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REVIEW
VISUAL SENSE IN ANIMALS

MINORU SUZUKI

Department of Velerinary Physiology, Facully of Agricultuve, Tottori Universily, 4-101,
Koyamaminami, Tottori City, 680 Japan

( Received for publication : April 30, 1994 ]

The visual system is an exemplary one for studies of sensory processes.
Vertebrate vision has been studied most extensively and is in many respects
the best-known sensory system. Therefore, we shall explore it in greater depth
than the other systems. We also consider the distinctive features of a few
examples of invertebrate visual systems.

Photoreceptive organs vary in different species. For instance, the eye-spot
is a photoreceptive organelle of Euglena, camera eye is most familiar as the
eye type of vertebrates, and the other major evolutionary trend is the compound
eye. The mechanism in the first stage of light reception is common in each
species.

In this review. I described visual sense mainly in the vertebrates and partly
in the invertebrates. Contents of this review are comprised of (1) general
structure of photoreceptor, (2) structure and function of retina, visual cell,
iris and pupil, (3) visual field, (4) optic nerve tract, (5) color vision,
and (6) visual pigment. No detailed discussion was attempted about the
neural processing beyond the retina and visual evoked potential.

B ORI T 2 TR, t hOBELRAD, FIE (stimulus) K3 3I5% (response) EH#
BESSEEHET Z EATERVLL S, EREBSVHYORIE 2 FBRENCHE LT hide 52w,

b b ORI DT I, BT b b SO RABIEOZLIC k> TE SR 31 2B (NS )
ERBREESORE L L TREBNICEDT I ENTES, @AW, 7-TadiborcbddE, TO,
JoxphE LD, HERADAF—L, BEREDTRR, &5ICAORKTOMED TRAENICEZ
TiB, LL, BMOBEIE, BYESNT —TVERT, TOAN, HE, GFOKHIHOV
TWEELTY, FOLIEEMDBDNTLD O IFERHE I T e,

7T, ORE, flz 8o THET 25481, MBOEETHRS 2R, Ths0H

* BIMAF AR



L O EREE S HERE

WIc T 2 0B 2R OAETHOH L TITT 2 5885 bR Tna, IBEEWMOHT IR, ER4E
HEICEMNZED (F] 2 1 XRERZ A8 %E Mvisual cell receptor potential’z ¥) %iB3K¥ 2 HiE4E
BRI () 2 1Y visual pigment’s ¥) 2HIET 2 HEREPH 5,

KR I HHORR LBLTH2, RELRICES Tl Z L REMCEREZ S 2, 20T~
TRBHT L2011, ROBHIORELT2LI25TIR2VOT, HBEEFENCALBEEROME -
e, Y, HERE, HPUraER oL TO—HOAMO X L 25T 3,

Fric, ABERICBEEEREFORIIWIRED 5 0 BMREEY, BEEHEY 2 EOSTFOWRSE &5
RLLitboOTEE{, L3, BEEMESHETLO—MESAEMRE L THREREHLE S
Mo, BB LZECKEDONT, TELAREFTZLMVANRLLS LTIl ERS,

B EE T 5 20 O EFE AT (feeding
behavior ) *4EHE{TH) ( sexual behavior) %
I F AT EEE R NI O T i X Ayl
i Y ( migration ) ® [\ # ( recurrent
migration ) O5E I KA A e EED & Vo I IAE
FHichlzoTEBRNT2008ETHL, F01D,
EMoTE, HE (visual sense, vision) , B
% (audition ) , B & ( olfaction ) , B &
( gustation ) 7z EDREEI L > TENFRLOTY
FEDFEMEIG ( orienting response. FEALED) ) %
T EEESEEMITWS, LarL, I
FoTl, EORBREI LS TEMT S0M, BF
S EnTuiELIYEL b5,

% OMMITEMT DI kbE LB E L
THENZOHEELX R L T3 H0E W, B
SHBEHEHLTEMT 2B (avEY &
E), BREEE-TEMT LAY (77 7%
E)HEREb0D,

FKETH"HPORFE" L Ui, bEVIchIR
WIEEZ ZOMERTH, FEBEK &> TEMT
A2WMHOI>5, b - EBREEFELY LT A
Matl e LT, 585 (it color
sense, AR ) TiE, B, EhE, a@kL,
S5 CETFHEMICLERLEVWER S,

&% #  sensation, %1% perception, &2 %l
cognition

B o 5" ( visual sense. vision) {Z2WT
MR BEIC, EEFICE T HRE
( sensation ) , "I %" ( perception) , "7 1"
( cognition) DIESIC DWW TRO L S ic BT
5.

YRR L VD DB EONER F fkAERIC B T
2 fiw b Bl BRI E AR Bl &,

Tihbb, i L-> TEULEIERD S LI
BHES 2w, ZZwE iR CHEEORIE
(modality ) TH->THZDiES (intensity ) ¥
P ( quality ) OEFICERIAR AL ¥ 2R
S EEHE LR EATWS, £z, £UNE
ERELT, flERFENLLO, BHRObD b
DOELTREL, BEoFEER, SR2E2MA T,
HIE S NIz b OBATH B 0%EF B M 2 FHH"
Th 5,

ZOL 3, BE, ME, #BEEEECE 2,
FThZFhBL - ETIEb a8, Ths 2B
WERT 2 Evd kAR EH5 0w, B
BREEMEE W) AREEZERICKR T2 2 L ki
LWLWOT, ZOMETIEFE ORI SE ola b
EHI-EWT, FELT'RE LW AE2H
%,

Lin L, BERICHEY 2 boBaeliETKE
LTHWTWAEEICE, ROf%s% LT
v, FlZE, B (B) aihi L &, n
etz LT 2 00 REE TH D, T IEE
BB EDEOHEENFESHL ELAIL EnER
HLONBHE"THD, BSEFOHMENS, B
Soffnicb b, BTHD, TOMHENET
HBEVI LS CHEDLI LN TH B,

#H%E  visual sense, vision

b b EHEEYSEEE (sensory organ ) %3
LTI IEZ SN B 1EHRO 5 B D0% L L IZETL
K-> TWwaEtnbnTng,

HHE (LI IR photic sense & RHE IZ[A
ETHLIVRBREARMEOAEZEFALRET
3 ) A S OFFRAD E L TR b KM T b
DTHY, FEEFEWIIAZESR ( photoreceptor,
photoreceptive organ ) W4, 7 X RIERIC IR
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EroRELILLOTHE, WPTREEH YO
2 N AV (euglemida ) 5 BFMMHPICES
T, TOHERRZ LY, TXTOMPIEEEE
FBE LTV, KEZFOUHAERS T 1T sy
T HEEMEESS D,

HWRIEAZ s tEORERU IS OBE I
T ¢ ZEMEREE (spacesense ) OHRETH D, BE
BEEIXRILT=2eadensd, F—iz,
O EHE L c R 5 2D ONRMITES L L
TOV>ADORRETH 2, Bz, HEITEEE
MU TA- T ERNORE MR ERINEE 21T
SHEOEETH S, B, WEORNEK b
2 PEERTHING ( ganglion cell ) OfHEEZSE (4
FRARHE ) HSRMEERLT (opticdisc) DL ZHTH
D, BEEERL, BEO=2—o kil
LT, HEE» 5 offiRe KO E PRIz 5
BHETDH B,

R EMR I BWT, LREORMED B WIENTE
FWCDWTHD L, FEE (halophiles) DX
120XBES R 27EIck->T2R0OAETY
AT 2HENZLObDLH B, Tz, 4 FHED
LOHEWE (visual pigment) 2H-5TWT, &
D% OLEHT 28T ZDS 2 8 5k
ELoTWTEHKOBERHTEZIHPL VS,

AR DR LGS

HEEA ( photoreceptor ) EEIOREIHIZL -
THH TEHEEED b OWTFEET 245, HEMN
HEE» 5 R 5 &, IR (componud eye) &
# A ZIR (camera eye) ICABlE 3,

# IR compound eye

AR L5 2B O BE4E ( crustaceans ) , B
H48 (insects) , ®E4H ( xiphosura ) , EH#
(chilopods) , %41 ( polychaetes ), F2¥H
(mussels) & ¥ DNZFHRT, HE 1 WFEET
2. Vv yARTHISHOMEMR
( ommatidium ) BN FOERICESLLOTH
3, BRI RIEE D S, TR (apposition
eye) & HAEHR (superposition eye) MZDIZK
Ashz, HHlREO—E Sl (B) LR
534k (rhabdomere ) 2k L, £ OREE LIRS
{EHEAR (rhabdom ) TH 3, HITHR T IZEHEH

P #Edidd ( crystalline cone, ZKARHE(R ) & THETF
TV 53, EEIRTIEES & Sk L dEn T
Vg,

1 AZIR camera eye

HHEMHVWOPCTRLIGELI A FRELD
LODIRY IRA Ak EOBUREAT, 1T EAEHHE
MmoORICAML f#EEZb>Twa, Ll,
IO T, FHERYIOFFE, Sy
T 5T TH B,

AT 2 X C o, FHEBM QIR IE—x OBk
BETEADIREICINE > T 5, RBk (eyeball )
B AZ e ZohaibE%E A, IREREE XS
B, hiE, AEO=FEoE Lo THlEh, &
AT RT—IZHY T 5,

Em
sl Sehtemm o

AR @7k
(B8 - &85 L YHE)

Fig. 1

SHEE 35 CIRER Z RFEEL, HDOAEE—E
ol ERLTWwA, £ OSHEIETL/6 1
I BARDAEL (cornea ) T, # 5/ 6 lXHETIE
BHDAEEL ( 3B, sclera) > TWw 5, AELUIERE
B 5 5, IRERATE % 58, FFEHILK OB
T, PROESEE® ARTE, @5 0HEE L OER
MEARKG L WS, IS S AR L, Al
B4R (Bowmanl¥ ) , AKESE, HERK
(Descemetlli ) , Ml EFcadons, %
Tz, ABIZ IZMEMEE ( sensory nerve, IEEHIHE )
DAL TE YD, AERE (cornial reflex ) O#
HEE Lo TWD,

BABOWRER I — B ORI LT, oK



EX0FCEELLASS, HEZEEROEIX
M2 EoEREFEREbELLICRELSE, &,
B AR OB ML R TEL L
KEWOHBEETHS, TN, FFaviklo
KEETRHTLARFETH S, BEEATIIEI
I EEAE L 1o,

S I ARER D TR &R 2 2 0 O B s b
MR T, SHROMEICRLT VS, SEIXERGL
Lo THEEBEL-THED, & MP—RHEILI
W) CHIBEROFIE L D EEE <, PPREEASET -,
S BERTES IR = A L TABICRITL, Zhic
I v R OEK BT oo 3k A & OIR OBK BB
( eyeball conjunctiva ) iz k- TEbh s, ik
RN M SR R, SRIREEE, hBE
RO 3 EHAEFEh 5, BEOREIC TEKE
{Hii THE L& ET3 2 8B0E O/NF iR D
D, £f, LELEEHERESD I L8555,

I 7 F 7 (uvea) & 3RS A2 MEICHE
ATEET, WRSEMES ( chorioid ) , kA (ciliary
body ), UL¥ (iris) @3S - T3,

MRS RSB O O T, I & AL Tl
EEOIES E G, B EREOEICFED Sh,
A CEREFICEL T WS, SMUOERE & (L3R
HEREHMREORAPCREBFICHEST 205, FTDIF
PRELFEENR T WA, Al TR EE EEE
WBICHEET S, IREEEEEGELTHwEDT
A AT OERFAOEE L, HEBICEEERIET A1
HO—EEEE>TWD, T, HBREORALL
O IAEEAIT I Hf = AR O BH Y,
Ih#F~—% L (tapetum. Bl 3 /2 138EHK ) &
FEATW S,

