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FLILAS /AL JE 5 Sk 38 4% 4K T Bouin [G ik i 17 [#]
JE o FOBHE E 24 h JE 45 HA 70% & BEHEAT AR
F7 LA o VR AR RSO0 ) U] ), A BR
T BR 3R o) S5 i 049 350560 59 4% — /N 11, DAt #0 P
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Fig.1 Maps showing the partition of retina

(a) the retina was divided into six pieces,and(b)each piece was
divided into four smaller pieces; V-N. ventral-nasal; V. ventral;
V-T. ventral-temporal; D-T. dorsal-temporal; D. dorsal; D-N.

dorsal-nasal

1.3 HiELE
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2 4
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XF 4 Fif A [a] S5 56 £ A0 0 JIE 114 20 2R 2 F 5 K
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S A B, X 4 AR S LG A AT e B PURE A M (R B, S AR -5 LS 4 Y LL F (SC/
(SC) FBLHEAN ML (DC) A, Herp RNk DC) LKA 40 i -5 40 #E 20 i L {H (R/C) #E AT
PESK N2k AL HE RS 7 SUAH L, AR i 4 XL One-Way ANOVA Zpffr (£ 1. 1812) o Z5RKW] 4
J AN — A v g B AR A T T R A A s PRSI B A BT AT Y 4 TR b A A S R 22
i 1 26 B F- i ) OUHE JRAT HES, AMEAR MR SR (P <0.05) o irp, KRB A BE L N
A T UUE 2 i 22 18] (IR o f) C {E .SC/DC {H & & K T 4 °F i 1 7€ B F- i,
S50 [) B Ll 5T T A S A RS ) DX R R/C U S SN T R ST i A BT il 46 B
HEHES 7 30, R BER T LA RN R . P EER R {E DL K& R/C {H 8 8 35 R T oAt 3 b £
GUE LA S 2O, HE A M A XUHE A L 2R (IE2) o AR M Z E] F AR, S 1 i R AE B
& 07 AOF A XA [T % A 728 4k (& il 7 C {H 22 5+ A R FESN(P>0.05), Hg 3 i

FEPRIITFAE R F 22 57 (P <0.05) s Rk AN

RABBHES THLLRAIN FIBEL AL AR T R H 225 455 (P <0.05),
ScHis il SPSS GEit A Ak Xt 4 Fhsidu . HE 3 BiERRE R A B E (P >0.05)
PG 161 ) 0. 01 mm?” Py 4L 4k 20 L (C)

Rl AMITREXAMBYIETIA 0.01 mm* RRERMEE(C) AEHABYE(R).
BEMES WHEARMLE(SC/DC) URMFHBSAEHMLILE(R/C)
Tab.1 The amount of cone(C) ,rod(R)and the ratio of single cone to double cone(SC/DC) ,rod to

cone( R/C) per 0.01 mm’ unit area of the tangential section for the four experimental species

" R 240 i AT 41 L B/ B AL/ WA 41 R
R cone(C) rod(R) (SC/DC) (R/C) B
species
mean SD mean SD mean SD mean SD number
FAF-fil S. hubbsi 117° 30 789°¢ 67 0.178¢ 0.028 7.1419 1.765 108
AEBEV-fifh S. nigricans 134 35 9949 104 0.156"  0.038  8.020%  2.425 114
R/t H. otakii 283° 123 562¢ 142 0.494 0.030 2.434! 1.192 97
PEk Nkt H. agrammus 257" 81 681" 185 0.492' 0.030  2.977' 1 236 13
TE 5 SC. FME AN L s DC. BUHE 40 M 5 n. A0 2 I A 0 A 7S 5 s Mean. P21 ; SD. AR M 25 o SCIR BN AR RN 2 5 LIRSS R, IR 9] F 1 4 [R] 2

MRIEFAEE (P >0.05) ;[ 5 FREA A o8 22 57 3 (P <0.05) . FRA BRI

Notes:

SC. single cone; DC. double cone;n. the sample size of test for visual cell; SD. the standard deviation. Values in same superscripts are the

result of multiple comparisons. Same superscripted letters of a column mean no significant difference (P >0.05) ;different superscripted letters of

a column mean significant difference( P <0.05). The same as the following

PRGN oA K
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S. hubbsi  S. nigricans  H. otakii H. agrammus S. hubbsi  S. nigricans  H. otakii H. agrammus

