ZOOHR%EMA
Apr. 2005

EMMEBER BT+ EITH
ACTA BIOPHYSICA SINICA Vol.21 No.2

BRZI) P2 KR

&, BEH,

HoOom,  FAN

AER IO R = 2B, )M 510631)

WE. AFRART, FRERE G FEE LA TR 6 FRDFARE . 8R4 Yt b LA IR
afs, @A E T RAANAFAR TN, RCEZTEEEGFS) . BXEZRNFIZAEIHFIFE
BRAER, FFRT — R F RNA AR, LFHLFREELZ D RIAR G, KNG EEBITH.

B I Iy REVABAY 2358 AR 5 7 @A T EURL
K. BE; F3J40lke; g BL; WRER
FESES: Q959.7

1 3l

il

7 2 5L SR NR A A A 1 —Fh
RS AR KRR, i
REEATIREZ —. W75 SiCiZ a2
JA DR B2 U ) — AN FE BRI T T 1) o 5 )
LA AL B R R 2%, AR RSB I
AN ABANRIZR AL 1) 25 SR 2394 %5 AN R R s
Hehitho PRI, AEX R AL LRI, A
DAL — Bl st s 5 mp S AT 5 b 5 LI 45 18
B IENS 2 AL AL HURIEA TR S ) H S 8 )
Yz —, MEELH SRR PR T — it
ARIERINBETEYE S O e SO e N Y AN IR S S
A7 00 g T REAN I 28 348 S A Y &5 Jy Tl # AT T
BEE

2 BRIBEITASZEILET

HARG R, VPSP REitnl 8 2% i) ke kAT 4L
R B A AR /b 2 Py 482 2] ad Az = &
o DMEIIBTFTRW], W8 (g nE 2 —Fp ) 4447
, XN, MSEERR T NSRBI RA K
Gt eI ENY), Ik TR nE g g
28 A G0 E DAL EAT I 5T 1) BAR S
e T 7 A E S 8 Ml b — 2 B H SO BB R
Rl AR o I T R Y eI ) B i
(vocal motor pathway, VMP) Fl—/N5n fh>] 73
K AERFAT OGRS Xl 2% (anterior forebrain path-
way, AFP). VMP 520k B X (high vocal

s«
=N
<

% =

center, HVC) H # #4025 ZUR A % (the
robust nucleus of the archistriatum, RA),
RA SCRCTH N UVE M AL (nXTts) LAzl
g LiE 5 . AFP W i BRI X X (X
area). K15 4h#%  (the dorsolateral part of
the medial thalamus, DLM) FlHj /18T SCHRAA B
a1 W A% HM N 35 (the lateral magnocellular nucleus
of the anterior neostriatum, LMAN) #J i ¥ % ,
FHHT LMAN [i] RA K H AP YERT, K AFP 5 VMP
PR, HVC IRl 4 22 X X, M4
AFP IR 15 5 RA KRR,

AT ARG, Wi SOASERT IE e it > 45 2
KB, RG22, ) 5250 Woi S 1 2] ih
IR H L, 2 ERESEIZ )], AT
0SSt JHG ) P 32 T 5 1 12 e TR R T ASEAR A DL
PRI, ISR R G 5 W B J2 22 R b IR A7 AR SO
K& . £ HVC. RA J¢ AFP i & g 4 I 34
UESEAT Ry SR PEVEWT A O AR . IXEEHRZE ToRT
HE M (bird's own song, BOS) FIH ks
S IEREME X ng gy 45 ) 00 I e I AU
LMAN. DLM 1 X Xt (08 i 8 £ 14 # 28 TeRs 1:
5 HVC WAL, 275 AFP 258 P I Wt 4 A nl

Yeks HER: 2004-07-28

EEWE: MR HARAREEIUT (30370197), HH MR AR
ABFCE SIH  01062) A e [R5 e 40 A 5 b0 L i 5 sk
U % B4 0k B I3 1

BIHAEE: 4K, HiIb: (020)85215208,

153 (020)85212078, E-mail: dfliswx@eyou.com



86 /I /I

2Rk 20054F

RE I HVC Wrf&eon, JEA g il 95 1t vl B
kB HVC™., HATWFFTRW], X R0 R 5 ik
PRI PTREAL R TN REAH SCAZ 1, {HHTHN Field L 55
Wr X g2 o R R W2 I A Sk e, alRethad
RE S A B AR ) v ) A BB BEOY, AFP BRI
ERE FIHRE R, A T N IR e By
P TC IR BN VMP [ RA A% H1,  HED HAE H
g i A )RR S BHE S, BUR s
BIAHVLHEC.,

