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Abstract: Like human language learning or formation, songbirds’ singing is also a vocal learning behavior.
There are clear similarities between them, for example, both of them need auditory feedback to participate in
the process of vocal learning, and have stronger vocal learning ability in the juvenile stage and control ability
of complex acoustic structures and syllable sequences. Despite the great structural differences between the
vocal organs of songbirds and humans, the physical mechanism of their vocalization still shows strong

similarity. Although songbirds are distantly related to humans compared to mammals, it is suggested that the
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neural control of songbird singing and human language also have some evolutionary similarities, by

comparing their brain stem innate vocal control pathways, which is the basic pathway for vocal behavior, and

the location, interconnection, function and gene expression profile of vocal motor pathways and vocal learning

pathways at a higher neural level related to vocal learning. These common features make songbirds an ideal

model for studying vocal learning. This review compared the vocal organs and neural control pathways of

vocal behavior between songbirds and humans, and forecasted the potential application of songbird models in

the treatment of human aphasia, to bring theoretical reference for studying the neural mechanism of human

language learning and the treatment of language disorders.

Key words: Songbirds singing; Human language; Vocal organ; Neural control pathway; Evolutionary

similarities

NGBS —Fh 21947, FERN TR
T4 AT T K % ( Catchpole 1987,
Rios-Chelén et al. 2007) . %/j 1 [0 i 2 a8 i 5L
1595 21 A 524 75 4 AE H AR E 55 0 il ok
PAF, WEEHZDE R, IR E BT
BHETHAEZL (Mooney 2022). MEE54) S
210G 5 N K4 LE S ok BRAHL, PRy
W52 5 (Prather et al. 2017). BEAh, A
RN 43S g, B anBE R 4 (Taeniopygia
guttata ) M & MM 4 # ( Lonchura striata
domestica), B FRALIA A 7 2 ] B A, 1E
W RAA BRI I Re ), H o HERHK
5 2 B R 13T R DR 2 ) AR B AT A LA S
WMERFEEMHR R R (Doupe et al.
1999) . NFKIEF 1) 57— B ERHE R B A EZ R
TEIELEAE o T H- PSS S & (] an i 48D
ATCLR G A E A e AR e A T il e
Nigi e, AR N g s = i T — R
(Veit et al. 2021). FHILRIIL, MY EFMGIE 5 A
RiEFBA . BARNG g A ARk
WARIEAR], 38 AP E 28 B BIRE RGAAAE
B AR 2 e, 1N 5 2R B 2 R BT AR
iR (K2 N#%Z ) (Reiner et al. 2004,
Dugas-Ford et al. 2012), M-I K 2
FEEIRGEH (Franchini 2021), {E%FHL & 5 2%
B RS X (A BN D) e R R R
KR, RN BN E A A KAE S e 24t
BA— AR (Jarvis 20190 BRI,

A T B A S A, T
A 2 5 W ZE LA I 5 R 1
PRI BRI

1 "SEMARKELSRE R

N85 1) P 2 S R R e ——
IS (syrinx) 74, HADBRHLE] S5 NS0 K
A E HARROAE . SR, G E AR
RSB AR AT RE B 2 5 Af HLAE 1 3 )
B A AT (Riede etal. 2010).

BRINGE AEMEE 2 — ML
JBE, AT R IRAL . SR S RE A AAL,
[ I o2 PR R G 1) — 4y, ZENG & R I
R (B 1a). dE @S A E
SRR, T8 BN TS ECNIRS (Brittan-
Powell et al. 1997, Diiring et al. 2013), Diiring
S5 (2013) DABEN B A g R0 I 85 75 2
I 2R EN], 51, /975 dRny s rng
B IRAPXIMRILAAR L, DR A g
PSR AR AL AT U %of P9 A AL PR3 AL A 1
W 8 S A PR R 5 R A A [T R R 8
77, Heanng i A AE %K E (medial ventral
cartilage, 7EIERS & R F ILRIEE B ) v]iE
R 7K 0 7R S S EOEAT ORI A%
i, R TG & il ) ¥ 15 MK (Diiring
etal. 2013). BEAh, S5 AKMIMEES (& 1b) A
[, e & A A EE. AR
BH— X MU JEFI NS %, AT aisE (—A4
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Fig. 1 Anatomical patternsof songbird and human vocal organs

