Supplementary Materials

Table S1 Basic information for each Phrynocephalus przewalskii population sampling site.
	Site ID
	Longitude (E)
	Latitude (N)
	Elevation (m)
	Main plant species
	Habitat type

	W2
	108.547668
	38.69998
	1350
	Suaeda glauca
	Fixed dunes

	W3
	108.661845
	38.657734
	1367
	Caragana korshinskii
	Fixed dunes

	S1
	109.989624
	38.986100
	1231
	Pinus sylvestris var. Mongolica
	Semi-fixed dunes

	S2
	110.158882
	38.791289
	1185
	Pinus sylvestris var. Mongolica
	Fixed dunes

	A1
	105.507967
	38.656427
	1363
	Haloxylon ammodendron
	Semi-fixed dunes

	A2
	105.696716
	38.334116
	1568
	Stipa glareosa
	Gravel desert

	M1
	102.981720
	38.494981
	1393
	Haloxylon ammodendron
	Semi-fixed dunes

	M2
	102.933365
	38.625559
	1376
	Haloxylon ammodendron
	Semi-fixed dunes

	Z1
	111.203409
	40.181849
	1012
	Stipa glareosa
	Semi-fixed dunes

	Z2
	111.117032
	40.213391
	1040
	Stipa glareosa
	Semi-fixed dunes

	SY1
	112.590466
	42.831164
	1101
	Stipa glareosa
	Semi-fixed dunes

	SY2
	112.690887
	42.850673
	1096
	Stipa glareosa
	Semi-fixed dunes



Table S2 Summary of means and standard deviations of tail coil display for each P. przewalskii population and sex.
	Site ID
	Sex
	Duration (s)
	Average speed (cm/s)
	Maximum speed (cm/s)
	Amplitude(cm)

	A1
	female
	4.31±3.15
	29.13±14.29
	168.55±59.74
	1.96±0.58

	
	male
	6.76±2.63
	14.44±7.24
	131.4±48.31
	1.44±0.16

	A2
	female
	4±4.48
	18.47±2.61
	143.58±63.13
	1.4±0.26

	
	male
	3.59±1.6
	13.17±7.96
	121.8±65.91
	1.29±0.65

	M1
	female
	3.47±3.26
	17.43±7.57
	118.71±22.65
	1.34±0.38

	
	male
	3.91±2.19
	15.25±11.45
	181.24±124.18
	1.48±0.31

	M2
	female
	4.53±1
	18.55±4.86
	183.95±50.29
	1.76±0.46

	
	male
	3.83±2.32
	17.43±7.6
	127.67±48.7
	1.87±1.01

	S1
	female
	5.48±4.95
	17.38±9.15
	151.92±100.4
	1.73±0.53

	
	male
	5.17±2.3
	22.35±9.55
	162.64±26.89
	1.4±0.6

	S2
	female
	2.13±1.99
	16.75±5.75
	78.17±24.08
	1.88±0.62

	
	male
	6.86±4.36
	22.23±22.01
	211.88±144.22
	1.38±0.78

	SY1
	female
	3.73±4.08
	15.54±4.39
	104±44.78
	1.65±0.2

	
	male
	4.44±1.73
	13.52±5.83
	86.55±34.23
	1.56±0.87

	SY2
	female
	2.15±1.07
	8.47±4.03
	54.06±35.38
	1.56±0.43

	
	male
	4.26±2.27
	11.83±4.72
	83.49±16.32
	1.68±0.81

	W2
	female
	5.44±2.62
	9.91±5.68
	66.59±27.29
	1.77±0.62

	
	male
	5.89±2.05
	10.81±3.58
	106.58±17.22
	1.12±0.37

	W3
	female
	4.64±3
	16.88±11.43
	163.81±161.41
	1.46±0.23

	
	male
	5.96±2.48
	15.47±7.59
	167.73±77.68
	1.46±0.58

	Z1
	female
	2.46±0.79
	16.89±17.65
	82.3±42.86
	2.24±1.4

	
	male
	3.67±1.54
	9.53±2.57
	76.5±22.98
	1.18±0.21

	Z2
	female
	1.65±0.69
	18.15±8.76
	87.3±55.93
	1.57±0.86

	
	male
	2.05±1.58
	16.31±10.19
	78.52±50.18
	1.99±0.89




Table S3 Summary of means and standard deviations of tail lash display for each P. przewalskii population and sex.
	Site ID
	Sex
	Duration (s)
	Average speed (cm/s)
	Maximum speed (cm/s)
	swept area (mm3)

