AR S O
AR TE 100 36 132 Ry 3 B AR ) i 75 B2 1 B B I ()

TH A (min) o 1 & A 7E TC IR R IR 5%
TH AL TE HEZS s 2L B a]

H & 5 (mg) H24 hNEEE R R, H#
=1 & 8 x[24 hy AT B8 19 48 & 1/ fe i
K+ £,

HEE (%) H R & i 5 R it i LA

e FHEE Ay 2 . FRE.
LogisticFIF-J7 R4 By R 0045 4y f0 B HE S R
FHELYE T, KRR RIE A

LRPERARL. Y=A-Bxt

TR . Y=Axe™"

TR RL . V=A-Bxt

Logisticti A . Y=A+(C-A)/[/+(#/D)"]
Kb, YHESYEG@EE); A. C. D. ENF
B BABEHEZSS(g/h); CRESERE) .

% FISPSS 17.0f10rigin 9.0k 47 548 42 143
B ezl B LU A L AR AR DC R ER
5% 2 hRE2E (SDR) . 3R 257 7 FI(RSS)E, i
[T fih &0y 10 g A4 B HEZS B

2 4

21 IFIRTEF. HENERTE

RHBERAER, WER, HETEE
DL A5 B mOR ARV Pl 34 & B R 2 B i
R ISHIBEMfFf . 25 H B HE ) B
B

AR K& & By BEVF IR il A7 HE i T8 72
FEPE MARE R R R B — R B
124 N, 8:00—16:00, 11, MEfIRE KA KRG
KYEFEE R E KT, TH AL IE 70 26 B R W8 K,
16:00—20:003k F| 5 = K (3~44) . 20:00—IK
H 8:00, JHfbiH 78 % B /K- 2 sy, 2K H 4:00
B 2 AR (0~120), N i8R &4
B 2 % B AR (K 1)

http://www.scxuebao.cn



288 P 41%
®1 TRLXEMRITFRFMF. HEABREBERLER, HRXRELERER
Tab.1 The degree of digestive tract fullness, feeding incidence, and satiation rate of
S. schlegelii larvae and post-larvae in a day
Fi/d 4Koem wg  REJE degreeoffullness  ypsgr preogdckes WfCRY%
days after hatch total length time 0 1 2 3 4 sample number  feeding incidence  satiation rate

2 0.624+0.03 8:00 4 16 0 0 0 20 80 0
12:00 0 0 13 7 0 20 100 35
16:00 0 0 11 8 1 20 100 45
20:00 0 3 10 6 1 20 100 35
0:00 3 15 2 0 0 20 85 0
H4:00 20 0 0 0 0 20 0 0
RH8:00 0 14 6 1 0 21 100 4.8

15 0.92+0.05 8:00 0 1 17 2 0 20 100 10
12:00 0 0 12 8 0 20 100 40
16:00 0 0 7 11 3 21 100 66.7
20:00 0 0 7 10 4 21 100 66.7
0:00 1 16 3 0 0 20 95 0
H4:00 20 0 0 0 0 20 0 0
WHBS:00 0 2 18 0 0 20 100 0

25 1.14+0.11 8:00 0 9 11 0 0 20 100 0
12:00 0 1 17 2 0 20 100 10
16:00 0 1 4 11 4 20 100 75
20:00 0 1 7 6 5 19 100 57.9
0:00 0 9 9 2 0 20 100 10
wH4:00 13 7 0 0 0 20 35 0
WHBS:00 0 16 3 1 0 20 100 5

X AR & B B BeAT . HEfE AL iE
FEREAAL AT LUK B, W2 H 8 —BK
A 00 BIR A (3~4 ) 1 B [B] A8 0, [ AF 16:00
Bt EE . 0:00—8: 00 [a] B py £ B P A H 1
ARG, 4:000) BEAEAE IR B . AP iR
AR, B R N45%, 115 H IR 5 W k0
25 H A HE £ B B RS B 4K, #E16:00F0
20:00 75 /1~ Asf [11] B2 Y 2 2 15 458 2 7K SF B9 3 1k 3 72
FEFE (3~440), 11 HEA B R BE H & 1Y 3% in
WA Fr e, 225 H S HE ] i s i R B2 ik
75%. )35 £ Bsf () A b TSR A f th 3B T AE K
X TE4:008F [8] Bt Y B B8 K AR

ANTR] H AT o HE R e 2 R R
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2 H A7 7E — B 7 P 17 45 e Y JEBE 11 38
AW, mEH BT 16:00, FHHEEEN
0.16 mg; 15 H {& A4 12.7E 16:007120: 008} B 44 44 45
SR E R, e HIN0.26F10.28 mg,
[B) Bt 45 E R TS 2R, PR E B BEAR; 25 H R HE
011 15 £ g 0 Y PR AE 16:001120:00, 4% 74>
BI1.09 F1.15 mg, BERBEETHSISHRTM
AL, EEE R 1),

22 FRFHT. BEERK., HURK
MBEBERER

VFIGFfih2 H % R 40 i B HE 2 RS 2
R KA TFEE min, 15SHBGHAAEEY
80 min, 25H WHE T B 24160 min, BEEF. HE
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24 W, %.
iR B R, AR Al B2 B #9100 min,
B R B 1SH #9120 min, FHXIME25H B
9190 min (#22).

