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Lateral differences in the forebrain and midbrain control of

learned vocalizations in adult male Zebra Finch (Taeniopygia guttata)
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Abstract: Learned vocalizations (long call and song) of adult male songbirds start from the high vocal center (HVC), and are
integrated and output by the robust nucleus of the arcopallium (RA), which connects synaptic relationships with the dorsomedial
nucleus of the intercollicular complex (DM). To determine the effect on learned vocalization of the unilateral forebrain and
midbrain in adult male zebra finch, electrolytic lesions and acoustic analysis technology were used. The results indicated that RA
and DM nuclei are involved in the control of learned vocalization, and the right side is dominant in the forebrain and midbrain.
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Frie WEHURIL, MEVENS B RA KX MR 2 4
(Nottebohm & Arnold, 1976; Li et al, 1992) H A5
i BE AR P PR T 15 A% % (Fukushima: & Aok,
2002), DASUMEVERS 8 AN, MEVENS &) RA £
AR MEVE A B, A B8P RA & BRI
MG SIAFPE R, S S RS A AL, XA A
W] RA TEMETENS 85 5] 43 Mk b i AR H
Vicario et al (2001)4R1&, HMEVER: Sk 5 2ig
SEHEI RA Z548), Pl RA BG4S, kS g A
AR 2 R IPRFAL, R P 25 00 B b A 5 1
ME S5 AN, T e S5 2R AL, BTl Vicario et al
(2001) W HfE S5 i) RA K% U2 A AT 1531
RN &M .. mEE S EE NN &
(dorsomedial nucleus of the intercollicular complex,
DM) A7 T i Fr. [ #% (nucleus  intercollicularis, Ico)
W, 2 5 R B K 1 K S K (Gurney,  1980;
Kojima & Aoki, 2003), RJ LAASAG T Fi7 i B 4245 il
fa] LR, FEMEVENS E5rh, DM 21 H 2 RA B9l
2 TuHIfE BRI, o GRS S L T P A
P )l FA R B AT SERE A R
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DM #% BUFRAE P IRT AT Ja A Mg g . 1
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W R A S R G S T SR
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1.1 SRIRRAE

(1) KARIEHRE N I AR TEVE > 4531 7 5

(pre-operation, Pre); (2) 2 — KT AR, HLAE
i RA #Hl; 3) 1—2 RIGKEH kARG H &
(post- operation 1, Post 1; (4) [H]f% 5—7 K, 2K
P AR S [R] U DM AZ AT (5) 1—2 KRG KA
IR G R (post-operation 2, Post2); (6) 4121%%
K5 .
1.2 EEXRERDHT

U S B T W = N, ) 1 A SR T G RE,
PHES 5 ~25 em, REARSKE 1.5 h, HERH 3 d, K
FEMIR Ty 44 100 Hz, H7IE, 16 A28, G IE
WIRET . FARERAGERFEAR, A s B RN
*.wav 3P i Cool Edit 2000 #5141 E4T 5%
i P 9 2e , 152 B vy i A0 (high frequency, HF);
Wavesurfer 75 5 70 A2zl El . B2 E, s
HAi(fundamental frequency, FF)(Li & Geng, 2005);
SAP %43 BT #A1F(Version1.02)Explore & Score Ft
TN BEAT 8 B4 M, B2 N FE (duration) « FF R
(pitch) « 1 4l (frequency modulation, FM) A ¥ i
(amplitude) S5 {H . Wb Ah, SAP B A SCRE R 2 L 43 4T,
LK 9 2 75 AN A B R A L X 4 7 AR TR
AEMELA R ERAEUE(Teherichovski et al,
2000). SRAEMFIEE . WP E K% Photoshop
A (Version7.0.1) HEhi 1 ¥ - K SPSS %k 4
(Version 11.5)JEAT41 N HL K27 % 73 H(ANOVA) .
B H Y H PR UE 25 (meantSD) K /R o t-test 115425 57
RFEME, P<0.05 WE XS, P<0.01 ZRI R . A
H Origin #:(Version 8.0)2: #1411
1.3 BRI E B

SHIRRIEE, M R JILE S ~0.03 mL10% 7K & 5
e, oS S NRIEIRAS, B 25 Sk T A& B AL
Mo AESLARGERA FE E S, P E AT EAL
A H AT, R L e i, A Skl ) R 450,
SKEB I 2 e e . BYIT Sk B R ik R, TN T4,
BN FEEAT AR F i, W DA i e i
(Nixdorf-Bergweiler & Bischof, 2007)%E (4% 41, H
JEKBE e EIFEAS~1 mm /ML, 38 IR
o, B LR S i e TR B, R LR R ARBRIR
B, T RIS 10, S6 0 2 bkt i BB, 50
2EFHEEL 1 mA, 10s, 5ERBE, B, b
i3 AT H
1.4 GERBUAEH R

