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MMEEHAEZEMAEAEE, IMFaToEaRAET W EMR, 5 B RFa il NELAiE
PRI, B 16 B R FH 30 B, PIEE NG EE RN 28 F A5 (P<0.01), %k
WAL AT B F BBl KN, 16-39 H A, # WAL E L CC. GC # & £ % %/ (P<0.01), ONN
¥ E 8 FH % (P<0.01), 39-50 H#, #LIWE L CC. GC 1 ONN % &% A 1 3l & # £ 7 (P>0.05),
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(PRI EK, 2011) , £ & vl v i 32 2EAE TG 2 ik
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2006), Neave(1984)fif 7% T 't HE 5k B Xt 52 6L IR i
iz B RN RE I, (BT 56 R ZE B R k& B B e
B ZUERRE BT R WLARGE o A R ECA B4 210
AR, XEARTR & B B R 22 B ) 1L D) e 7 AR
AL R AT T HIFSE, R 6T A B R A o 42
HEHS AR , JF M BPEE RS a8 B A 2R B
ANFEAH I L 2= TR

1 MRIERE
1.1 SEifA#E

S T R RS2 A T-HE 40 £6A [R) Uk 7 A0 1) £ 7
B & AR R A R A R IS E KRS
(20.5+2)°C, £hFEH 29+1, SLEM 201347 H 16 H
TG, £ 9 H 3 H45R, H50d, MRy REEN &
BRI, 1-16 Hig M AL T, 20-30 Hi%
At THEMIY], 34-60 H Wy kb T4 ) (5 5%
45,2003), JlHCeIiE . 2, 5, 10, 16, 20, 23, 26,
30, 34, 39, 43 1 50 H & e £ i T 5086 .

1.2 LA E

121 #YREED T 6 MK 6 L 7 IE
SRE KRS JETT KR 20.520.5°C , 4 B BT Y
72 RBAHBEURA 6 DKM, RAE 12 B, 34K
&S F HAOET 3 h, SEHESRE N 100-500 Ix, Xffa
HIUEATRHIE IV 5 540 3 /KAl R 32 6 11 2B (0 ety 7
S TE AU, B ARSI Bk I,
RS EE Sl O, X0 #E AT IE G N 3 h,

122 &HERLS GHA T W 1 1 £
1 % S QR AT [ g AL B A BH R R S Y £
TEHSROGTT HAEEE , W8 5 I M e R B
GRANCTHTEE ., E2a6H 3 W L LED
KTHEES 0.5 m MR FER I E 24 h J5, JH 70%i0 45 i
e, IR TH A,

B2t CRERE K . RSB | IR A
WAL S, EATRE RGN B E S YT B, 16 H AT
R IR g 4 um, 16 HIR 5 o i) R
J35um, & HE Y205, 76 SMART A9 W iss ik
gL, H 1SCapure {5 R AE AR IR A .

1.3 MESITHE
131 &9 NMBEE Lm0 RERZNNE paryan
YRR, 26 MNRHE, AU E % H i
THAL R E | 2R 2 (ONL) . A% JZ (INL) Flg 28755 40 iy
JZ(GCL) I JEBE

132 &GAMMERKTG L 3 Fapei il
it THECOL W RS DI B 100 pm K EEPY, A4
YL (CC) . #2410 M 4% (ONN) A2 #h 28 745 21 fif (GC)
R, Horp 1 ANRUERL 2 APk (Blaxter et al,
1967), FEAFESBENLERE 5 AN AR KIS T4
3 BT R b AP A% T2 0 A 5 R0 4 L )
e L(E (ONN/CC) |« AMZ 2 4l A2 5w 45715 Al i 1)
K L [ (ONN/GC) (Blaxter et al, 1967).
133 PAEE NG B GAM R E F 4540t 1E
PR T SERE B E 5 AN, @R ZREP), AP
AR O R 71 25 1) B A 22 R By B 1 ] ) R 5 0 400
b 2 M2 TR EE (V) BV R A 2% 28] S B e 2 [) 1) B
B 255 (Pigment Index, P1)=P/V(Z& & 7 45, 1989),

14 SEitaHr

S S CF- Y + 5 1 22 ) (MeantSD) R 1] SPSS
19.0 Gt AT ZE 77 225397 (One-way ANOVA)
(P<0.05 F/R 5B ¥, P<0.01 F£/REZWEE),

2 #R

21 XEHFEAMBRHERENL

WIEAT A0 I BESE AE T 5, AR R E, MIKkEs
R ) B SR A Ty 1), PR A R AL L AR
T AH)ZE (B 1-1), 2 H ISPl M R 225 Ak 7
SEAE, PR L B R ), /i i A 20 R AR
PRARE 20 A2 (] 1-2) 10 H BT A M E Bl 12
P-4 (A 1-3).