R RS O RT I i Fo R R L
74T, I L IR ORATEIC & - THREE
(lens) ZHA TV 3B, PHNIEKGE EHE T
( vitreous body ) =i L, #MAlZIEEICHET 5,
AT 2 / 5 (IR B R ZeRE A - THEHA RS
L, & 2o sk A e - T OHI ERHE (£
e, Zinn/dig ) BT WT, Sh ey
3, BETEEEEEREESEKGECET 5,
ERFEROIEYEC L > TRED, BT
70~80, 7=, 7 TIEAI00, 4 X TT0~80{H

LU R ER S e

bo, EHREEMHI/ 5 ERETFCERER

( olbiculus ciliaris ) E7zIXRFER ( pars plana )
LR, AL ZoTw 5,

EREER (ciliary muscle ) EEHdE EE 04+
lich - TS R ELE TR W=AE
U 72, SRS BRI T IR IR ER R
FHZFHETL, KEEIGEWERGIO b o idigkicE
T4 5. BHEE RKRE L EREEFBUD0T
W B ERE/NFORT ZINET 5 LIz ko Tk
RO 2% Z, ORI L > TEk
B AL LTOROEITHHORE 2RI LT
Wa, Eiz, R IZEERER L REAE
HEOEZMEZD T3,

% (iris ) 3ZEHEE (ciliary body ) Oifd
& KSR ORTE I 2 TIREL, P (7 F 7B )
O b AT %45 5 IME & BRI A BRI
Tha, WFEERRNEFEONRE 23 40T,
EREOHTH 1228 & HTREEORTTE 210 il 2.,
A A7 O IAEE T 2B 2L L TR
i, FOhREOHHETL (pupil) i
TWTHEET I EHNTES, IELSHFLERD
P e ig A NEFLE ( pupillary margin) T, BEFLHS
EREAC T B E AR (iris root) T
H 5, U ORE IEATIRE R 2 ERE @ L
Twa, [[ErEE,»6RS E, HilErsd L
fafzotz & 2 A IcimkiEEssd D, Thk DIl
{2/, EEEEERIDERE VWS, I
2 b, EHRRMEE Ak A BRSO A =T
3 [iFLIEHIES ( puppillary sphinctor muscle ) %5
i FL A gtk i B D FR A&, SRR E ( cervical
sympathetic nerve ) 3 B @ Wi Fl # K 5
( pupillary dilator muscle ) DMEFLIZ L THgS
PizETL, COMBIZL > TIRICAZEDOR
HpfThbhTwa, Fi:, WFIBIREKELSE PR
BEAGEIC ST 5 L wbhb,

7Kgtk Iens

Atk (lens) WITEO®EICHZ MV X T, E
RRfAMER L - TEREICGEE T 5, Kbk
AR AST L o 2 I E iR s g 2 sl e i e
T

R AGT LA, KEEOR®R LT
KB (BRBE7K, aqueous humor) , AK&&fE, 7§
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FiEEEAEL THIBICERET 2435, 2 OXELHE
BB, EEORITE, HEORFmoO
i, EITmothEE, & oBERSESET 5,
FHEE & S W0 % BEREC 5 5 sk FEIEE i
EERRIC R T B oI, The DERYZELE
TEI LI THET2L4ENDHE, ThodD
ERO> b, BREOBETERZEZ 5 - LIZEET
Harmo, BITAHEOREREZEZ 2hdH5 0
EiTmOMEEEEZ 2 2 Lick > THET 255,
B OMEIC L - THHOFESRE>TWw3,
Plz i, fdE, WEEE, s ETikiiEE
AIEICBI S & TEEL~ORBSRERET 5.
DI3b, BHEGEEERCESSEbESNTY
HIUTARART, mIBEEOY%E R 2 fz iz iZHEAh 5
ELTWARALINL T, R0 ik
OB AT 5, PR R Me A T R

WL OYERLDICBEFEEOBEIEs ST
KipEZM AR 2, ~EEHODHLHEDL
DIFE OYE B2 -k Sk L2 DL E Y
5605, MIBCBETIRAREOME %
KEL LTEL ~HT 548, BEOSHEICE,
S5 IABOMELIE L THET 3,

A L ARG OBOERIZIIEIC L > THT 5
i, BIER%EAIRE (anterior chember ), #Ef%
#IRE ( posterior chember ) & 1\, Th oD%
fif IR 7K (aqueous humor ) & vy 3 fEMAFEIH D
WThizahtTwsd,

W (vitreous body ) tdakdkik, BEEE,
BB 2 oAl (RETFAERE, vitreous cavity)
23 7 =% 3 ( collagenous fiber, B FERHE )
ER—MRC o E T S EEOZEOHE
PRI o TR 5 72 B HHF18 (vitreous
body ) A - Twa, MFEZIROPEELET
b5 EELICIRAE (intraocular pressure, IOP )
ORI 5T 5.

MM DR RRANE & BAE

HEEE (retina ) IXIREREEORAGICAIE L, 0
A LRI AT 5 Tw b, I S A
fi@ ( photoreceptive cell ) & LTOEMME ( visual
cell) #Z U EMEOMIENH D, Wiz 22

—Ti% <, TOEMBIS 2 MMMz
FREBFEBRHE L o b, EHEILHE (optic
disc) THE iz - TIHMHE (optic nerve ) 2R
T3,
HARARHEDT L & 72 - T HY 2R HhEE I BB 1248
BHRML T TRERMIE 2, CZTik%:
FELEWLOTEHH (blindspot, 5 ) Lwbh
5. Zhicxt LT (visual axis ) 25l 3
ERAMC M S AL L T o T & U S5
T, RPEATVLSOTHLE (bovea centralis,
T, yellow spot) EMEIENR D, LEIREE 1
BT, &b, 23, £V, A, bPAFEER
A, v=, 74, V=2 FEfiRVEEZLTWV
3, A7 IO RRINMACL S 1EBD,
DNA, TIHTREIENIELH B,
HFHBYOMEIL, FEFICIO—EHIE
1t (k) LTTaEnbnThHL2 S, SHED
il & > TR S N ERRE L k- T B
D, HEFRNIC PR OREE b o T3,
FHEBYOMETIE, MoEESLAE B
WTHGEL T %53, —BES € OfMER
HEWOFESEIC L - TREZ-> T3,
LB RO Lo THEREhTw 3,
1) fa¥ LR ( pigment epithelial layer, ¥ 7=
lEpigmented layer )

2) FFi&k - #4EME (rod and cone layer)

3) AR A (S8R E) (outer limiting
menbrane )

4) SHERIIE (outer

nuclear layer )

granular layer, outer

5) 4 #44% = (outer reticular layer, outer
plexiform layer)

6) WHEBLIE (inner granular layer, inner
nucleal layer)

7) WL JE (inner reticular layer, inner

plexiform layer )
8) THERAETHINE ( ganglionic cell layer)
9) TRANEMRHERE (optic nerve fiber layer)
10) ABRFEE (AEESE) (inner limiting
menbrane )

IS OL0fEOERE, BiEOFEMIco»wT ks
KOBSHELEEBHEEINI», 22T, EFO
IR ESHAA -, BRI X 2 ERSE D ERICO WL
THET 5.
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SHREIRTE
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-}www

TR AT
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1 (aFEEE, 2a, 2b: SO EB L WE  SEE DRV ODHT (cone) , #l

WOHFHE (rod) .

PARIRTE, 8 © MEREENAHIIE,
d, e Z, h, > BN, i1
lion

(REEWMALIE, 14, PAESE, HH,

faFE L pigment epithelium

bR AR o RsME] (FF ) TR O PRHE
ichh, BEaotaRBEnEEATHA, Rzt
MREEE - 0BEFRIZiE 7 vy 7 B (Bruck’s
membrane ) #3& U, AN XS B OELHHE
HBMEICELADRAATLT, B (visual
cell) , BicHF&E (rod) KEENTW RO F 7
> (B, rhodopsin ) DEAKICEE 5%
g rubhTwd, A, WS, JHEE
Y OEEMICIZ 7 Ay (fuscin) v B
tBoEEFREASESENLTED, XOoBsIcL-T
BN SBT3, bbb, AELSTKM
A 4EH O B TEIG A 1, 53 44 BR S ( outer
limiting membrane, #HERE ) L TV,
HEA A ICAIE L T v T, aRERSEERE

3 HHBRFRE, 4a, 40 AEEEONEEARE, 5
9 @ RAERIGMENS, 10 @ WIRFUE, Bthoc @ ACEH,
17w o) MlE, mon o0 p,s

- FhREIRE, -

T HEEERAINE, u D Miiller

1992, &9 )

OBEHCEDLTHEET S, ey LTHIE
[T i, SR AR FESER I £ TREIL,
HEiEG oG b aF LR o %A I aiE
L CiEfilastizl ol L S eandfidT s, 0
& 9, BE-WEIEAE I G U T oE Mk (5
IR ) RUAFR EEHlBO®RE (7Av ) H58
BE) ¥ 2 HR % R E 3R R (retinomotor
phenomenon ) % 72 & 8 % B B ( pigment
migration ) EMEATWS,
PERIHIRERIC X - T, BIHGO & &1 1 2FFHE
PEOFIEN B HHRAEE W, BHIEGO & = 38
{EsSRIEE iR 2 Lok B, WY, ks
5 ABEEEELL 8 <, BB R S
NTRIVETFTTAILCRE2OT, ZOHEEDE
FRINT S L LoT, THEHD DICER
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DHIABHT 2 LELIoh TS, BRRTIER
FHEDLEOHZEDEINEETH L 5EE
PEABIIL T, AFDEEEMCFATES X
s twbhTng,

DX R HEBEEESRIC X > THEL OFMRE
BT LT ER b DT LIk o T, MK
BAIDEFEZ SN T, FEECETIRS IMAE
UTFoOTFEBmofkclBEsh s, I8k,
B, WAHETRBESH TR, £/, AETE
RAMER OB OHEARHER YI T 2 &, HERBGTH)E
SMHET B L bR TV,

F e, W AE, WITHDY B X UEEEE Ol
BRELPRAELIEELRIREEC Y 7=
(guanine) ZEALFHIEA2E T2 0% L,
HIE S L 2608 - OfIffG I L o TIRAFEN
AZkicky, BURBEOEZEMB RS 5
DI/ EEZOSNTWS, Z0DL3 L
AT 501, Bl EREOWE S, &
TEOHYOED, REEDOSbD7 =68 LU%
BoO~E, FHFHE, WHAHEOS b0 ZEOR
i, AR, mEe Csh D, —RICEMOT
THRAHA Z EEETHB L vwbi s,

HHE  visual cell

B OXZEMEO 5 5, FRoRER
fEDlzpicnb L -l WEXBRESRE

( diffuse photic sense organ) & L T B[ IZHL

ETEEE L, HHEIES L THELERK L,
ROMRERE L TOBRERISG 8D 5,

T T, R SR { e S L 7ok
PRGN T 2 Ea N BED DI FFIC S
L 73R4 H 0, BV S #EfE (cone ) &
FHE (red) RSN TW 5, RHEOZERE
SHERLE T, MRS & e - T & SR SRUEE
THRED L 5 Twa, FHEEORBEOHED
YT BRSO % (HHE, o Ky &) BiE
FNTED, ZONEERIGC L > TREHEL,
FhofmiRicmEsh, &5 AMEEORE
#8 ( visual area) IZET 5,

ik & PRI IBAIC B R - T v 2 E AR,
BRERIz b A BB WA H 5, Fl2 T, HEEE
AT ( photopic vision ) %723 E[EH ( day-light
vision) B 5 L, #F # & B 77 8 ( scotopic
vision ) & 721WHAR (twilight vision ) ZfH %