a. WESEIEMARRZEE (575 Schmidt et al. 2014). MRt A TSV RSV A S Ak 9 I R 382 7 9 SMIUJS AT 9 S )
SZPWERRFEIRBIIT RN . BERELVIMUER NSRS A A b AR R B (2% Riede etal. 2010).
NG L 7 R HE M SS AR AR B, R R S R FORECE . PRI FPRECE S, W B RINURISR HLEE 5 Bk
YR LER AL i B MRS L PSR AL I o 5 Bl Py B JULIE S 95 75 K B SRR 77 75 i (4 A R R MRV Y A 7P e 5K

a. The ventral anatomy of the songbird syrinx (based on Schmidt et al. 2014). The vocalization of the syrinx is caused by the vibration of the
lateral labia and medial labiua under the tympanum, which are located in the inner cavity at the junction of trachea and bronchus, when they
adducted into the expiratory air stream. The wavy arrows are the sounds produced by lateral and medial labia vibrations; b. The ventral anatomy of
the human larynx (based on Riede et al. 2010). The human larynx consists of a cartilage framework containing the vocal folds and connective
tissue. The cartilage components are the epiglottic cartilage, the thyroid cartilage, the cricoid cartilage, the arytenoid cartilages, etc, which provide
attachment points for five intrinsic muscles including thyroarytenoid muscle and cricothyroid muscle. The hyoid bone also provides attachment to

the laryngeal muscles. Five intrinsic muscles regulate ab- and adduction of the vocal folds as well as vocal fold tension by adjusting its length.

R NINE = Et A DI o T IV SN G
S BN WAL (the tracheosyringeal part of
hypoglossal nucleus, nXIIts) [#)B# 37 51 =7 ic
FSOOT (RIS LAY, DAV ) JE A0 i s i A
B, SCPUOTA%ES] (Schmidt et al. 2014) . M5 &
FE U R M JE AT A S e 75 e AR AR R )
BIRBN AR, 2 AT & 07 AR A
ECERIRANM AR, AT NS P o 4R
Ao HE5NBGH—NEEXGET, Y&
A A S A ] 0] A RS R AR ) P R
IRy, JUSLIBAENG B )RR S, N Leny &
AT LA [F] IS RS 0 B A 58 4 AN (8] () 5 R R A T AR B
FEfit, 9 ke 25 HEIRIRS . (Toxostoma rufum) A
KIS (Dumetella carolinensis) (Goller et al.

1997, 2002),
N IR S 28 B —— M e 9 PR 4k
(P 1b) .5 He A B LIE e o 75 75 5 R R R iy
AN AN LL S sk 7, AR 3Bl
ik A A K RS AR A R U T kA B 2R A
(fundamental frequency) (Riede et al. 2010).
NS I sh ik BEAEH TR, Bnsh i e i
84 30 ~ 35 ms (Alipour et al. 2005), {HKSR
Toiak B g i LA = AR s B . Y8
(g LA SA 250 Hz (Mg rs s, 2
B, R B AN UL B BN I (twitch
half-times) FJ7% 3 ms (Elemans et al. 2008).
I IR FEUE SIS, N PR JLRAT — %o — ol
L3I, PRI & (R NS 28 48 HAT S AHE S P o



+ 150 - e

Chinese Journal of Zoology

59 %
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TR R i HAORE A 3 G ) e B 3 A 3 A T SR
(Adam et al. 2021), HEAT AL, &[S AL
PRI T 1) M A 1) s R 1) T BT R 4544
FHEEZ T, NS R ULAF 45 R iE 3
UL EETHITOE S A E S AT TS S| A K )
(4% H] (Riede et al. 2010).

gr b, GEMARMKFE R EERAMID)
RE EIHIRKAE,  JUH R & RE A 10 e 25
MEHANEZERER, REFERLER, Y&
N5 (A EEATLA AT 2R 30t AR 5 R AR ABA
(Fee et al. 1998). #ATM, &M NKKFHEITH
5 AR R P P I AR B, 2 Ak 5 41 B 75 4
B ZE R T EEEXT L (Doupe et al.
1999). BT Hi8 KPR 2 R IAATE, H
R AT A FP R A £ 42 ) 0 23 I I B 22
DRI 25 A0 N 1 R P s il X Tl g 5 — A 1)

PR RGAL AR, Hpp g | A
B RMW K FE2EIAT NMER (Riede et al.
2010).

