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Appendix 1 

Canary spectrogram settings used for optimal digital sampling and temporal and acoustic 

frequency analyses. 

Digital Sampling Parameters Values 

Sampling rate 22050 Hz 

Sample size 16 bit 

Short-Time Fourier Transform Temporal Analysis Frequency Analysis 
Parameters 

Analysis resolution: 
Filter-bandwidth 
Framelength 

Grid resolution: 
Time 

Frequency 

Overlap 


Window function 
Amplitude 
Clipping level 
Display style 

690.24 Hz 
5.752 ms 

0.719 ms 
21.73 Hz 

87.5% 

hanning 
logarithmic 

-80 dB 
smooth 

345.l2Hz 
11.5 ms 

2.876 ms 
5.433 Hz 

75% 

hanning 
logarithmic 

-80 dB 
smooth 
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Appendix 2 


Sequence of syllables sung by male 1 (1990) in 6 min. of song. 

21 21 21 21 21 21 66 63 63 63 55 21 21 21 63 63 55 21 63 63 63 21 63 63 63 21 63 21 63 63 63 
63 21 63 63 63 21 63 63 63 55 21 63 21 63 63 63 63 63 63 63 63 63 63 63 63 63 21 63 63 63 63 
63 63 63 55 21 63 63 63 55 21 21 63 63 140 21 21 21 21 21 21 64 64 64 64 64 22 22 1 1 1 1 1 1 
1111111112121213543434343434343436521212121212121212121212121 
21 21 21 21 21 21 21 21 21 21 21 21 21 119 119 119 119 119 119 119 119 119 66 66 12 12 12 
6769222222 37 372424242424244444444444464 64 64 64 64 64 64 64 64 64 13 
DEFINITE PAUSE IN SONG 

14 14 119 119 119 119 119 119 119 70 73 70 21 21 21 119 119 119 119 119 119 119 119 119 27 
27272778 78 16 16 167979797979 16 1678 16 1678 16 16 1679 16 16 16 121 16 16 16 16 
1678 161678 16121 16 16 1678 16 121 16 16 1678 121 16 1678 16 1678 78 16 16 1678 78 
78 16 1678 78 16 1678 16 1678 78 16 16 1678 78 16 1678 16 16 16 16 121 121 16 16 16 16 
78 161616 16 1678 78 78 16 16 16 1678 78 16 16 16 1678 78 16 16 16 16 121 78 78 16 16 16 
16 16 1678 78 16 1616 16 16 16797979797979161 16182828282383838 107 10739 
107 107 10739 107 1073838 38 107 107 107 107 161 38 107 107 107 107 38 38 38 107 107 
107107 1073938 107 107 107 107 107 107 107 107 161 161 161 828238 161 161 82823838 
107107107107107107161 161828282383838385555583 1783 120 120 120282828 
21 21 21 DEFINITE PAUSE IN SONG 

28 28 28 28 28 120 120 120 120 120 28 28 28 120 120 DEFINITE PAUSE IN SONG 

12028282828282828282828282828282121 21 21 108 108 108 108 10821 85 872828 
21 21 108 108 108 108 108 10821 8787282828 DEFINITE PAUSE IN SONG 

21 87 87 87 28 28 28 28 21 21 28 28 28 28 28 28 21 87 87 28 28 28 28 28 21 21 114 87 28 28 28 
282821 85 87878728282828 94 102 102 10295 102 10295 10295 64 64 64956464 64 96 
64 64 102 64 64 64 96 64 DEFINITE PAUSE IN SONG 

64 96 64 64 64 64 96 96 64 64 64 64 64 64 64 64 64 96 96 64 64 64 64 96 64 64 64 64 64 64 64 
64 64 96 64 96 96 64 64 64 64 96 64 64 96 96 64 64 96 96 64 64 64 96 64 64 64 96 64 64 96 64 
646464 96 64 64 64 64 64 64 64 96 64 64 64 64 64 120 120 120 120 120 120 120 120 120 120 
120 120 120 120 120 120 120 120 6 6 6 66622 22 22 134 134 134 134 134 6 6 6 6 6 6 6 6 6 6 6 
6666666666666666666666666666666666666666666666666117 
1171171171171171171171171171176666117117117117117 117 117117 117 117 
1171171171171616161616797979797979161161828282 DEFINITE PAUSE IN 
SONG 