ZYIRRIE, Ji KIILESS ~0.05 mL 10%7K 5554
Mg AMERR E T TR, BT R HTEE, BT SUES K
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0.75%EHLER/K SN BKHEE 5 min, PRl 4% 2 KF  FALE T, KILE S50 BT AT L
W ] 52 VMY £ 30 min, ) LA IR S LT REZER: WIRFEH 16539 ms (¥ )EKR
TSP P 2 24 h, R 30%EEHAMGRINE 184.1927 ms (X ), WM FRIEK L 1.1 £ & mGs
PRARDUR . A OKE D) MUK S etk ) fv, )&

40 wm, Nissl Yo 5 HERTR B, ik peoreion bt s
21 RSN ER KI5 K B E B £ - ia

T DRAS I M B i 2 e 00 4 e £ - —
500~20 000 Hz, BEAASE, WEBGHMT, oo e iy B A4S 3 AW B
7£ 3 000~6 000 Hz 2 []; ‘& & Pod i sisetE, B Figure 1  Sonogram of male’s long call of right side
TR AT R S TR Y (15~50 ms)]‘;%ﬁj_ﬂ‘, G o2 experimental group at three stages
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100 m, H&%*RKEE%HL% m’l(diStance call), Left: control; Middle: right side RA lesion; Right: right side DM lesion
PBA M RA B, KNG 2R AR, following RA lesion.
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Figure 2 Quantification of long call in adult male zebra finches (#=5) at three stages with lesions on right side

Pre(H): FARAT; Postl(#K): 2B IKFARJG; Pos2(RK): H_XFARG. B A: FARFEWGMNFERZS, 0 RA $UE8JEMMINRE KT 1.1
5, AT O DM S S I IN FESEC T 0.9 £, PIRTFARIEKSINFEERK T 1.2 5. B B: FRETEM I E S ZES, 100 RA #1585, K
B FEET 37%, {H DM #5805 & o P I B ARG . B C: FARTR RS 225, RA BUEBJS AUH NFE T 40%, #% DM B85 %R
FET 31.9%. & D: TARHT G MR K AATAEAN R Z T

Pre: preoperation (white), Post1: postoperationl(light gray), Post2: postoperation2 (dark gray). A: Differences in call duration before and after operations. 1.1
times elongation after RA was destroyed and 0.9 times elongation after DM was destroyed, the total elongation of both operations was 1.2 times compared with
the control. B: Differences in pitch before and after operations. After RA was destroyed, long call pitch decreased 37%, but no more changes were observed
after DM was destroyed. C: Differences in frequency modulation before and after operations. After RA was destroyed, the FM value decreased by 40%, with a

further 31.9% decrease after DM was destroyed. D: Changes in amplitude before and after operation showed individual differences.
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W) H11151.19 Hz (x) F¥% 728.5138 Hz (X), [%
A 37%, Al E TR FM E (%)
H1 34.93(X )2 ZE 20.9174(X ), F&IEN 40%, N A
PR, PRIEICH AR, AR ZE (B 2). Bk
I R OO B A VR Y IR AL, SR 19
A 7 IS SR AR E Ao AR AL

RA #1585 1~2 d )OI W, RELE
AEE T, 5~7 d JaEAT RO DM A% A 455 . Py
R, AT B 1 f 25 ) 5 58— IR 5 (1 AH
FETCHA 2 (B 1 A)e dREER AN 2S5
H: KSR, KA 201.44 ms(x), KNWYIFE
PR EE LR 9%, PIIRTARILAME S 1)K LK
T 1245 HEbE 653 Hz (%), 55— IRATAILL
TR 10%, W BAH, H R, FM O FE Y
14.2472(x), % IRARJG IR 31.9%, A
THEM(E 2).

PUEBATI RA A% A )5 KM 1 75 2 5 7 5 1 I
AR LA ALBEAN K 67%, HET A7l DM A% 182 )5
AV 51EH A LEA R 60%, 1H 55— AR J5 A%k
AW e, RIS ARG Y A S5 A fER AR B
A& 3).

