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The origin and development of human musicality: Interdisciplinary inquiry into

songbirds, primates, human infants, and music education
Abstract
Darwin is considered the first person to focus his scientific interest on the origins of

the human ability to play music. Regarding this ability, a theory was proposed from an
anthropological viewpoint in the late twentieth century that musicality is universal
among humans. This theory has been supported in recent years not only from the
viewpoints of the humanities and social sciences but also from the viewpoints of the
natural sciences, including biology. If the ability to play music is universal in humans,
it is natural to think that this ability has a certain innate foundation. Since the late
twentieth century, an increasing number of studies have provided compelling evidence
that infants develop a strong ability to recognize music at a very early stage, and the
possibility that the human ability to play music has a certain innate foundation has
found empirical support.

In the first three sections of this article, the authors, who are engaged in a study of
the brain and physiology of songbirds, primates, and human infants, provide an
overview of research trends in their discipline regarding the origins and development
of human musicality. It will be shown that although there are species other than
humans that “sing” in the sense of uttering regular tone sequences, there is a clear
boundary between humans and non-human species. In addition, it will be revealed that
although vocal learning is not unique to humans, humans have a distinct ability to
learn songs in the context of culture. The fact that human children in their very early
years display high sensitivity to music and joyfully learn songs suggests the possibility
that humans have an essential psychological and physiological mechanism geared
toward musical learning. In the final section, the authors, who are also engaged in the
research of infant musical education, discuss the musicality peculiar to humans based
on actual examples of children.
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NEHELTWD, VI LY EIEOES T B ORI 723
N5 5% ERELHATIIVDE DD, FHEO—ME L TEEREZ
HOLON, EPL LTor MB LM L L 5EO B & Ml E -
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HRDOD, BHDSZ TN = 2 LT, DL OFZNEY
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NERT 5, HILOBIET, F AMBFEFB LA AL LEIFOME, K
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bH25, bHABWVEV) FHRIHENHEST L7259, £LTRF—Y
IV ROMBHIROWEENLZ OB A KT 57259, 20 X9 RiE#%
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OWTHEZ B L THL 2T L2 TFEDNERE 72> TE7: (Hauser et al.
2002)o HThH, B MNISMOEEHTHLIENE (Fr/8rV— - KK
INTG - FFTrI—=F s TFAYN) RPN ERETLEIET, LD
TEIOEAER, v bORBTOREN OFFRILDHELELIZOWVTHEE T X
LI ENLNTDIZ, FHEFEER D,
éfﬁtbf@%@ﬁm%%%iét 12, 22 CTHwEEREL L) [k
MoStORERC ] $HFEET 507
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bAEDPEGET 2 L) 2 THELZVORABRTH L, Lol ,W%ﬁ
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w%ﬁ5§%?éﬁ%#ﬁﬁféoT+ﬁﬁwwﬁﬁbéo
T AFNIL, F N T =R R PN SRR A BRI 2
LADEWVEREEHTH L, TFHIIIE, HET YV TIEL AT AN
UG EN D, KEIXS5~10F 0k, LMo 1REREOEKEL»7%
VNI B EAS, PSRBT 2 BRI XS L) AR THED
DHDFEF AT, A3 22— ardb, TOFRSE, HAAIEOD S,
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TP NVOEGEIERT 2 RE OB CHEH) ZLers, [Taxy
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TTHFENVOWE, & hOWEERLET 2HAIT2~NAL R, &
SEEH-HDFER L EEE L2 (Koda et al. 2012). 7 F )L
AR R CRE R BREMICDZ ) EET L, ZoRE=LoTH
VZFEFE T EOBMALD RO DD, FAIE, WEEHICECHE S 7z mns & il
W2k W EDbE L, L CHEm CRONTRY, HECHDER 2 5 i
HenzsEEErFHLT KE=LEKo> TS (Titze 1994), HET)
EW SN RS &, BHEICBWTE Yoy 7T ) RFEOHEE
ETFHIFNORDOFIEEDS—FKT 5. FELWRFEF TN E Vool
BLCiddikEe EH L TWa,

