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Research Development of Vocal Communication in Frogs
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Abstract: Vocal communication consists of the production, transmission and perception of sounds as well as
behavioral response to sounds. For most anurans, competition between males, potential mate recognition and
choice by females are almost totally dependent on the vocal communication. Therefore vocal communication
will be critical for the survival and reproductive success in frogs. In this paper, we reviewed previous studies
on the calling characteristics of frog and the production mechanism for their callings. We summarized the
functions and evolution of vocal communication in sexual selection, possible neural mechanisms and
endocrine mechanisms underlying vocal production and auditory perception. Finally, we proposed some
potential study fields for the vocal communication and predicted the possible prospects in the future.
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LI SRRV A S EEA G N R B LR WM R T, Mk g
93 SRABIFEAR AN EE R T 50 ) 7 B S A7 (male-male competition) FIMfEM:EFE (female
FEIAY, R, SO, WrdE choice) JLTSE AR IR (Wells 1977a,
IR S5 AN [ ASEAS 2 R AT AN A AR (8] P51 o Xu et al. 2011). HEPES 5 MG AL E YIRS
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B AMRRRIE. B bR E . PR
HEMEEE (Wells et al. 2007), Bl 5 27 54>
Gt T RO URUIR S TOEAR T R A B T
MR A5 RS MR R R EANMA, JFIERE
I i HEEAE M BC A (Roy 1997, Wells et al.
2007).

1 Ry g =AU 2R R

Uk 2R gy FA I A K R B, RS
A E——W, AR R BRI B
SIS A L DU AL, BRG5K AL, S 4aL.
SNFEURETZELZL & (Martin 1971, Ryan et al.
2014)  AERPIR BB 1 i 245 A B A 41 4 &5 4
2RI BOR 254 P . PSR & AT SR
(R P s 2 TR R TRIBRAR R A T T o 47 s LS 4w Al
PTG a4l B N, a4l
FHT AL B AR Al A T 0GR 1Y)
PR JEE R, HL R s o 0 B8 JeC R ks LA
—XFFFETF I (Martin 1971, Kime et al. 2013,
Ryan et al. 2014). K 2 i 28 F) [ 1 R+
JLRE W HES)) 2 I WS, 7 3y P oy g e AN
G, ey s AR R
A H R GR ], RIS JEAE e ik A
LN e, DT A4 Al P L s A A B
k5% (Tobias et al. 1987, Walkowiak 2007, Ryan
et al. 2014), HHKANEARSCHIE TR I, i T
Uit ML RTAZ AT #4 Canterior preoptic nucleus,
APON) 2 I 218 I f) v 28R s P ik o el AR i
1% Rt (0 2T 2 $ 5 21 i o 0 4 B 1 55 X
(dorsal tegmental area of the medulla, DTAM)
(KR = X AP 4% (pretrigeminal nucleus, Prv),
SR T B 2 T JE R R E A 2 A
( glossopharyngeal vagus nerve nucleus ,
NIX-XD, 2R E0J0 M 8 SRR I pof 22 S o
FXF LS4 5 A TT I JE A (Schmidt 1976,
Wetzel et al. 1985, Kelley 2004), Mifi % i
Ay, HA R A RE ) i M HodE - (Odorrana
tormota) 7 ¥ AL A IESS 3, (RS
Arrp AR, HRE A, PR A

K (Suthers et al. 2006), [A] i AR A %
FE, I F A g Y AR 557 (Zhang et al. 2016) .
VF 2 HETE TG R IR e = A4 2 M 2R T g
ny, g Cadvertisement call). SR AE NG
ny Ccourtship call) 54+ NY (aggressive call).
By (release call) FIsKFMG Y (distress
call), Y E#ff 71 3 BAE PR — %% (Tobias et al.
2004) o ] W IY FH - ) AR B A 58 4 2 8
SARERIE . SRR T4 2515 B . HEvEAE 8
1) ) Fofr 53 G X0 T 1 B0 G BV T 1) A g ]
(call rate) ZB4k AEAE P HELERSG IY | %
WA DRIZR IS, AEIR Y 3 S Y RRE (Wells et al.
2007, Xuetal. 2011). FgilHh, 4RI
WEPEINS, HMEMEFEAT 25 HSRARRG Y, 56T kg
PE5 | EYE 23 BRI = O 7 B IR ) i 5 5 A
it (Wells 1977b, Townsend et al. 1986, Wells
1988, Hoskin 2004); >KAHNS N )T GE W] GE &
T B Y A7 e bl O MEME SR (i AT R R
(Wells 1977b, 1988). JUEAHX T HEMEMI
WE R ek SR R PR AR B R R IE, T B R A
(Trewavas 1932, Tobias et al. 1987, McClelland
etal. 1996), {HATEEIREENG HY (£ 24 SKABNG AL,
LT RE R A 12 B A7 R ) py g
o DU T ME s A oA, sl B T REVE IR AR IR
SIEYE (Emerson et al. 1999) . i FE P T
(Xenopus laevis) fi£;*/I= rapping H! ticking Py
RSN, 3 27 H A T SRR A R HE SRR
A CElliott et al. 2007b); Mff 'k ik Ji Al 55 ik
(Babina daunchina) g iz 1% iy i gk AP A2 e
T AR SHEDN (Cuietal. 2010). H4b, AT
BRI R PR AR, 2 ) LA
H3E4ng N (Tobias et al. 2010); F& Mg
T MU R AR A, AR A e (Wells
et al. 2007).