2.2 RER A MAZE K X 4 14 4K NS 3 A 22 i
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Figure 3  Similarity score of long call construction before and
after operations with lesions on right side
Pre/Post1(F): £l RA 5805 KNS H 454 5 IEFAHLLAUCE 67%HIHILUE;
Pre/Post2(iX/K): Al DM 453585 K i 45 4 15 1E AR LR B BRAIRY
FHAAE s Postl/Post2(IRAK): 55— KRG 535 — WOR KM 25 A AL EE
B ) 88 B BB PR S 7 2 454
Pre/Postl (white): call construction after right side RA was destroyed had
only 67% similarity compared with control. Pre/Post2 (light gray): low
similarity compared with control after right side DM was destroyed.
Post1/Post2 (dark gray): similarity of Postl and Post2 was high, indicating

that the second lesion operation did not affect the acoustic construction.
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Figure 4 Sonogram of male’s long call of left side
experimental group at three stages
ZelEl: xR P BN RA SRR, A E]: TS/ DM
R

Left: control; Middle: left side RA lesion; Right: left sidle DM lesion
following RA lesion.

AR IEFARE FIORETEKIS 2200 RA 2% [ H 453 5%
JE NS 2 DM A% A B S8 Iy . AT
Je 7S SR S IUEA AR AL, o e A AR
). BERAT I A SRR R RRE . &S
PRI R AT AL N BRI 2507 Z2 00 MT, iR 1 o,
K. S EcE ). M. JiRiE (W) ER
HIARJS 3 ANHrBES AR I 2 M 22 7:(P>0.05)

F1 AEMKEHE 3 MHERKBHEFESE
Table 1 Acoustic parameters of left side experimental
group’s long calls in three stages

Frequency

Duration (ms) Pitch (Hz) modulation (deg)

Amplitude (Db)

Pre 164.41+22.95 997.83+402.98 40.33+20.59 37.50+4.66
Pl 154.98+27.20 769.43+132.75 34.58+18.78 33.85+6.52
P2 151.98+36.13 859.43+252.51 38.71+23.48 33.27+4.21
P >0.05 >0.05 >0.05 >0.05

PR ZEMRZ IS 2 3G 2546 55 I FE3 g, (H & AR SRAE RA 45
S5 tHBVRIMOR AR, TI7E DM B855I . Bfii="T- A {H=hruE 7= o

Lesion on side nuclei affected neither construction nor duration, but both
pitch and frequency modulation appeared slightly destabilized after RA

lesion and recovered after DM lesion. Value=mean+SD.

2.3 AMNZERSE RS & T

RS I s A PR S B A ) ) AR, e il b
T AR AL AT R S o N R Y P A
EH BP9 AT A R A
[Fi) 547 () AL L 0 ) i o

0458 5B 5 R IUA I T A 2L ey e iy 1 A
FAM, MAAMNA . &5 frieosmE-—H
TEAT A5 5B PR RS P B M 2 AR A S 3 A
By 225t . B 5 [ RO R EG s A E
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Figure 5 Sonogram of lesioned right side experimental group
in three stages
LB G A0 RA BUEBUES ; REE: A0l DM B A G (R
CFF AR PSR I, 0o SR TE TR o
i FURIFRE 8T ORI,
Top: Control song; Middle: Song with right side RA lesion; Bottom: Song
with right side DM lesion with prior ablation of ipsilateral RA (black arrow
indicates fast frequency modulation, hollow arrows direct to the

fundamental frequency.). i: introductory note; s: syllable.

Al RA #3585 A2 TEns it T Al DM 455
JE AR S il o TE RS R HEPER B 0 R
(1) —~ 2, AR ERASR] 1871 (s) 8 B 3L S5 1
MBI, BN (R PR AR, AH R IR
PR AN B 58, BN B B A% A R A
FAH, TIOR3 AR e, X LR Y
AT AT IRRAE . BESBA I RA S, A753Rar I,
JCHR TR R A T R, BT g )R A B AT 2 R
(ELRS Y Py ) AR AR AL, R I hy B e 2 4
Jid; g R R RS A HL A AR i AT B BT e
A, HABBRORT; R 40 v HRBRAN T . X
W gy ) AURT s A AT o AT, R I A
RA #5853 2aA80e, 4 DM 358 J5 JE0
HIL B, TR 66%(B 6A); MR, 44l RA i
SR, RO O 22%, HH R K 1 (20
282.82+261.56) Hz [4%5(15 859.67+402.52) Hz, 4k
RA JEHSA ) DM Rx 1, & 158 s FR kR 1
12%, F&%(13 993.81+1 017.67) Hz, WIRFARJG %
A v i BRI 34% (K] 6B).

