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Birds start to bite the fruit when glucose contain was maxed and surface of fruit was
getting soft. Some birds make an injury on the surface of fruit to make a softy. It was
suggested that induce bird fruit bite was not only color and glucose content of fruit
We have investigated also possibility of smell sense of birds. The ratio of olfactory
bulb to whole brain in crow and bulbul was very small. Both sides of olfactory bulb in
the crow and bulbul were fused although those of many animals were independent. Therefore,
the smell sense of birds may not be developed. Furthermore, avian vision properties were
investigated. The population of ganglion cell of crow retina is more than 3, 000, 000 and
there two high populations were in the retina. Density of ganglion cell was going low
at the peripheral area of the retina. 0il droplets of the photoreceptor cell were found
5 types such as red, yellow, blue, green and transparent. Those were locating same
proportion in the retina. 0il droplets of starling were found also five types and green
or yellow—green types were predominant. t crow had high sensitivity in short wavelength.
There were four types of opsin in crow’ s retina and one of them had high sensitivity
in UV. Therefore, UV wavelength may be important for crow’ s vision and it suggested that
bird have very high sensitive of color. We compared the characters of fruits chosen by
birds. As a result, they may refer some light wavelength reflected from the surface of
fruit without sugar content and hardness



(EAHHAL - )

[ERETE Y R A& Ft
2007 & 12, 300, 000 3, 690, 000 15, 990, 000
2008 & 12, 700, 000 3, 810, 000 16, 510, 000
2009 F & 9, 800, 000 2,940, 000 12, 740, 000
o 34, 800, 000 10, 440, 000 45, 240, 000
A

BFE OLF - M - R

F—U—F:WTA 3 U H\RE HER A7 RIERER, R, R R R,

KB, PERE

1. WFIERHAE S ) DO 5

WEHIT., ZTNETH T AOMFEE LTV
72729, %i@w BZUTDH T ENE, K
2. BT A, A7 RV, 3 RUDRFE~D
%%ﬁ%z%n\%®ﬁ%ﬁﬁf%tw(%
MRKEEL 2002474553, #EARO6ME M /4F)
FOFFZTIE, BEHITD 0D A2 WS AU 3
ORI Z A LT, FUIEREEZENITK
HENOIDTHD, ZORANEASE EHEIX

Wol2WED K ) 7R HIETH ?%?6@ﬁﬂ\
DE ARSI TR, & L. FORRE

DRI S U, BREAEM~DSEEH
FEORE RAiERNFCE 5 &8 2 AW
FERE A Z 2 DICE -T2,

SO RERE ORI, 1980410 51
FE DI & N B ISR 5 HE o
RN S, FUIZe R CZRWEERE
WO BB LD ENRREINTWNS
( Woretel et al., J.Comp. Physiol.
A.160:151-154. 1987) . ©F V. b "B
fk - FRON = E@T@% Wik LTV D DIk
L. B UL, SRR - TSR IR 2 S L
%ﬂ%wztwﬁéfé% ik D EE 2
51 % (Burkhart,D. J .Comp. Physiol.,
A. 164:787-796, 1989.) , X BIZ, E%i:aiﬂﬂ
Bk ) BAMAICER, Bk, . R KOk
KOS EY S R 51 (Okanoya et al,
Biochem, 28:8848-8856, 1989.) . FHZFh
DO MERIZ AT T W E O Y2 BIRIIZ i@
TR, BFMEROKIED U OFEIC LD R

720 ARFEMITHEORREMENRH D LB X
Do LU, FOREIT & D15 B0 & a8aA:

PEE REORNESITHEVRTZN DK E
FEDZALDBAFRIZ 3 D> TW7RUY,

—JF, BRICOWTHEETE R, R
WEWEZEA L TV D &V ) I, Bl
HICRIEROB W AT 5 (Hagelin et
al., Proc., R. Soc. Lond. B.,
270:1323- 1330 2003) 7 EMRRLEND, L
2L, MBI, FRICRFE~OREITE) (BF)

R IBL5E 7> B 46 5 2 A o T ISR 1 7
OIHIRY ER, B L bR,

2. RO B

(V) REOHEREOE 2 HRBT 5, (2) &
FH DML R DFEE & FARAR IR C & 5 RER D %%
A R AC A S NS 5, (3) BN
%L%iUW%%%@@ TR DOV THR & )

(232, (4) BEOHEIESFERER ORIz SV
THOLMCT 2, (5) HEOHEME O
DR BVEZ IR ST 5, (6) = RFEDOH
FHAOBLEH ST D, (N6THELNE
%%Almmﬁﬁbtéﬁ XD BHEOK
AR 3. (8) BREDBLEV L # DY b
PE. FRICERAMR . RN AL 2B ST
5, DIODFER LD T A, L7 R BLUOE
3 R ORI L OBRE I 5,