117117117117117117117117117117117117117117117117117117117117117117 
117 117 117 66 66 66 12 12 12 12 63 63 63 63 63 63 29 29 87 2 2 2 2 2 37 37 24 24 24 24 24 4 4 
44444444496 16296 DEFINITE PAUSE IN SONG 

21 21 21 21 5 5 5 5 5 5 5 38 38 38 107 107 107 39 95 102 102 102 102 101 101 101 101 101 101 
103 103 10340 101 101 101 103 103 103 103 40 101 101 103 103 103 101 101 101 101 103 103 
103 103 101 103 103 103 103 101 101 101 101 103 103 103 10340 101 103 103 10340 101 101 
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103 103 103 10340 101 101 103 103 10340 101 101 103 103 10340 101 103 103 10340 103 
103 103 103 103 103 103 10340101 101 101 101 103 103 10340 101 101 103 103 10340 103 
103 103 40 101 101 101 101 103 103 10340 101 101 101 101 103 10340 101 101 101 103 103 
103 40 101 101 101 101 101 103 103 103 40 101 101 101 101 103 103 40 101 103 103 103 40 
DEFINITE PAUSE IN SONG 

101 101 101 103 10340 101 101 101 101 101 101 103 103 10340 101 101 101 103 10340 103 
101 101 101 101 101 101 103 103 10340 101 101 101 101 101 101 103 103 10340 101 103 103 
40 101 101 103 103 103 10340 101 101 101 101 103 103 10340 101 101 101 101 103 103 103 
103 122 122 122 122 122 122 122 122 122 122 123 123 123 123 123 123 123 123 123 123 123 
123 123 123 123 123 123 123 123 123 123 123 123 123 123 123 123 123 123 123 124 21 21 21 
21 21 21 65 21 21 21 21 21 125 222 2 2 222 2 222 2 222 2 2 2 21 21 7 7 7 7 7 7 7 222 2 2 
2 DEFINITE PAUSE IN SONG 

7777777777777777777777777777777777777777777777777777 
777777 14 DEFINITE PAUSE IN SONG 

128 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52 108 108 108 108 130 130 130 
108 108 108 130 130 130 108 108 130 108 108 108 108 130 108 130 108 108 130 130 108 108 
130 108 108 130 130 108 108 108 130 108 108 130 130 130 108 108 130 130 108 108 130 130 
108 108 130 108 108 108 108 108 130 130 108 108 130 130 108 108 108 130 130 130 108 108 
108 130 130 130 130 101 101 101 101 101 101 101 27272727272778 101 101 101 101 101 
101 101 101 101 101 101 101 101 101 101 101 101 101 101 101 101 101 101 101 101 101 101 
101 101 101 101 101 101 101 101 101 101 101 101 101 101 101 101 101 101 101 101 101 101 
101 101 101 101 101 101 101 101 101 101 101 82 13283 8283 83 8282 101 101 101 101 101 
101 101 101 101 101 82 132 13282 132 132 133 1338282 132 133 101 101 101 101 101 12 12 
12 12 101 101 101 101 101 12 1212 DEFINITE PAUSE IN SONG 

12 12 12 12 12 12 12 12 12 101 101 101 101 12 12 12 12 101 101 101 101 12 12 12 101 101 101 
101 101 101 101 101 101 101 101 12 101 101 101 101 12 12 101 101 101 101 101 101 12 12 12 
12 101 101 101 101 101 12 12 101 101 101 10112 12 101 101 101 101 101 12 12 12 101 101 
1011011011212101101101101101121210110110110112121212119119119119 
119 119 119 164 96 96 14 21 21 21 101 101 101 14 14 119 119 119 14 119 119 119 119 119 119 
119119119119119119119119119119119119119119119119119119119119119119 
1191191191191191191191411911911911911911914119119119119119119119119 
119 119 119 119 119 119 119 119 119 14 119 119 119 119 119 119 119 119 119 119 119 119 55 
1342727272222223737242424242424444444444444425 25 25 19 19 19 19 
19 19 19 19 19 1925252525 19 DEFINITE PAUSE IN SONG 

25 25 19 19 19 19 19 25 25 25 19 19 19 19 19 19 19 25 25 25 
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Figure 1. Durations of 2521 successive inter-syllable intervals of male 1 

in 10 minutes of continuous, natural singing. 
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Figure 2. Durations of 3709 successive inter-syllable intervals of male 4 

in 10 minutes of continuous, natural singing. 
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Appendix 4 

Canary spectrogram settings used for optimal digital sampling and temporal and acoustic 

frequency analyses. 