(a) 4FhsE0 a2 four experimental species (b) 4FPSEI 2 four experimental species

B2 43X WERSMER(a) WEHAR(C) MEHAM(R)WHEFM(b) REMRRES
WHEMALLE (SC/DC) MMM SN EMMmLILE (R/C) B LLE
2 Comparison of(a)the amount of cone(C) ,rod(R)and(b)the ratio of single cone to double cone(SC/DC) ,

rod to cone(R/C)per 0.01 mm’ unit area of the tangential section for the four experimental species
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i A 4 b S 5 An S R A TR SRR T A DR U N R R R BRE Sk N 2 A A L A B

PUHERCE , 400 H W0 20 B 7 4 b B S UL W AR AL A R A e L, G — O 32 T R IX R T A

LR A Ol A5 OR KB, fE O il A OR P N gk BUHE S B ORAE (0 B 754 .500) , 73 Ah— Ak

L 0 L AN R R A TR - X EE BN A TE - & X (450 320,

(& 3-a,c) s AEFEF il (7 THEIX (B 3-b) s BE3k 78 315, 3-¢c,d)

Lty - WX ([ 3-d) o 7E R fil A AE BE P
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() 8 1 Gl 400 o0 J5E 400 200 0 A 5 (b)) AR BET- S R 10 SO0 A0 0 43 A1 5 (o) SR Ul 7S 400 4R IS 00 200 D 43 A 5 () 38 Sk /S 4R B 9L I
T RL S0 200 B 53 A1 5 N S s V. A
Fig.3 Cone density distribution of right eye’s retinas for the four experimental species

(a)S. hubbsi; (b)S. nigricans; (c)H. otakii; (d)H. agrammus; N. nasal; V. ventral

2.4 AEAXBAMBEAER/ WEABMELER A4 (E 4) o 1 52 il A28 3P il 20 10158 4% X

b o 4 SC/DC {225 % (P <0.05) , Horr, 48 fily #1L
RS L AFNBE L S L AP S X SC/ WV V-T Fl D-N X fEBEF- il g B B VXY

DCHZERARZE(FK2,P>0.05),50.50 72 SC/DC fH {3 L H Al XK (15 4) .
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Tab.2 SC/DC in the different areas of retina for the four experimental species

L) 43 X e o1 fily AL T fifh KNk BE 3k N2k fa

partition of S. hubbsi S. nigricans H. otakii H. agrammus
retinas mean SD n mean SD n mean SD n mean SD n
V-N 0.150*  0.026 19 0.144¢  0.044 15 0.496"  0.034 16 0.5008  0.040 16
A% 0.192° 0.018 19 0.192¢  0.018 24 0.484"  0.036 14 0.4908  0.022 16
V-T 0.192°  0.026 18 0.154%  0.026 22 0.496"  0.034 18 0.5068  0.044 13
D-T 0.166% 0.024 19 0.148¢  0.038 22 0.492"  0.030 17 0.498¢  0.024 20
D 0.182° 0.026 17 0.144¢  0.038 17 0.500"  0.030 16 0.4928  0.024 24
D-N 0.196"  0.002 16 0.136% 0.028 14 0.496"  0.024 16 0.480¢  0.022 24

H:V-NJE - B XV EX VAT 7 - X ;D-T. 3 - i X;D. X ;D-N. % - 51X ;mean. -3 {8 ; SD. bl 22 s n. FEA A G
Notes: V-N. ventral-nasal ; V. ventral ; V-T. ventral-temporal ; D-T. dorsal-temporal ; D. dorsal ; D-N. dorsal-nasal; SD. the standard deviation;n. the

size of sample

—=— Pl —x— KN/ Nkt
S. hubbsi H. otakii
—a— JEBEPE  —e— Bkt
0.60 - S. nigricans H. agrammus
- Y I\T
0s0f & §4§ % =
am  040f
ﬁU
£28 030-
22
S S == = -
0.10F
0 1 1 1 1 1 ]

V-N V. VT DT D
MM X

the partition of retinas

D-N

B4 4750 ERNE XIS/ NEE
Fig.4 SC/DC in the different areas for the

four experimental species

2.5 RINSPALLR

AR 4 b 52 56 0 I 1 i R o 25 B2 R AR A
HAR W T H BN B T R 4 FR S ER
A28 JA A TR I B /N o B AR AT R R 2 R

(P<0.05), Hovpr, Bt 3k 75 46 1 die /) o3 B A B /)y
WUABORE fi vy, HL U Ol A8 BEF- i R Ul N 2L, 58
fih PSR B IR (R 3) o