LwbhTwa, ZOkIE, HIR (ZLER
MR ) 2 s E L, AT (& 721 dHR )
IZ AP ESSE S 45 £ 5 FE 2 R TIUER ( duplicity
theory ) EMEA TS,

BN bipolar cell & fEHIHIflganglion
cell )

P (AR & AR ETHINE & oM ATET
BTR=a—0rT, 1XKOEEE 1 K270
Ko b DML TH 2. R ORHAZE
O DA, Bl oBEOER LT
BsDT, eBuKiEnG, Thbb, H1
WESBOTERUH#EEFEGT 20T, §2
BMIFEEDAICFHEET2LDOTH S,

B /b s WEEORMES 2 5 &, BS
# ( depolarization, onth.0%) F 7 X845 K

( hyperpolarization, offduL# ) 4 %, FHiR%
BHT 2 L dulEl & R oing (a0-BA ;
center-surround-type ) #3493 b OZEN
DK & S (FREHIROBRIEGROIES D & iRiE—
HeaZems, SR OEERGICLS EH
ABNTWwWa, %z, BESEHNENsINDZO
FAFME, SHERA~AAD7 4 —Fvy 2

( negative feed-back ) #34EF 27z wbih s,

SIS R 2 — 0 T, S
ML s, bbb, WEENICEURE A
oL A (impulse ) & LTIz 578 % 5
05, LRI OV IRIETH - T H, 1 FEIC20~50
DA VA RFEH LTS, &z, KD
2, onfliEA oL AL, of TR A
M & 4, on-of fB TR OBl & #£ T RO
AT D A L AN A 5D,

A horizontal cell, 7= 2 U XAl
amacrin cell, R USEMIHINE  interplexiform cell

ACF#IIE ( horizontal cell ) (EPBFIIE (inner
granular layer) &#MEIKIE (outer reticular
layer ) {2tz o THAEL, fAERECSN L TFTR
EuiEiEsHTsY, EsiEagrhLTwnl>
i ORI A S IURHIE Oz a3 5.
AT 1 HEIE P OO (T R B AR AT A - SlEfR o
SEREC L - TREZ I LS, TOFERD
EFRETH D, JEHBE N L THEBEL (slow
potential ) #38i, Zh EATHIREERL & 72 dix



PN IR 2> 5 FE8R L 72G. SvaetichiniZ 5% AT
SE L ( S-potential ) EFFA TV 5, ZKFEHIFATENRL
W, SEREE 2T 3 ERHR S S OEEME A
DL CBSEEDINEERTH, BEEROHY
Tid, KOBRIC L > TEEORL IGEERT
bOYDH D, KFHEOEEYE IZy-7 2 /B
( GABA ) T, MR -LEMia s U Tt
B L MBI ET 2 LEZbND, Fi, KF
Mla SR sHE L Tw s 0T, HIEINEH
2 & o THUL— A AR (center-surround-type )
2 (receptive field) OEHICEII-> T3
EBbh, HHIE & SRR N U € AR
BOBROTERICHES LTBY, @ISR
EELENERL-TEwbRE,

7= 2 HIlE (amacrin cell ) I3#EETHIE
VAT < PIHEIRIE I & - TR ETIRR o Mg & L
Twb, Eiz, 7=27) AHlEIC KR E R
FEOBEHH O, NRBIT L THIAR & & T
@O RS EE AT, Wb 5 on-offlGE
( on-off response) &5 5,

EEM (interplexiform cell ) (Xl {A&AS 7
w27 ) AAEOE < H Y, PIREREE R UM R
[EOMAIzIERDEE L Ty 5, SHEBIRIE T 13K
Ml & BERIEOM A £y 7R %22 D, HiE
KETE7~=2 ) Al emAREE 7R %
DL 2T 3,

F~A—F A tapetum, lucidum
FR—%¥ A (tapetum, B, itk ) Z*Cw 3
AMMMTE b wbh, #ERMEDY
( tracheophyta ) O#FWIBFIED b - & & AEN
HLMMEEE 3L, YESTO Y -5 A
( tapetum, lucidum ) EV39 @Dk, % < OWHELED
VYOIRERDIRFEE ( choroidea ) O EEMLT 5
B3, 23, 42, v=, KHHWLEES
DAL T, HRBRAICA - el 0 L
TRET 2B H 5, ZORTHEBEOESICH
THEZERFT2EWERL-THEEYNT, ZhEs
~A—# A (tapetum, lucidem ) EFEA TV S, #
N—F L, B FRT Y TIRIEENSE , Mlbi
Hem S xsfERIETH 205, EorOWELIMY T
FFERL T B, v LB TIRRLGARK
WS LTz a 7 — 4 44 (BRGRE ) = =5
LT AMMEELSTETEY, By ~—2 A

L CERER P HERE

( fibrous tapetum) Wb TwWh 3, AEE TR

10~15E O RFE 2T IEROME, SR D, #ka:
& i—4# A (cellular tapetum) EFEFH 2,
fo, FR—% A REWHENC & - TIMWE P H 5
H® (choroidal tapetum ) &% FFfEDIzH2
b @ (retinal tapetaum) #3&H 3.

& _—F ADIME S IZ 8 B choroidal tapetum
R oofEENb- T, FHEL S cabhS
& pMmEREp Ao E b Db D E T
ZED LD CMEROHIE ORI % KT 59
HerbobDehibhs,

F—F LHYEFE R HICH Sretinal tapettum
ix, # 8 4 (elasmobranchii ) 5 W & & &
(teleostei ) , FriCEEFABTL LIRS T WL
5, OO ~2—F saFE L oM ICS
D77 = (guanine ) ORSEARDHEANIEL < &
RICAHEATWT, Bz A R EENcE8WE T
Y&, HBEL FRE 0@ DEHR
HS5RTWw5,

= Ahix, BAICEOWEBAST-LEZDD
7 —HRIE (colored fundus) MG b L Lic s
DT, IREOMEIEINFEITNS XS wksy
TdE, FR—=FLOWEICL-T, HFLOGHE
AP ORI L > TRE-TRA 5, flz i,
4 X TIHERPHS ST, &, fif, &6,
Erzklibs, 23 TIEARX LD LAERDPE
TP hTHSE, £, FN—FADFRELT
Witk 7Y TRIREEOIME Df k- T
FBICRZSE, =V bV ICEIR—F LALTEDS
vk wvbid,

UL & FLOTERE & BERE

FeE S B 2 OILFEZ O HTFLE AL T H
3.

ULF O ZEHER, RfHB B o XY & B
AN, YW XoTELS, Pl2E, R
Th - T HHFEE DI O E & B oL T
OEETRELE NS, BETHEALE
EEAMMIRE E FESEENTB D, REOME
IZE o TR SN2, Ko, =711
hrvEOaSERBEEEL {525 LHBICR S,
BHEO=7 M) ORBTLEAFELTELZD
i, IEofiFiiEthelEhzastrivTh s,
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%/, —HOHERTHhO—FHBEIRE 25
TR ASE ( heterochromia iridum ) 1% < OF)
MTRID, 4%, 23, 3v2, v¥FE, v
Ak Xicachsd, HEILEORTIES -5 A
LIRIEHAEOTA £ B F DL TFhh—aK
MLTW3Z EDEn,

mFLIESBOERX TREELREY27EBTH
%, BilEs® s DIRTHE, F—FL%2bD2b
DEbihnbDENH B, Crr7anRTid
W F =y A b T vdE e i TIEEN
M,

BEFLIC R ANB EIR—F LAEHBDHDOTR
Hh, @fa, 86, HRhEsbhoss, F—F
LD 720 OTHE, REHEMED~EFOE
YOOUPRMLTE Y 7 g 3RO EET 3,

SEERTNE /ORI TRE Y 7EOIETH
28, TReEnr7NE/EHY (FlAEyy L33
BE) TREBDIFE2b2I 4D S,

i FL ( pupil ) 7kEutEk (L >, lense ) DIEIE
i k> TERESHD, YEVSR7 2700k
ER AT 0 B Ok GE 1 IERTE ( sphere ) THA E
{, HOKESHEL L SVOBTHEOIPIC L
RTE~6fFLREL, WASNAY v MEELT
b33, EFL IR O FLAEFIRR B U FLIECOA T
IRHEZ & - TIiEFLE ( pupillary margin ) i&fE0
7o \RHRR T 205, £ OTFR BB & - THX
THD, PlZE, &b, ¥, H2TAREDLD
I3 (round) , YFHEO LS ICHENEMAE
( horizontal ellipse) , #2& ED & 5 ITHtEIFE
M (vertical ellipse) , YTV HED L I 12§t
A Y w b (vertical slit) Db DR EBHS,

ML i E s S (light reflex ) 2 & - T, a8
Bl A B EfiL, XMTEAB AT S, £
7z, BEMNRYOENTIC L - TESAE £ 53,
HERLTOLAYENEEIL T < 5 L EHICE#ES
# #f ( convergent accommodation ) , g i
(miosis) , M B @) ( accommodative
vergence ) D3EH L TR RS (near reflex,
7z o R IGnear response ) 52 2 5, Z DR
R & BHEREC & o THATEESE 2D, »
D7k EEDOM@ITE ( chromatic aberration ) %8k
N7 ( spherical aberration) #8/h& {55 F
bbb, IELEcESE T EbE 5 LARKGEIE L

Z0, RARENER LB ELbIE, VX EL

TOWRENKEL LD,
HEF  visual field

EFFI BT S E FOEHFE, Rgio—H%R
DO TIREREEE 20, Wb 5 [E# ( fixation )
WHRETRIEIC R 2 % P25 (visual field) &
FATWS, Thbb, H2YEEERTLE,
HEIBE 0 oo i 4 I BA 2o (R A8 B H0 8 ( central
vision ) , Ef##direct vision) L% %, ZOH
&, R Z ORFRBEOEBETFORGE IR
L T AN B A (R A% 2 848 ( peripheral
vision, [El###indirect vision) L% 5. ZD LS
2, quliR & B OMEESEE TH 3,

E b @ HIRE Y (monocular field) & EJ
fas0° , TAHHTIC , WIFH60 , A0 T
H 5. MIRHRE (binocular field) ZF & LTA
EOHIEHTORF L zhb WA EHET LD,
HIEE I L TIREFWIL { 7 5,

Table 1 E¥pd1REF

FEH EIllegizEeli s £ % TR DT T EF
] B sl 2200 ~2800 1000 ~130
* o~ 5 2507 ~ 2900 8 ~110r
E4 1500 ~ 170 360 10 ~35 (B )
15 130 2T 3~ 3500 W o~ T
Y- a0 ~115 330~ 360 5 ~ 50°
* 90 ~ 100 3300~ 3608 5 ~ 50
i i + e ? I~ 5
liEs 0 ~120 200~ 20 ~ 60
ElEw | 100 kL i

( DUKES' Physiology of Domestic Animals, (8th Ed) .
1143, Cornell Univ. Press, Ithaca & London. 1970, £ 9 )

—ICHFLEM R ST, AR LS &
ik (predatory ) O T I3 R T (prey )
£ D b EEHEL L HH (blind area, 5K ) 8
K<, HREELSHL, dhbb, WEifiicy+ 2
IRDFEEERMNBIC Lo Th, £/, HE LT
LTt tTd, ZOORYOAME
EEMDNESTL A, XHickoTRREASD
MR EAS LAY, 1HEHTF2E, KFE
HTOHRBRE L, F358980° , 74+FH170° ,
WHEHET I35 T1200 , 29 FEITHL0 BHH
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B DR

( DUKES' Physiology of Domestic
Animals. (10th Ed ) . 738 ~ 739,
Cornell Univ. Press, lthaca &
London. 1984, L) )

Fig. 3

0° , HHIEAIHEC , wHERL, YD
HrHaonsg,

TR th s TEEL T A A, 4 X L
7w OPI T, F—H (species) OHTH FHHEIC
Lo THFOEEELRABNL bONDH S,
&7, —MICEETYO L S ICHETY TIZIRA
S OMIEI TS T T, WEOKRFEHRO L Sic
I AOERPEOEE L Eo—#f RV T,
WHRERL S, SRMNEZHEEZb-oTwa LD
BE W, oy eTik, HEERFE BT L Sz
BFEEI0 DEBFEREOILHBTE D,

TRFHEE OFRRE

HEIE D PRI IE WS I, M DR ML
THR G- TRMEEZTERT 5. B#HEOXES

L T EREE AR,

FlRR O
R

DR

( Comparative Anatomy of the
Eye. 25 ~26, Thomas, C.C. Pub.,
Springfield. 1956. &£ V) )

Fig. 4

i 8 R (thalamus ) @ 4 B K 4 (lateral
geniculate body ) T¥+ 7 A 2EE L, SRR
ORI KO E (visual cortex )
Td HEFEIEOLIRIEE (striate of cortex the
occipital lobe ) &4 %, REHlaoED
b 5 — 2 OFRE I, A (anterior colliculus ) %
7o i3RI ( pretectal region ) R #5l- Tl
5.