ANCIE 0 it T A T W S s, 40 A
S FE ey gt S e 2 4 R kR A T WY s S I 2
01, B R R (e 85 45 3L AR S 5 A N B Ak
T oEsE R i, L A S L A v
FEGE o ARG RN, IEAh AL IR e & ot J e it
(1) 4 457 FF A W it S s AR T o AR BRI 9
L, X RIGE B B AE (zebra finch)
% (bengalese finch) 7EE(#F )5, LML IING
A X388 W A A bR B () S, I W R ST
B KT S A0 i K AERR 0 AT DU, A
I A A0 BB e A 0 T ik e 3, D) 5 B T X e
FH 503l PR 0T S 2 R R AT 55, ST i [
TSR 2R T g 2 7 A — AN B I g A A AR
TR, A o R R A iy i o] > A
il H AR TR,

Wbt 5 1t (AR FRLRI 22 4 AR BH, DRI 2 A R A
T —ANEET . HAET, X0 >l 2L
WL R R A AP 2 0 — AR (A, W &
S R KM Zr DX RRFAE . 4O AE T Sl
Y, e L ok 119 R i N E GRS R 2L i D NG |
WEEEZ T, AR LR R 3R ) AR
5.

3 BEBLDEMS5FINCI

I L2 A0 PR B R B e S ke 2 o
YE, T S 2 B A T 7 P e o, oA Y
WL S TR o X S5 2R S )RR . 3B 5T o)
A SR IR EE R SRR — Wt FF B2t
FUUESE &I e 8] RAT AR it A5 iz hid
KRBT W SRS e e 12 2 5 AT
N ABA FIRERI R R . i T 1S8R S B0 Fid iz
RESIIOBEE, JCHGRAERR B A TS5 EXHEA
)27 SR 5 AN A, dy e vl W, S5 FL3h
POrRigEty—#F, SR e s () A A RE LS

WALAH I — A T ZEAP A L5

S AL 2 K I FE 3% 5% (long-term potentiation,
LTP) LG A AEMH FL IS 1 o A IR % A R Sk ]
PR AU MR o MK B S50 3R A5 1 K s
Wi, g1y LTP Y23 (A€ Md 2 % UIAH G . BEXS
FOHL ) BEAT T2 N B R R M, 1991 4
Wieraszko 2513, 20 Hz (1) H: Rl A FE RE AL A —
IS METEEREE (Melospiza melodia) 5 25 io Fr 1 11
5 ARSI W /N, EHIRIESE, B2
AEAE S5 FL IR S AL LTP I %, (HIL 5L
Ky LTP AN 2L, 6o NMDA 32 44 (1) 3
W7, A, Margrie S50 TAERE R, SH
PN EIREF 4R CA3 KHEARAI L p LTP Il %
FEABL, Al J5 495 125 1 PN O AT BT 5 80 1 5 fis LTP
MO IEAEEE, fEFL2RM S, NMDA 44
WAL LTP &7 = 367, 9F NMDA 52 74 4 i 7Y
LTP W - ZEAAAE T & AREFHE 2 CA3 DX HE (A 41 i 11
SAibrb o T H FT A 5 280 T LTP A1 32 2%
9 NMDA S ARMCi A . 4 DL Bt as R, 5
2 PRI IS R S A m 8 AL 7 Jl) LA W L2
PR AIAT CAL. CA3 X [AEE 4y @ 1k, HoAH R T
Wit 7L 2R G 25 S AR5 21 S RN B etk 31X
Lo gk AR T W 2RI T 0 5 |, FFUsG1E AN
2 STRUHI IR — Tl 1 S ik ] S0 JE 5T e A7 AE T 1
Kig