3 {1ie

1 2 B A0 Y A A0 R )l 2] S ) T
BEDLAY , — i 5 1F J7 JE ik #5180 & 2 AT
B G A A R BT il A8 BT fih
K75 S A FBE Sk 7S 200 A0 HE o 22 60 0] HE 3]
Horp KUl 7S 2 A0 R BE Sk 7S 26 £ i AL HE S 7 Xk
4 A XU 40 L Bl 58— A B o 20 R A A D7 B B0
ZIC AR A, 5 KV P& (Salmo salar) FH R
FhE £ ( Haplochromis burtoni ) #L I 15 f) A1L 4k i 51)
D 3B BT A B il () XU 2 M
G SAT , A HE A B BE AL 2 A T 4 A XUHEZE L 22 18]
T3 T8 BUIE J5 T8 B ik 25 4, AL T /NS 1R T
W% % 4 40 t6 ( Thunnus orientalis ) 1) 00 4E HEZ ",
Wagner ™" B} 55 A 7 , WLAE 41 i 1E J7 T8 B8 it 45 4 1
HEZ Ty 2 RE I o A 2 0 B 25 09 X B, T e 0 1 F
5 W) 2 Y, £ S0 B A0 i 1) 1 5 1 ik HE 5 5 A

RI AMIREXRREFEERSENSHRANLLE

Tab.3 Diameter of the lens and angle of minimum resolution for the four experimental species

SR i Af PR 4 B 4%/ mm N
Tk biggest density diameter of lens angle of minimum resolution
species of cones T bR 22 T E b 22
(cells/0.01 mm?) mean SD mean SD

FEOSP-fil S. hubbsi 219 3.554° 0.032 12.82° 0.11
AEBET-fih S. nigricans 264 4.893° 0.031 8.48" 0.05
RNt H. otakii 754 2.875°¢ 0.008 8. 54" 0.00
Bk Nk H. agrammus 504 3.7854 0.026 7.93¢ 0.06
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S IETT T B 4 A0 R T SO 583, e A, A
BRGNS, R UGS 4R A0 R BE 3k /S £k £ 1 AL
e AL RE T fig Lb 42 O fil AN AR B 7 fil T R Gk, Ali
21150 Beaudet 25 7E 5T KR AR 895 ( Stizostedion
vitreum vitreum ) . fll & K ¥ @ ( Stizostedion
canadense) FI T 85 ( Oncorhynchus mykiss ) i P fii
SEAG Iy B, A0 HE 40 A A0 HE 51 O 3R A R X 3
WAL A T A] . ASBFSE Y 4 Fhfa e rh IR R &
WERHL
B 43 A 2 WY, 41t R A8 B - il 1 R 4 2
i e i /N TR AN R R R B Sk N 2k, A
20 K5 U 2 R T R N et BT Sk N 4
2 B W EBOLR S, 40 o Bz O A
B 1R AL 200 L R U 52 553 16 0 AT 0 L, 7E R
T i 0 28 AU 20 i s 22 1 AL S 40 i, T A A
(] 76 2l 1 £ 2, J A A0 550 D0 R D o A o 4
T o BTl R AR BTl R/C {H YK T 701,
R ANLAFBER AL M R/C /DT 31, it
FEM , R U 7S Lk LRI BE Sk N &t E S 7R R IG5,
T e ~F- i 70 46 BE F- il D) 5 5 S 7R A E) A Bl
Kwak 4 38 T KU/ 2k f RIBE Sk N 2 £ L
ATEERIEEWAT M, SR LR A RAAY 5
T O 42 -ty F0 A8 B 1 il 190 47 ol 2T 0k, A R T4
Je B Ah U A 55— 2D Rk
A T PR 40 25 AT 100 A £ 3R At A T] o X
00 A X R IR R IR £ B £ R
SRAPCE R TP A A U R A K R
I W (0 R R B Mt R B A T B
e V- i R AR SR F- il AL 9 B F SC/DC A W /N T
KU 7SR FNBE Sk 7S 2, 4 0 42 - il 0 78 368
fiy (1) €2 5 AN G0 DR U 7S 4R L BRE Sk N 2tk Gk
Miyazaki 45" 15 52 /A~ 1 i 05 4 40 0 10 1L €5
IR, A A ] DX 3 A R I |, SC/DC i i
S o A S A e V- i R AR SR - i Y A 1R
A BT AR 0, b g 1 il 4 ) i SC/DC
HE KA AL T - WX - 5 X, 46 B 1 il
SC/DC 5 K AE U A7 T DX o HE I3 A 1) HE 51 T
A T 428 fi & BLAT B 7 AUE R O B9

A ) Bof o £ 48 B 1 fifh B 25 5k B B Y i
SR . H R RRIEAE K8 7S 26 8 RN BE Sk 7S 26
£ 00 9B e BOE A