RN, 2HISHET T H RS 88071 mg,
HR R N42.26%; 15H K5 W& H il
1.53 mg, HIEEEN16.25%; 25H HHEf H 1%
R N240mg, HIBEHEHN13.07% (£3).

23 FREEKMEITR o & a0 B R HE

PR BB R BL T, SRR 1.78 g
PR filh 4y £ 7 £ 2023 b/ T A0 18 N RS 58 42

25 (1 2-a), HH Ak Py R Bk D A0 AR
1k, 5] L PR g LR AR e e R L ot
LG LR R AT, R 1.78 @i [ fih
41 1 5 HEZS R 294 0.007 g/h, 50%H199% 5 HE
25 1Y BRI I 18] 3 391 o4 5 2 5 10123 b,

EH IR 852 gifF I F-fil 2l fa e 27 h
Je T AL PR SR AS HE 2 (812-b). T4 h¥) A
TH AL E P B 19 T FURL AR DR R K R K 2 B
I MEE, 6~18 hﬁ*#ﬁlﬁthﬁ%ﬁ'm, 1M20 h
Ji HE R R AR 1S, A R M U A A T

*2 IFRFEF. HEaRIERNKIMELEK

Tab.2 Satiation feeding time and digesting time of S. schlegelii larvae and post-larvae

M B B /min W ALES K /min

[¢/d AK/em REM B e Kb/ eC time of satiation time of digestion
days after hatch total length development stage diet water temperature S S D D
0 1 o 1
2 0.62+0.03 CIE ] R 17.0 30 90+5 20 100+£11
15 0.92+0.05 & B A 17.5 30 80+7 60 120+£20
25 1.14+0.11 HEAa A 18.2 30 60+£8 110 190+11
Ee RO Ay Sy MAAMAEL: S, 2B, Dy HEEMEHBL D 2 FHE

Notes: R. rotifer; A. brine shrimp; S,. occurrence time of first fish satiated; S;. occurrence time of all fish satiated; D,. occurrence time of first fish
gastrointestinal emptying; D;. occurrence time of all fish gastrointestinal emptying; the same below

x3 FRFEHT. HEAFRER
Tab.3 Daily feeding traits of S. schlegelii larvae and post-larvae

AEE i m/m Hifkfrit/mg  HEEr3/%

[ /d PR H/mg KA M B TR £ f/mg . . ) . .
. . L. . daily feeding  daily feed  daily feeding
days after hatch body weight (mean+SD)  development stage  diet satiation feeding amount time intake rate
2 1.68£0.22 el R 0.16£0.02 14 0.71 4226
15 9.4142.70 ST A 0.31:£0.02 14 1.53 1625
25 18.36+6.33 A Y A 0.80+0.06 14 2.40 13.07
B A [=2) /\ ¥ -
< H YRR < HEYIRE
< 0.30 . éastlc Lorjlytentweight = 1.8 4 éastlc corjlientweight
=) o BIHZIBIE N & o FIZIME P
o5 0.25 |x the mean of the weight at different time o5 1.5 4 x the mean of the weight at different time
e =z % — 285 linear model ol z ol v —— 2R AR linear model
g 0.20 T »»-Jfﬁ’lﬁ(’ﬁ}\"“ exponential model mel2 4 ; Ju%(’r"’” exponential model
82015 12 TR square root model R IS T 7 M58 square root model
EE § e = Loglsmc 54 Logisitic model Z*;: g X x> 2 -~ - Logisitic f57} Logisitic model
h1 S x
Hr.2 0.10 {x = HL.2 0.6 4,
3 0.05 | 803 y
on ehn : e T
0 0 .