Digital Sampling Parameters Values 

Sampling rate 22050 Hz 

Sample size 16 bit 

Short-Time Fourier Transform Temporal Analysis Frequency Analysis 
Parameters 

Analysis resolution: 
Filter-bandwidth 5521.90 Hz 21.57 Hz 
Framelength 0.719ms 184.1 ms 

Grid resolution: 
Time 0.1797 ms 0.1797 ms 
Frequency 5.433 Hz 5.433 Hz 
Overlap 75% 75% 

Window function hanning hanning 
Amplitude logarithmic logarithmic 
Clipping level -80 dB -80 dB 
Display style smooth smooth 
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Appendix 5 

Putative syllable types (PSTs) and total numbers of these types identified in male 1 IS and 4 's 

repertoires by qualitative analysis. Asterisks indicate PSTs that were excluded from uni- and 

multivariate analyses (U&MV As) because sample sizes were too low (N<5). Numbers of PSTs 

excluded from (no. excl.) and included in (no. incl.) U&MV As are reported. PSTs 87, 89 and 91 

that were merged after quantitative analysis are shown. 

Male 1: Syllable Type Analysis Male 4: Syllable Type Anal ysis 

Qualitative U&MVA Qualitative U&MVA 
Syllable 

type Total No. No. To tal No. No. 
group PST no. excl . inc!. PST no. excl. inc!' 

1 1,2,3*,4,5, 6,7,8, 9* 9 2 7 1, 2, 3, 5, 7, 8, 9* , 10, 9 2 7 
I 1 * 

2 12 , 13 , 14,1 6,17*, 18, 7 I 6 12, 14, 15 , 16, 17*, 7 2 5 
19 20 *, 33 

3 2 1, 22, 24, 25, 26 , 27, 10 I 9 21,22,23*,24, 25, 26, 12 I II 
28,29*, 30,32 27,28,30,31,32, 34 

4 35, 37, 38 , 39, 40, 43, 12 I 11 35*,36,38, 39,40, 41, 16 2 14 
45 , 46,47,49 *,50,52 42, 43, 44 , 45, 46, 47 , 

48 , 51,53*,54 
5 55*, 63, 64, 65*, 66, 65 29 36 55 , 56*, 57* , 58*, 59*, 67 40 27 

67 , 69*, 7O, 73, 75* , 60*, 61 *, 62*, 63, 64, 
78, 79, 82, 83*, 85*, 67 , 68, 7 1, 72, 73, 74 , 

87 1 , 88, 89 1,91 1
,94* , 76*, 77, 78* , 80, 81, 

95* , 96*, 101, 102 , 82, 84*,86*,87*,90*, 

103 , 105 , 106 , 107 , 92, 93*, 96, 97*, 98*, 

108, 109, 110, 111 *, 99*, 100*, 101 , 103, 

112, 114*, 117, 118, 104 , 107, 108, 112, 

119, 120, 121, 122*, J 13, 115 *, 116*, I J8, 

123, 124*, 125*, 128*, 119, 120, 123, 124*, 

130, 131, 132, 133*, 126*, 127*, 129* , 

134*, 135 , 136*, 137*, 130*, 131*, 135 , 137*, 

138*, 139*, 140, 141 *, 141 *, 142*, 144*, 

142 *, 143*, 144, 145*, 147*, 148*, 149*, 

146*, 151*, 152, 153 *, 150 *, 152* , 155*, 

154* 156*,157* ,158*, 159* 

6 160, 161, 162*, 163*, 8 4 4 162* , 163* , 164 * 3 3 °164,165*,166,167* 

Overall total s of PSTs III 38 73 114 50 64 
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Appendix 6 


Library of spectrograms of putative syllable types (PSIs) determined in male 1IS and 4 ' s 

complete repertoires by qualitative analysis. PSIs are numbered uniquely and referred to by these 

numbers in my thesis . PSIs 87, 89 and 91 were merged as syllable type 87 in male 1 after 

quantitative analysis, which indicated that no other changes be made among the PSIs analysed 

for males 1 and 4 (Refer to Appendix 5) . 
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