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Effects of mountain barrier and spatial distance on acoustic characteristics of a

ground-dwelling forest bird ( Tesia cyaniventer) in the Gaoligong Mountains
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Abstract: Bird vocalization plays an important role in the ecology and evolution of birds, particularly in passerine birds
(songbirds ). Like other phenotypes, the vocalization of passerines has shown extensive geographical variations between
populations that are isolated by geographical barrier and spatial distance. The relative role of geographical barrier and spatial
distance in affecting the variation of vocal variation between populations within species is rarely tested. The Tesia cyaniventer
is a small ground-dwelling forest species that distributes between 2000—2800 m in elevation at the Gaoligong Mountains,
which is a chain of mountains run from north to south in southwestern China. The western and eastern populations of the
Tesia cyaniventer are isolated by mountain peaks above 3000 m, making it an ideal model species to test the relative

attributions of geographical barrier and spatial distance to vocal variations between populations. In the breeding season in
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2016 and 2018, we recorded and measured 1268 songs of 58 individuals from four populations in the north and south
sections of the Gaoligong Mountains, with two sampling sites in each section on east slope and west slope, respectively. We
identified 38 song types and 58 syllable types from four populations. Different populations shared few song types in common,
while the syllable types shared to a certain extent among the four populations. We measured 11 acoustic traits of each song
and compared these traits among four populations. Six of the 11 acoustic traits being measured differed significantly among
populations, including lowest frequency ( P <0.001) , the center frequency (P=0.031), the delta frequency (P=0.008) ,
the introductory syllable frequency (P=0.04), the time interval between the first and second syllables (P=0.001), and
the average number of each song ( P=0.005). Inter-population comparisons showed that the geographical barrier might have
a stronger effect than the spatial distances, although both of them might attribute to variations of song characteristics.
Specifically, three acoustic traits showed significant difference between populations with long distance and that are isolated
by mountain peak; two acoustic traits showed significant difference between populations only isolated by mountain peak ;
and only one trait was significant different between populations only affected by geographical distance. Overall, our results
showed that the factors affecting the variations might be rather complex, as the mountain barrier and the geographical

distance have different isolation effects on acoustic traits of the populations of the Tesia cyaniventer.
Key Words: Tesia cyaniventer; Gaoligong Mountains; bird song; geographic variation
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Fig.1 Inter-population differences on acoustic characteristics of Tesia cyaniventer at the Gaoligong Mountains
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Fig.2 The sampling coverage (SC) curve of the syllable types of the Tesia cyaniventer
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Fig.3 The sampling coverage (SC) curve of song types of the Tesia cyaniventer
1 SEFLKEHERISISSE
Table 1 Song characteristic of Tesia cyaniventer at the Gaoligong Mountains
AR B/ B ¥ PR T/ME I5oN(
Variable/unit Mean Standard deviation Minimum Maximum
RER Fy,/He 4227.65 225.11 3734.56 4796.60
FASIE F, | /Hz 1790.37 192.11 1349.34 2363.73
WAETEE F 0./ Ha 2440.15 290.27 1762.54 3053.78
FUOMRE F L, /Hz 3190.14 86.72 3000.28 3426.16
WESTIA F )/ He 3210.86 103.73 2962.95 3402.23
AR E TR Fiyno/ Hz 3640.92 194.60 3148.09 4149.11
MR E] D/ s 1.77 0.28 1.11 2.59
W R T,/ 0.30 0.10 0.11 0.57
XN Entry,,/bits 3.33 0.36 2.71 3.90
TN, 7 1 5 8
FFFHEREN,,. 9 1 7 10

Fhigh B E R High frequency; F,, EARH R Low frequency; F g, MR TEE Delta frequency; F.., : FLLMZ Center frequency Fpeﬂk NSRS
Peak frequency ; Fy; no SRR R Frequency of the first note; D 1 1 Fsf ] Duriation of song; T e s B 3 AR [E] B Interval of the first and second

syllable; Entr, I Averange entropy; N, )TV 1B Average number of syllables; N, : 71 F V3575 2% Average number of notes