YR S ek L RGRAEVF 2 7, I
REHEAf M2 IR LE B i o S RIZ S T IX 3 (]
FrEAAIZITE . SAEEYIA SR SR, &)
A 1 S 2R 3 (Al 2 e ) B s, JF HILHg B
K, SRR H R HLHIEN e L0 BRI,
w4 (Poecile atricapillus) 1SRRI S B )
L 2R P AR A T AR 4, HL A s B L
JLIA c-Fos J ZENK 25 fffize o Bt HdiZ e 1 1k
FHOR™, X Be g5 7R, i Ae i 48 55 00 2 17
A2 T M 25 DUAR FE A5 8 . ZEM S 3
th, RS CB1 52 44 1 BH T e 4 T = A) 1 12 S Bk
Hd s he Jy, 1 BH W R e 1 R i S KRR CBI
AR FIFE Ged o HAS I X (Rl 268 ), Pl S A
KIRFEAT 5 5 K A2 B Y ke B 2 FH R,

Patel 5523 o JXF /iy 50 48 1) — X PE R S e A2 AT
% (one-trial associative memory task) Y&, XJ
T Ly 45 S8 5 PR SR AR FHEAT T 0E9T. g i 5%
(G5 R, I B AP /N0 23 403 S8 T d 25 1) 59 %
IdiZae ). IR SHLBEN SR ER, e



2 W

MR RENS LE S IGNAFTT O ELIE S H BB R J i)
el CINVAT SN AR R 2 VeV BUE

Hampton Z5EPVEHL, 558 B 5245 A S 580K
5577 2322, T Al —AME B R AL 12 TE 5 .
Papadimitriou “FPUJR AT, 653 B (1453 55 1) 59 T 3
“Fa) )R, AR BB 2] 5k . Colombo
G D U] T 6 A e B M 55 i S X Bk (the
hippocampus and area parahippocampalis, Hp-
APH) U 453 5% J B R i 3 ) R0 2 [ 1] 225 S 56 i
S, % Hp-APH XJ 200KE i A0 00 A7 812 1) Ak 3R
YEFFSEMI AN K, EAE 2 ()0 12 1R Ak 2 el = AR
e BEAERATZ, Fremouw 5529 Bl 041 55 25 1
59 8900 26 B v Y BE A B 1Az, (S
PR ET IR BN, S A R AN A S . S
4b, Strasser S5EPHH L SEEG K I, 451 BAG iHE H 4H 2
AN GG ST HARRI IS AIZ, Ha B 59
FOnpa ] H b 22 T B A A ATTBod &
B, A5 SN S Y TR b B AT AR i i 2 )i
12, B EMHRARS . Ik, &
g HAEAR (WA R AR, i oy AR
TLAEAE .

gier IR as R, FATaT DAHENT, 52K
3 5 HAT AL R JC S W A 2R B i A A
HIThfe, F2h SR S L b i

4 MHEE/RESERFIILI

AW ETET A RGP o A i ) 12 %
mriEph e id . AR AR ZAE (mGluRs) |
ALY LTP 2z 2 A2 B ey 5% I pa il f
4R /& (the intermediate medial part of the
hyperstriatum ventrale, IMHV) {7 T & J& i i &0
g5, ENHEEE T . s Y, IMHV

o3 7 G R 8 UK ST b R I S A A AR
o 78— H W /N XS 1) — X 1 4 2)) [B]36F - (one-trial
passive avoidance) %~ >J4E4-H1, YIZEHT 30 min 45
/NS mGluRs FEHUA P EOAZ B, TF]
i IMHV i Jv 7 ) 4 2 IR BE TECRE W& g n . W
mGluRs [ T 5d 42T s i) HONB B 56, IF H
mGluRs 5§17 11 M. ] G2 % T 48 mGluRs #1E H -
JVE NI, (H EIR S5 7R mGluRs F5507
A REE LI T R 2R B2 5 mGluRs W 1EH I
FEBY,

