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Abstract: Cranes (Gruidae) have elaborate vocal displays in communication. We measured sound
characteristic from total 15 species within Gruidae. Six variables were measured: duration of note, number of
elements within note, minimum frequency of fundamental, maximum frequency of fundamental, minimum
frequency of peak, maximum frequency of peak (Fig. 1, Table 2). We used a principal component analysis to
compress the original six sound variables into three comprehensive sound characteristic: fundamental
frequency characteristic, peak frequency characteristic, temporal characteristic (Table 1). We estimated the
ancestral sound characteristic by using phylogeny (Fig. 2), and found positive relationship between temporal
characteristic's and body weight’ s evolutionary changes (Loglinear model, Likelihood ratio = 9.69, P = 0.002;
Cohen's d = 1.48) (Fig. 3). We didn't find any relationship within evolutionary changes in sound characteristic
(Loglinear model, Likelihood ratio < 0.15, P = 0.701; Cohen's d < 0.17) (Fig. 4). Independent contrasts
show positive relationship between temporal characteristic and body weight (Pearson correlation, » = 0.54, P
=0.048; Cohen's d = 1.27), and negative relationship between peak frequency characteristic and body weight
(Pearson correlation, 7= - 0.56, P = 0.036; Cohen's d = 1.37) (Fig. 5). Our results provide insight into how
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evolutionary changes in sound characteristic in a group of non-oscine bird (Gruidae).

Key words: Gruidae; Sound characteristic; Evolution
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Fig. 1 Sound spectrograms of Grus leucogeranus
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Table 1 Principal components analysis of sound characteristic

F %4> Principal components

75 & Variable FEARFE

Fundamental frequency characteristic

I RARFAE
Temporal characteristic

FEHRAIL
Peak frequency characteristic

FELLI ] Duration 0.03
T %4 Number of elements 0.51
SRR AR AR 0.95
Minimum frequency of fundamental '
e e AR 0.95
Maximum frequency of fundamental '
AR Colo
Minimum frequency of peak '
TAE R 0.20
Maximum frequency of peak '
FFAE{E Eigenvalues 2.11
it B 122 5% Explained variance (%) 35.15

0.03 0.98
-0.44 -0.24
0.18 - 0.09
-0.04 0.22
0.97 - 0.09
0.96 0.11
2.08 1.09
34.72 18.11
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ISR =0.15, P=0.701; Cohen's d =0.17) (&
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Table 2 Sound characteristic of Gruidae (Mean = SD)
FEA AR SR R AR F A AR A it e A
Wyl [E N PRI (5) TR (.kHz) (kHz) x .(l'(HZ) x (l.(Hz)
. Sample . Number of Minimum Maximum Minimum Maximum
Species . Duration
size elements frequency of frequency of frequency of frequency of
fundamental fundamental peak peak
IR BHE
) 4 0.61 +0.09 1.07+0.10 0.42 +0.05 0.70 £ 0.04 1.89 +1.02 2.19+1.01
Balearica regulorum
RS B. pavonina 4 0.47+0.18 1+0 0.28+0.14 0.47+0.14 1.37+0.30 1.62+0.30
R o 6 0.43 £0.22 9.53+5.15 0.79+0.11 1.52£0.34 0.76 £0.27 1.55+£0.26
Anthropoides virgo
WP A paradisea 3 0.48+0.11 8.56+0.77 0.74 + 0.04 1.19£0.11 0.74 £ 0.04 1.19£0.11
v
AT 0.33+0.24 1+0 0.51 +0.25 0.90 +0.51 1.05+0.56 1.51 +£0.68
Bugeranus carunculatus
L
FIs 12 0.32+0.12 3.81+£3.23 0.71+0.11 1.04 £0.15 0.94 + 0.45 1.31+0.47
Grus leucogeranus
WA G canadensis 12 0.45+0.12 730+2.26 0.63+0.11 1.12£0.19 0.78 £0.30 1.29+£0.34
RIS G. antigone 4 0.86 £ 0.30 1.33+0.50 0.76 +0.18 1.64 +0.20 0.76 £0.18 1.64 +0.20
WM G. rubicunda 3 0.29 +0.05 1.33+0.58 0.54+0.13 0.93+0.12 0.73£0.25 1.10+0.23
H##ES G. vipio 7 0.45+0.24 248222 0.62 +0.07 1.30£0.17 0.62 +0.07 1.30£0.17
K G. grus 8 0.36+0.11 1.86 £ 1.04 0.70 £ 0.07 1.21£0.07 0.80 £ 0.42 1.31£0.44
H3k#S G. monacha 5 0.31+0.05 223+0.73 1.15+0.34 1.69 +0.29 1.86+1.10 2.41+1.06
XN G. americana 9 0.32+0.17 4.04+3.82 0.57 +0.21 1.04+0.17 0.57 +0.21 1.04+0.17
Y G. nigricollis 10 0.42£0.17 1.76 £ 1.54 0.64 +0.22 1.23£0.15 0.67 +£0.26 1.26+0.13
FH#S G. japonensis 5 0.66 + 0.20 2.54+2.13 0.63+0.11 1.17£0.16 0.63+0.11 1.17£0.16
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b % Grus canadensis
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WS Grus rubicunda
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FHIES Grus japonensis
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Fig. 2 Evolutionary changes in sound characteristic and body weight in Gruidae
RGRERFRS I Krajewski 55 (2010); FIFHk i Ze A MRKACKRIESURAL . EHUFAE. WKL, AT, 1 LA#Eom @ 8m, m