2 M BRI SR T 56 R K 7S 1 ) T B
fy EL 3

G K E S Bl K L (periaqueductal gray,
PAG) fEMIFLENY) CEAENIE fomfpE, S5
AR R AR OIER, Hih#k S8e
vk K 75 (Holstege et al. 2016) . H i 7K &
BRI (PAG) A AR 58 1) 430 S TE A A v (1 B
#% (nucleus ambiguus, Am) (& 2a). %E1% (Am)
eME— R HIES 5K s s M & oA s,
Al S 535 ILA (Holstege et al. 2016).
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Fig. 2 Schematic of neural pathwaysrelated to songbird singing and human language

a. NSESHMIGEE (2% Jarvis 2007, Simonyan 2014, Neefetal. 2021): ZLE M T4 K&k A IEHER, WO N3 Y28,

W ONIE S 2SN, b WY& NE A I (2% Nottebohm 1991, Jarvis 2004, Davenport et al. 2023): 2L t0 i K & A 428
e, W CONTTINGR IS SE i, B Oy S SR S S TSR . N8 5 N R R i X AR DU X o S 43 A 3 R G

a. Related pathways of human language (based on Jarvis 2007, Simonyan 2014, Neef et al. 2021): the innate brainstem vocal pathway in red; the
laryngeal motor cortical pathway in blue; the language learning pathway in pink; b. Related pathways of songbirds singing (based on Nottebohm
1991, Jarvis 2004, Davenport et al. 2023): the innate brainstem vocal pathway in red; the forebrain vocal motor pathway in blue; the anterior
forebrain pathway related to song learning in pink. The brain regions of the same color in songbirds and humans are analogous. The green part

is the auditory system.
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intercollicular complex, DM) ZIfKT#HHI&H T
MGG A% (the tracheosyringeal part of
hypoglossal nucleus, nXIlts) (& 2b), 4r5]5
WAL i K E Bl KB (PAG) FHSEH
(Am) AL (Jarvis 2004). FIE&AE AN
k% (DM) I [F I #5525 Mg gy E
WA% (nXITIts) HRIA P 38 Bl 28 70 A0 IR R
AT, LASEILR 5 R 18] 1 1
(Wild et al. 1997).

BA RS 26 I FLah P L FE A8
K CRFEE) 150K K 8 S E B
iR A S AR I [F ), B2 S
FRHX AT (Wild et al. 1997, Simonyan et al.
2011, #HESRERESET A (DM)

(RS 2013) BUOE MM SE Y E T
(nXIIts) (Williams et al. 1992) Fl45 S F.50
Y CEFENZED P AKE R BEIK T (PAG)
(Esposito et al. 1999) Bi5t#% (Am) (Ishibashi
etal. 2012) MIZFR—E, ¥FELERS, &£
HH 2 R S 8 Il B 2 R R AT A AR ) SRl d
Po SR, AIGRPTRER B, o 7K A ] L 2K
Bt (PAG) shifiVEiAL G, HiBLSE 4 MAN RT3
MZEERAE, (HAEE PG S B R R LER
IERE J1T B4 (Esposito et al. 1999).

3 WERIRKFEZEIEE S ANRKEIE
3 K 2 8 B ) LU

Nkl 75 ZLMEIZE 3] 7 2 (laryngeal motor
cortex, LMC) g2 5. Wigs) &=
(LMC) AL FHIIs B2 RN, 71518 £
R PR AIE s, DL e R I H
K4 (Simonyan et al. 2011). i AIMEHR
1) 25 A A A 3 e I T ks B R
JZ (dorsal LMC, dLMC) #%fill (Dichter et al.
2018), i R M WEIZ 3 K |2 (ventral LMC,
vLMC) F ZHHE 5 & P MR AE (Neef
etal. 2021). Tz Bh B 2 A0S N ez 51 K
ErIEE RS (Am) KIS, @it by

WA S LA 32 2 ARG B2 1) A& 75 (Belyk et al.