	A1
	female
	2.52±2.37
	129.46±56.89
	476.01±229.26
	206.38±394.17

	
	male
	1.77±0.74
	90.67±28.1
	355.2±111.09
	114.39±142.63

	A2
	female
	1.99±0.71
	105.19±49.47
	389.61±153.04
	108.76±128.24

	
	male
	1.84±1.05
	65.91±23.63
	266.22±64.82
	37.06±37.04

	M1
	female
	2.16±0.46
	106.95±47.46
	441.49±177.61
	73±48.29

	
	male
	2.01±0.63
	122.35±33.61
	445.97±68.24
	116.81±95.44

	M2
	female
	1.72±0.56
	80.74±18.67
	386.77±86.06
	38.25±37.31

	
	male
	1.7±1.00
	94.52±41.45
	396.53±122.16
	104.8±115.07

	S1
	female
	1.93±0.19
	144±14.80
	545.38±68.57
	171.51±15.83

	
	male
	1.22±0.54
	97.04±44.02
	333.7±165.35
	21.13±21.99

	S2
	female
	2.13±1.67
	71.4±39.62
	294.33±210.54
	39.53±70.09

	
	male
	1.36±0.91
	73.56±43
	318.57±164.53
	17.36±16.35

	SY1
	female
	1.74±0.84
	52.68±18.01
	157.71±62.27
	42.71±58.55

	
	male
	1.27±1
	52.02±20.01
	168.58±48.87
	10.32±9.91

	SY2
	female
	1.07±0.14
	41.85±23.58
	146.26±90.59
	7.93±8.68

	
	male
	1.09±0.24
	39.31±8.92
	128.13±26.88
	6.06±4.3

	W2
	female
	1.31±0.45
	85.56±104.14
	246.64±272.98
	23.54±32.31

	
	male
	1.23±0.75
	67.51±40.79
	225.11±155.85
	37.26±44.11

	W3
	female
	1.56±0.67
	87.25±29.76
	357.64±113.25
	83.39±148.33

	
	male
	3.33±4.1
	119.63±55.39
	475.56±257.6
	140.17±187.14

	Z1
	female
	1.72±1.05
	20.87±20.89
	102.85±86.67
	10.85±17.8

	
	male
	1.04±0.17
	60.48±16.64
	208.84±62.13
	7.47±1.91

	Z2
	female
	2.37±0.69
	64.77±28.05
	333.14±139.27
	51.07±40.44

	
	male
	1.71±0.69
	65.51±46.58
	240.53±182.08
	71.26±89.19




[bookmark: _Hlk139811137]Table S4 Summary of means and standard deviations of body turning display for each P. przewalskii population and sex.
	Site ID
	Sex
	Duration (s)
	Average speed (cm/s)
	Maximum speed (cm/s)