2 MEMETES S MRS B R EE

MR, MEIEFRA PR R ERIE
3, B3 Gk e I S A SR A A PR I B
Cintrasexual selection) 15 A4 8] 3% PR 1
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() 1] 326 % Cintersexual selection ) (Andersson et
al. 2006, Ryan etal. 2013). PEiEFILER
T TR AT RS 7, e N R 1 ik
Fe¥AIE (Gerhardt et al. 2007), 40551 AU ({53 |
BRI, A, DUSCHEPEAR AR R i
I SR o

AR TRENG I 2 e A O 2 B LI — T
G, TSR, AR A R GRA P A 5 AS
SEA MR, R (AN Y
W) PRI A FH A A (00 A AN U 440 5
PRI, AT Pl e i A e R 2 K
PRI 58 R 8L, anse g T2 RO 2
T 1E%% (Feng et al. 2006, Shen et al. 2008,
Narins 2013, Fang et al. 2014b) =in] £,
T 4 6) T R S U IRy 4 (] 467 B 45 (Jiang et
al. 2015), RJUAFIITEHEME, T K7 e
FEOO I Y (R AR 5E e, ATAS % B 5 5N
S, ARG EMEMER I, bel, Sy i
FE E L Sk s Akt 4 (Tobias et al.
20105 SiE KU IY ][] 1 F AR I F1 2% PR
[EHEA TN (Wells et al. 2007); 38 ins ny 53 4
B, WnZ e i (Eleutherodactylus coqui)
SPAERNETT ( “Co-Qui” ) T mgnY, I
HEE AN (QuiD RS ] )55 (Narins
2013); VN IIEE 2 R4 RFAE, ARt nu B LR S
£, il (Physalaemus pustulosus) i 7E
]RSO SN “chuck” 2 TR B i P 5
J1 (Kelley 2004); $&m g AR, A W] o
K&k R (Odorran livida). [MTH-#]d: (Huia
cavitympanum) ZEA7 M e I A E T, Bl
JIk i LA 1 T4 (Arch et al. 2008, Shen et al.
2011, Arch et al. 2012). #4h, MH:SEIRIELE
“dear enemy” HLG, RIAHXST-PAZEHMN S,
BN i R S 4 Pk [T AR BE 2 (Bee et al.
2001, Bee 2003, Gasser et al. 2009), X 5IHF,
RN A M)W I — 2 (No&et al.
2014, Battiston et al. 2015, Sogawa et al. 2016).

FHEC TSt ny,  MEVE R R Ry, H.
it 4 55k 52 % 1) [R) A 5 (Dawson et al.

2012) o EARMENE P O I PRI S U 24045 7 AN [R) 47 A
ANAHIA], ARAEAE B A 9 B K RFEEIN Tl
FALT I N IS 2 . IR, O A
R [ A I Y o ek e R, S T A
ORI 78 T SN o g LY VAN S S ) g R AP
A e &%k £ (Burley et al. 2006, Phelps et al.
2006, Ryanetal. 2007, Lancaster etal. 2009);
X PR AT e S FE T R 2 NMRFIE I 2R
PFAd (Barbosa et al. 2006, Lancaster et al. 2009,
Cui et al. 2010), IXFERIPEML 20T HARIE B A%
ARSI S P i 15, R A o G e 4 vy Jo R
PEMIMEZ (Lancaster et al. 2009). MfEPEANA& M
P RS Ab RIS — L TR (AN B i3A ),
() IR fieeg P PR D B PR A% 25 J5 A (Ward et al.
2013), AT e fa AR S A B2, S e 1) 3
F 15 B o B RSN ZF A2 P RE T (Chen
etal. 2011, Ward etal. 2013),

SRABIFAR R T BE 2 WK MRS
P~ BE A S IREE, ARSI S
S Z M (Burley et al. 2006, Byrne et al.
2006, Cotton et al. 2006, Ryan et al. 2007, Witte
et al. 20100, fif H. ¥R SR SRS A7 AE I 7 1) Ay el
) % 5+ (Fisher et al. 2006, Clutton-Brock 2007,
Hunt et al. 2009, Leonard et al. 2009). 34k,
WEPE T EE RN R A A DR O, i
T VrRe LR AR KBRS 1, P DUMEPEAH
BU T P A 5 A H B 22 g AT 5
I DUER 2 i3 (Bateman’s principles) Ak, M
PR A2 ON - FERE iy HLARSE D 52 21 5 22 BRI,
P M AE 1B B CAR 15 R AT S N PRSI R AT
SR KPR, NI AL AR A A 1) A5 1
FHEAE KM AT EYE (Levine et al.
2015). IEDS L, SRR £ R I N A
S FIMEEERE . ARTADEF LR, U AHh
P EHNEL Coperational sex ratio, OSR) 1
ZAWMERST , ek 2 0 A RO PRI BHE 2 1 Ay T
fily, XA fE S MEVE ) B8 ) AHOC (Berven 1981,
Arntzen 1999, Lu etal. 2009),

Darwin (1888) A MKEMEIEAL L HEME
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PRl REAE S A T4 A e LS, Ttk e i
SR T H A T REAE K S IX SRR AL (1) e
73, X GNIE N T LR G B AR .
WA UL, O IE B IR B D e fE A Y 3
DRIz, PR A o e A2 pEORE 1 O L il 5
JLRSE A SN R 45 (P AH ELAE I 92 1Y) (Andersson
etal. 2006, Ryan etal. 2013). Hfikf: P 11 7] (1)
[ REAL— R INAE M 7 TH: — 7T, R Y
CEPR IS AE Rl o MM Ol 5 A 2%