2021) . 1 MINGIZ B 52 7 F0 BN W 3 2 B J= . ]
T i K K BT (PAG) [A]42 [7) BE#%
(Am) K iH#E4 (& 2a) (Simonyan et al.
20110 XUMMEIZZN B2 (LMC) 4547 5 42
P B FH L UOE AR, (HARWARE S K
7, RPFIZEIEE (LMC) XK EH
AR, TR N B RS A2 SRR
(Simonyan et al. 2011 ),
WS 1) Y HE G T H A R S IS Bl B
(vocal motor pathway) FJ4%, H PSS
Az B 2k 7 HhAX - Chigh vocal center,
HVC) FIREJF#R#% (robust nucleus of the
arcopallium, RA) ZHE% (Marler et al. 2000).
HmyR AR (HVC) MUK FiEshil
FEIURENMNIX, 2 ) — 2k SN RE 5 S B U4
KITAT 4t i E % Canterior forebrain pathway)
(1) 1 EER N RYR, 1K A SR DG IR () B A AR
NG R FE | R 48 (] 2b) o i 2R 75 X (HVC)
A T g iy, R I IR HE 52 I R G
N HREES Ja W e {5 B0 ik i 4 5 R %
JRBRAZ (RAD IR i o 18 B A (1) 2L A 48797 X
X (Yuetal 1996). iXLET)RES) 5 i K
HAX (HVC) IR HVCra BESTHZE TR HVCx
PO TCTE G, EATIAE S NG il B A 5 R
AR T T R E AR, HAERGIE e
(R 235 BN RFAE A 22 7 (Hessler et al. 2018).
I I E R I, P R ) R R R R K
(HVC) @iy HAr (local field potentials) [
I [] AR AR A 5 0 o R R 2 AR N, (R
i HAF SRR 5 N g 3 i A O¢ R i
LIS SHFAEAEL (Brown et al. 2021). F-H
T HL AR SR AE NSRBI 1E E X Broca
X (FEALBUT R EEED) KW T 5185 M
RIIRTIZ BN ZTES) (Jarvis 2004), A %X
RS o = S S, HFEESE
[T A5 B R A Iz 3 2 (LMC) Fi
HISCIRAA Canterior striatum, ASt) (Bolhuis et al.
20100, HYBEBE N A2 v 25 X (HVC)
5 N Broca X FA — & FHAUME DU R g 3840
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sz o BRI, ARG LSRR, M T i
B R E A ] 5 N2 Broca X BE H 2R LEE
(Jarvis 2004) . FHAEWTFLHIIRN, U A
S AE B S — RN T NS B R R IS Bl E
[ GARE, BRI S CEFEAZD
B E AR, (EAEgH SRR AE B 5 5
FHABL, R WK 7R i sl 4 M Th RE b AT AE DLk
R S CREEANID 2 H AL
P (Colquitt et al. 2021). X B i 5548 FE K ik
W RTINS SRR, Hm RS X (HVC)
ML S NREEg) K E (LMC) 2 2
Al 3 2 AL (Gedman et al. 2022), i A
ZBEEE (LMC) 5 2 f1 3 2 o80T 20k
BERE (LMC) 35 2, WA & &g K+
X (HVC) #4825 E AR (RA)D
(Gedman et al. 2022),