02 4 6 8101214 16182022242628
% B IR ) /h

time after feeding

(a)

E2 TEMBFRFHANBERT

() IR 178 g5 (b) T I A ES.52 g

0 2 4 6 8 1012]416]82022242628
B A A /h

time after feeding

(b)

TR HEELIER

Fig. 2 Curve fitted to gastric evacuation data of different sizes of juvenile S. schlegelii

(a) average weight 1.78 g; (b) average weight 8.52 g
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A, R ES.52 g T34 1 HEAS R L8 0.047 gh,
H50%F199% 5 HE 25 19 P16 i fa] 2 ) b 1% 2 5
12130 h, AH LA/ NHIAS S, KM LA s
SEHERS IR SR, H HESS FRAE AR AL B &

24 ARMBFRIHMYBEREBTHTER

prig e

3 3 o 20 AR 2 FC - figh 4 £ B 2 R 1)
BIA R I, AFhBC AR (LR R RO
7 MUY | Logisticfs 0 )24 B ¢t i #0145 2 41
6 4y £ 18 HE 25 286 (P<0.001)(%4) . b Tk
AR RSB, HE— B PR T 4R B A i

R’. RSSLLJKSDR., #5H IR, VIR RRHE, %
PR A Logisticbt 78 X4 5 1 1.78 g4l f 48l &
JIE G T 48 BIORE AL 0T AR AR v 2 e AR Y
AR B B I . T Logistic %1% T 44 5t 1+ 8.52
g 1) 8 HE 2 A ALG B AR T A 3 AR
HR R LR, DIRSSUA K SDRARME, 145
1,78 g 4 B HE S AU A S5 R 2 5 A B
MR 8.52 g4l fi AR AL B A 1 5 RPA T
Wrah R —30. &5 BATHT AT, 2k A TS T
TERAR R TR 1,78 gty B HEs AR AL, i
Logistic#bt I T2 4 i (K i 1t 4 8.52 gy 1 15 HE2S
FEIE () B AL B AR A

F4 TRARITRIPHYNEBEHTZREUSSHLR

Tab.4 Comparison of fitting degree parameters of gastric evacuation models of S. schlegelii juveniles with different sizes

i /g ot

body weight model ® RSS SDR P
1.78 L PEAAY linear model Y=0.165-0.007¢ 0.986 0.0004 0.0037 <0.001
Fa A exponential model Y=0.185¢7" 0.912 0.002 0.0074 <0.001
SFJ7 AR square root model ¥*°=0.421-0.012¢ 0.960 0.001 0.005 <0.001
Logisticf5 7! logistic model Y=—0.0051+(0.22+0.005)/[1+(#/5) ***] 0.766 0.006 0.010 <0.001
8.52 LMY linear model Y=1.142-0.047¢ 0.906 0.191 0.070 <0.001
Fa A exponential model Y=1.270¢™" 0.817 0.374 0.084 <0.001
PRI square root model ¥*°=1.113-0.033¢ 0.886 0.232 0.083 <0.001
Logistic#i% logistic model ¥=—0.0207+(1.03+0.02)/[1+(#/12.51)**]  0.967 0.055 0.052 <0.001

3 e

3.1 IFIRFET. HENEREE

RWABNE, MEMBERIEY 5H
3N Y N NN DN S N NV N LB 3
FUIRERY, N TEH AT, Y5 0k
RN, AW, MAaEE BARSNEE
KR W= 8UA Bt (Epinephelus moara)6 H i
R E LA REK100%, 1. Mg
BB RAFEE97.63% . Bhi 1 BEf(E. coioides)
4RI EAE . HE. S0 AERE kA R 1100%,
HEARIEE]60%~100%, AWFIEERH, PFIK
F2 Higfr o R e, A RRAEHE
KARTIE100%, MK LHK45%, 225H
W HE LR Y], IBORE I B R B 2 75%., RIIVF
[COFfifff . HEfn AR MEBERE S, FHXR
MREE IR SRS . K FASFEUIBESEIC . FREKIR
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15~22 °CHf, R#IF P fFfafe I HigE 2
FFOHE, WEELEREIAIS%, X E5ARLKLS
FMH—8 EFENESEET, NEfA 11
Joi Be ip B WEAEORE B AR AT 0 B 8% B B B IRUEE R
A, R 5E P AR E 3R R R de ST AR
PEE SR