ZRRPIREBGE S, T RIS HENE PRHE ) 2
Sl 2R I HEER XA A
o RAE T EME R ARG, Al 2 A B
WU AR AR 0 77 [ 34k (Ward et al. 2013,

Halfwerk et al. 2014, Cui et al. 2016). Ehfuiif
W) BN A4 ) P RE R I 5 s e i B &

HE P e A e v Bl T B AT SR B Yk B A
FRAEMHEYE (Halfwerk et al. 2014). 55— 51,
HE Tl 9 A 5 SR B TR] . BFSC R B, &4 213
(UM 0 JES AL 252 e e P VR0 P 2 Py
G YIS L), 3K A L i A S Y SRAE B 95 5 A
A 9K (Cuietal. 2012); M7 A S AL 55 Y 4
m oot HEMESBNY 213 554
PN 5E4r (Fang et al. 2014a). Y34k,
SR (R A B ) AT R B H o 52 e AR 1 1Ak
(Ryan et al. 2013), iX—&5 g 5351 e AAHTT
Rl 45 /NAT 382 (just noticeable difference, JND)
X I (1 SRR A A e A R T B AR — A
W AL, BORREURIN,  HEPEAL SR fRE
TRy, AR R b S A
WEE G B A E LW, B R g
AELEAS R B b Rk Ao (72 108 i 06 A0 5 I A2 1)
J&40 (Cui etal. 2016).

3 FEBMEMHEILE

Wit Cauditory) A& s EEn 4 s BN E
FHLREZ —, B RGUEM S EE, N
MY ER . PERFIAZHEAT R, YR
LR A A7 HAT H 222 L (Schrode et al.
2014) o KW trnr s 53 2% B G A 5 HEA T A A

Ab PR AR AR S TR A% O TP T 5 4 R
PEIG PR S BR B T RS R A PR
fiEh . AL BEFAm SR . K 2 B R AR A
T, JEHE LA [RIFh 2 (e A % 7 ) — AR 5%
JEHACEIZ, HAREHEE R T 580 25 4
AFAESLA AP IR Y, T 5 e 2 AR gy,
TG R AR [T 0 2R G A 2B 48 A0 B R B vh
XPAH AT 5 HEATRTI  X 53 158 A7 1¥T 6 ) (Feng
et al. 2000). —fcHh, bW U R G0 HUR A
5 [FRp g Ny ) 400 AC, A 5N R
AT U LS (Gerhardt 2001), £ )2
PR T8 I T i 2R 8 PR XA UG P 0K 2R 0 B PR 5
W o WFFURIN,  AEVELE P L R A
AT () 11 B e G FH P AT A AR, DAE A A 35
DX Sl VBRI R AR 5 4, AT g M
F AR RS (Feng et al. 2006, Shen et al.
2008, Zhang etal. 2016), #K1, TR AL
TR—kAE7 (ekd RIS, ORI
FEAER B T [RS8 4 PR 0 I o Sof HE PSR 13t
W AR IUAH 4B R AR iy, sl AN BEAERS
fhivE B AR AR ) S 48 H H IR IS Y A R
[ PR TR g o X BHE PR A, SRS A 0 A
R 2 N iR a0 A O 8 T d T
R, WABEE—REEEE RIS, A
RESG TS . o b, RV TR 2 A X A
N, VP2 RIS REIE BEE 5t (ARZ
TP AR Y ) R AR T RS I B AH BY. ()45
= (Gerhardt et al. 2007), Bl 4 T #E4 745 3 01,
I 2 R I o S P g A AT ) A DR R A
il

U RS R T R B R . WA R
WO, 5\ 23K [R5 S A% (dorsal
medullary nucleus, DMN), #so)5 AT HE8
S A #% Csuperior olivary nucleus, SON) ,
M B AT B0 A R o BE B R torus
semicircularis, TS): ¥4k, =5 NI =5Wr
RS 2 B k% AR R R B
¥ (Elliott et al. 2007a, Wilczynski et al. 2007).
R L A B R O E RN i e 2 4T A
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S5 JLURAESZ T O 7 00 e J5 A RGN e B B ek
BN, RS2 E ERONIARZ RO
Ji% . PRANER R 2 R IR X B85 LA S A I
RIENZAIMUEZ P # (Rose et al. 2007,
Wilczynski et al. 2007) .
R 2] FL 391 9E X Cimmediate early gene, IEG)

ST R 2R G M N A0 S T 0k 1) — SRSk A
(Morgan et al. 1989), & Js it K —3K,

fF5 c-fos. zenk Cegr ZXJ% ) Arc Fl c-jun %5,
IEG il —RHex K1, R 4 Sl
N, I X e s R I P Rk, AR R
HOLAEE DR (1) Rk . pRZR T IEG FIA 3G N
BN X S e 2 el s B VIAHOC, Rtk IEG
B AR e W i p 22 2R 48 Ccentral nervous
system, CNS) £ ItiGshif4Eks (Wilczynski
etal. 2010). fEFFE AL H, zenk (zif-268,
egr-1, NGF1-A H1 krox-24)F: K 4w —2 ZENK
T, LR R A NG R ks A
H] (Balthazart et al. 2001, Eda-Fujiwara et al.
2003) . FFpAE EAHEE, [FIA) 550 iy G
ek SR i PR A s fisi H ArA% 141 ZENK (1) 53R
15 (Hoke et al. 2005, Suthers et al. 2006,

Burmeister et al. 2008, Chakraborty et al. 2010),
FEORIX LL i X A% (A 5 [RIFRE 5 0 A B n
Ko J34h, BARRAE A S IR A
VEF S 4o ool 55 T e v 7 e 17 22 18y )42 ol
¢ (Halletal. 2013).

fixi Hi. Celectroencephalogram, EEG) #F5%

RIN, MEPEAL ek fie B AS (7] 6 o P sy oA 3R
TE P S B 5 | IR 22 5% (Fang et al.
2012); FH{FMICHAL (event-related potentials,
ERP) 50K, AlZRiRELE 100 ms 747 X 43
[t HL AT R 7, BEAE 200 ms Ao A X 7 AN [
my R (Fang et al. 2015). %45 B 5 xf A2
(Homo sapiens) [IHFFT AL, AZRAE 70 ~ 119 ms
WX AR E £ 169 ~ 219 ms Y
X NEEE 5, 291 ~357 ms A
DA 247 (De Lucia et al. 2010).