SR FRERAZ (RA) $252 8 K 7 kX
(HVC) LN, Hgmhy 1 ng ih i) 5 5 2pk
fif. (Sizemore et al. 2008). [E]H} 5 R 72 i AR #%
(RAD 2 R 75 32 2 380 4% R iy i ok 368 B8 1 22 71
ZH, o E s g S X (HVC) Al
T i 3 B¢ PO N A S B B G I e N
TH#%H] (Simonyan et al. 2011). 4R R ARI%
(RAD T M 28 e 55 28 e 18] 2 A 1R 1S P9 A%
(DM, VH#FFIRFNR s AR B bR (RAD
S 22 0 4% 5 & R A S NS T i
(nXIIts ), 151 Y118 Bl F fe 2 2 il 1 g
(Wild et al. 1997). 7EZRE L, M& SR L5
¥Rz (RA) FIARIRIZFEZ (LMC) #5284
RIS X, P B ) B A 1 bR R R
FRIZ (RAD XU 50K S SR G RE 2% 25 HLAY Y
AIEASAE (Simpson et al. 1990), 1 A iz 5)
K2 (LMC) Xt sl iR AR Em. &
5 S R 7 TR IV H 2 R RE 7% % (Simonyan
et al. 2011). HEFAHZAWFRIUESE, HHEES
WREFRRZ (RA) 5 AHKMRIZ8) K ZE (LMC)
LR R i (Gedman et al. 2022). 1M
B RS R IR R LTSS RRE, SR
JiRRZ (RA) #H&0I2RT 5 N RMRIZ 5 5 2

(LMC) % 5 ML (Pfenning et al. 2014).
A CIRIE, SARE TR (RAD 51
U BEASREKEWMAY (BIEAZF DKL
Wi U5 RS RIS B B2 J2 R K HEAR 42
JC AR W AL H AR 38 2R AR AE (Zemel et al.
2021 o 77 1o 24 2 27 7 3 55 B 5k 5 R B
FRiZ (RAD A b B #R2 TG 35 3, 1) &
0 O 21450 il B 5 22 RRE - (Mller et al.
2017), X B S E (A #h 22 To) 2 2 5L
;Y CBFEANL B3 ERHE T RIF AT
HIE I FEAEZEL (Merchant et al. 2012).

ZRERTR, mgusshEi X S5 15
N E RN RREN K B B R AR
FHER AR R KR, TR IS 3l AR E K
] R Rk, ST
R R 7 4 ) e % T) R B R AR AR RN T
FERFE AT B, JE Y & AN Kk
B LA, AT LUK I B AR AL
DhReFndE Rk & EATA A 2 A A

4 EEBIEZIIMAREFTHIME
1 B ) LR

bR i s, ARG S ¥ ) K
T A AN ZArimE g, BY RS -SORAR- B i 34
%, FEH Broca X HISUIRIE (AS F1 A
A #BiE 5 X (anterior thalamus speech area, aT)
MR (B 2a), HIXZIE S % @A N2
FENRKESWITA H %M (Gajardo-Vidal
etal. 2021). Broca X 7E#EfA A= A4 & 4181 K
SR IE DR R A EEAEH (Davis et al.
2008). 53R, Broca X A i 7 U7 W w5
SR ER (R E 2 5 A SIS B DY RE R A K 2
ZIAMAZHAE, Hizas = (LMC)
K H Broca X [1]$54 (Flinker et al. 2015).
itk FER, BUSCIRIE (AS 1E A3 21 1)
WD EEK, TETE S 5% I A2 I A2 A ke S
{ER] (Simmonds et al. 2014) . 1M AT ERiE =
X (aT) Wglif 5 KRB HITEM R, EAERFIR
RS FIAE B PR A2 /E A (Bhatnager et al.
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1989),

NS 5 R i 10 30 2% 55 N 2RAE 2 > T8 A
8L, D SR Rz 5 i B A M AZ A MR (lateral
part of the magnocellular nucleus of the anterior
neosteriatum, LMAN) Fl &L AHZ T X
DX Fr 0 15 Z 4% 4 38 (medial portion of the
dorsolateral nucleus of the anterior thalamus,
DLM) 4 BRI R Jibi Bz J22 -3 JEE A 28711 - Fe il 34 i

(Sizemore et al. 2008) (& 2b) . i I i 18 2% %)
NE 2 0 ity 1 o] 9B 1k 32 ¢ E L (Achiro et al.
2017) . B R 5 i A L 40 AZ S MR (LMAND
P23 i ARz N AES (DLMD ife N, [H
AL B & X XRS5 R 2 iR % (RAD,
IR ST B o i ER LA A% AU (LMAND 2
41 5 SIS Fr b TR AL ], AR S RO AN R
S e % O E A (Achiro et al. 2017),
ST R 5 A LA AR AZ AMIER (LMAND )45}
0 4 A S il 004 S P SBHT RS (Woolley et al.
2014, Jarvis (2004) A NEM & DED)
BEFR 5 Broca XA KAL, & SHTRKIES)KE