22 REHESHMAMELEIMZE. NEERBET
ApEEERENL

007 A7 600 D S A AZ 2 408, AT 1 J2 4
(& 1-1), JERE K (5.241.1) um (£ 1), 10 H#frash
V2R 1-2 Z4(E 1-3), 34 HikshasMzZER
34 ZMEE 1-4), WE L5, a2 HIRAE
16 H#, R SMZ 2R 31 K (P<0.01),
M 16 Hit % B ) 50 0k, 4M% 2R AT H B 3
54k (P>0.05),,

WIEAT AL B P % 2 5-6 J2 4N, LIS Py A%
JZ AN FH RUR 200 A A TG 28 20 R 2 B8, T o 400 e ) AL B
AN (] 1-1), 10 H 4700 I R Py A% 2 H 3K
A, (HACER (K 1-3). 34 H #4400 R sy %
EE, AEE 1-2 EAKCT4I0 . 6-7 2R M 5 2
TRKEME(E 1-4), BEANET, NZZZHL
i, 50 HIRah il M NZIZCE 1 2K 40
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34 JZ XA A 34 R TR RANM (A 1-5), H*E 1
AL, AT A R R O I PN A% 2 I SR S R R
VBN TR Er R P S PR A 2 ) JEE B (S hy (12.240.8) pim,
BiE A AT, WZZNERE B (P<0.01), &
34 H I A% 2 1Y JE B R 31 5 K (36.6£1.7) um, Z 5
P 2 1) JEL B8 I 2505 /N (P<0.01), 50 H 8 R B J38 ik /)
%2 (26.8£2.3) um,

W - F L SRl 26T A2 45 5-6 24N E(1&] 1-1),
B AT, MATTAIZAEEcE Wb, 50 H ik
WS AEA 1 2400, HAMHES R S
(1 1-6). MM R R (R 1), VI o 9 i
P28 40 )2 0 T A K (21.642.1) pm, Bl (AT

RH, PRGN R B N (P<0.01), Hrfr,
10-16 H #3470 ) 4 2670 40 i 2 52 8 i 354K T 0 A T
6 (P<0.01), 20-26 H i 7HE £ A% 255 20 if )2 52 A
ELT 2 HiIB T (P<0.01), 50 H WS4 i i 2575 41 iy
JRIRJE B FRT 20 H %A1 (P<0.01), 34-50 H k¢4
FR) o 22071 A0 2 D5 B At 35 AR R (P>0.05)
23 KRESFUMAE LSRR, 235 40 B Fnshix
Bz ET N
N 2 AT, FE R T AR P I R A 2
AR SRR, Hodh, 26-30 H I A0 R I A1
HEAMM ARG W IKT 16 Hilg{1£a(P<0.01), 43-50 H i

x1 TEAAEMRAEZEFEHUMERNIMZE(ONL), HZE(NL)SHETHEE(GCL)E BB T (T H5hrifE %)
Tab.1 Thickness variations of outer nuclear layer (ONL), internal nuclear layer (INL) and ganglion cell layer (GCL) of
retinal of turbot fries (Mean+SD)

H % Age (d) IR R W 2R P2 40 2 L
Thickness of ONL (um) Thickness of INL (um) Thickness of GCL (um)
5.2+¢1.12 12.2+0.82 21.6+2.1°
2 6.0+0.0% 14.8+1.12 20.2+1.8%
10 8.4+0.5" 18.4+2.2° 17.8+1.1%
16 11.6+1.7° 25.2+1.1° 17.2+2.3%%
20 11.6+1.1° 26.2+2.0° 16.4+0.9°
26 13.2+¢1.1° 29.8+1.1% 14.4+2.2%4
34 13.6£0.9° 36.6+1.7" 13.8+1.1%°
43 13.0+0.7° 31.8+1.1° 13.4+1.1%®
50 12.8+3.0° 26.8+2.3% 11.6+1.72
P 0 0 0