	A1
	female
	6.17±4.06
	6.51±6.1
	138.47±143.84

	
	male
	5.2±1.47
	3.5±3.58
	54.11±28.52

	A2
	female
	3.79±3.14
	8.22±9.59
	78.34±61.18

	
	male
	5.23±6.39
	3.2±2.48
	77.6±57.05

	M1
	female
	4.21±3.33
	3.02±2.19
	54.49±30.43

	
	male
	4.24±3.4
	5.42±4.4
	79.27±12.99

	M2
	female
	3.56±0.28
	2.62±2.43
	80.68±50.24

	
	male
	4.94±4.82
	5.79±5.2
	70.46±48.78

	S1
	female
	6.33±5.15
	2.3±2.48
	84.04±66.81

	
	male
	4.48±2.11
	6.14±6.79
	95.66±50.46

	S2
	female
	6.01±4.94
	1.57±1.53
	57.86±30.25

	
	male
	5.32±3.86
	2.85±4.83
	61.12±60.75

	SY1
	female
	3.25±2.03
	6.48±3.32
	70.95±18.31

	
	male
	4.89±2.08
	1.68±1.16
	28.56±11.53

	SY2
	female
	2.04±1.11
	1.47±0.84
	24.46±16.86

	
	male
	5.39±5.25
	2.31±1.6
	38.74±7.8

	W2
	female
	4.89±3.1
	1.39±1.39
	17.74±15.96

	
	male
	5.54±3.42
	3.87±2.05
	67.95±32.93

	W3
	female
	4.44±3.07
	2.27±2.09
	53.46±33.22

	
	male
	6.69±2.14
	3±3.5
	69.66±67.22

	Z1
	female
	3.22±1.19
	2.19±1.39
	48.47±39.92

	
	male
	1.74±1.04
	1.92±2.1
	26.48±25.1

	Z2
	female
	2.64±1.5
	4.84±5.37
	60.15±40.71

	
	male
	2.11±1.13
	5.75±3.65
	76.28±33.49






Table S5 Summary of means and standard deviations of limb flapping display for each P. przewalskii population and sex.
	Site ID
	Sex
	Duration (s)
	Average speed (cm/s)
	Maximum speed (cm/s)

	A1
	female
	4.6±2.84
	13.74±12.58
	154.53±97.96

	
	male
	8.91±8.21
	5.82±7.92
	75.12±62.65

	A2
	female
	6.09±6.22
	11.4±14.44
	94.72±78.52

	
	male
	5.42±6.36
	2.64±2.4
	78.26±59.64

	M1
	female
	3.78±3.19
	3.47±4.23
	66.22±72.66

	
	male
	3.32±2.1
	7.88±4.87
	127.27±92.34

	M2
	female
	3.18±1.27
	1.95±2.34
	87.42±100.09

	
	male
	2.51±2.16
	10.85±9.93
	91.24±56.37

	S1
	female
	6.09±5.21
	3.73±3.17
	134.09±94.22

	
	male
	5.74±2.49
	2.79±2.52
	101.77±128.81

	S2
	female
	4.14±2.24
	4.37±4.36
	51.45±33.35

	
	male
	6.24±3.09
	5.04±8.94
	74.8±90.46

	SY1
	female
	2.42±1.49
	8.01±6.26
	97.72±43.1

	
	male
	4.4±2.44
	1.69±1.58
	23.65±19.77

	SY2
	female
	1.53±1.01
	3.67±1.86
	36.19±15.7

	
	male
	7.08±2.67
	3.78±4.86
	58.79±51.74

	W2
	female
	2.78±1.72
	1.78±1.21
	16.26±6.7

	
	male
	4.96±3.09
	3.88±2.01
	52.07±20.21

	W3
	female
	6.46±4.31
	3.53±4.72
	52.29±51.13

	
	male
	6.25±2
	2.08±2.39
	45.24±38.55

	Z1
	female
	2.36±0.85
	3.55±1.53
	39.95±10.9

	
	male
	3.61±4.49
	2.55±4.03
	18.46±25.22

	Z2
	female
	2.75±1.45
	5.04±4.09
	49.57±27.5

	
	male
	2.31±2.05
	5.32±4.81
	66.93±34.83





Table S6 Summary of means and standard deviations of display bout (bout duration, component change rate and Shannon-wiener index) for each P. przewalskii population and sex.
	Site ID
	Sex
	Bout duration (s)
	Component change rate
	Shannon-wiener index