Vo lE) T, REMICERR D RPYREET 5, £1ud, HEIEEL
BHLY AL EEALSELEETIDT F TN OREENIREST Lo T
HHEVOHFHE v M OFEE, & HITHAIMEEEo 785 B Th 575, H
HIPEIZ BN X 220 %, EB)OREEAHIE & v o 7238 m EB) o B IS
DWTREMN R ERPHFIET Do EEZHEEMICHIEL, SFSFHYX
LEFEFIZG 2, WA EBT L LD e aN e ER o KEE)S b
MUMNOEEFHTIE (Fo 30V —=12BWTH) FEFRTE LW (Jurgens
2002)c TNTZDS, b bheb MNUMOBREATEMICIHBESES 2 H
ZALTHY, ZORNERFRIEERT, S OITELRIZBT 2EER
IZOWTEET L E, b bOFEEORIFICAEYFEIIZEDY KD 50 TIX
B EEZOLNL, TIX, 2Ok %5 TIROERHMEEEICOWT,
BREETLED L) L ETE L7259 H?

2. 4 TORIRICEHOBEEHOESD

TFHFVOIIEE OB L B b Lk _eHh 5 b, EEEREOE A
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AN MIEAELEZONDIIELTFER L T b, BHOBNITEL D
A, FEEVEOBNL DML 2 ST 2 EEIE, RE L CHEBL - BEEE
ThHr)LEZBND,

ZNTIE, TFTFNVOREEDOEINCEG L2 2BHR LI HI1IHh?
ZIUL, RN, WEE o Tobk 4 2R BN B R A HOEB) & L TRl 2 7
D DOIEREYIEMAAL T 2 LLETS, S Ok B RBIEO ¥ a0 i e T 5
EWVos 2l EHICET AR TH A S (Koda 2016). 7 F IV id/h
WCdhb7z0, —HPFOMmOEROBE CAEE T4, TLTRPLHET
T2 28D 7% B ) BE LSS B E R RL E F T - B EET
bdH 5" (Carbone et al. 2014) . hef % £k RE4RFEH BB K OT I
&, 29 Lahktodda (B L4 BHISROEZ) 23T L, &h
AFEFEEBIILE SN/ TIE R LRSS,
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Db &9 %7 F ) TO S EREEE A & IEBL L OBEMI, & b
THHRSNDZFEB LA TH D759, © MIEVEHETE V-
7R B RER A R T ERETH Y, S HICHRE AR & FROREEEIC
RFEENDIEOBBILEIEICENR TS &) SEEIEOEA LR AR
HHND, T L7z BREMERIEIC R S 12 i 2 BRSO Rk
A, EESETCH L 70— B E RGO N TH 5 EE)
B 7p & Lo 7R B A B B R REO b N TORAEBHS LR CBERL
TWo7DS, HIEEILLDETLEEITHONEN L@ MEE LT, HEH)
gD Te Mbl] 25 L% Thbo & K% BAT OBRMEH ML &
Nzl &, BREENS T SE LB THMILT 2, TORICAIRE LR
D—ONEHETHA ) L, TORENEIEFHENIRAE LR, e b
DI o7z ) HALE S HER SN D, B oA BLIT, kbt
NOBEFEAIREER D IS0, TOEW N 2 BRI 2 &SRR
ENMb,
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3. 1 EMOEFEHORELR

b Mol B, B, BRI, B, FLEEE, ShRE S
), BEMEARTCEET L. COMEFEIEETLIBBRICBNT, WO
Mo, ek ML, BEICEDETH:, WD, BHREET, BELE
L& )ilhs, LRORERE SREEICHET LR ZEATL DA 5S X
NI, b MOFEME, EWEIICADL L FEIIRKEALETH L, EYF
FODarwinz I LHO I N T THE K DFEFLLY, TOAREHERL O
BEMEORFICEZEEZ KRS, 4 @2 5E L T& 7 (Darwin 1871;
Mithen 2005; Fitch 2012; Patel 2014), % L TiL4F, b M OFEEOIMLEE
B9 2 BLERIEWATZEDS, fiik E i SELOTW5E, KETIE, Th
S OWZEBEIR O T, FRCEEIAT ORI & R R O ERIFICE S %
Y, BEZE 2 T %o
3. BEBTFOME &R