T R IR s W3 80U EARA R R 2257 W35 (P<0.05), T

Note: Values are means and standard deviation; Means with different superscripts within the same column have significant

differences (P<0.05), the same as follows

x2 XEF&HUMEEYIEL 100 um K E AR HEHR(CC). #EE T 4HH(GC)FI5MZ = 41 A (ONN)KY
HERHE L CFREIRIEE)
Tab.2 The amounts of cone cell (CC), ganglion cell (GC) and nuclei of the outer nuclear layer (ONN), ratio of the amounts of
ONN and CC, ratio of the amounts of ONN and GC per 100 um length of the retina cross section of turbot fries (Mean+SD)

i IEEA R ARG MR AR E AR S AMEER A S e
Agg(d) Amount of CC Amount of GC Amount of ONN M B L M B L
(/100 pm) (/100 pm) (“1~/100 um) Ratio of ONN and CC Ratio of ONN and GC

16 35.4+0.9° 64.8+6.6° 65.8+1.6% 1.86+0.04% 1.02+0.10°

20 33.2+3.3% 63.2+8.0° 75.242.9P 2.27+0.04% 1.2040.13%®

23 30.0+1.6% 63.0+8.6° 88.2+3.1° 2.94+0.36%° 1.42+0.23®

26 27.6+2.7° 57.0+19.0° 92.2+1.0% 3.36+0.16"¢ 1.75+0.51®

30 25.6+3.3%° 48.8+17.4™ 93.0+3.5™ 3.70+0.21°%% 2.16+0.90™

34 24.0+2.0%° 45.0+7.6%° 93.8+3.2¢ 3.93+0.13% 2.14+0.41%

39 23.4+2.7% 34.2+6.1% 96.2+2.6¢ 4.45+0.21% 2.88+0.48°

43 21.4+5.22 30.8+1.9% 94.8+4.0 4.63+0.11° 3.10+0.20%

50 20.4+2.12 24.4+4.3 94.2+3.4% 4.64+0.15° 3.90+0.62¢

P 0 0 0 0 0
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£ A DR S WA AT L A A5 B IR T 2026 H IR HE
6 (P<0.01), 34-50 H #4) i 40 I A5 100 240 e i) 5
A A B3 22 5+ (P>0.05).

0P 2 T 3 R A D R e Y A0 B A B A
FRFEaE, Hirp 3050 H &4 £ 40 o 5% L 4o 25715 i it
B85 I 25 KT 20-30 H % #E £f1(P<0.01), M 16 H it
frfa e B3 30 HIRHEM, 5L 421 i it o 45
AR AT B 22 5 (P>0.05), 34-50 [ A4 a1 Mk
R 2T AN M RS A A A R 25 7 (P>0.05)

M 16 H #3110k 7 5 30 H I HE (A, HLIME F4h
12 2 A A 1) B i I 35 0% £2 (P<0.01), M 30 H i HEfa
KB 50 Hikghh, WRE %2 40 A% i 50
WA i # 254k(P>0.05)

A B AR AL . ONN/CC {5 W% I
Frivfas, Hr 16 H #4740 % f5 1 ONN/CC {H i
ZALT 34 H ik %)) (P<0.01), 34-50 H 4y e 1 [ fist
[} ONN/CC {EAH Lt e A b 35 2% 5 (P>0.05) .

AR B A ETP AR E ONN/GC HE % b

Fhimkas, Hh 16 H #8170 MY ONN/GC {H {2
FRT 30 HIRHE(M(P<0.01), 20-26 H #HE fo 4 ] fiE
) ONN/GC fH & #LF 3950 H i#&4)fa(P<0.01),
50 H #4 4y 2 00 9 55 1Y) ONIN/GC i i 35 55 T 34-39 H i
4111 (P<0.01).,

24 REHEEANEEELIEEARNERERN
SERBREHTN

5 Hidr g ASRCIIE N G, BER R 70
HEANBL(E 1-7), aREN A RARZEAREEAEK
JZ(E] 1-8), HAREIGE N TR AR IRE 3. 34 Hik4)
g ARG N )G, RERELEEIHZE 1-9),
SR I Je B AR ] 2 A R 2 (K 1-10).

H % 31, 5 H W7 £0 WA I 5 0 28 F8 5 kE
F, 16 HIRFAMIRGE N G R M ER . N
16 H it frfak 75 30 H M, BHREIE N 5 AR5
B 24 3 T (P<0.01), 34-50 H 4 A WA s ik
N7 Ji 0 28 18 B 250 22 57 A 3 (P>0.05) .

