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SPECIES

LENS DIAMETER
(mm)

MAXIMUM DENSITY

(cells/0.01mm?)

VISUAL ACUITY

Red sea bream
(BL245mm)

Red sea bream
(BL609mm)

Bluegill sunfish
(BL177mm)

Ocean sunfish
(TL870mm)

11.8 108
2 216
11.2 280
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0.280




e

B2 - REOHME I

=

E(f]

i

8%

Jr

=

Fn
i

D

major,

[ # ¥

I

VR RN

5. B

cHE
o
ra
L
o (1) j:.
1 pae  f
I - 1
£l
. fJ j'-'l;'
=
i 0
- -
- I

A 8 R

i # he

K BE 2 H

o ¥

4 DI

J

o 1\ ﬁ‘h

TN — F W Lepomis macrochirus 8 KU 0 ¥ Z Sillago

Japonica lZ D W T M FEEAMRIZ XS5 ME 2 ®EEZE

'rJ. ljn )

TAHAHENEREBEEIAO BT

(3 A

N

4

b 2

a

N

v
~\.
™
Sk
b
",

N
By
0'\-

e
Nt

.‘{_
()
-

o

3

(Bl

I

I

,.; - = L 3 .
/ / feh,

1 T i L = r . s T 9
12 onEmMAKMAZMBWT Collin & Pettigrew

|

0 < T 3 . : !
Collin & Pettigrew” ') + # ¥ A4 Pagrus



£ i
Z &I 3
o

B2mm),

-]

Fig.2-2

A
= i A B

P2

T4
W& L
LTWw3

R feh % |

5

fiff
i1
{1l

Al

=

A

AL
£ Vo b
Gl
A=W
fm <> 44 [t O

LD

i

e |

fis

7

*

o s

e
C &

=i
Wy

B %
¥ %

q}

k

(&5

)

4 |

IZ 10%6F

gk
o B
o <

o
S

3 D 5

b
1/ g"{ £

&

e L&

82mm)%& H VO 2,

EB TH W24 ikl X K@Y IiZ Schnell-Nissl
B, iz WEZ LY A4 X 1y it
BIRIZCBBT I _LTALGENTHL B,
L4 @ % (F L., @B HFEa%E#EICH
HEPHL LT optic line(optie cleft)D il & & i
VL&, I 2WAmICEFITICEYEL.
PTEBRELE, 2heoMEZELZIRBWE
—VHECRLZAOHA B THLIEEL2 S
PHOEALZ-MEORAEICE. FERODXZ

351

PR

W B KGg#
MBELKL:. £
LT —BHR&H
£ % Fig 2-2-2 I
5% WY K

1 B %E L7
el Nt R R R

A 0D 1E K2 .

< 4 14 (BL

RIEDBZ EM G,
Uz, BWEH
T J LEBEXZE

M E

R R

o i o

2T A8, %
% Uy HL Y #E
ghdlk,; BRE

il

el

R

(The retinal wholemount Icchl]iquc}’i’ H 7

|04mm). 7 I — F W (BL

&tz

VD AR R

3

D ol

MIBRZ, 01%Z7 L2 I
RO ERZERy FIZ LY
2By T 9S%T
Lz, REDODEEIERZS

- L PEE - I
Z D B %’JT C 4
aiX 95%x ¥ /
KEF 2 =NME

Wl B R B




Distance)

=

o

‘_-,.J.)

Pl A

tan Z=1/PND

arctan(1/PND)=arctan(1/2.55r)

P s BE &
O T

cells per degree =4

cycles per degree=1/2cells per degree

Mass&Supin'’

}_5

o
A

(a8
(FITR
e

FLOLENROBRE Y AT

CRUATTR e RO R E ¢

= | Al Ay & R

!}; |-i11r| ‘H |H "" il

&k (Matthiesson's ratio) ¥

D(cells/mm~)& § 4

) A B &)

(£ 8 & 9L (visual arc)l

E W D BBE cycle/degree (X L F @

o

I

B

i)

o

Nodal

o
L

D(cells/mm)T & & 1

Z H




min. of arc=(1/4 D)x £ x 60

ok |- ~ ke ot - =
WHAEMIZHR D VAL min. ofarc DM B TH Z 651 5,
VA=1/ min.of arc

. ] |
[ é'-|". }r‘ ]

R—= N2 P EICELDTERLEY A BROBHEEELRZ
224 ICm Ll o, VY1 EHMBRVOBMBEYT A% Fig?2
K lblko REBEICKX--THETMBEAOU2WHELHERETZ

MO HEERLECORFVESRBIERN TR > T Wi

Fig22-6 CX ¥ /1 BBEHMBEEE>HAREZRL . B XK %ZFE
FIRXBZAEABRTHEHE, TZTREMICLE W AR X CKE
Zn bl IREBEERIABAE LD IS T TiHBET . WED