B RS T R WL e, & B
KN & 328 XL Rl kIR
(20.8% ) . H Aty B 52 2% (16. 7% ) . J7 & =
(12.9% ) FfiE (10.3% ), JF¥ L IH R A AW &
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W, RWAL A ER A D, IR R 2 W
Wedk MR (27.78% ) , Hk b £0.5 (19.33% ), Jl&
FHIE 2 45 = {7 (18. 29% ) ; Horinouchi 2 fiff
FER I, KA 5 7 il 2 SR B R R A B 5t
2K UNUF o AT 45 W, 4 1t 0K ol N 2k
A AR A 23 E o v A0 A T A B A IR - 3B (V-T)
X, Ul B E AT R e A B A IR B 1
e, AR T He A T H SR B itk ir 2k, 5
LA S PEAR IS V. Kwak 282 BF 58 & B, B R
KUe 75 2k FBE Sk 7S 26 & P AR AR ARL, &8 32 2L
WEFRE LB EELMAL H - FaN
WAFAE— 822 53 3 BRI AE B Sk oS 4k £ 0 i 2
RMERNIEE L T RIS LA FIE, KISk
1 B Sk 7N 2R 0 %0 R0 L B8 119 1 5% 0 47 7 20 B0
25t KUY 7S 2R 5 5 A 5 Tl A S [l sl & T
7, T B Sk 7 28 0 J0) B 35 o A7 6L T o B O
WEIE & B, B Sk 7S 2k £ 00 XI55 400 A A4 e % 3 I s
A T35 - X (D-T) , 6 7 T 99 7k B
ToRE B AL 6E , A R F R AL F SR O IR
JESRNEE S 5 A 2 PR B AR B 2 kAR IS .
A6 BEF-firh o 225 & /N 52 3l A At G A HE
' R X T AR BESE il 60 4T T P 1 TG R 56
RE , (E DA H O 190 U5 R 4 4 L 3 B g R Ak 37 T
X (V) ] LAHE I, 46 BE - filh it Bt 1 7 5 9 7k B
BRI HEHRRE

SEISRCHE WoR , KU 7S 260 R BE Sk oS 4k fa A
V] JEE - A0 4 L % R A AR T S W, i K E
P FHX(T) B, 55— D BACW W E A T -
X (D-N) , 78 LAFEBF 58 b i R AT 3 5Ll .
IR R RUE 7S 26 i FLBE Sk 75 26 f A I S 5 —
B L 8 R G L, B I/ T LA B LX) B 1 S
5 B AR, AT X G 0k s Y B EL A B Y A

FE 4 B SIS TR P BiE Sk S £
B e /N B A B /IS PRRRE S, LU Oy AR B8 - fi
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Comparison study of four species of coral-reef teleosts( Scorpaeniformes)
with photoreceptor cells and the angle of minimum resolution

LI Chao, WANG Liang, QIN Lezheng, ZHANG Xiumei "
( Fishertes College ,Ocean University of China,Qingdao 266003, China)

Abstract ; The photoreceptor cells and the angle of minimum resolution( AMR ) for four species of coral-reef
teleosts, Sebastes hubbsi, Sebastes nigricans , Hexagrammos otakii and Hexagrammos agrammus have been
studied by means of common histological methods. The main results obtained are as follows: (1) Cone
photoreceptors in the retinas of H. otakii and H. agrammus are arranged in a mosaic ; four double cones are
arranged in a square around a single central cone. The double cones of S. hubbsi and S. nigricans form highly
organized rows and the single cones are distributed around four double cones occasionally. Compared with S.
hubbsi and S. nigricans ,the arrangement of cones for H. otakii and H. agrammus is more complex,and the
ratio of single cones to double cones is greater in the retinas of H. otakii and H. agrammus, which may
indicate that H. otakii and H. agrammus have a better color vision. (2) The ratio of rod cells to cones of S.
hubbsi and S. nigricans is greater than 7: 1 ,but for H. otakii and H. agrammus the ratio is less than 3: 1. It is
speculated that S. hubbsi and S. nigricans are nocturnal, while H. otakii and H. agrammus are diurnal. (3)
The areas of greatest cone density for S. hubbsi, S. nigricans, H. otakii and H. agrammus are found in the
ventral-temporal region, ventral region, ventral-temporal region and dorsal-temporal region, respectively,
which is adapted to their ecology and feeding behavior. (4 ) For the four experimental species of fish, the
AMR with S. hubbsi,S. nigricans ,H. otakii and H. agrammus decrease in sequence. The preliminary analysis
suggests that even in the same habitat, the visual characteristics for different species of fish vary a lot, which
may provide some beneficial reference for the development of high selective fishing gear.

Key words: Sebastes hubbsi; Sebastes nigricans; Hexagrammos otakii; Hexagrammos agrammus
photoreceptor cell; angle of minimum resolution; fishing gear
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