32 IFRFF. HEHNBRTR

B AT B A, R
SRR RS HLRE XTI B . SRR L IR
WIMEAE s B A e AR S TR TR 2 3hiE P, Hemifan™
RAE @SR H BB G sl de s, R as
HAREBE. KEEE. REFRMEE)EE
DL KTE I AR T A AR AR A ARSI R B
VI IGP fify B AF £, (2 H )RS A7 £0.(15 H 184
G Sh Y e (R, HL R Rl G R
3G SRS W R, BRI B R 12:00—
20:00, WHEJLPFREMAEMEEILSE, BT H
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REEE A, HEA )25 H I e & e 1 0 7E 16:00—
20:00, HWEWENETAREE, HEREH
T REE, WMERRA T ER, Bk
A 3% I ) 3 B BER A, T, sk
0 BB B T M A R S R
WAE N EBREREVMG, ARBERME
WAL SE . BT R EAR L
K, HOLHEE FXT B RE iR WE
MR R KR T, AR T A 41845 1%
KEEHE, B THRENEBOLRE T, f—BK
R R R A KA TR, X 5%
VG E(Alosa sapidissima)fFHEM " B (Pagro-
somus major) > UL K ARVHT A7 BE A0 PIAE A TE 45 R —
, RWREEEHYLRER AR, 02K R F &
BB RS —E NS, Rk
BRI R B, A BTt B AT B B (1~
19H ) 7E B 2400 A A DR E IS, Xi]
A5 H S g0 IR B 1 DG BRI A 06, PR h
AR A O FE B SO DAABGHE — 25 0 B . AR AR
WFIE 45 AT, 7R BT i 8 1 ok i o 0 AR A
ORI K B B 110 48 £ 747 4 74 0 ) 2 13 R SR e
TEAFt ], RiAE8:00—20: 0014 & Wi N A
% % BE IR E B . R AR BERD PR AT R A
PRI, RN e I S R A TR, 4
KA ErH . eGP B, & HbMN24h
AR5 35 BT 014 TR B

33 FKFiF. #HEWBEERERERIHELAE

11 28 1) F5 R 5 A AR R 2 TR DG
Brett%F @Ay, 2840 F AR TR 5 B B R
AN, B EBAE, HEREAD, IR KR
D, AR B AR ROk K
KE IR E R, 8RR Y B E R
FRIGR, R ERL, K EE KA
ALBFTE], N3 5 85 (Cynoglossus semilaevis)6 H
W4 A7 0 B .0.09 mg, 3 16 H 7 i I 3 5 184
NZ0.44 mg. AW H6H R A65%F% 16 H
W 1939.7% ABFIE B, VR BT il /i AT
QHEE) . EMAmOsHE) LKL HE Q25 HIIR)
- 34 H S g e om, 43 %0°80.71, 1.530
240 mg, P HEEE RN 2B ELEE, H2H
WK 142.26% ., BHETFEZE25H 1 1913.07%, 2H i
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Study on feeding habits of Sebastes schlegelii larvae and
gastric evacuation rate of juvenile

GUO Haoyu, ZHANG Xiumei’, ZHANG Zonghang, LI Chao
(Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China)

Abstract: Feeding habit is one of the most important reference bases for making feeding strategy in fish
aquaculture. During the fish seedling culture stage, the feeding amount, feeding species and feeding time which fit
the fish feeding habits well will not only increase the survival rate but also improve the feed efficiency greatly. The
Sebastes schlegelii is one of the most important aquaculture and enhancement fish species in China, Japan and
Korea. In culture conditions, though the feeding cost is the greatest production cost during the S. schlegelii
seedling culture, an excessive mortality still often occurred during the early development culturing stage due to
inappropriate feeding strategy. Therefore, in order to better understand the feeding characteristics of S. schlegelii
during the early development stage, the feeding habits of larvae and the gastric evacuation rate of juvenile in the
condition of artificial seedling were examined by using an experimental ecology approach. Results show that S.
schlegelii had already acquired good foraging capability at larvae stage. For the feeding rhythm of 2 days after
hatch (DAH), S. schlegelii larvae exhibited feeding peak at 16:00, and the feeding peak of post-larvae (15 DAH
and 25 DAH) was at 16:00 and 20:00. So the feeding behavior of S. schlegelii larvae mainly appeared at daytime
and the feeding peak period was gradually prolonged with fish growth. The daily feeding intake rates of larvae S.
schlegelii were 42.26% (2 DAH), 16.25% (15 DAH) and 13.07% (25 DAH), which could be used as a reference
for daily feeding of larvae in seedling culture. The results show that juvenile S. schlegelii with different body
weight (average body weight 1.78 and 8.52 g) exhibited different gastric evacuation traits at 22 °C. The linear,
exponential, square root and Logistic models were used to fit the gastric evacuation data and all the four models fit
the data well. After a composite analysis, it can be concluded that the best mathematical model fitted to the gastric
evacuation data of 1.78 and 8.52 g juveniles were the linear model and the Logistic model respectively. Through
the mathematical model, it can be calculated that the gastric evacuation rate of 1.78 and 8.52 g juvenile S.
schlegelii were 0.007 and 0.047 g/h respectively. Based on the gastric evacuation traits and the effect of feeding
frequency on the coefficient of variation of fish body weight, it can be concluded that feeding to satiation twice or
thrice per day is appropriate for 60-90 DAH juvenile S. schlegelii in the rearing practices.

Key words: Sebastes schlegelii; early developmental stage; daily feeding intake; gastric evacuation rate;

mathematical model
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