13 62-246 cells/0O.0Ilmm*OBHTLOMH L T,

HEDHMBERIBEE S THhHD 246 cells /001l mm* 2 @B & L 5

Rk, o iz RkbswARICHNETAHICED H
B L, ERELLEALCLAZRLEZR A & T Y A4 08 il

ot HE -t - e
# 30 B T H = It

Fig22- T2 7 WV —F IV REEGHMPOFMET K2, Fig2-2-81

'l!'l-’f- ,U\ ’rll |.4 )3: ’J; Lz f: o f[p %rl“ f .‘ ] 'lH“l ;!':{ ‘,;lu} 'i%jl Ia Fd~ a!f] II {': |ﬁi L".J }‘?J ';\U :?"4’ J'IC o

AR BN, HIBBEBEIEL 185¢cells/00Imm* TH-7~, Z izt b
bR AHHWEILH HTH - =,

Fig2-2-9 il v o F X HFEHMioBEMMEY BL% Fig.

THRERLELE, WEGHARBEREDIIHMEERZORRTHEC

2-2-10 {25

-2-5

3.

Al A

(4

%

s 4

iz %
> by
ar *J/




h, MKEBEIZ 116cells/ 00 Ilmm° ThHh-71-, RBAERLALUEZ P

LbZksS L, YOFZOHRWBEIMWMA LI 16T S » 2,

1 KON HEMMRBRRYTEE S KGEERID,

Collin & Pettigrew” 'O H BEXRZ A WTHHBHLEHE hR= 4 4 T 0.21,
TW—=FWT012, YO F XTO0I1TTH1T. ERATEICEIT 5 @&

MMl REEE, K&K EE, R IOKER%Z Table2-2-1 Ik L %,

- T o by $ Ae panl pEy T, WoE N REE B - . 75
BLI0OAmmOD T4 A1 O RENMMIIAE FLELTHY

MBI TERKDIY A (BL245_ 609mm A R R ED I 2 12T E A&

X
S
FHR

-
o
y 4

ThHh-7m, T MR & BEOKIZHMLTRE, AREo#EREE
BREIZE>TEITS Ve, 2hbofithMcEELET 3
LT % &V, Shiobaraet. al''"'"DF — iz X A &, K TH &M
EEPHFORFZT Y1412 ERAHAFAERE (BL117Tmm) O 7
{IZBTAHE LEBOHEEFEZIE 312cells/00Imm*THo>To =

Dfi & BL 104mm O @& O & £ & /1 83 & 3 % B 246 cells/0.0lmm~ %

T A5, METMR : #hk=246:312=1:13 4 5 o0 & A e

BEEtoRIcBWTHRBEHE A HWICHBE >REZRDEIESICTH
EKEEILPSERDEFELHLFRTH A, Tamura & Wishby' "B £ D &
B0 TR IDZRESTAR FRIHEEKODATIRREWZ 2R L T

ENIBETOERONAZER T HALEND B L

A
<

&<
I 4
T
S
it
4

13 VRN TR o R ; : | . P
s Douglas & Hawryshyn B &L Tamura & Wisby 'O #§

:"'?.“

i T AMEMMABELEEBMOBBIZ, TSI 0TI H 132/

M

= I

BERBIZLNEEL

|
“J
~J
.
(15
»d

BT AHEAE(BL24SmmDO IR BEEE L REEFEE HiZ 1




‘n: .;"} /::J
F e IFY
D 1 B
e Y

Ly T
- 1, ALy

lfi l‘g-" il
- I P
A HA

'l'r) u‘. ":'L
£t H At
- r A
B o W P

i £ 1
SN A3
%k =
TWhd
Ml i

A f
o H1 A
nE-

O i
@

fia o

{7
Ll

_‘ ':T} i

i f

1 —
L 58

\ ,
Ve 40

e

mm?® F T M

2lem D F ¥ 3 ODMIE O K EH K H

(S)e AM(LYyp 2 8 &,

_f-

e
40 v

RAOABEEIZBET D 6000/ mm?h b &k H#H &I 5 2

- = ~y 14) , - . H E
A o 1T Schellart'''® 5= L =6 &

:: '_‘F}

B - A TR -
B 5 /c

%

W< B A KR

2600/ mm*~ i<

DIt L. MESMEBLIGANMTE 1:40THY ., B8R
s s BT A EE SR IS R A Mo FHRAKEW, BEFICS
BLELUAOEIH T EMEMB R RER T R
CE AN, BABERVAIBHE AT AIBRERALRT
nwWad&aha?