3. Wik

MR bR s K ONMRER O MRk S A . BT
Bk LU FIAMEE TR T 5 2 L T
MR R DR EREZH LT D, &5
(2. SRR b L in situ NA T Y H
AP —va VIETREREZ#WK T D=a—1
BEDOMBAC FAOREZ B 50N T 5,

FrEERERE A BRI L, REA L ER, i
Yt a g, HALERE Y72 0 OfMIatk A5
z\%ﬁ@%ﬁm@®%m%ﬁéoit\%
R ST - 2 S o ] 23 A e S VAP S
HiAE E O OMRZH LN T 5, 2
77 4 YU R, MR ORIIRELS] O Ry
MER5,

BT A, L7 RU, b3 RUZNLEHLOM
M3 BT 2T X TOMRMWE (opsin) cDNA
PRI 0o —= 7 L, opsin L/ %— |
U —% 5 AEWMFRICH LN L, SR
B TFRENSL — BT D,

o LWL EO PSSR (AR, Lo X
H T AR) OB E IR & VT
BEST D, £72. B L wFLEO A B



A IS 2 FE B 2 O THE T 5,
SIS REBPEOREZIETR L, T D=
RVEZATENFZRNCAT T D, T DR, BIRES

NIZREOMPBECHERE, SEPUH R &2~

i 2 Kz LT

4. WRZERHE

(1) BEIZXIZ2REOHE L XMRORL
(RETE

FHE R FHBEGICB T, FE 1 94
ENLRELEOTEIZHAE L, REOREE
EBITENC DWW TR Z T T2, REOHA
WZE B RVEERES &, LS I RENHM
L, BREEIIA U, IHERE LLRE iR 0D A
AU, BRSO RA E 7= BRI 1L PR RE & 72 o
Too ZOWERTEND, BT AERTRE LT
BEEZOODNTWEON, BlEsnk, £
INHERT X 0, BRECIEL T, BE2o T
A B OB Lz b ERk L TnE
LTWbDONREIE Sz, —FH., <130
HDODRADF N2 EDT DITENHD
N, Thz, EEERBE T, BEo
Az Eick vy REOHL & ARERS A
REXED X5 RITEE B2 b,

(2) "NV T b TREeI RYDEER X
VIRER OB REFRIFFE (RE O EEME)
HZALE AR OBRERIZBEAL T, O
HHEEZ AT H b U TIER ERBNER SN
TWVWBHEFNDNEBENIZIRD B2, @
BRI 5T A ILER O &5 6 B B4 A3 D T
INE L —RRITITZE AN U CIRE T D IR ER
NANRAIC LR (b)) Micbesc/kEr
WELTWD (K1), @KL DORMRRIZZE
NENRERD 058 L OE IS L,
TNENL g LSRRI 2 TERL LT
5, ORERICEAT D L7 F o offEiT (]
HEATD) oIt ~Din, rED
BrERBH S L Tp o Tz,

2l Ventral g
vy N on

L3 Vv
on (R) S ]

N

‘Front

1. ad HmEk

(3) "NVUT bh T AEEOHRE MR X
OYHER (BRORKET1)

INT TN TT T A D RN O 4R A R D 4y
i3 L OB S\ TR T, i
W, MR L T A A D A < L 20000/ mm?
LLETHHT2, ZOXIRBEOENEZA
W, BRI GFICL AL, ZDOZ LD,

BHEOBEDENE Z AR 2EFH D &N
ol —JF, HERICOWTHRD &L IR,
. H, & BHOLONALN, DS
EIAIBBE LTz (K2), F2, b
TEDOMEE L < . MEEE NI L
TR oThHl 2B L iz, MEROKE X
DREL STV, BI RULHEROED
RS EBIZ AT ADENEHEETH - T~
. MERDOBDOEIGNZ Lo Tz, OF
0. H T ARSI > T e
WZxiL, B3 RUIXE, Wk, #2032 < %
TV,
TR & TE Fie

Y a® \”Do‘:xpf”

X 2. 57 ADMEK

(4) "N T MHFREZBIT ATV EE
FEED DNA 7 m—=>7 (BEOKRI2)
INUT NI T ADKZR D5y 11 FE &
REAT 5 7-6, A7 s FREO M
cDNA 7 b —= 7RI~ FORE, ~v
7 AT AOREIENS, ARHICES TS e
RFFov, BTG, ARICED S 4 FEO
HERA TV (FEAMERE A T, B
K= A T v, RS EA T v,
IRESCESZMEA T 2 2) O cDNA AR AR
FIDNHREEZI NI, ZDIENITE vertebrate
ancient long 7>, X7 )72, )
TS 3RO A TV U DR
ERADRES N, LT, " T HT
I3 7e b 8O T v VB L 1 E R
H, Hax b FREZTWHEL EICE S
BUAT LEFHOZ EBRHL NI oT=.