2.4 HLFERIE

KEESEREA I BU = 555 Ja (A ), BirAT
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1200 |
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Figure 6 Changes in fundamental frequency and high frequency
of syllables before and after right side nuclei lesion

A: RUTHIEE, RA HBUSHSAANT G, DM B G A 2% -
B, B: ARFTEIER m BAE, RA B85 SR W] TR, DM #4505 &
LI/
A: fundamental frequency was steady before the operation, did not vary
after RA was destroyed, but showed significant uptrend after DM lesion; B:
before operation male birds had a steady and higher high frequency, which

significantly descended after RA lesion and again after DM lesion.

PRSI0 55 T 22 WE UL DU, R I U0 R Ja HEAT e FG B
O, WIS R, AL AT R AR B
WA A e P AT e B et

3 %

Bl R NG REAT g S A, M ST %)
WS A S e AR S 2 AR () I A3 s, T e
B A HYAE S A1 10 ) BRI U 5 g o T2 Py 2 i) &
e RGN W M A0, T Sl A 1 K
7% A1 KT E 2 (Bottjer et al, 1997; MacDougall-
Shackleton & Ball, 1999; Li & Li, 1999). #1 £ fiF ] 55
P, A B ST 9, R EOHE 4 Jii A ) A% T T TR 2R A A e
PE /R % (Fukushima & Aoki, 2002). 5 i ALt
2 2 200 o s i D R ik B AN it s AT E
FEAE 75 2
31 KB

Vicario et al (2001)18 it 451 55U RA #% )5 53
AT 8 e SR O 2 2 R R PR A A S ) 7 5
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(RSN o 0 SBETT, 5 At R A M AR A 1)
RO 45 iy HLAS O (PSS AR R I R AR A PR
T AR, Sl 1 e M [R) 23S 7 0 1R R e Y,
ZEMBER, WES5 1R 5 RE IR R R B 2 I
A S8, e P A A2 A8 S, HH B 17 08y i 7 4
KRR R AR PR 2R o Ty A, T 5 6 M A ] 2%
FE I AN P I 22 S0 B o FRAT T4 B B0 i
R4 RA J5 P S0 75 22 45 B 5 Vicario et al (14
AEARA, L) S > A3 R 75 e iy Iz 141 42 1l A2 1
W 15 (Simpson & Vicario, 1990); {HAHTS LM 42,
MAHFFT ) S5 RAF 50, BN RA J&, SN
AU R A 25 A4k, AR e RA XGRS JLF
B R o M8 N SRARBL, R A TRk AE 7 )
Padh, 250 & 1 A B2 RIL A, T B I R 1
gy R 5 A i A #8 (Nottebohm &  Nottebohm,
1976; Li & Qin, 2009), LA, FAT Ay 24700 e for
TR AR S A

BT = AR A, R R R A TR OGS 2] 454
RpEATREE W 2N, K. EEER RS
MRS 5 T ZR AR R S, A5 E )k
I AR A o AHSEEG AW, TR 8 1) TR A% (4]
1, BB I8 3 SR AR i v 2% S TR AR T 7 A R R
o T35k, KT DM BN S, e iz
SERINEIEE T RN, MR E Gk K
WSRO A, MESS ) DM 52Kk A RN RA ()R
fibfar N, IX— 45 B4R TR SE O B TR R JE I 1) —
#l4r(Ashmore et al, 2005), FTLA, % DM #% H7E
PR A AT BE_EAA ) T HE S 1) DM 4. 3ATT
IR, BUEATI DM J5, KA it e 2 2
B KA, Ui DM B2 5 I K A 1)
RER

RA F5r B P22 70 P M 24 (FH DM RAm.
PAm #% 141 1%) ¥4 13 2 (Ashmore et al, 2005), DM
T A B DA W 9 5% 1K) — B 4, EH G T 6 R 45 1)
ARAZ B Z P SCRE, 2 RA S )E, Ik
W 286 2R 2% i A T T g S PR 3R L, NI 3 il
FRAE K, Wz —8%. DM A% BIREAE D kil i
HRR 580 AR A PR X 2 1 — 5By, EXT R A

Bk
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(Fukushima & Aoki, 2002),
3.2 By

PUEBA) RA % 14151 DM AZ 141 )5 0 it Hy BAZ £,
ERMG AR AR o B — IR S, Y i S R AE
AR, 0 e SR AR T
fo. 7 E G LA e, RS 2, 50
G EA, PN AR o AT R e
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T AT E IO . Ak, A S 56 4 e i
BB RIS i RS A A R 2k, XA BLRAE
TNRZ AR I S, X P i DM I P
WK B AR AR, ROEESR T iy, iR B, PR,
FRANT A I i A A 42 A e R R A R
YEH
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