®3 ARELEMBRKXETEEHPARENGEHMESRREIOENCF I8 EE)
Tab.3 Variation of the pigment index (P1) of retinal of turbot fries after the light or dark adaption (Mean+SD)

H i BH 38 N7 i (0 3 4R 4L 538 N S5 (L AL W B3 V7 I (3R
Age (d) Pl after light adaption (LPI) Pl after dark adaption (DP!I) 5% 22 {H (LPI-DPI)
5 0.81+0.08% 0.81+0.02° 0.00+0.07°
16 0.87+0.01" 0.75+0.05% 0.13+0.05"

20 0.80+0.02° 0.63+0.07° 0.17+0.08°
26 0.87+0.04" 0.66+0.06™ 0.22+0.05>
30 0.91+0.01% 0.60+0.05" 0.32+0.05°
34 1.00+0.00° 0.50+0.04% 0.50+0.04¢
43 0.96+0.04% 0.53+0.04%® 0.44+0.05°
50 0.98+0.02% 0.44+0.03% 0.54+0.03°
P 0 0 0
3 JTig A E IREE, i 3 HiIrAJF a4t 7 lue

31 XEHEEHUMNELEFRSEESFE

R £ I 00 T 2L 88 5 A 20 0 00 IXR) R g i 7 2
P, DK B 2 B B ARy 1) W 43 (2R )2 A ALAT
JZ AT AMZIE L AMRARIZE . NEE L IIRRZ
T2 AR L S L A 2 I (5K R S
2002), 1E/KIRM(13.0£0.2) C AT, KIEHEZHEIHIE
B2 70 hif TFA6 B AR IR (RN SR, 2002), ABESE
WA 0 B 2L 4 AR T R 2 | PO A% 2 i 6
YAIZE, 2 FO AT A S L 0 €0 2R 2 R A A
JZ, BEE, A7 R AR S5, TG E T

FEml, X HIRREFCLIRILEE, 2013), P IE (T & A
4% 2007) . 4k i (Lateolabrax japonicus)( T /)N %,
1999) %5 HAth B -1 S (1) WIF 5T 45 SR AH— 3K
MIRZ R G KB R ER M, HNER LT W
4 KT, K0 BURK 20 it AN G 2€ 40 i
AR B B (R 4%, 1993), 1 LA £ (Siniperca
chuatsi) A AR IR A & AR AR T AU XA £ 2, 1
PIRAAFAE 1280 2 J2/KF 4 (IR DT, 1994), K
F2 WP AT (LI I N A2 A 56 240, (0B 4
HEANJC A S 4B ) A PRSI . 10 H & Hsh, 00 o
HEUK-A, (HEERED, 34 HigEE, KP4
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32 XEHEEUMEL TS

JCERRE TS f0 A0 W i K A 32 Bl S A R S
By, OGS A0 000 JEE F R 200 L 1) S SR RBEAEE i, AL 4
M R AN s S0 T AT AR m AP S, i
AR 200 A i ) A1 5 DUJ R 3 2 40 M R T 8 ) S
ORI XDCREE N, (R4 T A 7R 3O
AN 232 B, 755 G I B2 85 ok LI 5 BOG g
(Neave, 1984)., Blaxter % (1970)WF5¢ &L, AT 41
KEGORRE RO R B[R L A A . 5 H i RZE 6
IS IS, AR BB AR RS — 2,
F UL 0 BB A B B B . 16 H A £ A )
ZWIRGE NS, GREBH Y E2ER, R
78 8 I RS AL P 5 7 A T B R 3 Bl SR, AT A
JEITR A E o 16 H iyt § 5 30 H ik, W]
I 325 7 I AL o JE € R AR K 22 (L S ONIN/CC {EL 3%

IR (P<0.01), 72 HH I 3 A8 45 A 22 AR S A 45 R A
PRFT: 200 1 1 50 i 3 T 14 22 (BT 1246, 1996)