(5) X T ADHEFENAKRD I FRME L A
DBWHEEICONT (BREORKRES)
O LWL EOSFE P E S IRICB T
% MmO

YT RE & F D T FREN) O Bt e A2
BIIRER DA, L X T AMEOIFHRFE
ZRE L, 6 RO EEEEH Lz, Al
TlE, =TV MY BT ADEFBBRITEEE
D AR R 72 DIZHEVY, 340nm AU T,
Z v & 300nm ERAFT CRMIIK T Lz,
7D IE 380nm I EATIT B W B e
AR L, 300nm AT TRMICIRT Lz,
LUATIE, =V RNY, BTA, Ty MME
300nm FEATIT T, U1 400nm e EAF i



TRAMIZIKT Lz, 7 AKTIE, £ TOH)
)¢ 300nm FRAHECEMICIK T Lz, oF
V. BEITART Mm U TOREL, T v
MEAMET 300nm L FORKELY, v XiTL
> AT 400nm LA F O E AW LT\, 2
NHDZ LD, IR ETRT 28 Cik
A, F85% L 72 W EM) Tl L v X0NSRAMER
DT B ERERE & L CEERKRE 2FH - T
WA ZEPRBEE T,

@ E¥E L W BT D A OIS &
DR

MO EE2 =T N, BT A, T
b, UYXTHE LU, AR
Z M A b & KIE B AEOFEHMMEERC
HERRE R TRERAS S, BEOT T
Mo NOBEEEIL, WILED 350 1 FRET
Holz, Tz, BEET Y DT T R YA b
DOHEFEIL 45 um® T, VXD 70 um* IZHE~EF
Bl/NShoto, AREEO TR
T & B IBIFHRHE D R 2 & B 7 BEE &
BB E ML AN CEIZRT S L. B
DBIFHRAED EITITH R 72 B S TH - 7=
DIZxE L, WIEOZ I AHRAITH - 7=,
FHEOBIFBHEDOBROE XL 1.5um TH
STEDIZHR L, WILEEDOZIIX 1. 0um T,
HEIZEN-> T2, £ BEOBRITWILIEIC
BB 2o T, BIFERRHEDEST & JE
WOIE S DENRNABEIZBIT 5 HFERERD
BEWEALNT—ERTHDZ ENRREIN

—o

(6) "N T MHFRAOREREICHT HEE
HWEORE (BROKF4)

NV T N BT ADOEFEIIE A~ DR
BB H DN E I M EFARD DI, 6 &
DI R 2 A TR E D3k SL 3 5 il BE
i U7z, A L7726 E T 365nm ($64+
#i1).375nm  (ZE4ME 2) . 465nm () 555nm
(k). 585nm (%), 695nm  (JR) &L, Z
o DKEIRAOFRIEE A A — REH W=, %
KRR LT, ENENh T A% 3IHEH
L7z, $RIMR 1. BN 2. FozxhnEhic
WX ERN R om0 THEE S L —7 4 L
T, FERERIZHE E RO L ZER 2o T
DTEREISN—TLLTEED, BHE
Mo T-DITFEEE 7 V—7 (9 POFHHEIT
4.67 H), WNTRKEEZLV—7 (6 PDF-
PIEIX 6.33 H), HHEKEEZL—7 3 HD
SESMENE 9.17 H) DIEICEW-, b D
FERND T T A IO BATHED B & [FEE, 5
WRICK L TRbAEWEZEEZFF-> T 5
ZEDRBE E N,

(7) REORKIHED FEE « BEE - RED
FHRFB L0 TR L BEHHEOE( (f
" EREDER)