CEABEEREoOMEAREVWLS 22 HITAH L, B K
R BITOND, BECRAPHERRTI 2 Y MRE LM
B LA 0 g A% 1 5%, N R BETERSE
b BREOBLEAZDLTACTHT I L TCHENEOO &
WEih, chbhitmBHMRAXHNLTAKT S LRE
Rl Ch ol Z-HBHMBILLEZDREZIZ LD NS
EErAnbAE, THIESDWT, 2-0 vy N7 TOMRERED
Wiy % B %% - - Kock and Reuter™ 13 . A &% & M fa 1§ 1< &

2
5 -

TWAaAKMD)D 3FMicHE@mMiizorMTEZ L LAN
MBEMAMBASEEKD FMNBETHAZLIIBHENATH HH
}J'- ;e E2 9 ’: ;l; Eﬁ. '.l--‘.fF @D ;‘ r‘ﬂ_f. ikl ILJ ) D i.'q\. i o
& 1 T1IW@EODERGH hZRDIH.,
BREELELAE-STEHRT A IZEAALGNTWS, Z
Jons and Easter V"B F vy Fslc-oWTHED E X T &/
':‘1' ’5 3.3mm ?'5“ :1 '.larL }\. /) {".J| r‘\ . 15 \J’ A 9. 8mm { ’: iiaﬁ;i Il I_.
Tmm* A S5 62mm  EFTH M LAEIZOMb ST, &

000/

oo




A

i

) 11:17

i

k

(5=

D

3 o A S (ke Ny o BE T
8L ﬁé i b (N ) lﬁ =

5. 2 HbIZHKEZELLIC &

ﬂ}ﬂ Hﬁ] %8 Fhf o S {.II‘III L ;J

L 120000 & 45000 & 7z

‘3_%

z

)

™F Xk
L/ T
i <y
. N

i O

R g

=
ijq 1+
4 1 e
) -
- .

MR A o R

T 1 4 'y |
C il F 4> i 5
D HE 52 4, arT &8 = & A
VIOTE E O " BE C & @

b - - i i

j}; 2 !' 3 E_JT Iﬂ; 7 V=
T . o gt
B2+, A4S 3

[ ok T x; 3 S - ;

. BBKEECTFY

kvl
o
e
s

-"5’_! B I

T <

| R s W 2 O 3

i
S
S
-
i
it
o |
\.‘L._
R
o
it
ab
]

5 A8

R

N

,
e

2 A 7.5

& L

LE- S

&

5 &

34 I
qau Ve
I+1
558
: P
',‘ )

AL -

4 ik

» %

=2

4 =

o B

4 L
¥ XK
Ty
v




4B G A DL HY
A\ 4

RV EE

Fig. 2-2-1 X Ei D 0 B ERIR A/ OB AR




AR BR % #iE

HF AR E

F 2 v
: Lens
=] L *
ﬁﬂ;g wXE MEEERE
6. 7
.;./'
752, 3KE < %;’E*ﬁf 1 B

REZHEEL.

A4 FOSAA

8.

BEEXHBLT
—BEKE

L

Fig. 2-2-2 BRBRUIE & MIRBR S X



gt 05%15 /4 NO
ThE e

Fig. 2-2-3 #6878




Fig.2-2-4 h— )LV MEICEYIER L= 5 14 BIEDBEMBEER




90 um




(B4 :cells/0. 01mm?)

Fig. 2-2-6 <4 4 (BL 104mm) D AR EMAE E S

D dorsal ; T temporal, V,ventral; N nasal




I pUE-iSiv

i 2 AR

50 um

Fig. 2-2-7 JIL—F)LO#pEEEI MR




120

(Bfir:cells/0. 01mm) V

Fig.2-2-8 JJL—=)L (BL 82mm) D EMMAAHE S

D.dorsal ; T.temporal, V. ventral, N nasal




90 e m

Fig. 2-2-9 ' OX ADOHZEH
(AR & ER)




(BifE:cells/0.01ma? )

Fig. 2-2-10 > @ x R (BL 182mm) DX EiMREE S H

D.dorsal ; T temporal; V, ventral, N nasal




Table 2-2-1 #EHMERLYRDH-FHEBORA

SPECIES LENS DIAMETER MAXIMUM DENSITY

(mm) {cells/0.01Tmm?)

ES/DEG

VISUAL

Red sea bream

4.5 24¢
(BL104mm) :
Bluegill sunfish v 185

2.3 )
(BL82mm) {
Silver whiting .