Fi4h, AT K (Xue etal. 2015) F ST

(Fang et al. 2014b) 3588, FHALEA A
TIEE ) IR HESN D), ALZR I A I [R] Ao
ey i A A4 LA (right ear advantage
REA), 1y H AT EAL A 45 M A X BR v R 72 1
WILEE AR, Hai s B S 1
o

4 FEEE P UHLE

HRZHEMES—FF, RN ETEAT A
FEEMHN ., =AM LB EKERX
(‘Yamaguchi et al. 2003), P4 43 #A7K - 520 5 5
PR W FEREAE . S T RN AT A e
(Wada et al. 1977, Wetzel et al. 1983, Semsar et
al. 1998, Burmeister et al. 2001, Arch et al.
2009). HIBEFT I, FERMEZTT, WK
R M 7R R [ AR R R RN ) OGN R 2 —
(Yamaguchi et al. 2003). —ilh, HHFN
IR AR GEREMIER A Il T (Arch et al. 2009).
S — RV R A, LA SR
(testosterone, T). & 52/ (dihydrotestosterone,
DHT). W Cestradiol, E2) %5, IR i
a2 STV 5 T N A Nl [/ NI G
Chypothalamic-pituitary-gonadal axis, HPGA)
P (Vilain et al. 1998), T i~ 444 fi
1) T g 4y 02 1 Mo 3 35 BRI %2 (gonadotropin
releasing hormone, GnRH) IRTRANZ TG, W
FE R AT K 2k 7r A5 (Rastogi et al. 1998,
Burmeister et al. 2004) . &5 —Ff Ik Hh 22 1 5
W SR, WORE 2R i 7 % (arginine vasotocin,
AVT) (Yamaguchi et al. 2003). F5z it %
A2 PR A A v — TP P R ) o e 22 G 7 A2 11
L FLsh i s i 2 (arginine vassopressin,
AVP) [FHEIIKSED 0T, BT e T4 5
(9% 3% [ Al 1fi s ( Yamaguchi et al. 2003, Arch et
al. 2009),
J A N I Py A g GRS P R P R R
(B PR EHEAT Ry, WOR T BB 2R 15 18 P o WA 5
T B T A A U () 7 A R 1 Y
(Arch et al. 2009). M = A 3= By i i 42
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G0 1z 3 2 oo e AR N il 22 0K )
(Kelley 2004 , 3 ER 1 B P 52 AARBR A M
SN, WARE T R B i 2,
5 A AT e PR A B ) DR T K L 2 A%
(nIX-X) FIERE T 751X (DTAM) (Kelley 1981,
Péez etal. 1996, Yamaguchi et al. 2003), Z:#
RS IUAT AT 2R, (HES T 52 ol — A 2l f5
REMR TG NY4T % (Wetzel et al. 1983); RN
SR e £ S PR VR R B AR 2R AL T e )
SRABG Y, T B e A P PR PR S R TS
TS I Y =2 & (Hannigan et al. 1986).
S5 TORE IR M A N A g Y, T
Al 2 9 L X S 0 (Wagner Jr 1989, Marler et
al. 1995, Semsar etal. 1998), H x4y
L PR 35 AR T S 7K1, LA nl iR 24 1R
HE 7= 2R 2 ARFEDURANE],  FWIRS 2R ™ =0T
I sy e A B HAEEA (Propper et al.
1997, Yamaguchi et al. 2003). #4b, HiFIEE
(prostaglandin, PG) HiAS[a] (1) i 41) B 4H ks
T HL g A (1) DI A 42 Tl 0L~ L) 3 12k 5
S ERARR, 5T SRR 2 30 e g ny (0 =
i (Schmidt et al. 1989, Yamaguchi et al. 2003).
FH M ] DL, S R e B = PR A R

A, AR ZREEIES MY 1Y (Semsar et al.

1998), M Hij 41 B 2= A g 75 7=

PR BRI 58 AT IR T 0 R GO0 5 1)
AT DU Y E T, DT AR A2 S B S0 1) 9 1P 1) 3
P FEPE (Wilczynski et al. 2016) . EIRFERLAE
ek S X 2 R g T S W o Ak B O
(Wilczynski et al. 2007), /W53 2 5 T b
AEELR O M. P BEM B W
(principal nucleus) F1Jz{k#% (laminar nucleus,
LND ZH5% (Archetal. 2009), R iz
AHTX IS X A7) Z 1, nREAIE 2
(KI5 12 5 %4 (Endepols et al. 2001). %34k,
JRIRZ A0 A S AME % (Endepols
et al. 1999), EVEMRHE A 5 ALK
T AL R BAE S EE RTAH OC 1TR E 3h Can
FAFE D o HHAEEIRBERL BAT, R Fe i M Cventral

hypothalamus, VH) FIXLHTIX. (preoptic area,
POA) & WA ¥a e P MR i 25 R s 35 1 e 22
M (Ball 1981), ‘& &2 EEi# (Endepols
et al. 1999). FHULHEM, VRIS 152 3
For U, AH IR P AT e O R
PAZE BRI (1) 73 VA TR S M) e i - T Ak -2
Mh M KF (Hoke et al. 2005, Arch et al.
2009) o £ Wi H o R i a2 2%, fE TS24I
KIS AN, FRAME — REE MR AT A T
AN IR M 1] 15 2% (Chakraborty et al. 2015).