Daisley %5 HIfE ARSI HOR, X/ ig

IS SR R VAL | i1 87

— UM 3 [ 3 I 25 39 0] IMHV 41 i A0 24 3 R 7K
PR BT T M. SIS Sh IR S A A, —
2 R A 22 R 2 S R IR R (methylan-
thranylate) X ILREAT#e ) [l 25, o541 K0S
SLATHCOMN SR o R &5 5B, FEilZiiim], Pidd
NG AN R K T B e iy, RIS R R
e ZRdL A SRR S 2 i T KN R4, o HL
AT IR AR R I B YIS RS
M2 AN, A0S 2 RN A R 7K P AR P 4L/
AT B . T L, AR S R
FH R B K A g S K ki, TMHV H (41 B b
ANy S R ST D CY R 0] 7S ER (ST
Do B T k2 MR A 2R KT E— 2R T
FEHER, YIZR)E 30 min, [ F 0 IMHV XU H
TR A M P 7 R R TR N . AF IMHV 22 {1,
DA REFL 1 h 5, B K#E GABA B
TBIRAZ A . AE IMHV A0, 45 2018 RS JUAE
WG 3 4 6.5h PHILE, GABA WL )G
6.5 h FFUn  BR3G ,  3X 55 K2 ] R i ] ek
FEAGS N o dX e gf HESE T 2 R A1 GABA LL—
T 4t 7 20 IMHV B J8C, JF HL I P R ad ik
P B T R A 5 — H W /N RS 0 — U 2 S AT 45l
2T A K

2R ERR RS ICAZ LA O, TiE
Tk P & 2 g it n 2 VB IR SR e ke B AR el
fCER . fEfid, LHE EREZAE AR
9 FPANIE P8, H AR o] — 52 A4 0 20 12 e e 2=
FOBF IR G . AR AR TR SO A e R
(1), IXFPIEREPE ] e 5 AR AR MV (1 25 i) 47
FEO 3 B ARG AR G, I HAEEIZ BT
RS AR AR BEOE . AR £,
IMHV [f] B2-AR il B3-AR DL J¢ 55 W ER I (LPO)
1) a2-AR {E I AZ (L ot AR . A
IMHV ' ol-AR [ 300G BE B8 L A2 I, T
B1-AR X icAZ M I e g m,  IUAE R 12 ke
VERIBY, 2B B IRER P = A R B R B 5 L 32 A
) 2R (1 F AT A, 3 2 601 R AR [ g R AR AR
o HEEFIRREDLRECAZ, T I BEAS e A2 1
W BFERY, JKAEETYE EIREmERS
B3-AR 4 0¢, fif &5 5 & ) 2 B B IR AR ) g
B2-AR EA/EH . HLAK B2 F1 B3 WiFl AR #RE(L 1t
WCAZIGIE , AR EATECAZTE A B B AR &
ANHHI] . #5050 LA i (0 25 O BIR SR, Bk
1 al-AR A3 O CAZ IR (4 E e,



88 oWy

2Rk 20054F

PREAMRER TN S R R, 2 B =gy
PRI B A B R rh AR, T R
WALER R AN . SIS —RE, SR E
W& 5 B B G TR R DA K )R T AR
WAL B VIR . DRIk, VA % ISR L 2R i M 1) At
HleE g W O, HILE B RE R AR M S S
e AR AL e B A 22 el 37 i K
ey ESR I 25 R, 2 B 1 2l [ 2% 3] ] g
FLATHEIVER o« Hale 207 Ik — H % /NS 1 5[] 36
SEHUESE, FEUNZRE LRI 2 ik D1 Z AR
71l SKF38393. D2 =2 A& 5l 71 quinpirole Fl D4 5%
)7 PD168077 #EANREXT 12 1) DL 2 BH i 4
L, S T 2 E% D3 Z AR50 7] 7-OH-DPAT
/NS FE I 25 J5 90 min R I H L2505 .
% BVl D3 ZARFE B U99194 BEAT T kb HE GEf% 714
k&t 7-OH-DPAT 5l (fic iz ket . ik g B R
% B 50128 e A BeA 0%, I H D3 24k
PVEH 2R 2.

] 3| P R B2y Y TN 25 A N TP RN /A
A, T2 210 KT e 8 i AR S e 22 3k
SRR, JF HARYE 2 AR AR, phe s BTk
HIRAA R .