ONN/GC {8 J5z e "7 L Do) 5 D) £ 235 g 1) 25 SR PR B,
IS T A AR RS P e (I AR A 5 (B
1994)., 16 H #&17-ff ONN/GC (B, 7 B H IR R4
JEE DR 28 2 SR FRBERCAR, LB A, A R T e T
TRPOK Y, BE AR T , PR 25 2 R R A
SUSL A =TI [ 110 i = ol O P e R 2 g
%, AT A R N, B T e
A BT RS A I 5328 A 35 N JERAZ 55 I R, XS
01 AR A5 5 DATR U SI R 4 A5 3 PR A E 1 o

il KA~ 45 (1993) L AcHIF 5T T #figi i (Sparus latus) |
fiifif6.(Mugil cephalus) . 7 s f1 B ffi (Epinephelus akaara) |
WS4 /N T 0 (Sardinella aurita) 581 7K £ )
PR LSRR ELAG OSSR R o A1)
0 20 ] [ PR 0 Dl 5 AR A AT B A 35 NP, T B
BRI o L D0 Ay v AR | PR
28 B fE a2 78 K E WG 8, i N 2250
B o R 0 N = F 0 o B N 0 A L
RS2 B 0 P A A 2 B TR D P R R v, b
Ko fp ARG B RRAR, DCHUSMEE R, FT5
HEE e TR Y, Rk, S R REE AT
MU | S HUBRYE RS RS,
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Bl 1 R EEfa  H IO S 1) P40 & B AR AE
Fig.1 Retinadevelopment characteristics of turbot fry

1. WIBEAT O AL I RE 28 5 2. 2 d A p L I B2 44 5 3. 10 d A7 f0 i WL I REE 25 4 5 4. 34 d 4 fa L M I 4544 5 5. 50 d 4 i
PRI I 548 (B R AMZ 2 . AAZJZ) ;s 6. 50 d &y i (i IR I 284 (B R 22 T ML) s 7.5 o A o ATt 7 i 0 IR 5 4
8. 5 d {1 f I3 W J AL I S 2544y 5 9. 34 d 4 i WY 7 S IR I JEE 45449 5 10, 34 dl 4l i I 1o /s U 190 45 44
A: TKZEANM: B: XURAIM; COL: #LHEANNE)ZE; GCL: M waiffi)2; H: KP4l INL: W
L: fifAk; ONL: #MZJZE; PEL: #)2; SC: #HE4I
1. Theretina structure of newly hatched larva; 2. The retina structure of 2 d larva; 3. The retina structure of 10 d larva;
4. The retina structure of 34 d young fish; 5. The retina structure of 50 d young fish (It shows ONL and INL);
6. The retina structure of 50 d young fish (It shows GCL); 7. The retina structure of 5 d larva after light adaption for 3 h;
8. Theretina structure of 5 d larva after dark adaption for 3 h; 9. The retina structure of 34 d young fish after
light adaption for 3 h; 10. The retina structure of 34 d young fish after dark adaption for 3 h.
A: Amacrine cell; B: Bipolar cell; COL: Cone cell layer; GCL: Ganglion cell layer; H: Horizontal cell;
INL: Internal nuclear layer; L: Lens; ONL: Outer nuclear layer; PEL: Pigment layer; SC: Single cone cell




ZE 5 4 KR35 6T (Scophthal mus maxi mus) f 13 0 I i 2 27 45 44 -5 400 e e 31

R, TR, R, & R EEMT. M mBes
M. sh2#ik, 2007 , 53(2): 354-363

TN, BARSE, TR, G ARSI E B SEBEITNNE
. BITREFAM(AREIANR), 1999, 38(2): 323-327

LAY, failtfh, S5, & IAIRETILMR RN & & LA E
MLAE. HEIK PRI, 2013, 20(5): 958-967

KA, KM, WM, S JCER RN A B R REA
RYTEA2EMEL. K724k, 2002, 26(3): 193-200

fAIRA™, Bk, TR K AL LS Yt 5 T8 TR0k,
1993, 12(4): 342-350

g, HaER, XN, % ATl R AT AN
2EMEE. R, 2012, 36(3): 49-53

ZERE, AR, XU, SCIEXTET ., #E . SifaBare
. AR, 1994, 13(1): 26-31

TRIERE, 2548, F 77, BED 00 R T 55 2R 48 10 2 R 2E00F
5%, fi#i)24k, 2002, 33(1): 108-110

PREHE, sk B, JEEMATHELI AL R G LT L1
g%, KAAI2EdR, 2006, 30(2): 236-240

WlERL, 2T, HSCTe, AF. MK DR R AESROE T .