(premotor LMC, preLMC) HK. BEAANNK
il Wiz 5)) B R A8 ) Dh RE SRR B A%, (H
NG5 85 SR R J5T AT L A A MR (LMAND
AT AN NS AR 12 5 B 2 475 48 ] S UK 5 2
IR /I PR Rk o A S, S om A
B SRR B4R MR AMUES (LMAND HiE sl Al
1 ECIG 7 S AL B T AR AR, IR 5] R 2R AR
N2 EURZ IR B 0 0E 2 53 A58 ( Moorman
etal. 2021).

X XX MG 52 >) 2 K H L (Sasaki et al
2006, FL[R] 42 32 EL I K7 J57 i 5 A0 B Az S
# (LMAN) FIREZUR A X (HVC) HIfe N,
T At P55 22 Ee I ARz A 8 (DLMD . X
X 550 A3 P G 4E N 2R SO A A AR B
AR, H ZEHMAL MRt LA
[@ (Farries et al. 2002). [A X X EEH
A4 HERFHERAZTC (Carrillo et al. 2004).
WHFLR], HAZE RIS X X A 2 M0
LIt BN A 2 YT (Woolley 2016).

L IR TR B, R REPE BT R FAE X X 45
T g A H bR VAR AT P 2 B A R R SR R
AT, FE ] RE fit & A ) w2 DR B AL A
(Lukacova et al. 2022), S5Hife—2, #HE%sL
W RCF TEE X X5 ANEKFL0RE
(ASt) DJREMLHIM AL (Jarvis 2007). ToiR
S X Xl NERASUIRIE (AS mH
BB R A S, B R O R R I T
(Simmonds et al. 2014), MY & X [X7ERG il
AR RRIE R, 31X ] BE 2 AN SR HT SUIR i
(ASt) BIAN[EZ AL (Jarvis et al. 1997). IbAh,
AR TR I, PR X X RIAH LA S
WS REAT A G EEDR, FE NP 1 2 A
SRR E E R, R R T AR
IR 25 18 I8 P b5 23 AH S AT A 1R 182 4% A gk Ak
MM (Gordon et al. 2021 ),

F s Mz S (DLMD #2252 X X1
BN, FFA% 3 25 SR Je Joi i 3 5 4 A Ak
M (LMAND, HZ 51 gnmg47 5 1y,
EDEE EHNAE N EETEIE S X (aT)
AHIE (Jarvis 2004) . K 22 50 i A M A 1)
#B (DLM) #28 o I HL AR FRRE M S AL 30 (B
FENFD) i R Z e o AR AL, R HE
BN 22 e T RE I PR 57 1% (Luo et al.
1999 FTIAWFFL AT, FINHL 22 i 15 A MU
PR (DLM) WA LRI 2 X X, RPN
B X X5 F 2 84 28 B x5 (Nicholson et al.
2018), ik — IR T IS8 Sl AL sh YRR ph 42
T TREARALAE . SRR, RS i A
Z AR (DLMD H1 NS Fr i w7 3568 B 42 455 5 mT
SEORFEATNERS, HAENFES BB DT
B, BEJS HILRIERE, A ECHTSORE (ASD
B BT R, X AR T EUR
PRI N3 — P SR B B A 25 (Johnson
et al. 2000).

SRV I NG Sy e bl N 3t 0 5 1]
7~ T H B AR, AU N X E 4544
FIhee EAXT R, HAEERTT A B, H
R S 21 g 5 K R 12 B A V) e 2 Tk
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B [ 2R B T oE R GE T i A5 B e N
PRLE, R P 2 ST B T X M B N R4 4
WA R S S R H R, H AR IR A2 B AT
B RS IE B 5 A IR 3145 . WS8R A A
STHBER AL PG AL IS IR AT L] IR
I, AR AR (R ASE) BEhA
WNHIEE ST INL], % 4 e B A ME S K D g
RIS A SR B i R B B 7R

5 Ziw5REH

FH T8 @ RN S R 2 J= 548 Al o
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