vU. TRy, Fu, BF, Vo ao5
DRFIZHOWT, Bip D 3-4 B 2k B
(ZNEIRA, MR, A, BRLSFEL
72) W2, NIRRT ATEIRI T,
FOFER. WL TH T 238 LA R
WIIEFFCIBIR L, R - HERBUIZ O )7 Tk
LTV, SBIZHERFEIZONT, BRI
PEOBERE « BHEE « ORI DAL & HIE
L. ZNEH T AL HEHEOEL LS
LEebtl, 2O, REOARITEVEE
FEVIHEIN L, BRI L2y, T R K
BHWELEME DAY & D R B 72 B 1 T AR
T&ERhole, —FH. REOIEIHORHEIT
DNTHD E, KA - HERBA L B - BEAD[H
WEWRHR DI, TR T AT L DREME
DOEALE ORNCBEENH D LBz b,
WIZ, ZDOZ LEMENDDIZHOIT, WD
BN, BASEA (BT ) B IO
B CGREMZITWVR) ZHEL., BT ATEIRE
Wiz, TOFRER. T RTEEA L £ IEIN
L. RITE A, RERICHRE AL RIR LT,
Fiz, EOLTEETOREONK S EHIE L
& 2 A, HEABFAITIT, A RITRAD
U, EORHEDBEEL L Tz, Z OfER,
INVIR Y T AT RO BB B A ) Bl
B OITHEE SR 2 T30 (o8, B3E
DO, ThbLREOKIHZTFNNICL
TWBHZ &, FELLIE, HE 650-680 nm £}
T DD SR LR ) i D RS A i A I
£ 650-680 nm T DD ERMBK L, K
£ 550 nm HEDZFNRNEOVEREEZRET D Z
EarmEEn (K3, 4),

3. REORREF

[FLE LS

o M L o P N

L L L L
300 400 500 600 100

4. 7 FyREOESR

5. EpJEdaLE
(BFFEARERAE . B TE R R ORI 788 12
ENN))

CHEEERR ) GGHofh) e THEwA
1) Tsukahara N, Tani Y, Lee E,



Kikuchi H, Endoh K, Ichikawa M, Sugita
S. Microstructure Characteristics of
the Cornea in Birds and Mammals. The
Journal of veterinary medical science.
In press. 2010. In press.

2)  Rahman ML, Kuroda K, Aoyama
M, Sugita S. Regional specialization
of the Ganglion cell density in the
retina of the Ostrich (Struthio

camelus). Animal Science Journal. 2010.

81(1):108-115.

3) Yokosuka M, Hagiwara A, Saito
TR, Aoyama M, Ichikawa M, Sugita S.
Morphological and histochemical
studies of the nasal cavity and fused
olfactory bulb of the brown—eared
bulbul, Hysipetes amaurotis.
Zoological Science. 2009. 26
(10) : 713-721.

4) Yokosuka M, Hagiwara A, Saito TR,
Tsukahara N, Aoyama M, Wakabayashi
Y, Sugita S, Ichikawa M. Histological
properties of the nasal cavity and
olfactory bulb of the Japanese Jungle
crow Corvus macrorhynchos. Chemical
Senses. 2009. 34(7) :581-593

5) Rahman ML, Aoyama M, Sugita S.
Ganglion cell density and oil droplet
distribution in the retina of
brown—-eared bulbul (Hypsipetes
amaurotis) . Anatomical Science
International. 2008. 83(4):239-246.
6) Rahman ML, Aoyama M, Sugita S.
Regional specialization of the Tree
Sparrow PFPasser montanus tretina:
ganglion cell density and oil droplet
distribution. Ornithological Science
2007. 6(2) :95-105

7)  Rahman ML, Aoyama M, Sugita S.
Number and density of retinal
photoreceptor cells with emphasis on
0il droplet distribution in Mallard
duck (Anas platyrhynchos
var. domesticus). Animal Science
Journal. 2007. 78(6): 639-649

8) Rahman ML, Aoyama M, Sugita S.
Topography of retinal photoreceptor
cells in the Jungle Crow (Corvus
macrorhynchos) with emphasis on the
distribution of oil droplets.
Ornithological Science. 2007
6 (1) :29-38.

9) Rahman ML, Aoyama M, Sugita S.
Topography of ganglion cells in the
retina of the duck (Anas platyrhynchos
var. domesticus). Animal Science
Journal. 2007. 78(3):286-292.

(3] G156 1)

1)  Tsukhara N, Tani Y, Lee E, Kikuchi
H, Sugita S. Light transmission of
cornea and microstructure of corneal
stroma in birds and mammals. The 3%
Congress of Asian Association of
Veterinary Anatomists  (Cheongij,
Korea, Nov. 4-6, 2009).

2) Rahman ML, Yoshida K, Maeda I,
Tanaka H, Sugita S. Distribution of
retinal cone  photoreceptor oil
droplets, and identification of their
carotenoids in crow (Corvus
macrorhynchos). The 3™ Congress of
Asian Association of Veterinary
Anatomists (Cheongij, Korea, Nov. 4-6,
2009).