#F ME B P 0 5 R 1 45 o R 22 X (optic
chiasm ) TZX L TH#H (optic tract) &% 3
B3, EPIREIC X o THAR ORI T 2E X
T2H0, BEEDERT D b OFERD LT
ZH0LENDHSD,

IHFLBDORE X TGO 7/ (albino )
BANALCDOTRELEXNTH DY, TOMD
AT RTIRLEEXTHL EHZ SN TL
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Table 2 fRMEELER

i E Y -
(= #150%
4+ #9340 ~ 45%
L 17%
4 X #135 ~ 45%
F 2 #7135 ~ 45%
¥ #115%
FXE #110%
ENLEY b £11%
B & IFITERE
[Gig= 2! ZIEELREX
L 3 BEIESERER

A IREBCL o TETOERSD S,

Iz, & r, $LTIRE0%, 32, 4 X%
¥ T1#935~45% (  72135930~40% ) DfHES
EfORE (M) 28 TIHHUBREZA S,
ZRIEHL T Y FiZW15%, X 2 135910%,
ENEY MR RO IEREX R TH DA E
¥, KEHOBRMEHEIEHIORE 22 TH
BRIz A B, —f#c2E4E, mAHE AT
BT T ORMEHRHESZR T 252X DR
Mraht&l, Ldbl, 2z, v, b7,
B, ¥rvavvd, v, £ YYATS
¥, ZETH, FEXERMGEESTFET L LD
Whits,

— R OBFHEENIC B\ T, IEREERES S W
HE EEGDIRO FREFNORENEL S Wb
WAEEEBNAESVONRYETETHEH, Thi
LTk L H 3,

% 7z, fhoo 30k (Sir, Stewart Duke-Elder,
“The Eye in Evolution”p. 487) = X huif, FEZE
R ORIE VI, v=I1/6, 4 ARV A
M1/3~1/4, BREN1/3, Er1/2L
s hTnsg,

BAREARAE DR S & HERE

MRS Eh A BEORREEH TE L, b
#91,000,0004%, # T L #9440,0004%, = 4 ¥

11

265,000Z%, A 3§986,000& Lvvbivs,

¥ 7, BB Lo TEMRE - iR
DREHELRE->Tw3, FIZE, b, 33
TRAAMED T X THERERE, vy ¥FTiIBEH
SRYEITI50% AT, A VT 1995 % S IERARAE
ThadEtwbha,

B OBEREN I EEEE X, 195597 5,
FARZ2LTURLLIBEESNTHS, EETE
FLluymPB TOL O]9 ~12ymD b DETH
FNTWE, EHREREEN 1 mATObLOT
#3.5~6.0m/sec, 91~ 3 yum®dD b O TH12~25
m/sec, #14~5pum® b O E#I30~40m/sec, #9
6~ 8 um® b OTEIA0~60m/sec, #1 9 ~12mD
L OTHITOm/secTH 3,

H. ChangiZ# 2 OEMERHEOF THRLUMED
H b O»SIICH, & FOREEHREELS
rusESieEH L. ZhicxLTL. 1. Malis and
L. Krugerid Z O %% 7E L 7245, M. Lennoxi
H. Chang Dt &k —BF 2R E2HE L1,

M. Lennox it # I ORFEOH— R 1 7 Ef5IE
ELIARY PIVERE CEERE NS ¥, on
~$8HE L on-of fHE L IC D WL T ISR, (TR
BE ORI I F @I L TERE L, »D2
N ZEDE EEPB O OHN LT, EEHEE
OEAFEHET IS OBRE2E TS, 2, #
JETEGIE ( electroretinogram, ERG ) OiRiEAS%
L{ka kI cHlifiania L HFORBIL T,
SHMEIEERIE ( lateral geniculate body ) & KET
SFEFETMAL (evoked potential ) DM % Lz L 72
LA, KTz bonFenTraboklhd
Fotwi HBREBTVLS,

Frik & SR OREE & HEAE

MR ORE T FHETYERIC OV TRKELER
Az vads, FRHESHE O & & Mo mE oML
B 25MEBOMEIc L > TRE->TWS,

wHY O AAXI, ENEY R, YUY, ¥E

U, WATHEA L, AT E O®ETHEB e
a2, ERARYOMEKETIE, BEAYE:
2 ML 5> TWa DT, ThiEh
A4 (rod retina) EMEATWS, ZHIEHL
T, FAY, AEREOBITHIMIIZEAY E
T3 e L R TH D, IR HEEHEIE (cone
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retina) ATV, E FPHLEHHEELCY,
% { OEFHETY I3ATE L RO A SRS L 15
Erxd-oTwns,

NSO EHS, FESEFTR (dimm-light

vision, W) B 5 L, #& TR
( day-light vision, B ) w5 T2 L3 2
TROb kLo TWwa, BUTICHE, SEFEOR
REE B OBRE IOV TiHR5,

R DAF MBI I I D = AR L REE DR
itk 2 Bl H 5, BIEHICIE, HEOHE

(outer segment ) FisrH3EERIZE > TH D, HElA
OIS AR I 2> T 5.

HEGRHER, BAHIE & b 1 R E AT (outer
segment ) & PIHEI (inner segment ) B X UPITIC
BB ERBE M ST > T WA, BRI
BT, SMEoEED SKRIECES £ T, 1IF—
EOEETH D, HEFESEFEAIRE {, Kin
DL o TIZIZAHRTH 5. HEFEORE S
HYOEEIC L > TR, $BEENS
pm, 5 EH10mTH B, HEEFI IFHHEEE (single
cone ) &#E#E{A (double cone) @ 2 flifiH H -
T, AR T A E [FRR OGS % b DM ( chief
cone) &, J D fi] B 72 463E @ &l (accessory
cone) L 5L BHMEEEEEL TS,

]
T i
=
B ]
¥ &
2] ] %
2 b
i

FEuyte

ek Bk

Fig. 5 ififk (&) &ifh (H) 0BE
(ITHAEIRZOERE, 80, HIEH
&, F&, 1990, &V))

HEEFITEE AOSBEL LOBHIY (~E
FERL) Kaehd, fHEIC D 815E (singel

I R EE S HERE

rod) & #FE (doublerod) 233 3 45, iR {EA
HENBZDRYE) ERITHEANEDSLTHS L\
bhsd,

R0 Oz iEHEROMED (disc
membrane ) BEAER > TW5B, ZhIzH L TH
EOHE T IREAEE Y RE OGN £ 8-> T
W ah,

SE  RYE (BEEH ) BEEhTnT,
FERIN ORE 2R, FoflizdEREES
B8 L LTOREMREN (receptor potential ) I
T 2-OOEAELEZEN TS,

RO SH L, BFE 1 EEoREERL,
500nmfT O3 (FREH ) 1o U T Gl @EaE
HEETRT, £ FOHEBICBWTYH, Bk ] E
ThH 55, HFERHERE (red cone, FRE~H
) ), #RHEM (green cone, &€ ) , FH#EE (blue
cone, HE~¥E) O3HHBHY, FhLETILOE
DI IR OIERE * =T,

AR L7z & 3 i, i8R, #ERHBERTE ( day-light
vision, EMHIR) %, HELEERE (dimm-light
vision, MiHAH ) #F 5 & Wb T\ 5, 7ZiTH:Ih
(P2 EETE YY), WTHEEEO 7 7oy
) OB G hE L BTEREERTH
b, BTG (CRE0% {, BE, JVARY)
TlRHEFEDHHE L,

E bSO EET & 2 03 R#EHE (red cone ) ,
Bk (green cone) , ##E{E (blue cone) &
VI 3 FEOHEONIEEDOHERICLEDTH
3. —fgic, HsstEdn (@A) T3
feiziE 2 FELLEOBIIAEA (A max ) D& 3
JEEEFE (visual pigment ) HSTHOHEE - TFAE
LTWwahENSLD, %< OFHEINIOREEI X
Sl b ITEOPIURK O 2 BNEHRE
BT BHEOEIED, BH—2EROMNICHIE
# ( microspectrometry ) & & > THHS ;T -
fo. BEBUVALTOBESFIE, Z0L543
OB EHEE b OHEFEOFE L, 10 DR
BN H O OWRT —F DR ML {—
BLTWa, 28, MNERERC X 274
T ORERV R TOBERAEHEIC DLW TR
EIRE R W Z A bRy, Lkl, W
D 5@, visual sense” & L TREHERMICIEZ 5
o, AERFO—HERRE L, Z5R
Ik B8 B HOEEOSITHEE L BR—RT 5
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ZERTER,
& % color sense

@ (color sense, color sensation ) %47
DEEFANE VI VRLTRLIZ L, XOKES
EORERFANTEL,, EWSMEIZRETS, L
ML, ERFHEHPOEE" L L THT258S
Wi, M THOBRZFHB U f R % AR
FRIEAH (visual area, visual cortex ) T @FE
B LT (5t Shi-bonntse ks,
ntg, Alvihbb, BORZ A IIEICER
BB RATHREROFREED 2 %k LT L
S6OTEZVWINTS, iz, BB
DEIRFRIERE" K (visual center ) 1235
15 B OFRH E v S O ORIE R B 1 T3
Ahidz sy, Tl Bgseoite e
WA 27 OFE—BE LT, S5 0kD
BEREABRZ>TWT, 20HRES2ZE T
LEEVMibD o T3 2 &S THEEL T & F b
5,

ErDEREWRTIHEREL »oELOS
ETITbhTw a8, kb —i74 k38
DLTOLEYEEE ( psychophysics ) I ETH
3,

LEYERS I, AN EYEE L L, BHE08
HELT, ABDEHENOMGE»S, 4ENEo
i, BEEEMIEL LS Ed2a2lith s,

RO 2 H &g, AHSETS
L6, HBRIHOmS, KE, HakEDA
NEeRODZEBTEL, B HEBRELE (A
1) 3 LT, RSOOSR Z 2055 h (SEE) ,
KEFAT 2 £ TORFE (KGR ), —>0¥
R OZERIR SR T E 2 0F» (),
BLLTRAZOED (BE), “20%0OEE
DENBHIT E 2 0E» (BER ), BEEik
Uiz iHh#z on 3,