5 RB#E

LREATON BRI RSB ZERE. il
SRR TR S IR R W AR F,
FOERIAR A BRI N —ANE AR
WL RE, AP iE 2R A 2 — LT
HOG, BARIANE R LT T AR
PR, (RIS R I W] 7= L IR A 22
ARG 2 K P AR AR R AL A A5 iy 3
G2 FEPE? SCU e i BRI 2 AR R ? X
HRETUE— DR AT, AR BRI At
SEIPEMATIII, DL R S i 7 A ) S
AL . FLK, RTINS AR A £
JLIED BRI A 1, BT LR ANRE R W]
WA IO P B A SRR 5 7 SR AL )
TERENEM N LB PR, AT WFTT I R
eI 75 5 TR S SRR U A AR YU, (H
SEFATA LA I R LR S 2 Fo b
FAAINE, SR A ng n AN R AR (i
a5 R R AMARRRESE ) BEATRFAESR
S8 LA RN L s 2 0 R 22 2RI 5
R ERS YIS F AL AT A L DK B R =]
AN AT PP 1 SR A AT I T A T
ALFRAIEE L IR 7 P A28 1) o e B 7 A 2
i, BEAEATTUE AN ] 10 DX meA P i 000 41
S5 7 EEw, AR R A
WRLEINX, DA AR TR o 4% 2 5 i X e b
[P 2 AT LR 52 28000 0 48 508 AN AR 2R
AT ST . S, A7 el S e ik e ok



+ 1124 - shW)2¢ i Chinese Journal of Zoology 51 %%

AT, B AR B R AR B LR A
oL R AR REA B AR 0 2R
I [ AR AT o

2 % XX W

Andersson M, Simmons L W. 2006. Sexual selection and mate choice.

Trends in Ecology & Evolution, 21(6): 296-302.

Arch V' S, Grafe T U, Narins P M. 2008. Ultrasonic signalling by a
Bornean frog. Biology Letters, 4(1): 19-22.

Arch V'S, Narins P M. 2009. Sexual hearing: The influence of sex
hormones on acoustic communication in frogs. Hearing
Research, 252(1): 15-20.

Arch V'S, Simmons D D, Quinones P M, et al. 2012. Inner ear
morphological correlates of ultrasonic hearing in frogs. Hearing
Research, 283(1/2): 70-79.

Arntzen J. 1999. Sexual selection and male mate choice in the
common toad, Bufo bufo. Ethology Ecology & Evolution, 11(4):
407-414.

Ball J. 1981. Hypothalamic control of the pars distalis in fishes,
amphibians, and reptiles. General and Comparative
Endocrinology, 44(2): 135-170.

Balthazart J, Baillien M, Ball G F. 2001. Phosphorylation processes
mediate rapid changes of brain aromatase activity. Journal of
Steroid Biochemistry and Molecular Biology, 79(1/5): 261-277.

Barbosa M, Magurran A. 2006. Female mating decisions: maximizing
fitness? Journal of Fish Biology, 68(6): 1636-1661.

Battiston M M, Wilson D R, Graham B A, et al. 2015.
Rufous-and-white wrens Thryophilus rufalbus do not exhibit
dear enemy effects towards conspecific or heterospecific
competitors. Current Zoology, 61(1): 23-33.

Bee M A. 2003. A test of the “dear enemy effect” in the strawberry
dart-poison frog (Dendrobates pumilio). Behavioral Ecology and
Sociobiology, 54(6): 601-610.

Bee M A, Gerhardt H C. 2001. Neighbour-stranger discrimination by
territorial male bullfrogs (Rana catesbeiana): I . Acoustic basis.
Animal Behaviour, 62(6): 1129-1140.

Berven K A. 1981. Mate choice in the wood frog, Rana sylvatica.
Evolution, 35(4): 707-722.

Burley N T, Foster V' S. 2006. Variation in female choice of mates:

condition influences selectivity. Animal Behaviour, 72(3):
713-719.

Burmeister M, Mclnnis M G, Zdlner S. 2008. Psychiatric genetics:
progress amid controversy. Nature Reviews Genetics, 9(7):
527-540.

Burmeister S S, Wilczynski W. 2001. Social context influences
androgenic effects on calling in the green treefrog (Hyla cinerea).
Hormones and Behavior, 40(4): 550-558.

Burmeister S S, Wilczynski W. 2004. Social signals regulate
gonadotropin-releasing hormone neurons in the green treefrog.
Brain, Behavior and Evolution, 65(1): 26-32.

Byrne P G, Rice W R. 2006. Evidence for adaptive male mate choice
in the fruit fly Drosophila melanogaster. Proceedings of the
Royal Society B: Biological Sciences, 273(1589): 917-922.

Chakraborty M, Burmeister S S. 2015. Effects of estradiol on neural
responses to social signals in female tngara frogs. Journal of
Experimental Biology, 218(22): 3671-3677.

Chakraborty M, Mangiamele L A, Burmeister S S. 2010. Neural
activity patterns in response to interspecific and intraspecific
variation in mating calls in the tUngara frog. PLoS One, 5(9):
693-705.