W5 % | G e 0 0 e 1] ) — et Bk SR
PR, 1977, 9(1): 27-38

MR, 2R N Rl RS A, 2011, 459-466

BSER, Roe. WIS TR AR A S AR
KER. shiAR, 2007, 42(5): 4148

RS R, SRS AR RIR e DG IRR TR
W I3 s SO ) bR LT TR 224 (SR B2 i), 1989,
28(6): 647—650

BNy R £ R B HH 2T I SE N BIAESE 1. R
MESEF R, IKAA 4R, 1994, 18(4): 376-377

IRy, IR . MEBEEIT ARG IR, KA YR,
1998, 22(3): 278-284

SRR, SAE, EA0R, S RSN NERE KSR BT
KRR R B B2 . oK P=Rk24, 2014, 33(11):

674-679

TR, DEE, X, % KZE6F(Scophthalmus maximus
LIRS AFHES Rk B OFE. 18TE 5T, 2003, 34(1):
9-18

BT, SR, OF (IR R I LU, Al
RK2F2E47, 1996, 15(3): 263269

Bailes HJ, Lucas RJ. Melanopsin and inner retinal photoreception.
Cell Mol Life Sci, 2010, 67(1): 99-111

Blaxter JHS, Jones MP. The development of the retina and
retinomotor responses in the herring. J Mar Biol Ass UK,
1967, 47(3): 677-697

Blaxter JHS, Staines M. Pure-cone retinae and retinomotor
responsesin larval teleosts. JMar Biol Ass UK, 1970, 50(2):
449460

Evans BI, Fernald RD. Retina transformation at metamorphosis
in the winter flounder (Pseudopleuronectes americanus).
Visual Neurosci, 1993, 10(6): 1055-1064

Leknes E, Imsland AK, Gustavsson A, et al. Optimum feed
formulation for turbot, Scophthalmus maximus (Rafinesque,
1810) in the grow-out phase. Aquaculture, 2012, 344-349:
114-119

Neave DA. The development of the retinomotor reactions on
larval plaice (Pleuronectes platessa L.) and turbot
(Scophthalmus maximus L.). J Exp Mar Biol Ecol, 1984,
76(2): 167-175

Ota D, Francese M, Ferrero EA. Vision in the grass goby,
zosterisessor  ophiocephalus  (Teleostei, Gobiidae): A
morphological and behavioural study. Ital J Zool, 1999,
66(2): 125-139

Robinson E, Jerrett AR, Black SE, et al. Visual acuity of snapper
Pagrus auratus. effect of size and spectral composition. J
Fish Biol, 2011, 79(7): 1883-18%4

Sabatés A, Bozzano A, Vallvey |. Feeding pattern and the visua
light environment in myctophid fish larvae. J Fish Bial,
2003, 63(6): 1476-1490

(%t D)



32

woor B o

-
el

Histological Structure of Retina and Visual Characteristics of
Turbot Scophthalmus maximus Fry

CHE Jingging, CHEN Jinghua”, HU Miaofeng
(College of Marin Science and Engineering, Qingdao Agricultural University, Qingdao 266109)

Abstract Knowledge on fish retina structure and associated characteristics helps better understanding
their feeding behaviors. In this study we studied the structure of retinaand visual characteristics of fries of
Turbot Scophthalmus maximus using paraffin sectioning method. The experimental water temperature was
(20.5+£2.0)C and the water salinity was 29+1. Healthy fries were fixed after certain periods of light or
dark adaptation that included newly hatched, 2d, 5d, 10d, 16 d, 20d 23 d, 26 d, 30d, 34 d, 39d, 43d
and 50 d. We also measured the pigment index (PI) after the adaptation of retina, the thickness of outer
nuclear layer, interna nuclear layer and ganglion cell layer of retina, and the amounts of cone cells (CC),
ganglion cells (GC) and nuclel of the outer nuclear layer (ONN) on the retina cross section. It was
observed that the pigment layer and cone cell layer appeared in the retina of 2 d larvae, which was the
visual support for the first feeding. The retina of 5 d larvae showed no motion response. From 16 d larvae
to 30 d juveniles, the difference in the retinal Pls after light and dark adaptation (the former subtracted by
the latter) significantly increased (P<0.01), which indicated the motion response in retina. During the
development there was reduction in the amounts of CC and GC in the retina (P<0.01), while there was an
increase in the amounts of ONN, the ratio of ONN to CC, and the ratio of ONN to GC (P<0.01). The
retinas of turbot fries possessed high visual acuity and low photosensitivity before metamorphosis,
however the former dropped and the latter increased after metamorphosis. This adapted to the weak light
stimulation when their lifestyle changed from planktonic to benthic. The photo sensing system of
post-metamorphosis benthic turbot was deficiently devel oped.
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