4.3 116

(BL182mm)

642

3.61

0.06

0.09

e Bt
L) |



F3H : AMODE T B EE

oMz I BB IRBLEFRICE--THEIN D,

ERICKEEESZAERELTC, VXD MERHE, W F1F

TORGEORFT e lrof T ELHATE DA ITOND. KA TR
AEOBITHEBENICOVWTRFAZ2T I,

CEHORAMERIELOFHDDOI S Kk RZEARS €

5@ TH 1z BEERADODKRKDKGEEKEBY X L5 £T ol

A ICiERLMZOE Wallace''T » EB TFTFEEH L. 7=® X

Do =T T % B DI BELAE LN ED =

r9 it Abond, MEBEEMAGICEFTICREH S

LT RE R - ABMO LI BBRRABAED > B
] 5 E @D A En T i 2 A BT = T WIS

%< DB /4 15 58 AL D % B )

()
e
S
e
—
=
&
R
<

PO

YT A2 A TEEOS VHUMLELEL., fovea lateralis & A area

tomporalis EFMERTHA Y, ZhEBLTC, ThETC2TA. 7
V—=FNIZoDWTHEKBIUMETAMIBOMMN LRRE B2 B ICX
B = = | 2 Hi K da (& O = Ak, EDDLNELH
MRk RETERCoBELzANLI LD, KBITRINV-—F NV ET
FAZ2BFWTAkRhEOBB fmEgRb, L, vFA1DERED

A% FT-TWABREBEBpEHEEBHI D WTLEHZT YD, H8HIE

A2 WTKMGEDEBERNTONUEZ KD,

Lokt & 050k )




REOBMABRLERICRLEZ. KEBR, K&&HzE

o

THMI LTI ELEILLIDVAELI2KGEODBEHZ ET

AT THETEVRATALATHAD, EBR FEREARMIZ Kimura &

Ly |-

Somiya and Tamura’'ic ¥ Uz, EBRIZ I BL 215-232mm @

y4 8RB &

H’» f'}’; lj"‘.‘t' _}J' ||"|_] DX 9. Fﬁ, EE";,iJ! Ii'J D 7K Iil':rl "15 73} .'!| iy %

BLI177Tmm® 7NV —-—FIv] BZH Wk, it L= X
VRRIZRE L. hEBICEVNNEZEELEZ. & Tcm

B(EEIVY 7YV 8EN-210)IE & B,

Ml 9 bf 8] 2ms, B @B 2ms, W H 10-80V O & X B #&

F Z Iz K &t

&, MW Z T -7, & 830 A @ (the the

FOERZLEIEET H(-67.5° Sd<-22.5° ) &7

N
A
(=

—

2.5° b bR (325" 54675 D EFUET

o BB O KdEILK&GEDOMGE L (Fi g.2-3-1)81 /1

EOHEEEZMNIZ, Kau &k D =5 & Y D fE ¥ = BA
2 B vt HE =k 1 2 &1 gir e o —
H, HEEREBERICLSHSEBE T i BL 203mm @ < ¥
—_— - ™ o A wE = -2 (01 5 ] o, 4 > & s e - >~ Ls
FA200 0D BETHEHF L. BIFrPZEEI A Z &

RMALAERBEATHE. I

B
¥

’ fle B 9o LEF gy 1 el i
ODuEzBZE Lic. M

i,
N
<+

DN, EMoEELLAEHREELIZE

Fm
v o




RIADKBEOBEHHAZ Fig23-2K R LE.BHLEKEED
. BEME® Table2-3-1 Z R LA, KSGAKOBBHERIZ 021mm-
0 66mm( ¥ ¥ 0471mm)T H» Y BB EIIE 222° 43.2° (BB
33.,1° ) ChTee LERT, ¥ 10 KBEBBTABER L&
sHENLE, UErS, KGhkoBH L LHEINDSI Y L O HE
B B TFTATH » 2,

' -~ ¥ N DKGEBBMZ Fig2-3-3ICnxLE. Kk DB B
iz 3" THYD, BE)ib ML 0.56mm H = T-. BE HO4YSE T
T IW—FLDKGEBRBH FEiXEiTeExn, 8 ik FHEE X1
. MAmMICH LTCEBE FmoBRERTCILi AM &2 ¢ B B D K &
KOBBHR K DI THY, AEBETOBRHEHEOME X THET
. B B

SBEESAC IS EESTEE Fig2-3 4R Lit,. chic & B &, K
AEDOERIZ6SMm THY BRI LI HE 30 B ELEHEANDHIED
L O0mMm TH>Te A AEFORPH TR EAHILPLESLETOHE
MreliEEcoRMae. BRI NIABETCOEHEI»ICELTLHTO
MEAEZHENTWS T,