IO &S mLEYEE T IEEREDE 2 2 NE
SIS B K (D) 25z -
EMNTES, ZORzY, FIuIfrlBmErs
AHEMB L (BB ), /B (HB VI
) ICRZ2p05bmahs, Z0k> BRI
WH| SR S5 12 DEHEFROBEE* 5 2 Fa
D BEENS,

13

—7, B0 Tid, Fr L TEREmEN
HEHweR, AhiRe b ERLFETE i,
HEHRBEOR VD 201 2L X DI,
EDESBREEE L TR RBEN T2 OH
EHBZEDHELYL, E£7, b b OLEYEEY
HECHEUOFETHH OB LT~ L LT
b Twah, BEOMEEHE % £ p s e
TLEAICE, TOMYSEORIEEEL L 5T
WVEPBPEH>TBL LERSE S,

HHETNY) (vertebrates) Ot TH, b F HEE
# (primate ) #EOTREEOSE D FEL LT
VR WIHEES KRS CH B, falE, e,
BERECOEOREL TH 2%, 20
TeHEREOMBEBHOWEIC I, A (Fo¥
2) BE(=7bY),BRE(TH5YN) &
ETOWESEATH S,

—7, AREDTVRLTHET 2113, i
B9 2 RWE ORIt (absorption curve )
EHES 2 EMEAR LD, HYE ORI
BHBVIEZEBEN (receptor potential ) % £ %
BET 53z 0hESAGweR S b3, —fr
IZBROFiENH S,
© WYHEEHHBLTSH R L E S

('spectrophotometer ) THlIEE T % ik
@ ®m W g X X E &t

( microspectrophotometer ) % Vs T MR Y

EANERS E e B —OBMIRIC DL THIET 3

ik
@ HYBEENL ( electroretinogram, ERG ) S840

RAEGL DI H Iz & 2 ZHIREAL (receptor

potential ) DHIE & £ DELEFS M7 Hik
@ IRIE RS 5 KK EE (fundus reflection

spectrophotometer ) % ffl\» 3 Hik
® Z— @@ (two colour
method )
® ZEEIGE: ( differential adaptation method )
TEMH A,

threshold

BHE N R

R OILHEOTE & 7 5 M OB R H AEAE 11,
R & 2 BN (visual cell, ASMRMINE & HEpk
Ml ) B UKTEARE ( horizontal cell ) D436k
EOREADHSHEED LV D, ThZAOMED
ZFANIERSNEE I L > TR L G, W%
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BrEOAOEROEDEE L LTHEAZESNS,

ErEREUD LT AN EOENERIITSE
LIDWIERD 2 DO0OF&MEMNELZ SRS, A,
H1IZRANEWD S { BROBNSIBERL >
TWwa Ik, BREDHNDHE=BET HHE
EHBAITVBIE, Lw3 2200%BbiFoh
3,
H1ORGFRIMRYOBICLoTHRESZ I LT
ZHOT, FHIFHROLEIZZ VWD, 52 OFMHF
i, 1ESOSMEOIREDKE2DHD S IEH
E®BET I LiETaRw, FlaE, S04
fam k3 | FEOEEPHAERMR 1 o
OGS I TEOHIBEEEwWEFLSNT
Vw35,
EFICEniE, BERT 2T, SR
EORYL 5 2 ME FOEMROFEESLEIC X
%, fHEFE D43 LA FEA R (A max ) HTR
HoTWwa T, SEBEE (spectral
sensitivity curve) BWEEZDEF-TWE I LH
BEThsd, IhoO&ERENSHzahdE, 200
BT 2 2 OB OSBRI O byt B
Az, EDL3REEORBNRIIHLTYE
NEFNOEEOR S S DLEHEI 6, HERIC
Lo THEARNET AMENEORE I LIRS,
LT3, $hibb, SHBEORL 2EM
T 2 fEE L WnE, 220EEERES LN
L, DIFEDHREEZKRT S I LB T ER A,
SRR D e BRI 3 FEDH B L FRIRTRE
b, s ORLZHESINHT 2 RS
K=a—orTEOESHERY B SR, Tasf
WAESND Z EWEERAEOREL 2D EFZ
BHTWS,

EEMEE O ETE

EHMEENY ( vertebrates ) OBRIZDWLTIET ¢
—MTIEDH AT TS L -, EFEHETIY

(invertebrates) Tl%, ZOEEIZDWTOWIE
Mo, FEE, ER#s L URRES Sicbal
HEHLENTNS,

Flz i, X0k ETEHYTREEHE
( visual pigment, visual substance ) #3 1 Fii§ L
ix L AR ( photoreceptor ) BFKFETH
ZZEmefaREiZhnwEFEIsRE, LbL, =
Yo (HEdE) BEROLEEED L LA+

W BRER 4655

A DFESEHE ( pohototaxis ) 27 L, JEE #2{Ed 5
ETTAQEREERTIEBLEI L DAaNT
Wiz, SEHELTARY PSE EHOS M
BHLT, chozBYciagbeTERLRE
W P, 3 Yo OB EEE ORI
WEMER S, Bl Tl e~ FAEGL,
WL TREE7ZACEGT 32 LoHshn
TWw3, asifETHLER TA40E, ¥
S oW T BT T 2 RIG ERRE <A+ A
CRIEL, 7% 18, Gy &G L Rk
S ACRETA2ZLbiERO SN, Y0
B2RFROBREFLOEEFEILNLTWVS,

2 YNF B OD TSNS heEEO
WEEsfThi, K. von Frishic K> THRES L
MmENBELTHS. (#, K. von Frishid19734,
AT - comparative ethology & v» 3 SR D 4l
BE T, BiTEianimal behaviour ®EAREA X
thESHLHASECDERATES 2 LML
BEESIT Lo T —RVEEEESZE R ZHL
#e )

i 2 Y N F OITHH S AEIC DWW TaKE R
VBB Lo TEERL, T YNFIFHLRE
OR[N TELZ L E2FER L, £/, E6IcHF
A, K, BLORMSTERWELIHRLE
Tnb,

Zm#:, A.Kuhn & R. PohlizEaifto{{h b iz
FNZXLICE2THNLIEARZ P LER T
DHL-Bro@mXic s Yy vF 2 8L, 8
650~530nm ( f&, #, # ), 510~480nm (&
), 470~400nm (7, T A4 ) B LU, 400~300
nm (244 ) @ 4 OBFHFRIATFETH S I L EHEND
fz. iz, FOAEMGEIIEE b LS T, Bk
FAlE <, & bR EREL 3650nmbl EDHERO
Seld, IVRFIIBRAZEMNTERVLILEN
Sz liz, FO8, ReBPIKELE DX
TERLA, £ MR Z2WEREMD300~400
nMOSESMRIL, S YASFICIBEELTRES EF
ZTWw5, E6ICW. KuhniZBHEHD Y 2z
THAMEIC L > TERL, BEOH 3 2 L %5
HRL 7z,

FHET OEE
K. von Frishid Poxinus laevis &\ 9 k&
(w74 OiEkA) CREOHSD 2 L 2B TRE
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LIz, TDBE{OWFRE LY, A7 LD
BEHEROTERULER, RO LHBHEL I
oz,

@ Phoxinus laevisizit, ix < L L2400

RRAT LI ENTES,

@ ek B HEHFELLEEVICHE

mEZLTWVS,

@ Phoxinus laevis b 2532 B2+ 248 h %

boTwah, EBRomGHRRCHTL T,
E b EABEOEHE (hue circle) 5 5.

@ ;N EFEBEIZANRZ RSB O

b5,

ECOWFFERE A 1 Phoxinus laevis (TG ) @
WL S/ bDOTH B8, = OEERRES I,
D EITZ T TR L, % OFHBYIC bMET
EHLtnbhTwna,

—i, HHER OO T, MEEIYIC i
N, FHTEZEROBLE L, fita, @igsn
(hue circle) ZEbLRH SN TS,

EEEOMEIZDWTH > a v o4 Ok
R, B, HERLEHATERZ ESHIORT VS,
Fie, Jediffs X UBE BRI E A BV D
W5 MEEMEETH D, F05 2 HAEC R (ol
droplet ) #EATWEDOT, % < OMITADIRANH
AHETH B,

=7 b4 EEOHEYE b > Tw a0,
ROM=7 F UL, 14 F 7> > (iodopsin, =7
PUKR) OBATEESEDII->TWEEEZ BN
T&E7fk, b bPHFEEOHEEC MRS EAT
Wizlhahd, =7 M) EZRUSHETEEE HA%
B L &3 5 —HoEREOH O D FEE I,
AT/ AF (carotenoid, 7T F /4 F) £&A
72, Hiz ok b -y EET 2. Choo
ERIBEMEE T B AR 2 L, K S
T, EHICRZ B,
SRS £ A J s OBk, BERE
Hiffll A & Ao T < B4R & O3 % HEdsL izt
LT, Vo X749 —0BEERELET L
w5, OEE, =7 b0 OHESEI L5 FEOMm
HBZEhTns0T, MBRE=7 MY Hk &M
HEDY L E, SHHEOERBZEORY 2 ik
BEET DR, HL0BHRAEHRANTES
EEZONTHD,

RATIZZ > T, =7 P YFRDE»C=7 » Vi,

15

=7 F0H, =7 VLT ERSHNE
VESPERTRBHEM, =7 b ) #ERCEET 3
I EBHER S b,

t b ORI T R THE—HE (single cone)
TH23, =7 ) ZE—HEDIEL» ICEEHEE
(compound cone) #&H 5. EEHEIZ =S E
DHEEDEE LD LOT, Zodifkiciz="7
FUREIDNE TN THE, =7 ) OESHHE
BE—HEL D S H2% <, TMalko Tk
R EOMERSTEAET 208, RISERI IkimBkat 2
v,

iz, =0 MV EEEUEMEERE, FREEHE,
RREER, FHRL D BB L, AR AN
S, FREEE, B, HHRcSEhTwim
BT T ASNOEHEMES Yy b+ 27 40
F—OEEETL207T, HEROBEBK L ERT 2
&, B—fHRo@zEiRofcEshEho
S E O R ER & 0 bR EAN- B+
SEHElZER T WA, FOkY, =9 N FHEE=
7rUE, =7 IBE=T M) EORIROE R
D W3R TANE <A D, 400nma> 5 600nm % TOH
ROKES T, 2 2OHEWEORIOLLDE
KdoTHAENRAI LTk B,

EME3EOHFEDEHEZL>TWE®NS, k|
BRLMEETATHK, B HO3>0HEmE %
Hm b LEZE=AEohiciiEsid sn s,

=7 M) BHHAEREE 4L 5 TLTE Mgk
NT12% s, F & W, £04o0k
YE #TES & L ENEEORSICAIE ST s h
5.