Fae ML, FoYXA15%EE, B2 RS (=37 Beat)
=3 CICHIE (Perception) L, HIEL7ATICAEDLE T, EERPFLED
JEE) XA & THIAYICEE] (Synchronization) T4 2 &N TE 5, TN,
[$07-H15 L [ (Beat Perception and Synchronization : BPS) | T& %,
BPSIE, Fex b PO ERICEDETH S/, Hio/l), BERERTLY
ToHEE, TKHRIUTODR TS, L2A, b FAOEIIZB T
BPSZE 2 2 L1, ZhariEL v, AWFEHEODFichid, [72E1 X
EES 2V oh] LWV ENAESHET, BPSICE b EMAOLSEHE
FH L7z (Fitch 2012), 2F 0, KT NVOWRKY) XL A TV D3R
AL R, APFIIE) XAFRPBEINEL L TWHIZh 220b 5
T, KLV e MEEFERICLCEA XPEEOHTICAEDLETCHE
MICHD 7222wl 285200, LWIRETHS (Fitch 2012; Patel

181 — 14—



ANHOFEZEOH R & 5E—IGEH, TRE, L% OB R L SRR E—
2014) o

COWITHEL D EODORIRECRGLAS, [FEFE &) X ARG
(Vocal Learning and Rhythmic Synchronization Hypothesis) ] T & 5
(Patel et al. 2009), T, [HHMELEFR25EHT LMD ORIEDE L
T, EWIIBPSEEN DM - 72D TR wh] IR TH D, Z DI
TUCHEZ N, BMREFREHOTERA XIIHN WA, ML TS
BOTEL LT LA Y 23WND, L) TLilhb, OB EIH
T 5 L9102, Patels (2009) 1, A7 A EOTIZFEE L CHEE H)
M k2 L7z, F4E, Shachner® (2009) &, ZEHfHAE (Vocal
Mimicking Species) O FEEF)) X LD, HFHROHPTIZHIEATNL 2
ErE Lze F20IEICEOLO V=T, 4 2aps) A h )Vl
BEFHE o6 L CPlm s B s % W9 5 2 & 2 #uh L 72 (Hasegawa
et al. 2011)

EZAMPIMELURE, F o8 V=2 E D) X L&D THIMIZ
o ¥y 7452k (Hattori et al. 2013), L C, 73 A TSz HEFE
DIFIZELETY XAIANVICEHEZBE»T 2 L5 S (Cook et al.
2013; Rouse et al. 2016), Z&7 58 &) X A PR OB <>, BPSHE
DORFEAEMER A OV TR F AR ) IR 5N T w5 (Patel 2014).
3. 3 TRBTOMELEHICEET 5REHRR

Tl MIFEBBEOVOLL, FEOWTZMEL, HTIZADLET
IR EFHDT DIZA D o 20084 DFEZEMusic, Language, and the Brain
O CPatelld, [HAFICHEMIT 2801, 4MEE TRHALZWE IR Z
%] LRtk L7z (Patel 2008, p405)o A2, & M OBPSHEIIIE, 4 m%EH
FTEBLZVDOTHS ) 0%

20094F 12 Winkler 5 1, HHEITOHMED & MIAEFHIZfiD > TH b
TREME % F85 L 72 (Winkler et al. 2009) . Winkler 5 1%, FJ 4785 —»
BT A RO OHLREETEN (Event Related Potential: ERP)
AR, TAHE, BAREZLIZ, b bOIFERORELS, BT (5
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SN A&F - B FEIE - AFH EE B W
7 =18 OFRNIEEST Z2ERPAYEII S -0 TH A (Winkler et al.
2009)0 S 51, FAMOREERE TV TERL T, AT OTFHICEHE
T HERPIZEAICE e o724 w9 (Honing et al. 2012), 25 D FEER
FER A B F 2 Honingld, AT OMITIZ FEWHFEIZEAFETH Y, o
HEBRITIE WD, EELLTnh,