(1/7a)+(1/6)=(1/f) (1)
VY AR RHEOBE. 2R3 VY ADhLEirsd, M VeSS s
s i) IZF (T B K SHE B FiC oW T2 Matthiesson’sratio k Y bl F O

|~
e

‘bR » B

5

Sy

EBTE Do




HEXTOEHE a2z X

KM ERE R T,

Ol s ERNE LN, K&GAKEBED

IR NSEEBET

6 o

o5 M E THEMIE 90mm

XD VXD g

> D B

(s

mm & LT (1).(2)

COBRMORH 2T - 2,

FORICIVHEZX

a=(bf)/(b-))

ad

=(b %X 2.55r)/(b-2.55r)

BEOL Yy XZEZRB

JfEEZRD BN

L B, A RO

G

mic &Y ni il ol
10cm @ M I & & % ¢

Keh KB B IC X AEAMEIZ &

EEAND, MT
CELT I 2R

TAKéh(kDRE BB 0214-

WTRRHIAEERZNIBETTOEE b

0.660mm T #

12 879-834mmicF LT 3. Q) REIVHEFTCoOREEaEZRD D &,

145-1317mm &

AERBROBENLOEITADKMEB B

FmitE LA, T Vv—-F N

TREHFTCHDIIED

- — - -~ e £
2 W T Somiya and Tamura”

DR LR A .

TW—FNVDOKLEBE Fiomsto LR,

BEMTHhLI I ELAKRKLBENT

i R o i IR

Mo THAMAAZIN TS A,

ZDHEE

—



t.:: \*}vl

K

N

(L
o

= r 4
.'\_ -

35

s

e

JI] u’l'll'i Lrilj 'ﬁ:
[0cm 2 B i £

Kol re—®edLE,

by

) D g A

[

]
QA\.

|
A
S
(3
L
S
S
=y

§ - 1 j AL ! + H
EE L., ZRICHAKLE K
1 - = f " 5 T FE =
(r L 0 7 ¥ A |1 i FH i 7z
it & v Bl P g W) k2 FFEAL
- L j- , —r M £ =
. 7 [T SO .
o L ol et fde 13 A &
21 T‘- HY HY & 1O :iiJ T A S SN 3
I\ A L ) Z. v b i
1 3 e A e - ,].' . ¥} ol | i
-
‘al o

bl lEBEEL 2D, L

v
oo
el
B
3
8

G TOEME b I

» la Ex v H M- & pe = oo
Mo, KepdPihHEdme

o Fe. by, = > ks
_.f 9 1 T 5 X b A
: S :'v“f _T‘ 'l = o
12 fle B e o iy 3. = o

1||’ (11 R (N 1 I S | (5] ;E _




L ]
Do
<
¥
A
—

1

\
3

e

¥ Fernald” i3 s X T

o
{

b
{

e |

; ~ 1 - =F CIE 7 T D - <t L 7 a1 4 : i o Z BE =&
rt: i!lJ » s ] ‘iI_J' L T (B {1’{] V. & :}1 L ¥y id v, |{[ "L! IZ 35 L-I" Z Ili"( Bk

ZRREELTBERRSHLBATHY, SR LELAED Y

[

I % B TR

f}'; 111

E e
v
5
HE
sl
v
s
p
T
bg
o
(3}




) = A —
BBk e

:.r{’“_f g ® |
L HR ] - &g - B8
jui < !
o h -
33 i
&, i i
{ =2 .
= NI
B R RIEEIEE

il DR R ¢ P
e ]T] M_J)J : T’lﬁh‘”ﬂﬁu (Somiva et. al. 1992
Ui . gang. ’{tﬁﬁx‘{ P e el R

: LYY A P s
NPC e N7 7MW
P( AT 147

Fig. 2-3-1 ERZEER L AEOFIHGT AT 4




F4 i iy

B ifihi%

Fig.2-3-2 ¥4 A4 DKSABEOIEH

D.dorsal ; T temporal; V.ventral; N,nasal




]

4 =L ey
22 IR

Fig.2-3-3 TIL—X LD K GEEBEEHEEH

D,dorsal ; T,temporal; V.ventral; N,nasal




Fig.2-3-4 R4 SRERICKDKEBEP LD SHRE TDIERMAZE




BODY LENGTH (mm)

Table 2-3-1 T H A KZEEDEENAE & IR

MOVING DI|SANCE (mm)

= A __RIGHT  LEFT
215 0. 409 -
216 0.214 -
225 0. 581 =
228 = 0. 489
229 - 0. 662

DRECTION OF

__ MOVING (Deg. )
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