HESOWET, =7 b ORWE OB
(absorption curve) & il Bk @ 3% i@ 2= i} {5
( transmittance curve ) & @ PBI4E % 264 - M3t
L, RIS THIE L s - 1248
EHET 2, SIELEDOALBELLEL L
2TWE I EBHEPDENT LS,

Ehozemns, bL=7 b YsHK, &
HOAOHAAYE 5 & ONASE L HS L, 59
LTwaedhiE, =7 b Y 0ERNAE
(wavelength discrimination ability ) #%, ik
ICE2TEHKKEHLLENTVAEDT, Ericks
TREBKRZ N TH-TH, ZoXKodicE
WDHLHZ ERMHNTED LIEESNATHS, %
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Jo, =V PV REMERESTHEREL-TWS
Ehic, SHESHEEZ DD S TWEILEE
B3aE, bEDbERAERIEEZL>T
W3 EEZ TS,

hohiziz, FIMEREZETE AWM 5
En3 ks, H{bbbhTh, {7
209D XD WEAITHEEO BFHSES HOH T <
IZWBEE RPN E UhhB I ENTELZD
X, fHE %200 s Hah 2 RGBT 2
ZEBTELNLTHSI LHWETLPHEEEL L
7z. L#L, M. H. Pirenneld 7 7 v QEETLR
HEELWITEL, FARTHEAL Th RIGH I
L RTENDT, £z, AL, Dicedd 4 FEO 7
7oy ERBEPRLOPICEE, fHcflLTEDLD
WRIGT A2V T, KO LEWEHEWTED
B & > THNERESIALE, 2hiuck 3
k, 3Mo7 7oy TREEOEEAH0.00000073 7
A—MEXETIHE6 74— D EEDARDSEIC
EUBBBIENTERY, 1HEO7209h
0.0000267 4 — FEELUT TIHEHEEFR TS n
St EMEDL SR, ZOZ s s, Diceld,
77 o9 HMEBREOR I L TGS TRk T
HBH, FARITH L TREREERF - RWES
5 EHEEL T3,

—7, R. J. WojtusiakiZ3HDH A izD>nT
DEEMH S, TTOH ADIFRIEIC & < B
FhoTwizkFEFRL:.

Ak Eikd 7 2 0w (Dice) %4 4 (R, I
Woijtusiak ) DIEERD S FH OFRIEUEZ M % HE
ET LI ERTERWLS, AiERECE-T
LEHIRESEET LW EARTn 3,

= E (visual

substance )

pigment, visual

R I ESE, BEPEHE b vwbh, o
AR s Eh 2 EEAREY V2T, B
TOPBRIC B LW THRERIN T 22EF 5 32
T (receptor protein) & LTHFET 5. HE X
R oK EORMKE Y N2 E

( membrane structural protein) & LT, &5
AN ERINT 2 20T <, € OfEREHRMR
SO £ R RYIEER IO E A TRAMETTE 05|

I RS 4 B

&£k L TOMEMIEEN ( visual cell potential )
EHBEELREEHS TS,

e o

RS BREMICIZ Y 2 EE 04 7
(opsin) &, A7 ¥ D) P BEED-7 3 /3
vy 7R EELTwEEABAOVYF+— 1
(retinal ; 11-¢is-LFF—)b ) MEFH-TH5S,

RYE T OFEBEDE VI X > T2 OB
WG LI E 2 b o TWw T, W, Wb
WEoTHHiahTns,

Bl Z i, [EME, PR OB I — i BIEE A
#B00nmAE DOFR LR E (o F 7 v v,
rhodopsin ) # b5, FEHFOTNY TR KI480
nm{HEO#EEEO 7 ) 7Y > (crypsosin) b
5, Bk AERL TR T IR R AS520nm i _E R
W7 4 a7 v (porphyropsin, L) 245
T3,

P ORME L, FFFCSEnsrififcsE
NIk > THERYE (rod visual
pigment ) , #EFHEMYE (cone visual pigment )
FIFEEN S, FEEFHcEyFF—1 (1l-cs- v F
F—n) dprFF—n2 (1l-cs-7E Favit—
W) O 2FEEN B Y, FHEA 7Y B X UHEHERA
Ty 2EHEOHAGDbE Lo THEENT
itz

L# L, W.B. Marks (1976 ) i3faffo#ikn
SRR DR 5 3MOBME TP LTED,
¥f, B b, AEERZDVTL IHEOHEDE
BT TR IhTwE, 0D 4, iz OFH
B & 1= I SEFFHER D 0 & WK O 572 5 189
THBFERENTWVS,

Table 3 FHi#SMoE LB EOIELE

] P o R
mom omomm T W
.. llcis e
] ¥ ey Hift 7o wi7o 494
7 pSTEET ety dwvety sw
=5y ]l/l-_‘tr‘_iij:_w A T 4AFTE 562
ATr WEETEFT oy sysaes 620

LF =i

Fio ke, RPEOFEEH RRWELYFF
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— 1 (s FF—N) bV FF—N2
(1l-¢is-3, 4-FTEFuLrF+—i) O 2 HHE
ThH o EELLNTW, HEZT> THZKE
2OV FF—ABFERERT., ZOFH LT
F—iEvF+—n3 (1lcs-3-E FrFsbF
F—=) EvFF—nd (1l-cs-4-EFoFl
FF—) TH5B.

1-¥A vFF—n
(VFF—n,)

CHO
11
~ NN
3

: /\\|
CHO

11-*%A 3,4-TEFoLrF+—

(VFF—i,)

HO

11-3A 3-EFoxyvirFi—n

CHO
(vFF—n,)

OH
11-¥2

: CHO
- FofFyrFi—i
(vFF—n,)

Fig. 6 HRMEBOREH

W, TFEEDEORIEA R, BELEYTE
#500nmfHE Iz 5 & OB5% L3, BIETI3HI480
nm~520nmFEF, MEEFHETH OBELHTHI4T0
nm~500nm O M RIEADH L\ F 7 i
HsnTWwa, £/, oMY OEIICHET 3
SEATRAE |1349420nm~570mm 0§ i WA
BhoTwnd,

17

FAEEME  rod visual pigment

FismyE i, o K73 > (rhodopsin, #H4L)
LRI 7 4 07 (porphyropsin, HREERL) &3
H5b,

o F 7+ > ( rhodopsin, %)

o F 7y v R AR O E e B N %
HoEE LTRSS hiz b O T, RHFL
(FFEE=THE D, R Hubbardiz L AuidsrFhiH
40,000 S TWwd, ZOHRE OFIRELS, M
ftLiABTHMES LD TR, #
27.000~30,000 £ b T 5,

O B 7y v R0 4 ~ 5 nmOIRRERS >3
28T, FEME LT -cs-vFF—bEboTWH
4. [HEEERIE, o R 7y 087 Ei30,000
YRETNE, o F 7Yy TFREERN0A (4
nm) OF T icEE15A (1.5nm), BWHA
(0.5nm) OV FF— 1 BEELIbOchs L
MARTWVD,

a R 7y v iR TR RO A 2 ED,
RIS TS B T B Lo THath T
LT ENTES, ZOIHBEOBIN A T
EROFIS00NMITHEA S % b D o BIHT, $4HBOK
350nm Iz #A f % b D g (B i &
V), SEAERO#280nmIZ K SR b D o I
(ITH OIRIEP ) 3D 5,

BHRE R X T, o TRIHT I BRI O
#&t ( scotopic luminocity curve ) 1 & < —E¥
2 L%, KonighS19tttigskic & TIZEEL, o
By S Bl AR AW TS Z T
BLTWws RT3,

o F 7y, A L o Tll-eis-V FF =k
DINCAEBIN I L - THAT WL, & — I frans-
LI F—i Bl (iso-merization ) S THEE
BT IEA 7y o s v F T — SIS B EH R
ENTWA, HiE, vyoa 7y rhiiagt
B2 5 IR AS4Inm DY T K 7y s
(vasorhodpsin, 7 Vv & 2w F 7 ¥ ¥
prelumirhodopsin ) &7 0, ZIZHEAFI49Tm D
2o F 7y > (lumirhodopsin) &7 0, BERAR
KH4T8m D A ¥ B F ¥ > 1 (metarhodopsin
[),%380nmd A % a F 7y 11, #7465nmd A
yuR7y VI, b, REERPREE LT
38TnmD A — W trans-VF F—iv bk ko fctg, A7
YoV FF DTS,
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—7, &FOHEERERNOD F 7y v ORE
FRET 00 E LT, B TESLEM
R Er YN E R (reflection microphotometer )
#W. A. H. Rushton®FFE Lz, Z0HEEH
WAHEZEILE-T, & FEIFUDEEOREIECE
2D W T OHBEEFTEDEARZ b (difference
spectrum, ALY bV RTHYIC & 2RI E B
D OIS FE LGV izh @) 13500nmiciB A S
2bo0 F 7y sl s iR 24 2 &b
o shi:, EhatEkERicE-Ta F Ay
BEEIGEEIE A E, FHEICEI~400E2ET
L, & OF £ M LR EG i (dark
adaptation curve) 2L { —¥¥ 5,

P. A. Liebman and G. Entine {&:3&E:@=CEH
HHEE I & - THIE S A v 0 BE—RESEi
HMOBBE DA b VBN &R TRD
TRl & BISERIC—BT B T L RO Tz,

R 7 4 87> (porphyropsin, L)

G. Waldlx% < @K EE» S EBAS22+ 2nm
DRPMEZRHL, ThAERLVT 40T >
( porphyropsin ) EFEATZHS, BKEOHEDIZ
B AR OBMARIT b B K S A3H9520nm L E o
BPESHEZEBHSNTWS, #7407
¥ R RIAREER (visual violet, HEE) L b
b, OFFy R TEOMNEL, AR
IR PE, O F 7y > OfiRS TiER-cis- Vv
FF— (vFF—1,E5% 3 AFEEK) TH
LM, RVT 4 07y OFRSTIRIE-cis-T &
FovrdF+—n (LrF+—i2) ThHa,

Fz, AEOHERIZERELZ 40Ty ED
FZrrOfifzb2b0b03, G Waldldik
AR A 2R 5 A8 (Wb B )
Tlo Ryl 70y vOflihE b
TEH, MEEAREo R Xy roiarboTn
HEHFEZI, LdL, L E Baylisshi¥ 7 2 0fh
THRE L 7cfER, MikEaSicbo FFyrv e
BZ4aZv r2HELTWE I EEZRLE,
Z DX DG WaldDk#i £ L. E. Bayliss® Rt
D=L awize, Wflizs, &R, AE0%R
B HEBIT I <, BAKEE, HKEED T h
BWThOoRZy Rz 07y BREL
THED, MEOLFE AOMEICL>TRERSE
FEionTws, Lal, —icaBoEehy

I T EREE S 3R

WIITHIHE BAEL, A7 PAERSALE
OFAS L DEEEHCThaEAY DS, 20
7o, A X B BIE B ORINS 5L
Blwibom, #hbbiEANY kL (difference
spectrum ) THRYWE OB A S 2T 2408 HnbH
B,

HRIBYE  cone pigment

HEARIZBARTER (day-light vision ) ICfER 25
BT, #EEHRARCES T EEZ N
Twa, HERDEICEL T, #dE RS
BICHUMED L WIEHEFELT LS EhTul
WS S, BERPEOME LB CAEEHW
THEEME o BEAS N T WS, L, #H
IR 3P TS EE L Wiz, TR
TeHEERE N SN T W B Il E L b,

olt, B CLESTORMELE £ DL 0lf
PoOHFEME T OWTOMENH S, TTICH
Lk ic, BWEIzEEhsFERI IV F
F—n1 (1l-cs-vFFH—i) v FF+—n02
(1l-cis-TEFOLFF—iv) ED2fEH2 2
LI Twa, 2hil, fifkt 7y LRk
A7 rD2FEEVFIFI—L 1L EVFF—12
D2EEbLOT, Thor2fladbes L, ¥
HEEN DB L 4 FEb D Z L ICin 5,

Zho 4 FEEORYE, Table 3ICRLA-X
24T, FHEE#E & LT o F 7Y (rhodopsin, &
by ¥, ATZNM)BEIUVERNLNT 40T
( porphyropsin, 77, 24 ), #EEHEE L
TA A FZ¥ > (Hodopsin, =7 F Y ) BL U7
4 7 (syanopsin, &K ) 55 5.