3) Rahman ML, Yoshida K, Maeda I,
Tanaka H, Sugita S. Distribution of
retinal oil droplets, and analyzing
their carotenoids by saponification
and HPLC methods in Jungle Crow. 39'
Meeting of the Society for
Neuroscience (Chicago, USA, Oct. 17-21,
2009).

4) Yokosuka M, Saito TR, Aoyama
M, Sugita S, Ichikawa M. Morphological
and histochemical studies of the nasal
cavity and “fused” olfactory bulb of
the brown—eared bulbul (Hysipetes
amaurotis). 39" Meeting of the Society
for Neuroscience (Chicago, USA, Oct
17-21, 2009).

5) BRUHEGE, WL HILEA, EH
Ha, MmMINEE. & 3 KV Hysipetes
amaurotis® EPEER I OMLER O JEREF 1)
Ferk. AARBREGFE 5 43 FIRE (b
HETE BT, 2009 4£ 9 A 2-4 A).

6) IEEA, RER, sHiEsE, Y
Sk, LHIE. StERE WS
JH LWL ORI RIC BT D
BIEROLEL. H 111 [0 ARG EFS
2 (MPHBIRBRER K, 2009 4F 9 A 28-29
H).

7)  Bogale BA, Sugawara S, Sakano K,
Tsuda S, Sugita S. Color
discrimination learning and memory in
Jungle Crows (Corvus macrorhynchos).
127" Meeting of the American
Ornithologists’ Union (Philadelphia,
USA, Aug. 11-15, 2009).

8)  Rahman ML, FHILEA, ZHIX. A
light and scanning electron microscope
study of the pecten oculi of the
Japanese Jungle Crow (Corvus
macrorhynchos). & 147 [F] B ZARBREE 24




e (EARRFERE T, 2009 £F 4 A
2-4 H).
9)  BHHEER, HERH, FBEE, GHFH
32, ZHMER. WEHE S SEOARICE
A LR S, 5 147 BIA AR
HEFSTFPINES (AR RFTHE 1,
2009 4£ 4 A 2-4 H).
10)  BEZEEER, FIRAAL T, AR, &
JRIEA, FILEA, ZHER, TIEE.
N7 N T A Corvus macrorhynchos
D& L OWRERDOZEZFHE. BAR
e 42 BIkE (BIWRE LT
2008 4£9 H 17-20 H).
11) Arai N, Sugita S, Aoyama M,
Yanagisawa T, Iigo M. Molecular
cloning of rhodopsin (RH1) cDNA from
the retina of the jungle crow (Corvus
macrorhynchos) . Japan Taiwan
Bilateral Science &  Technology
Symposium (Tochigi, Japan, Nov. 11-12,
2008).
12) FrbeE, HILEAN, ZHEX,
MR, SUHEL. N7 N T A
(Corvus macrorhynchos) F¥€Jtz M
F T BT DN m—= . H
A THEMFRE S BIEFEV VRV T A
MEEEN 2 0 AT —Abo Kt 5-)
(AbyEEFLIR T, 20084E5 H 26 H-27 H).
13) Yokosuka M, Wakabayashi Y,
Tsukahara N, Aoyama M, Sugita S, Saito
T, Ichikawa M. Histological properties
and lectin-binding pattern of the
fused olfactory bulb in jungle crow
(Corvus macrorhynchos). 37" Annual
Meeting Society for Neuroscience (San
Diego, USA, Nov. 3-7, 2007).
14) Sugita S, Rahman L. Topography of
the ganglion cells, photoreceptor
cells and oil droplets in the retina of
some Avian species. (Lecture) The 2™
Congress of The Asian Association of
Veterinary Anatomist (Bangkok
Thailand, Sep. 12-14, 2007).
15) Rahman ML, Aoyama M, Sugita S.
Ganglion cell density and oil droplet
distribution in the retina of the
brown—-eared bulbul (Hypsipetes
amaurotis). The 2" Congress of The

6. WFIERELR

() AFFEfREH -

EHBXR  (FHEERT - B -
W5 - 50154472

() BFgEor i

JUEBRFN (TS KRS - 55 - Hd%)
535130111488

EE M (FENE KT - R - HdR)
FgeE &5 1 30089932

JEWGER (FRRE R « RS - Hd%)
&% - 10151416

e (FHERE RS - B - %)
e E & H - 10232109
FRAE
Hh - WEHUR)
W75 90280776

HILEAN  (FHEE KT - B - %)
& - 90282384

%)

(FABREE /£ A RRY R - BRI

Asian Association of Veterinary
Anatomist (Bangkok, Thailand, Sep.
12-14, 2007)
(Z Dfh)
R It D

http://agri.mine. utsunomiya—u. ac. jp/hpj
/deptj/anij/staff/sugita/sugita. htm