Chen Q, Cui J G, Fang G Z, et al. 2011. Acoustic analysis of the
advertisement calls of the music frog, Babina daunchina.
Journal of Herpetology, 45(4): 406-416.

Clutton-Brock T. 2007. Sexual selection in males and females.
Science, 318(5858): 1882-1885.

Cotton S, Small J, Pomiankowski A. 2006. Sexual selection and
condition-dependent mate preferences. Current Biology, 16(17):
R755-R765.

Cui J G, Song X, Zhu B C, et al. 2016. Receiver discriminability
drives the evolution of complex sexual signals by sexual
selection. Evolution, 70(4): 922-927.

CuiJ G, Tang Y Z, Narins P M. 2012. Real estate ads in Emei music
frog vocalizations: female preference for calls emanating from
burrows. Biology Letters, 8(3): 337—340.

CuiJ G, Wang Y S, Brauth S, et al. 2010. A novel female call incites
male-female interaction and male-male competition in the Emei
music frog, Babina daunchina. Animal Behaviour, 80(2):

181-187.



6 11 JUHIERAE: ER A

Il TS

+ 1125 -

Darwin C. 1888. The descent of man, and selection in relation to sex.
London: Murray, 1-25.

Dawson B, Ryan M J. 2012. Female preferences are not altered by
early acoustic experience in the neotropical frog Physalaemus
pustulosus. Journal of Herpetology, 46(4): 535-538.

De Lucia M, Clarke S, Murray M M. 2010. A temporal hierarchy for
conspecific vocalization discrimination in humans. Journal of
Neuroscience, 30(33): 11210-11221.

Eda-Fujiwara H, Satoh R, Bolhuis J J, et al. 2003. Neuronal
activation in female budgerigars is localized and related to male
song complexity. European Journal of Neuroscience, 17(1):
149-154.

Elliott T M, Christensen-Dalsgaard J, Kelley D B. 2007a. Tone and
call responses of units in the auditory nerve and dorsal
medullary nucleus of Xenopus laevis. Journal of Comparative
Physiology A, 193(12): 1243-1257.

Elliott T M, Kelley D B. 2007b. Male discrimination of receptive and
unreceptive female calls by temporal features. Journal of
Experimental Biology, 210(16): 2836-2842.

Emerson S B, Boyd S K. 1999. Mating vocalizations of female frogs:
control and evolutionary mechanisms. Brain, Behavior and
Evolution, 53(4): 187-197.

Endepols H, Walkowiak W. 1999. Influence of descending forebrain
projections on processing of acoustic signals and audiomotor
integration in the anuran midbrain. European Journal of
Morphology, 37(2/3): 182-184.

Endepols H, Walkowiak W. 2001. Integration of ascending and
descending inputs in the auditory midbrain of anurans. Journal
of Comparative Physiology A, 186(12): 1119-1133.

Fang G Z, Jiang F, Yang P, et al. 2014a. Male vocal competition is
dynamic and strongly affected by social contexts in music frogs.
Animal Cognition, 17(2): 483-494.

Fang G Z, Xue F, Yang P, et al. 2014b. Right ear advantage for vocal
communication in frogs results from both structural asymmetry
and attention modulation. Behavioural Brain Research, 266:
77-84.

Fang G Z, Yang P, Cui J G, et al. 2012. Mating signals indicating
sexual receptiveness induce unique spatio-temporal EEG theta

patterns in an anuran species. PLoS One, 7(12): e52364.

Fang G Z, Yang P, Xue F, et al. 2015. Sound classification and call
discrimination are decoded in order as revealed by event-related
potential components in frogs. Brain, Behavior and Evolution,
86(3/4): 232-245.

Feng A S, Narins P M, Xu C H, et al. 2006. Ultrasonic
communication in frogs. Nature, 440(7082): 333-336.

Feng A S, Ratnam R. 2000. Neural basis of hearing in real-world
situations. Annual Review of Psychology, 51(1): 699-725.

Fisher H E, Aron A, Brown L L. 2006. Romantic love: a mammalian
brain system for mate choice. Philosophical Transactions of the
Royal Society B: Biological Sciences, 361(1476): 2173-2186.

Gasser H, Amé&quita A, H&ll W. 2009. Who is calling? Intraspecific
call variation in the aromobatid frog Allobates femoralis.
Ethology, 115(6): 596-607.

Gerhardt H C. 2001. Acoustic communication in two groups of
closely related treefrogs//Slater P J B, Snowdon C T,
Rosenblatt J S, et al. Advances in the Study of Behavior. New
York: Academic Press, 99-167.

Gerhardt H C, Bee M A. 2007. Recognition and localization of
acoustic signals// Narins P M, Feng A S, Fay R R, et al. Hearing
and Sound Communication in Amphibians. New York: Springer,
113-146.

Halfwerk W, Dixon M M, Ottens K J, et al. 2014. Risks of
multimodal signaling: bat predators attend to dynamic motion in
frog sexual displays. Journal of Experimental Biology, 217(17):
3038-3044.

Hall I C, Ballagh | H, Kelley D B. 2013. The Xenopus amygdala
mediates socially appropriate vocal communication signals.
Journal of Neuroscience, 33(36): 14534-14548.

Hannigan P, Kelley D B. 1986. Androgen-induced alterations in
vocalizations of female Xenopus laevis: modifiability and
constraints. Journal of Comparative Physiology A, 158(4):
517-527.

Hoke K L, Ryan M J, Wilczynski W. 2005. Social cues shift
functional connectivity in the hypothalamus. Proceedings of the
National Academy of Sciences of the United States of America,
102(30): 10712-10717.