2.2 MGERAY A R A

IR NG 30755 4 ASFREFA NS IR AYIE 38 Fh (&1 4) , H PRI BRI (SE) (FE3E(SW) 4300 14 Fpf o F s JLBEAR
e (NE) PEHE(NW) 43310 9 B, AE LR P AL SW FI SE 2h22 1 g g Ry (5i=0.087) , HAh o= (Si=
0) s 76 LA R A PG 3 NW AT SWE]FhEE 2 Rl (Si=0.222) , RIETCHE(Si=0) (% 2) . KIEHE 15T
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Fig.4 The 58 syllable types of male songs of Tesia cyaniventer
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F2 BERERLRENE4NHECEASENHHNREER

Table 2 Similarity of song characteristics among four populations of Tesia cyaniventer at the Gaoligong Mountains

I o i i -
M5 Sy o A Sy ) SW(12) NECID)
M IEA Types of song SW(12) 1/0.087

NE(11) 0 0

NW(13) 0 2/0.222 0
T 51 Types of syllable SW(12) 11/0.440

NE(11) 7/0.275 7/0.311

NW(13) 7/0.304 10/0.488 8/0.381

SE : B BEZ B AP BE The population at the east slope in the south section; SW : 7 Bt PG 3 F Ff The population at the west slope in the south section; NE
LB AR B A The population at the east slope in the north section; NW ; LBt FE3F17 The population at the west slope in the north section

®3 TEMBREMEGEFEREBRESTESHT

Table 3 Song characteristics and One-way ANOVA in different populations of the Tesia cyaniventer

A7 i Variable SE(n=22) SW (n=12) NE (n=11) NW(n=13) F(4,58) P

AR F, 1887.6+146.8 1604.9+157.2 1801.3+166.4 1787.8+200.1 7.56 0.000
R F i, 4182.4x204.5 4190.3+146.2 4220.3£277.2537  4344.9+251.9 1.64 0.191
VST Fp o 3194.4+103.5 3210.0£110.7 3268.0+101.8 3191.1£92.6 1.494 0.227
B GESE F o 2295.68+246.64 2585.39+261.41 2418.85+338.12 2568.50+241.30 4.331 0.008
NG g ] D 1.109+0.3 1.9+0.2 1.60.2 1.8+0.3 2.634 0.059
DR F,,, 3193.6+85.0 3156.0+83.9 3251.5+59.5 3163.9+87.4 3.197 0.031
S0 Entry,, 3.320.3 3.40.4 3.320.5 3.5£0.3 1.193 0.321
IR T Frng 3749.4x181.9 3594.9+194.2 3613.0+184.8 3523.5+139.9 5.045 0.004
s = = 1 7] 0.4+0.1 0.3+0.1 0.2+0.0 0.3+0.1 6.688 0.001
TN 6.3+0.7 6.8+0.4 6.7+0.4 7.1+0.8 4.871 0.005
AFPEEREN,,. 8.7+0.7 8.9+0.5 8.4+0.7 8.8+0.8 1.263 0.296

x4 IRIEHE 4 4 FhEFE IS AERFIER P A EL B

Table 4 Pairwise comparisons of song characteristic among four populations of the Tesia cyaniventer

TG LA o 5./ B S LA I 8/ B LA B 8/ B B

peipicd No mountain barrier/long distance Mountain barrier/short distance Mountain barrier/long distance
Populations SE- NE SW-NW NW-NE SW-SE SW-NE SE-NW

B/P B/P B/P B/P B/P B/P
ARSI F,, 0.048/0.483 -0.107/0.022 -0.009/0.995  -0.164/<0.001 -0.116/0.016 0.057/0.285
WFETERE F o, -0.049/0.633 0.006/0.999 0.065/-0.056  0.120/0.002 0.007/0.432  -0.114/0.025
PO F e -0.018/0.236 -0.002/0.995 -0.028/0.050  -0.012/0.578 -0.030/0.035 0.009/0.727
IR E T v 0.037/0.179 -0.019/0.754 -0.025/0.609  -0.042/0.085 -0.005/0.993 0.062/0.004
H I IR T, 0.147/<0.001 0.019/0.954 0.089/0.049  —0.04/0.622 0.108/0.027 0.058/0.266
RITPIEE N -0.273/0.738 -0.244/0.834 0.441/0.452 0.470/0.280 0.197/0.914  -0.713/0.033
A 22 57 1 AR AR A
Numbers of significantly pairwise 1 ) ) 3 3

comparisons of acoustic
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Fig.5 The 38 song types of male songs of Tesia cyaniventer
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