5 B E

WA, R H AT A2,
HI AT, B R sh R T g AN ] o 1% 288 L
LR A a s Y, MR RO M2 R4
IRATHMRF A S ThRe, ERIE, AT R,
PR AE RE 2 WE ST AR A o e S B AN RE R A
FEINFIRL A RLL U TT SRR o BEAL K
WFFORT, I g 2] L 2 a) 5 o) AL SE 70 B
S5, BRI AR B BCR, I
PSRN . R IR 2 LA I
SRMGUEAT hy I T Tl BRI £ S5 H 45 7 THI AL
7T RALRERE, EREXS T2 2L I LRIEAT V2
RGNS . DS g S SR FE R 0k . B A ph
JUHMEIRAE ] S RER 5 (LTP) LR AR
IR R . ANEBEE DA ERRAN, X
LU E R

S
[1] Funabiki Y, Konishi M. Long memory in song learning by
zebra finches. J Neurosci, 2003,23(17):6928~6935

[2] AR MY ER R LI Z L. FAREREIER, 2001,
11(3):225~231

[3] o Fii, AR S0 JEMS IR P R Sk B T A RS e
LArRREDISE, 2003,7(3):203~207

[4] Margoliash D. Preference for autogenous song by auditory
neurons in a song system nucleus of the white-crowned spar-
row. J Neurosci, 1986,6(6):1643~1661

[5] Doupe AJ, Konishi M. Song-selective auditory circuits in the
vocal control system of the zebra finch. Proc Naill Acad Sci
USA, 1991,88(24):11339~11343

[6] Amin N, Grace JA, Theunissen FE. Neural response to bird's
own song and tutor song in the zebra finch field L and cau-
dal mesopallium. J Comp Physiol A Neuroethol Sens Neural
Behav Physiol, 2004,190(6):469~489

[7] Grace JA, Amin N, Singh NC, Theunissen FE. Selectivity for
conspecific song in the zebra finch auditory forebrain.
J Neurophysiol, 2003,89(1):472~487

[8] Theunissen FE, Amin N, Shaevitz SS, Woolley SM, Fremouw
T, Hauber ME. Song selectivity in the song system and in
the auditory forebrain. Ann N Y Acad Sci, 2004,1016:
222~245

[9] Woolley SM. Auditory experience and adult song plasticity.
Ann N Y Acad Sci, 2004,1016:208~221

[10] Nordeen KW, Nordeen EJ. Auditory feedback is necessary for
the maintenance of stereotyped song in adult zebra finches.
Behav Neural Biol, 1992,57(1):58~66

[11] Woolley SM, Rubel EW. Bengalese finches Lonchura Striata

—

domestica depend upon auditory feedback for the mainte-
nance of adult song. J Neurosci, 1997,17(16):6380~6390

[12] Brainard MS, Doupe AJ. Interruption of a basal ganglia-

—

forebrain circuit prevents plasticity of learned vocalizations.
Nature, 2000,404(6779):762~766

[13] Watanabe S. Spatial memory and hippocampus in aves. Shin—
rigaku Kenkyu, 2000,71(2):144~156

[14] Malenka RC. Synaptic plasticity in the hippocampus: LTP
and LTD. Cell, 1994,78(4):535~538

[15] Bliss TV, Collingridge GL. A synaptic model of memory:
long-term potentiation in the hippocampus. Nature, 1993,361
(6407):31~39

[16] Wieraszko A, Ball GF. Long-term enhancement of synaptic
responses in the songbird hippocampus. Brain Res, 1991,
538(1):102~106

[17] Wieraszko A, Ball GF. Long-term potentiation in the avian
hippocampus  does not require activation of the
N-methyl-D-aspartate (NMDA) receptor. Synapse, 1993,13(2):
173~178

[18] Margrie TW, Rostas JA, Sah P. Long-term potentiation of
synaptic transmission in the avian hippocampus. J Neurosci,
1998,18(4):1207~1216

[19] Smulders TV, Shiflett MW, Sperling AJ, DeVoogd TJ. Sea-
sonal changes in neuron numbers in the hippocampal forma-

tion of a food-hoarding bird: the black-capped chickadee.