BikE ) X3 A VICETREIINE & 725 9 A2 Zentner & Eerola(2010)
&, BEEEFETAENT 2E%5~247 HOALROF R OER) % -~
7oo THE, BENI LI, BEELD O EELHML TR L E, 7L
RIZEDEWERY XIANVICFRZEH»L T E612, YAIANV
WCFRZHFPTHEORVAILIE S, EHTHILIBROEL- 220D
(Zentner and Eerola 2010) . &AL T X I D IVIZHKRE BN T HE
D, e FOPIEEICBEE L TB Y, LTORRIIIIEERED D% ) M
SliboTWw2D0d Ltk

T, A%52PAUROE MO EIE, ERICHLTE) ST 2072
29 he BRI OTFRIL, FRIHHR 2 S FAT R VIKREET D H 5
B FEEMINCALNL COBEREN R HEEHE, [T VL —
7 X~ (General Movement: GM) ] & IFiXi1 5 (Prechtl and Hopkins
1986), GMIi%, ZA5f% 8 ~10EED RN HBL, WA Z WA, Z 5 F
TRELSEM L2V, MELT2LEHZL» HE TOMICKE (1L
L, RV 3 2EHIZIZIZEAER LN AL 22 U 1998 - 2002)
) A I ANV RGMES) L, FHOHRK/SY — 344 (Central Pattern
Generator: CPG) @ & 9 2 iEIERAEIC & o CTER SN, KREE—KE
T ORI FERE O IRREIZ X > TEBOBHE S PZALT 2D TIE RV L
Z2ZbN TS (I 1998 £ 2002) .

FEHEOBRIS I, TH—SE—BEOMIC 7o — VT f LA ¥k
M (ZHE 2002) AL, FLROME BRDS, BEICHDLEHEDY X
LZHIEAEN, WY OFILD & O ATEIDEIE T A UREE D &5 DO T
B, EFEZT. ELTIORERGES 2720, H£#3~4 7 ADIL
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JBA100% OB FHI 24T, BHEBEIF O TR OES % 1) X L5 & AA
BROB S SN L7 (Fujii et al 2014). § 5 L BERENZ 212, &
BTN D E2I) AIANVICFREZEFATIESHFLEL, SHICHAED
FHOEE ) XL AT OMHFEHOREIZEEICE L, JLRO SR
DY XALIIFEAFN TV A REMAVRIZ S 7z (Fujii et al. 2014) o

Lo L, BEEENCT) I A VICBIE BT AR 284 TH o720
REKOIRIL, HEIHRNL &, FROEBEINEAT BHEAIH - 72,
Fofb iz, LB E LT, FHEEBERHICHE ORI
LY, 7V MERBOZEBEDR S & HERDPEBN S
(Fujii et al. 2014), FURIZE L THI DL HIZ, FHHE/Y — R &P
ZALEETWz0nd Livev, B ) S| OFIITENE, £H%3~4 7 A
DERE T TICBIBR SN L WHMEN D 508, TR 27O SISO
NEZ E)RRT 0P HRORELFETH 5,

3. 4 /ME

Pk, M7 OME L MR OSERFICETEZRY, HEOHE
Ba il L7z, KR E LT, BEBEOVORL, EOLHIILT, b
N O & BRI E R E SO, FETHFIIEEBERATO RV, BB
DOFELRBTHEOPIZASND ) X LHE - EK - FHHRO A7 =X 4
(Fujii and Schlaug 2013; Fujii and Wan 2014) % & 512 C#E7E L T <
ZET, LIOEBEORBEIELZENTELOTEZVAEE R, &
TG LWEEHT T b,

YIS

MRS, 3 DDME & TREAE D DD HIRY) Ko TR, [Hk
k] [EEETHIE] IE, AMAS TEIORBM Lo EE LTS %
HYo TABZ ST REZICABENLD0, ZOMBEISHES Z LI,
ANEOFHEMOHREFFEIEL 23T L, NALOMEREST 2 ME
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BIRED ) EVOHKEFEIGEL Z L1020 b, ZHUTED B4
BT, AP - ULORTMERYIZL, MEFTTNLREDLPD
Retr 262120 %5,