Phylogeny was seen in Krajewski et al. (2010); arrows show the increase (up arrows) or decrease (down arrows) in fundamental frequency

characteristic, peak frequency characteristic, temporal characteristic, body weight.
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-0.28, P=0.342; Cohen'sd=0.57) (& 5).
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R BA R e 38, e AR v
WBEA 4L (O Loghlen et al. 2011, Janes et al.
2013, Williams et al. 2013). McCracken %

(1997) WA FHRFHER] 73 R W2, —Jhnng

M #4AE A5 1k Changes in sound characteristic

Fig. 3 Relationship between sound characteristic's and body weight's evolutionary changes

IR 1 25 4k

Changes in temporal characteristic
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Bl 4w psfRpfiE 2 ) ZE AL B SRHR

Fig. 4 Relationship within evolutionary changes in sound characteristic
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1ok O ZEAURHIE Fundamental frequency characteristic
® JIFfE Peak frequency characteristic
A B KFFIE Temporal characteristic
o
2 05F
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2 A D
2 o L]
A 05 .
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{4 5 Body weight

Bl 5 AAEEAING R RFAE O SRR
Fig. 5 Relationship between sound characteristic and body weight
B ARG R ERRIIE, J7ik L Felsenstein (1985).

Data were corrected by using independent contrasts (Felsenstein 1985).

fES RGN AERRAIREF I — 2 (Price et al.
20020 1F o H Mg A AR AE A DR AT AL,
AR P PR A AT A W RE, 0 R s R
(Price et al. 2004). 4:#24¢J& (Cardoso et al.
2007) HEEANEIH (Passeriformes) (Odom
etal. 2014) MG AL . FEE R PEIRE XSG
PRIRI— Mt v, IFAEEAREUE Y F I (Paradis
20060 JIT LAAS 3O M P REAE A5 1Ak )
A7, AR SE NG AR A ARSI, DA R A
WA

PR AT AU N R 7 2% B IR/ o AR KT
R, — SRR, RS RS (Badyaev
et al. 1997, Fletcher 2004 ). X} f% Rl
(Columbidae) (Tubaro et al. 1998) LM 57
RN, AR KPP A RAG . SRR
HH R S AR I A A TR N A, A
FEAE S A AT W BAH DGk o X mT e R R
Re AR TP I > (EAD, ARG ZINR AR
TILARIFN (Hall et al. 2013), Wil @A

SEITRIR, BN P AR A R AR AL 5 R TR 1)
AUAAFAE R S, X AT RS i TR E
IAFP R A S A E R AN R (Gould et
al. 1982). WIZEBLAFHIL I, NGS5 2%
Z WA PRI R ISR T I (Soma et al.
2011), HAERUR S @A PG K& (Cacicus)
SR b, NSNS ST R R R A I BRI
FUFLET A% (Price et al. 2004) . E3EHARE
T HE e AL EEREIE SR T B OCHE . AR
BT PA FE R 4 5 5 28 0 R g A S Ry AE
(Cardoso et al. 2010, Tobias et al. 2010). HfF
R A BB R, R T T i AR B
(del Hoyo et al. 1996), WAEAMITHEAH
JEAEIEI R o ARAE A bl S B B A
MR, WA AT e e 28 0 75 R AR A,
T 55 A4 F 5 AR G R
A L A DA A S R T ) R AR
(Kipper et al. 2006, M I K5 i AN AT
JoCEE, NN P AT R TR S TR 8 (Gil et al.
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2007) B PATK (Nelson et al. 2012). 7E
TSR AT LU B, R SN 78 B KRR A B o
FIHE TR N, A b T R
) OCHE . 5K IR AETE 3 (del Hoyo et al.
1996), A£7ERf [a) £ 47 B Y5 RN 2% 8] B3 U5 1R S 4 o
M R AE S R AR DGR, W] REAA A T e
B I P PP AL SE AN T R R, b S
(VBT 2 W FERHIE 2 ] A7 AEAH BRI,
WiESEL (Emberizidae) 52805 fE, @i (trill)
)4 58 5 I K A O¢ (Podos 199705 - 48
(Alauda arvensis) FE4S KNI B (P FE, (H
% 5 (Linossier et al. 2013); 47 H 52509
PR AR S & K/ AR G (Cardoso
2010) . FEEZIT R 75 AE IR PR, WS R RE A A 1)
AR S I (Podos 1997). ACELE T
TSR L A0 R RRAE LRV AL MR R, WA R
AR AL « AR 0 R ISR AR A ) P A T ST
AR IR B R RE ) AR BR, WA
BN HH P P REAE ] (1) 611 249

4 B

ASCEA T ERIG S, JRgiG RERE
K% (Krajewski etal. 2010), i T iZF} K
WS SRR (R AL o RS T AR B e A REAE DA AL
W PSR AIE 2 (AR A B RAH HOOREE . RN B AR
TR 5 0 PR AR RN R R OC &R B SUR I,
FEIEAL AR [ A8 A 0 B I AR AIE R AR A A7
705 I OCIE AT (1R 14 I Al b A5 1 75 I T
Bm. fEWRhiE, R A S R AR A W
IEAHDG MY (1) AR IR S5 AR FE A A B 1 A
XK.

B BT TR 2 B S )
B, DA P R AR K 2 X e e i e B
H .
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