Hoskin C J. 2004. Australian microhylid frogs (Cophixalus and

Austrochaperina): phylogeny, taxonomy, calls, distributions and



+ 1126 « shW)2¢ i Chinese Journal of Zoology 51 %%

breeding biology. Australian Journal of Zoology, 52(3):
237-269.

Hunt J, Breuker C J, Sadowski J A, et al. 2009. Male-male
competition, female mate choice and their interaction:
determining total sexual selection. Journal of Evolutionary
Biology, 22(1): 13-26.

Jiang F, Fang G Z, Xue F, et al. 2015. Male music frogs compete
vocally on the basis of temporal sequence rather than spatial
cues of rival calls. Asian Herpetological Research, 6(4):
305-316.

Kelley D B. 1981. Locations of androgen-concentrating cells in the
brain  of  Xenopus laevis:  Autoradiography  with
3H-dihydrotestosterone. Journal of Comparative Neurology,
199(2): 221-231.

Kelley D B. 2004. VVocal communication in frogs. Current Opinion in
Neurobiology, 14(6): 751-757.

Kime N M, Ryan M J, Wilson P S. 2013. A bond graph approach to
modeling the anuran vocal production system. Journal of the
Acoustical Society of America, 133(6): 4133-4144.

Lancaster L T, Hipsley C A, Sinervo B. 2009. Female choice for
optimal combinations of multiple male display traits increases
offspring survival. Behavioral Ecology, 20(5): 993-999.

Leonard A S, Hedrick A V. 2009. Male and female crickets use
different decision rules in response to mating signals. Behavioral
Ecology, 20(6): 1175-1184.

Levine B A, Smith C F, Schuett G W, et al. 2015. Bateman-Trivers in
the 21st Century: sexual selection in a North American pitviper.
Biological Journal of the Linnean Society, 114(2): 436-445.

Lu X, Ma X Y, Fan L Q, et al. 2009. Opportunity for sexual selection
arises at moderate densities in the frog Rana chensinensis: an
experimental approach. Journal of Ethology, 28(2): 257-262.

Marler C A, Chu J, Wilczynski W. 1995. Arginine vasotocin injection
increases probability of calling in cricket frogs, but causes call
changes characteristic of less aggressive males. Hormones and
Behavior, 29(4): 554-570.

Martin W F. 1971. Mechanics of sound production in toads of the
genus Bufo: passive elements. Journal of Experimental Zoology,
176(3): 273-293.

McClelland B E, Wilczynski W, Ryan M J. 1996. Correlations

between call characteristics and morphology in male cricket
frogs (Acris crepitans). Journal of Experimental Biology, 199(9):
1907-1919.

Morgan J I, Curran T. 1989. Stimulus-transcription coupling in
neurons: role of cellular immediate-early genes. Trends in
Neurosciences, 12(11): 459-462.

Narins P M. 2013. Behavioral responses of anuran amphibians to
biotic, synthetic and anthropogenic noise. Proceedings of
Meetings on Acoustics, 19(1): 010029.

Noé&R, Laporte M. 2014. Socio-spatial cognition in vervet monkeys.
Animal Cognition, 17(3): 597-607.

Pé&ez J, Cohen M A, Kelley D B. 1996. Androgen receptor mRNA
expression in Xenopus laevis CNS: sexual dimorphism and
regulation in laryngeal motor nucleus. Journal of Neurobiology,
30(4): 556-568.

Phelps S M, Rand A S, Ryan M J. 2006. A cognitive framework for
mate choice and species recognition. American Naturalist,
167(1): 28-42.

Propper C R, Dixon T B. 1997. Differential effects of arginine
vasotocin and gonadotropin-releasing hormone on sexual
behaviors in an anuran amphibian. Hormones and Behavior,
32(2): 99-104.

Rastogi R K, Meyer D L, Pinelli C, et al. 1998. Comparative analysis
of GnRH neuronal systems in the amphibian brain. General and
Comparative Endocrinology, 112(3): 330-345.

Rose G J, Gooler D M. 2007. Function of the amphibian central
auditory system // Narins P M, Feng A S, Fay Rr, et al. Hearing
and Sound Communication in Amphibians. New York: Springer,
250-290.

Roy M S. 1997. Recent diversification in African greenbuls
(Pycnonotidae: Andropadus) supports a montane speciation
model. Proceedings of the Royal Society of London B:
Biological Sciences, 264(1386): 1337-1344.

Ryan M J, Akre K L, Kirkpatrick M. 2007. Mate choice. Current
Biology, 17(9): 313-316.

Ryan M J, Cummings M E. 2013. Perceptual biases and mate choice.
Annual Review of Ecology, Evolution, and Systematics, 44(1):
437-459.

Ryan M J, Guerra M A. 2014. The mechanism of sound production in



6 11 JUHIERAE: ER A

Il TS

+ 1127 -

tlngara frogs and its role in sexual selection and speciation.
Current Opinion in Neurobiology, 28: 54-59.

Schmidt R S. 1976. Neural correlates of frog calling. Journal of
Comparative Physiology A, 108(2): 99-113.

Schmidt R S, Kemnitz C P. 1989. Anuran mating calling circuits:
Inhibition by prostaglandin. Hormones and Behavior, 23(3):
361-367.

Schrode K M, Buerkle N P, Brittan-Powell E F, et al. 2014. Auditory
brainstem responses in Cope’s gray treefrog (Hyla chrysoscelis):
effects of frequency, level, sex and size. Journal of Comparative
Physiology A, 200(3): 221-238.