BHIMEZ S OBV EFET 5 L) BIRT [ ] EWide AL &
B0, e bEENSEOMICITHMELR BB H L L) 72, $§XTEVED
WCELEOHLTLIEBEL VY, TTEEET LI L ORI E
Ndbo $72, BHEET L ETEHTLIERIO—HzmAamEdEL T
TH, ANMZZTHHO B HECHEMEN: % 32 2 5 RN - Ry 2 T2
ANTZEFH DD D Z EAHEM S NG, NHDZ O EHHEE & g% whs L
THEELEMAL TVWD I LOEEMIIL, 2 THLOTHAINEN
57259,

TALDRA L W) S R % 51, MOfEAFHET 2552 ke
MEA TRV EIRWE, B’ bOF O EFEE TN E b
TWREFEZL) FELDEDLOTICEDS HFHIINT 5 EVEHE
ERLTEA L L CHREFRRENSIE, & MPTRFEH WD) LHD A
HZALNERRGIZE > T I L ERET L, TELEONDLT
[ AL e EEEDETIV] & LTEZLRADEEDORYEH, H572

TR SNDEA )0 TI2MROZ L RS, O DB NE
CEMEITAHTHL LD, FHEENRIRILE & QICHF I N 7259,

FEOFHIIALEICEZHTH Y, SHEOHIIIREREMOYE 2 %3
LEEGEMSOETEN, TOBMIOKRETIIADL O ANEKE V) F
BETHRIESN TV, RAOHEDZ ) L2BEY R 51X, HE%
%@?%*W%-HA%-“@%}ﬁ:XAiT%%@%LT%*
LIl ThbbHEEETh - ERANOLROBRERHFERTLEFTE
HT, BLOTE MO TIEIOFERMOER PRI TS ERZLN
b0 TEBLENHEELUMREFFHARL L OFRIL, EEMEORFIE
DINDBHIZE ST, BEHAFIIBIT 2R EEOREIEIZLE - T
b, SBREITETLHEIIRLES D,
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F88] NZLoic] & THbHIc] 134, # 13, 4 2 5i3Em,
B3I L THE L. £V FLOIE, SUELZOHPL M
ELCHINDBBI o7z, % BANZEIZISPSEHIFE 16K01886 0 Bl % & =

IFCTwhb,
i
1. C. Darwinld [H®E2 B L&D, TEESODHBTREND, &3

WA OEHE QAT L THEEORIZIIZ> TR ARWDT, Th
A > TV ABEIOFTERIAEEL L DODDO—DIZH 2
BNEREZLH ] (F—T 4 v/ BHIER, pd02) Lk, #HEL
e & NEOARIEETI O TH#OP N E2 LT b, TFETIE
Pinker, Miller, Hagen & Bryant, Brown, Hauser® |23, & 3EAYH
HORBE~NDOFEBRSENLH, WIhd F 2RI 155
< (Huron 2001; Hauser & McDermott 2003 ), KD TdH
LEFIMZTBE 2\,

Trevarthen® 132 9 L7728 A, & b MERIZ L DIEFED ) X LI
HRT 2R o, 8RR HIR) FoeRmdlz, s
Y Vo ETERMICHESD, Zolmshs ALl L 4w
BOHBRBFELDIEEERT WODOTRIZBNTEERZ LIE, 1t
RTEFOSETHEON TS M EBMN [ AW ] OREIEEEIF
MICHERESNE ) L L TR HTH Y, ZORNEROERLIEIO
EHEZHETHLLOD, whbidEd T8I [FEE] LwH)SBET
AL Th D,

FLRDITR T HEANO @B L RARE 122V TE S OIS &
%o FAtOBREE B 51213 Trehub (2003) Hx B S /2w,

‘) HE
<%
5HZ

. Hauser® (2003) 1%, WM OLEIZL > Tk b2SHELOBEET

FASARTzE A OEBOEREIEN & ROTIED £ 5. —F
BHEO L) R EBROBAREREIZ OV TIRERE L %8 L 0= ETH
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5. AV NV [arava—] AXD[Tr 7] BEOHTH %,