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

2 W

J Neurobiol, 2000,44(4):414~422

Smulders TV, DeVoogd TJ. Expression of immediate early
genes in the hippocampal formation of the black-capped
chickadee (Poecile atricapillus) during a food-hoarding task.
Behav Brain Res, 2000,114(1-2):39~49

Shiflett MW, Rankin AZ, Tomaszycki ML, DeVoogd TJ.
Cannabinoid inhibition improves
birds, but with a cost. Proc R Soc Lond B Biol Sci, 2004,
271(1552):2043~2048

Patel SN, Clayton NS, Krebs JR. Hippocampal tissue trans-

memory in food-storing

plants reverse lesion-induced spatial memory deficits in zebra
1997,17 (10):

finches (Taeniopygia J Neurosci,

3861~3869

gultata).

Hampton RR, Shettleworth SJ. Hippocampal lesions impair
memory for location but not color in passerine birds. Behav
Neurosci, 1996,110(4):831~835

Papadimitriou A, Wynne CD. Preserved negative patterning
and impaired spatial learning in pigeons (Columba livia) with
lesions of the hippocampus. Behav Neurosci, 1999,113 (4):
683~690

Colombo M, Swain N, Harper D, Alsop B. The effects of
hippocampal and area parahippocampalis lesions in pigeons:
I. Delayed matching to sample. Q J Exp Psychol B, 1997,
50(2):149~171

Colombo M, Cawley S, Broadbent N. The effects of hip-
pocampal and area parahippocampalis lesions in pigeons: II.
Concurrent discrimination and spatial memory. Q J Exp
Psychol B, 1997,50(2):172~189

Colombo M, Broadbent NJ, Taylor CS, Frost N. The role of
the avian hippocampus in orientation in space and time.
Brain Res, 2001,919(2):292~301

Fremouw T, Jackson-Smith P, Kesner RP. Impaired place

[29]

[30]

[31]

[32]

IS SR R VAL | i1 89

learning and unimpaired cue learning in hippocampal-lesioned
pigeons. Behav Neurosci, 1997,111(5):963~975

Strasser R, Bingman VP. The effects of hippocampal lesions
in homing pigeons on a one-trial food association task.
J Comp Physiol (A), 1999,185(6):583~590

Strasser R, Bingman VP, loale P, Casini G, Bagnoli P. The
homing pigeon hippocampus and the development of land-
mark navigation. Dev Psychobiol, 1998,33(4):305~315
Salinska E,

(mGluRs) are involved in early phase of memory formation:

Stafiej A. Metabotropic glutamate receptors

possible role of modulation of glutamate release. Neurochem
Int, 2003,43(4-5):469~474

Daisley JN, Gruss M, Rose SP, Braun K. Passive avoidance
training and recall are associated with increased glutamate
levels in the intermediate medial hyperstriatum ventrale of
the day-old chick. Neural Plast, 1998,6(3):53~61

[33] Daisley JN, Rose SP. Amino acid release from the intermedi-

[34]

[35]

[36]

ate medial hyperstriatum ventrale (IMHV) of day-old chicks
following a one-trial passive avoidance task. Neurobiol Learn
Mem, 2002,77(2):185~201

Gibbs ME, Summers RJ. Role of adrenoceptor subtypes in
memory consolidation. Prog Neurobiol, 2002,67(5):345~391
Gibbs ME, Summers RIJ.
beta3-adrenoceptors in memory consolidation. Neuroscience,
2000,95(3):913~922

Durstewitz D, Kroner S, Gunturkun O. The dopaminergic in-

Separate roles for beta2- and

nervation of the avian telencephalon. Prog Neurobiol, 1999,
59(2):161~195

[37] Hale MW, Crowe SF. The effects of selective dopamine ago-

nists on a passive avoidance learning task in the day-old
chick. Behav Pharmacol, 2002,13(4):295~301

PROGRESS ON LEARNING AND MEMORY OF BIRDS

MENG Wei,

LIAO Su-qun,
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(College of Life Science, South China Normal University, Guangzhou 510631, China)

Abstract: It is necessary to select different animal models for different purpose in studying learning

and memory. Birds are special species in animal evolution and become useful experiment models in cog-

nitive science, such as song learning, spatial learning, visual discrimination and so on. In this paper,

some progress

in recent years concerning learning of birdsong, function of hippocampus and effect of

neurotransmitter in learning and memory of birds is reviewed.
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