Semsar K, Klomberg K F, Marler C. 1998. Arginine vasotocin
increases calling-site acquisition by nonresident male grey
treefrogs. Animal Behaviour, 56(4): 983-987.

Shen J X, Feng A'S, Xu Z M, et al. 2008. Ultrasonic frogs show
hyperacute phonotaxis to female courtship calls. Nature,
453(7197): 914-916.

Shen J X, Xu Z M, Feng A S, et al. 2011. Large odorous frogs
(Odorrana graminea) produce ultrasonic calls. Journal of
Comparative Physiology A, 197(10): 1027-1030.

Sogawa S, Ota K, Kohda M. 2016. A dear enemy relationship in a
territorial cichlid: evidence for the threat-level hypothesis.
Behavior, 153(4): 387-400.

Suthers R A, Narins P M, Lin W Y, et al. 2006. Voices of the dead:
complex nonlinear vocal signals from the larynx of an ultrasonic
frog. Journal of Experimental Biology, 209(24): 4984-4993.

Tobias M L, Barnard C, O'Hagan R, et al. 2004. Vocal
communication between male Xenopus laevis. Animal Behavior,
67(2): 353-365.

Tobias M L, Corke A, Korsh J, et al. 2010. Vocal competition in male
Xenopus laevis frogs. Behavioral Ecology and Sociobiology,
64(11): 1791-1803.

Tobias M L, Kelley D B. 1987. Vocalizations by a sexually
dimorphic isolated larynx: peripheral constraints on behavioral
expression. Journal of Neuroscience, 7(10): 3191-3197.

Townsend D S, Stewart M M. 1986. Courtship and mating behavior
of a Puerto Rican frog, Eleutherodactylus coqui. Herpetologica,
42(2): 165-170.

Trewavas E. 1932. The hyoid and larynx of the Anura. Philosophical

Transactions of the Royal Society of London Series B,
Containing Papers of a Biological Character, 222: 401-527.
Vilain E, McCabe E R. 1998. Mammalian sex determination: from
gonads to brain. Molecular Genetics and Metabolism, 65(2):

74-84.

Wada M, Gorbman A. 1977. Relation of mode of administration of
testosterone to evocation of male sex behavior in frogs.
Hormones and Behavior, 8(3): 310-319.

Wagner Jr W E. 1989. Fighting, assessment, and frequency alteration
in  Blanchard’s cricket frog. Behavioral Ecology and
Sociobiology, 25(6): 429-436.

Walkowiak W. 2007. Call production and neural basis of
vocalization// Narins P M, Feng A’ S, Fay R R, et al. Hearing
and Sound Communication in Amphibians. New York: Springer,
87-112.

Ward J L, Love E K, Véez A, et al. 2013. Multitasking males and
multiplicative females: dynamic signalling and receiver
preferences in Cope’s grey treefrog. Animal Behaviour, 86(2):
231-243.

Wells K D. 1977a. The social behaviour of anuran amphibians.
Animal Behaviour, 25: 666-693.

Wells K D. 1977b. The courtship of frogs // Taylor D H, Guttman S I.
The reproductive biology of amphibians. New York: Springer,
233-262.

Wells K D. 1988. The effect of social interactions on anuran vocal
behavior // Fritzsch B, Ryan M J, Wilczynski W, et al. The
Evolution of the Amphibian Auditory System. New York: Wiley,
433-454.

Wells K D, Schwartz J J. 2007. The behavioral ecology of anuran
communication// Narins P M, Feng A S, Fay R R, et al. Hearing
and Sound Communication in Amphibians. New York: Springer,
44-86.

Wetzel D M, Haerter U L, Kelley D B. 1985. A proposed neural
pathway for vocalization in South African clawed frogs,
Xenopus laevis. Journal of Comparative Physiology A, 157(6):
749-761.

Wetzel D M, Kelley D B. 1983. Androgen and gonadotropin effects
on male mate calls in South African clawed frogs, Xenopus

laevis. Hormones and Behavior, 17(4): 388-404.



+ 1128 - shW)2¢ i Chinese Journal of Zoology 51 %%

Wilczynski W, Burmeister S S. 2016. Effects of Steroid Hormones on
hearing and communication in Frogs //Bass A H, Sisneros J A,
Popper A N, et al. Hearing and Hormones. New York: Springer,
53-75.

Wilczynski W, Endepols H. 2007. Central auditory pathways in
anuran amphibians: the anatomical basis of hearing and sound
communication// Narins P M, Feng A S, Fay R R, et al. Hearing
and Sound Communication in Amphibians. New York: Springer,
221-249.

Wilczynski W, Ryan M J. 2010. The behavioral neuroscience of
anuran social signal processing. Current Opinion in
Neurobiology, 20(6): 754-763.

Witte K, Godin J G J. 2010. Mate choice copying and mate quality

bias: are they different processes? Behavioral Ecology, 21(1):

193-194.

Xu F, Cui J G, Song J, et al. 2011. Male competition strategies
change when information concerning female receptivity is
available. Behavioral Ecology, 23(2): 307-312.

Xue F, Fang G Z, Yang P, et al. 2015. The biological significance of
acoustic stimuli determines ear preference in the music frog.
Journal of Experimetal Biology, 218(5): 740-747.

Yamaguchi A, Kelley D B. 2003. Hormonal mechanisms in acoustic
communication//Simmons A M, Fay R R, Popper A N.
Acoustic Communication. New York: Springer, 275-323.

Zhang F, Zhao J, Chen P, et al. 2016. Heterogeneity of vocal sac
inflation patterns in Odorrana tormota plays a role in call
diversity. Journal of the Acoustical Society of America, 139(3):

1018-1023.