6. HIMTOEZTNIE, ZFONRY — 0 OHEFFICVLELRHR EMENDE S
LD\,

7. F=X3IVRO—FTL MIBWTIIPIES & BET 2,

8. IF XBEICEIET 5,

9. ThbHILYESL S HRAIZE D FZNE M.

10, §2bbe M EWVI)BYIRLAEDLELITEIRRAGE L L ol
Mo

11, iz e b &fe b ik BRBESHEEIE T,

12. NHHEO L) IHEERT OREEFER LT 5,

13. AVOFIE [FADIT—F] LIFEN, FH5TEF—TALITDLHT
bdhbo

4. FFHFL LV ZAFNETE2HEAARDHARNE RFEICROB LETH
LEDITHENT WD,

15, & ZCimemh AR L L CRlE S N E s L BT bo

(518 - 2E3#E]

Blacking, J. (1995). Music, Culture, And Experience: Selected Papers of
John Blacking. Univ. of Chicago Press.

Carbone, L., Alan Harris R. & Gnerre S. et al. (2014). “Gibbon genome
and the fast karyotype evolution of small apes.” Nature 513:195-201.
doi: 10.1038/nature13679Darwin, C. (1871). The Descent of Man, and
Selection in Relation to Sex. London: John Murray; NY:D Appleton

Cook, P., Rouse, A., Wilson, M., and Reichmuth, C. (2013). A California
sea lion (Zalophus californianus) can keep the beat: motor
entrainment to rhythmic auditory stimuli in a non vocal mimic. J

175 —20—



NH OB RO R & 5E—REE, BRE, UL O PRI L TE8FE—
Comp Psychol 127, 412-427.

Darwin, C. (1871). The Descent of Man, and Selection in Relation to Sex.
London: John Murray.

Earp, S. E. & Maney, D. L. (2012). “Birdsong: is it music to their ears?”
Frontiers in evolutionary neuroscience. 4, 14.

Fitch, W.T. (2012). “The biology and evolution of rhythm: unraveling
a paradox,” in Language and music as cognitive systems, eds. P.
Rebuschat, M. Rohmeier, J.A. Hawkins & I Cross. (Oxford: Oxford
University Press), pp. 73-95.

Fujii, S, and Schlaug, G. (2013). “The Harvard Beat Assessment Test
(H-BAT): a battery for assessing beat perception and production
and their dissociation.” Front Hum Neurosci 7, 771.

Fujii, S., and Wan, C.Y. (2014). "The Role of Rhythm in Speech and
Language Rehabilitation: The SEP Hypothesis." Front Hum Neurosci.
8, 777.

Fujii, S, Watanabe, H., Oohashi, H., Hirashima, M., Nozaki, D., and Taga,
G. (2014). “Precursors of dancing and singing to music in three- to
four-months-old infants.” PLoS One 9, €97680.

Gardner, H. (1983) Frames of mind: The Theory of Multiple
Intelligences. Basic Books.

Hasegawa, A. Okanoya, K., Hasegawa, T. & Seki, Y. (2011). “Rhythmic
synchronization tapping to an audio-visual metronome in
budgerigars.” Scientific reports, 1.

Hattori, Y., Tomonaga, M., and Matsuzawa, T. (2013). “Spontaneous
synchronized tapping to an auditory rhythm in a chimpanzee.” Sci
Rep 3, 1566.

Hauser, M. D., Chomsky, N. & Fitch, W. T. (2002). “The faculty of
language: what is it, who has it, and how did it evolve?” Science (80- )

—21— 174



AN A B FRIE - FH O R
298:1569-79. doi: 10.1126/science.298.5598.1569

Hauser, M. C. & McDermott, J. (2003). The Evolution of the Music
Faculty: A Comparative Perspective. Nature Neuroscience. Vol.6.
No.7.July2003:663-668.

Honing, H., Merchant, H, Haden, G.P., Prado, L., and Bartolo, R. (2012).
“Rhesus monkeys (Macaca mulatta) detect rhythmic groups in
music, but not the beat.” PLoS One 7, €51369.