A4 F7¥ > (lodopsin, 74 A F7v )

G. Wald izfligtAfalins &, NG DD ik
YHEME TS L ETRARETH B EF L,
Ot E VOB EE L D=7 b ) BB E A
TIF b=l 2T, o7y cidERL
2 650nmEL_E DR EOIBK 21T - T, 560~575
nmiZEALY b AERK FR T ROEYIE ZEEHE L,
COMEEAAF T (FRBTAARTYY)
(iodopsin [dodes Gr. coloured] ) &#&fFiT7=.

A4 FZyd3=7F VilEs 588 Thih &
nHFRRPETh 505, ZOEPE L -
THfshTrvFFr—nled7Fvrichks, &
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7o, R THARENLEARO F7Y  EAKET
hod, A4 F Ty rBRSRic - ToEENT
$£F 24 7y 3R A 7> (cone-opsin) EFE
i, BRI ( photopic vision, BAFTHR ) BEH
TEEMETH S5, photopsink blabhd,
ZhicRLTo R Ay rafshtEdTss 7
v 3B kA 7 v >~ (rodopsin) % 7z ldscotopsin
LA THEA 7 KR B,

44 F 7y OB, o P77
L T B8, BRI S A5 H60nm R R Al
ERLTWS, G Waldsid4 4 F 7y v &kE
SeTHE L, v+ —n 1 EifiEA 7y iR
THIEREAL, %7, WIS L HEE
fhig = OBREIZ D W TRET L - & 2 5, SEKAE
Ot FOEEESE o F 7y > ORIER & X
X —BT 3, HEEEHBREHRREAA P>
ORILFEA & i3—EE 7, $920nmE RN ZEA
THEHRELL. T EARNRIOLIEAAF
Ty v ORI b SRR AR L A
Ok, £ OIS 4 F 7 B 0R%
HAYMET I 2TRBT200DTHS D L
Twsg,

—7, SARMOCEEROBENEL, £ MR
L, %< oz >»wTEMEOTE S Thh
Tha,

W. A. H. Rushton XSRS 56T &3
RBL, E Mg s DOREEZHEL ER, =
AT PV EA5540nm (#% ) £590nm (37 ) &
@ 2 FIEOHHAFEE 2 FERR L 7.

W. B. Marks and E. F. MacNichol Jrids&f#
DOHE—HEAEME ORI A =7 b vk EBF R
SEEEE R R A VCHIE L, REROK fH 45455 £ 15
nm (7 ), 530+5nm (&), 625+5nm (#F) D
SHOHFRME EWME L.

W. B. Marke & iZ4b, XUt b O LEE
OO ERHEASE TRIBROERR 21TV, BIFRA
fdd5nm (3 ) , 535nm (4% ), 570nm (75) @ 3
HoO#FEYE 2L /.. 7, P. K. Brown
and G. Waldb W. B. Marks 5 & RIEEDEER #17
v, (EITIEMLO 3 FOHHEIRME 2RO TV 2,

—7%, R.Granitli# T8 L U4 2 OB D
WTESEMREMICT NI ARY VB &
4 A K7y v OBl & k2w icnu— 87
BDT, A4 F7y g o dhmoiE

19

HOMBETHEIEFLTNE,

¥ 7/ 7¥ > cyanopsin

YT T4 T /Iy Ebnbh, G
Walds #3FEEAE LTllcs-7E ForFF—u
(VFF—n2 ) =9 b ) Of#FEL 7 LR
S ERET>TATIHZERKENIbOT
b5,

Lids=>T, BAEDE T 5&EHn» o KBl
AnHERPEELTR=7 M) #E» S
ENA TR TY DR TH S,

vF /T IR 620nm THEARET S
ZEneG WaldehBey7 ./ 7y L4701, #
HERPED—2THDHELTWEY, WTIhol
Yoin o bRucitE S h Twiw DT, HERY
BELTHERIN TR,

L L, R GranitOEREEFHHIEICL 22
4 (tench) FizIZHEFMEB L b oTch ADARY
FVEBEEER L > 7/ Ty DR & 1
—ELTwa, £, BIEa A ( cyprinus carpio )
DESHBIED 5 53 U 7= RS TR DA 2 7
FLOEIER D IZIZ—B Lzl L, ¥ 7/
Ty v ind B I F AU L L HHAIR R T
ETHLEITWHS,

—75, BEBSTOLEERIC & 5 B—HHADWIIED
BAZD, FIBEHEEEOWRINES, %
OFEHHE L 0T, L2 OO E—HEERY
HOWN A7 F LOFIESFThh Tz,

W. B, Marks and E. F MacNichol Jrid# >~
¥ 2 QHE—HFFEYMEORINA RS b v EE
SR EEE THlE L, BIE K 53455+ 15nm
(#%), 530+ 5nm (#%), 625=5nm (F) D 3
BEOHEEYE 2HEL, ¥ 7 /7y ORI
FHI620nm £ —E T 2 E OFEEREEL 7,

Z O fhOHPE

2 QHEAEGEEFIHROEAY P EIET
25k, $bbH. J. A Dartnall®“partial
bleaching#k” THIE L1z ¥k Tld, & =/ Dgreen
rod iz 1£430~440nmOPNUER % b DR ELITF
L, YAHF T ( Xenopus laevis ) TIE519nm
B L USTOnmIZ B FRA % b DEWESEET S L
wbils,

—7, MEFEMEIICE VLT, AF Blissidv )



20

4 7 OFFE A & RIEA40nmD 7 ya 7y >

( cephalopsin) %, %7z, R. Hubbard!{Z492nm
ORI % b OWRE %A #3T, E. M. Kampa
F E O, S IR 462nm, R. Hubbard 5
i34 7 b A = s520nmOBEWE FEh TR L
7.

51z, T. H GoldsmithiZBIHIEEfT>7z 2
VI8 F- QT HFEAY D AS0nmOIRPE % TE
AL, Y¥ bovkEoRmEEFERALE{T
b, KTHHTES LHREL T3,

ZOrA, 1 AERLCDE, AT Y=,
TYNFREDSRH AN RYEOFEARE Y
FF—n1ThsEEZLNL.

L L, Gl oRyE B »6t
oTiE, MPEOFOE, vFF—l, B&
Vv FF—n20ENMIE, VFIr—L3B8LUV
FH—nd b REERT,

vFF—i3
WROEDEIC>UTHREVEIo R A&

BL7407yrO2BEOAEEZ ONRTVIE,

L L, K. Vogths, NTOEWEHOFEHEL
F4—1 ERUCWINA =Y FVERTH, &
ez a~v 57 4— (HPTLC) THHT 3
b, #OBEFLrFF—n1 LD b Ea0ICE:
ZERRHL, K Vogtid & 5 e KB+ ER,
EYIVARIFEAYSERWETHEE LD
WREFH DWW TR, Ny FIF—i3 &5
BEHELTRALTWA ZEERLI. Z0OHRY
BhFH > 7 40 ( xanthophyl ) ICHHET 55
BEEbL DI b, ¥4 7Y ( xanthopsin )
LIRS ERBIB LT, F O OWWESD
Ao b RIS T OS5 4 F ¥ LAk THY
LTz F /4 F (retinoido ) DHPTLCIEH/ <%
—VREHVFF— L3 OF F T AKIC L BEH
VAT R N s Tl b /11 R 0 Al
vFF—3RrEROBICbBLF =1L

LI BRE S HERE

FHIZEEhTWT, $TRTO N ROEETY
FIEhTWwa, iz, PROMEEICLST,
2 DL FF—IVOBIRRTOSEHELE LT, 11-¢is-
vFF+— 3 Oll-cis- W FFH—v 1ot 2 %K
HTHDZE, TOFBLB > ROBEHICL ST
i EpmaEniz,
VFF—NI BN EERELD, HEF
V), (a=¥ZH %), ¥»oAPHIF R
¥), L3 FirRHEEA T2, L@t
B¥aax798, #=*VH, >+7vH, H
BWEE ETHYFF—]1 LER2Hho T,

LFF—=)4

R"ENMA B TREVFF—N1ELFF =228
EYEROHE LTHAVLSsRE D L IEBETL DA
SshTwiz Y.Kitob By FF+—12 #5ATW
LAY NA A OREREREID L, \YE R
HLUTRRARZ b EBE LT E 2, 470nmfT
IR A DI A BTz, & 5ICFOYWHOFHA
HAfH L CHPTLCTAiLic L 25, vF7—
W2 DIEPICEEREVLY, vFF—L3 EiRR
ol FF—bDdHsb I LEfihbi. FiLl
HmY A A OHBEsEFEREIRI-ZOF LV F
+—LONMR ( #HiEHLN, nuclear magnetic
resonance ) #IEIC &> Tllcis-4 - FafvrF
F—n (LFF+—04 ) THBEIZ EHBHEESNI.
77T, BHESEENT VI —d EEERE
LR, +xTOaT—HBLizoths, 20
BrLWFREREMNLFF—bd THB I EHHERES
iz,

LFF—iL 4 2FEEE T 2EME RS LA
A OEBEME D% %S5, K74l
EEhcHEEREMCBIELTWS, £, FA—0
WET 3 mEORCEVF -V (VFF— 1,
VFF—N2, LFF—4) BRSO
A ABFHTTHY, £, VFF—
[k ¥ A B LSO TRRERR S AT,

H & B &

B OBEIZ O L TO—RIEEIOE Lok LT, HREEEREREANS, TE LTI L
DBV ERAD L5 B, Lbl, HLOETTREREINE L, 205 AWREH L > TRE
DELRHEOER b2 5NRE, 1, ORHOPTHSLINHIE, BPOREIZOVTOIL—H
S E Y, MBI OE RN ( visual evoked potenital VEP ) , #3IETEE ( electroretinogram,
ERG) , 184I1ENL ( visual cell potential) 7 ¥ O#H I 2 BRI FHLTIFEA B 2fili T
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A CASE OF FELINE CRYPTOCOCCOSIS

Hisae HACHIMURA, Tadashi MIYAMOTO, Michinobu NOGUCH]I,
and Akiteru AMIMOTO

Amika Pet Clinic, Ube Cily, Yamaguchi Prefeclure, 755 Japan.
[ Received for publication : April 30, 1994 )

A twelve - year - old male cat weighing 3.8kg was presented with fever,
nasal discharge and loss of appetite.

The fever continued, and the general condition was aggravated gradually.

Cryptococcus was detected in biopsy material from the granuloma of his
neck. Serum agglutination titer for cryptococcal antigen was 65,636. The cat
had also been infected with FeLV and FIV. He died on the 25th day from
the first presentation.

207 b3y ARER, Crplococcus neoformans ®RR L T2 2B MHERETH D, AFILTRYSE
ELTHIGA TS, sodliniaisasen @ ERE TH B Crptococcus neoformans i3EE3.5~ 7 ym
OMEOREEHRILETH D, BHE 1 ~30umDI 7L EFLTWEMMD 7 1) F a3y h AFEOFELE
A=A ZVT, AFF, F—APUTF, —a—V—F¥F, TAVA, AF)RAGEHRENICE
LU0, REEREOEFOHERL -EWS L UEO L E DAL Fh 5o S L Tr 3236010121519

Cryptococcus neoformans \IFEFAERESEY, SRR, LA L D RRAL L, G-Il 5255 -
TEAEE - TR - U 6T - AR E BB Laes o, B odit, L s, BEEERUVASOER, 7
R, MBg, PARAEERER, M O/NEE, BB e nERERER T EE AT
54.0.?.5.'1.15.20).
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BECERE | W L 5 el - B3Rl Al VIR B A — A | BRI ORERD & 4t
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HEATH D SRtz EFEH IR > TREETS
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M —fEEemr J, @ RIMEREQ 745/ mm?, ~%
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Table. 1 IMA—RHRERR

RBC 174X 10/

WBC 9,400,/

Ht 9%

Hb 3.2g./dl

MCV 51f]

MCHC 34%
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13681U L7 E @M HA{E b 7 5 iz (Table.
2).