Huron, D. (2001). Is Music an Evolutionary Adaption? Annals of the
New York Academy of Sciences, Vol. 930 (2001) pp. 43-61.

Jurgens, U. (2002). “Neural pathways underlying vocal control.” Neurosci
Biobehav Rev. 26, 235-58.

Koda, H. (2016). “Gibbon songs: Understanding the evolution and
development of this unique form of vocal communication.” In
Reichard, U. H., Hirai, H,, Barelli, C. (eds) Evolution of Gibbons and
Siamang. Springer, 347-357.

Koda, H., Nishimura, T. Tokuda, 1T, et al. (2012). “Soprano singing in
gibbons.” American Journal of Physical Anthropology. 149:347-355.

Malloch, S. & Trevarthen, C. (2009). Communicative Musicality:
Exploring The Basis of Human Companionship. Oxford university
Press. (FRRRCART LG— - SIS FABREER [RED S 4E0E] B2 AL,
2018)

Mithen, S. (2005). The singing neanderthals: the origins of music,
language, mind, and body. Weidenfeld & Nicolson.

Patel, A. D., Iversen, J. R, Bregman, M. R., & Schulz, I. (2009).
“Experimental evidence for synchronization to a musical beat in a
nonhuman animal.” Current biology, 19 (10), 827-830.

Patel, A.D. (2008). Music, Language, And The Brain. New York: Oxford
University Press.

173 —22—



NH OB RO R & 5E—REE, BRE, UL O PRI L TE8FE—

Patel, A.D. (2014). “The evolutionary biology of musical rhythm: was
Darwin wrong?” PLoS Biol 12, e1001821.

Prechtl, HF,, and Hopkins, B. (1986). “Developmental transformations of
spontaneous movements in early infancy.” Early Hum Dev 14, 233-
238.

Riters, L. V., Stevenson, S. A., DeVries, M. S. & Cordes, M. A. (2014).
“Reward associated with singing behavior correlates with opioid-
related gene expression in the medial preoptic nucleus in male
European Starlings.” PloS one. 9 (12), e115285.

Rouse, A.A., Cook, P.F., Large, EW. and Reichmuth, C. (2016). Beat
Keeping in a Sea Lion As Coupled Oscillation: Implications for
Comparative Understanding of Human Rhythm. Front Neurosci 10,
257.

Schachner, A., Brady, T.F. Pepperberg, IM, and Hauser, M.D. (2009).
“Spontaneous motor entrainment to music in multiple vocal mimicking
species.” Curr Biol 19, 831-836.

Seki, Y., Hessler, N. A, Xie, K. & Okanoya, K. (2014). “Food rewards
modulate the activity of song neurons in Bengalese finches.”
European Journal of Neuroscience. 39 (6), 975-983.

Titze, I. R. (1994). Principles of Voice Production. Prentice Hall
Englewood Cliffs, NJ

Trainor, L. (2006). Innateness, learning, and the difficulty of determining
whether music is an evolutionary adaptation: A commentary on
Justus & Hutsler (2005) and McDermott & Hauser (2005). Music
Perception. 24-1,105-110.

Trehub, S. (2003). The developmental origins of musicality. Nature
Neuroscience. 6 (7). 669-763.

Winkler, I, Haden, G.P., Ladinig, O., Sziller, I, and Honing, H. (2009).

—23— 172



AN A B FRIE - FH O R

“Newborn infants detect the beat in music.” Proc Natl Acad Sci U S
A 106, 2468-2471.

Zentner, M., and Eerola, T. (2010). “Rhythmic engagement with music in
infancy.” Proc Natl Acad Sci U S A 107, 5768-5773.

ANVEATRR, ESABELET (1997) [R#E - #rE o BFEEE) (S48
TSz, BHERS) | [IERFZE] 68, 530-533.

ZHEERERS (2002) [ & G EOB 7 A >~ @ EH) - MEOIEHILTIF
LigE] &R

F—w4 v, C. (2016) TAH@HR] (F) (BAINEBTR) it

171 — 24—