LI TR ER 2 HERE
Table. 2 MEREEFHRERR

TP 7.8 g/dl BUN 126.3 mg/dl
Ald 2.8 g/dl Cre 4.5 mg/dl
AST 512 U/L Na 146 mEq/1
ALT 173 U/L K 3.8 mEq/1
ALP 30 U/L Ci 113 mEq/1
GGT 12 U/L Ca 10.1 mg/dl
CPK 1,368 U/L

XipAp R - S0 E TR XEERE LT
FRLRIR & Fo PR U > 2 SHET O W fiE L
TwaboriEahi (Fig. 1) . Blaks X
U ATHRR TXEEERE ORE R0 S, WIEH
BLUMERABCERY OB RIENEZ T
WwWabOEHZ SN (Fig. 2 )., M &l
TEZEARACRE S B ORI O SNy 58
stz (Fig. 3).

FETREMOERTR | B THc2w»wT=
— F A Ty —%fTn, 2hihavho—
ICLBAY Y THEERFFELIL Z 5, ARSI
W T o — 2GRN ESETID S
iz (Fig. 4 )., COmRDEZ )V Fravh A
FEASFED LTz DT, FEZEEHE L D BRI R 2 HR L
e,

ETREMOMBFENIR | < O IcE
BB LU~ DY) o8k, = 2077 —Y %
TR E T A HIEY & RRs, PASH aS kD 2 U
Zhayh AWELEEER S &0 6, B
BOFREE L ) 7 b oy b AR X S RERHEER
WETHD Z EMERsNT. (Fig. 5).

7 V7 b3y AR B O MR ® v,
Z7wy AEERIGIC T2 V73w ADKEE
Rl ERE Lz & 2 5, 65,6365 &35 L < Eifi
ZRLTWE,

M7 A W AREI R @ WaE T 4 v A (B
TFelV), BLUMBEREY A VA (UT
FIV ) #3lT, SSmEieiase o A v A Ofukilh
R100AR T h - 7z,

e =

AEfIcBWTIE, 2073y h AREDOFE
FEN DT, RIS SRR, IR
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VETERINARY EDUCATION IN INDONESIA

Veterinary education in Indonesia was commenced in the Dutch colonization time. The
first veterinary school was set up in Bogor ( West Java, 60 kms southward of Jakarta )
by the end of the nineteenth century. It became the embryo of the existing veterinary
schools of Indonesia today. After the Second World War, the school joined with Bogor
University of Agriculture. In 1946 a veterinary school was founded, and later it joined
with Gadjah Mada University. Currently, there are 4 veterinary schools in Indonesia :
1. School of Veterinary Medicine, Syah Kuala University, Banda Aceh, Aceh Province

( founded in 1960 ).

2. School of Veterinary Medicine, Bogor Agriculture University, Bogor, West Java
Province.

3. School of Veterinary Medicine, Gadjah Mada University, Yogyakarta, Yogyakarta
Special Province ( founded in 1946 ).

4, School of Veterinary Medicine, Airlangga University, Surabaya, East Java Province
( founded in 1969 ).

The veterinary education program in Indonesia is made up of parts, which make a
continuing series and follow the regulations of the National Veterinary Education Board.
The Board is directly under Directorate General of Higher Education-Ministry of Education
and Culture. The Board has the main tasks to decide subjects studied, number of hours
per subject studied, and other related matters. Accordingly, the four veterinary schools
more or less have the same educational system, as well as the same educational
organizations.

The National Veterinary Education Board had released the following regulations
concerning the Indonesia veterinary ecucation program. The average duration of the
veterinary education program is 5 years, and consists of two educational levels :

1. Theoretical diploma, 4 years study, after accomplishing 140 semester credit units and
doing thesis writing.

[ Semester credit unit = 1 hour lecture or 2 hours practicl class / week for 1 semester

( 6 months ) ] .

2. Doctor of Veterinary Medicine ( DVM ) education, 1 year study, in special topics
( internship ) of animal reproduction, clinics, public health, and laboratory diagnostics,
with total 40 semester credit units.

The National Curriculum of Veterinary Schools in Indonesia that is defined by The
National Board is outlined as follows :
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1. Compulsory lectures :

a, Indonesian language.

b. Indonesian basic principles ( Civics ).

¢, Others.

2. General basic lectures :

a, Chemistry.

b. Physics.

¢, Statistics.

d. Biology.

3. Veterinary science lectures :

a, Preclinical sciences :
1) Anatomy and embryology ( 18 semester credit units ).
2) Physiology and biochemistry ( 14 units ).
3) Genetic, animal science, and animal nutrition ( 11 units ).

b. Clinical supporting sciences :
1) Bacteriology, mycology, virology and immunology ( 8 units ).
2) Parasitology ( Entomology, protozoology, and helminthology ) ( 5 units ).
3) Pathology ( General, systematic and clinical ) ( 11 units ).
4 ) Pharmacology ( Therapy, pharmacodynamics, pharmacy, chemotherapy, and

toxicology ) ( 11 units ).

5) Public health ( Zoonosis, epidemiology, and food hygiene ) (9 units ).
6) Reproductive physiology and artificial insemination ( 6 units ).

¢ . Clinical sciences :
1) Clinical diagnosis ( 4 units ).
2 ) Bacterial, mycal and viral diseases ( 8 units ).
3) Parasitic diseases.
4) Obstetrics and sterility ( 5 units ).
5) Internal medicine ( 10 units ).
6) Surgery ( 9 units ).

d. Other supporting sciences :
1) Veterinary jurisprudency ( 2 units ).
2) Extension (2 units ).

€. Thesis writing ( 4 units ).

f . Community service ( 4 units = 3 months ).

4, Special topics in veterinary medicine, internships in :

a , Internal medicine and surgery ( 12 units ).

b. Animal reproduction ( 4 units ).

¢, Laboratory diagnostics ( 4 units ).

d. Public health ( 4 units ).

Each Indonesian veterinary school as mentioned above accepts 90 new students on the
average from nearly 1,000 applicants, and produces 75 veterinarians every year. Today
there are approximately 2,100 active veterinarians in Indonesia, and most of them are
working in government sectors. Many more veterinarians are needed by the Indonesian
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Government, especially to cope with the increasing demand of animal protein products.
APPLICATION OF BIOTECHNOLOGY TO FARM ANIMALS

The development of reproductive biotechnology in farm animals has been emerging
tremendously in the past two decades. In Indonesia, the application of reproductive
technology in large ruminants, mainly cattle and on a smaller scale swamp buffaloes, has
been done in the form of artificial insemination ( Al, while embryo transfer ( ET )will
be utilized in selected cattle very soon. )

The Indonesian population of dairy cattle is approximately 423,000 head, beef/draught
cattle 8,290,000 head, and swamp buffalo 1,200,000 head. Their productivity need to be
improved. The main aims of the application of reproductive biotechnologies are to improve
the genetic merits of the local cattle and buffaloes, and to increase their meat or milk
productivity.

1. Artificial Insemination

The application of aftificial insemination ( Al ) in cattle and buffalo has become a
Government’s National Program. The program has been started in 1974, with the
establishment of an artificial insemination ( Al ) center in Lembang ( West Java ) with
the assistance of the New Zealand Government. The Lembang artificial insemination center
produces frozen semen of Friesian as well as indigenous beef or draught bulls. In 1984,
another Al center was constructed in Singosari ( East Java ) with assistance of the Japanese
Government ( JICA ), because the demands for frozen semen increased considerably with
the extensive service of Al. Formerly, the main task of Singosari Al Center was to produce
frozen semen from indigenous beef cattle ( Madura and Bali cattle ), but recently the center
began to produce frozen semen from Friesian bulls, as well. The first time progeny testing
program for Indonesia is now going on, conducted by JICK and led by Dr. Matsuda and
Dr. Tominaga. Several Japanese Friesian bulls were introduced from Fukushima to
Singosari Al Center in order to conduct a progeny testing program of the Al bull candidates.

Currently, the two Al centers produce 2,000,000 doses of frozen bull semen annually.
Approximately 75% of the dairy cattle population have utilized artificial insemination, while
in the case of beef cattle only about 209, and swamp buffalo around 49%.

Although the Al technology has been widely utilized, the results are still unsatisfactory,
as indicated by the low reproductive parameters. The average reproductive parameters
of the artificially inseminated cows can be summarized as follow : conception rate ( CR )
is about 35%, number of service per conception ( S/C ) is 3.6 times, and calving interval
is 20.8 months ( dairy ) and 18.0 months ( beef ).

2. Embryo Transfer

Embryo transfer ( ET ) is a rather new technology for Indonesia. It has not been
officially utilized as a national program yet. The technology is still in the stage of transfer



48 Yamaguchi J. Vet.

of technology and preliminary research purposes. Although it is limited to selected cattle,
the Indonesia Government recently decided to apply the ET technology, especially to speed
up the improvement of productivity in the dairy industry. A small frozen embryo processing
plant is now being constructed in Cipelang ( Bogor, West Java ) to support the ET
application program. The embryo processing plant is aided by JICA, and it is expected
to operate in 1994 with minimum production of 1,000 frozen embryos from excellent donor
cows for the first year.

The first embryo transfer in cattle was introduced into Indonesja in 1984, when an
American commercial embryo transfer company ( Granada Livestock Transplant Co.,
Texas, USA ) performed several transfers using imported frozen embryos with surgical
approach. The result of the transfer was very poor, with less than 209% conception rate.
A national team of embryo transfer application was then set up in 1985, not long after
the first introduction, with the main task to gain transfer of this new technique. The team
mainly consisted of teaching staff of veterinary schools ( Bogor Agriculture University,
Gadjah Mada University, and Airlangga University ). The team performed several ET
trials using either fresh or frozen imported embryos in cattle in 1985 ~ 1987, but the results
were still very low and inconsistent. After that, there was no program of the team until
the beginning of 1990.

Although the application of embryo transfer technology has not become a national
program yet, research activities of this field have been carried out by several veterinary
schools and institutions. Bogor Agriculture University has been conducting plenty of work
in vitro fertilization ( IVF ) techniques of sheep and mice, as well as micromanipulative
work and production of mouse chimera. Japan Society for Promotion of Science ( JSPS )
in cooperation with Directorate General of Higher Education ( DGHE ) has been doing
joint research in embryo transfer technology with Bogor Agriculture University and Gadjah
Mada University since 1990. Expertise assistance from JSPS scientists and intensive
training for Jndonesian researchers have promoted vast development in the application of
embryo transfer technology.

Bogor Agriculture University has been carrying out IVF in sheep and mice, production
of anti - PMSG, and other related work with improved methodologies yielded from the JSPS
co - operative program. Gadjah Mada University codducted national courses for ET
operators two times, which resulted from the cooperative program between January and
September 1993. Several trials of ET application were also performed, using imported
frozen and fresh embryos in Baturraden Breeding Center ( Central Java ). This breeding
center is being proposed for ET sub - center, to back up Cipelang ET center. Recently,
some calves from ET application, in which fresh embryos from superovulated donor cows
were used, were born in the Baturraden Breeding Center. They consist of 14 head of single,
4 pairs of twins, and one of triplet calves.

In conclusion, the application of reproductive biotechnology to farm animals in
Indonesia, mainly in the form of artificial insemination, still seems rather poor results.
While, embryo transfer technology is still in the stage of transfer of technology and research
purposes, it will be utilized in limited cattle in the near future.
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