	A1
	female
	15.34±15.48
	0.29±0.37
	0.87±0.48

	
	male
	45.74±39.34
	0.29±0.37
	1.02±0.48

	A2
	female
	21.44±22.79
	0.19±0.13
	1.32±0.07

	
	male
	26.08±24.87
	0.32±0.16
	1.22±0.27

	M1
	female
	24.81±18.89
	0.35±0.22
	1.18±0.16

	
	male
	20.99±14.03
	0.3±0.17
	1.11±0.33

	M2
	female
	11.99±7.14
	0.37±0.37
	0.81±0.46

	
	male
	17.04±13.84
	0.2±0.12
	1.25±0.15

	S1
	female
	19.71±17.42
	0.18±0.06
	0.97±0.56

	
	male
	29.06±31.09
	0.21±0.19
	1.17±0.28

	S2
	female
	12.79±10.9
	0.24±0.16
	1.02±0.3

	
	male
	42.89±26.01
	0.22±0.08
	1.26±0.12

	SY1
	female
	21.97±21.02
	0.46±0.45
	1.35±0.02

	
	male
	52.27±20.97
	0.27±0.08
	1.34±0.06

	SY2
	female
	17±12.14
	0.55±0.2
	1.24±0.15

	
	male
	39.81±25.82
	0.26±0.09
	1.14±0.29

	W2
	female
	28.35±15.27
	0.23±0.11
	1.28±0.11

	
	male
	44.77±17.5
	0.27±0.13
	1.19±0.27

	W3
	female
	30.27±24.08
	0.33±0.27
	1.28±0.11

	
	male
	72.89±80.14
	0.18±0.08
	1.24±0.25

	Z1
	female
	16.21±7.15
	0.36±0.14
	1.13±0.11

	
	male
	17.85±11.98
	0.44±0.22
	1±0.24

	Z2
	female
	10.65±7.24
	0.34±0.28
	1.25±0.13

	
	male
	18.69±27.75
	0.44±0.27
	1.21±0.28







Table S7. Linear mixed models for examining relationships among tail coil complexity, social complexity, background noise in P. przewalskiii. Bold numbers denote marginally significant effect. SSD means sexual size dimorphism, S.E. means standard error.
	Tail coil complexity
	Parameters
	Estimate
	S.E.
	df
	t-value
	p-value

	CV of duration 
	(Intercept)
	-6.05
	3.12
	121.00
	-1.94
	0.06

	
	Sex
	2.26
	4.18
	121.00
	0.54
	0.59

	
	SSD
	5.56
	3.08
	121.00
	1.81
	0.07

	
	Population density
	-5.80
	3.48
	121.00
	-1.67
	0.10

	
	Background noise
	-0.03
	0.10
	121.00
	-0.25
	0.80

	
	Colour spot
	0.47
	0.26
	121.00
	1.82
	0.07

	
	Sex : SSD
	-2.99
	4.12
	121.00
	-0.73
	0.47

	
	Sex : population density
	4.97
	5.17
	121.00
	0.96
	0.34

	
	Sex : background noise
	0.12
	0.13
	121.00
	0.98
	0.33

	
	Sex : Colour spot
	0.18
	0.39
	121.00
	0.47
	0.64

	CV of average speed 
	(Intercept)
	-0.81
	3.52
	22.81
	-0.23
	0.82

	
	Sex
	1.02
	4.27
	120.62
	0.24
	0.81

	
	SSD
	-0.46
	3.47
	23.12
	-0.13
	0.90

	
	Population density
	5.90
	3.98
	18.01
	1.48
	0.16

	
	Background noise
	-0.10
	0.11
	22.17
	-0.90
	0.38

	
	Colour spot
	0.06
	0.30
	22.67
	0.20
	0.84

	
	Sex : SSD
	-0.40
	4.22
	120.68
	-0.10
	0.92

	
	Sex : population density
	-9.59
	5.27
	119.48
	-1.82
	0.07

	
	Sex : background noise
	-0.02
	0.13
	120.09
	-0.13
	0.89

	
	Sex : Colour spot
	0.20
	0.40
	116.55
	0.50
	0.62

	Female
	(Intercept)
	-0.09
	5.46
	6.44
	-0.02
	0.99

	
	SSD
	-1.21
	5.37
	6.50
	-0.23
	0.83

	
	Population density
	6.18
	6.35
	5.45
	0.97
	0.37

	
	Background noise
	-0.09
	0.17
	6.43
	-0.50
	0.64

	
	Colour spot
	0.04
	0.47
	5.88
	0.08
	0.94

	Male
	(Intercept)
	0.45
	2.72
	5.99
	0.17
	0.87

	
	SSD
	-1.09
	2.69
	5.96
	-0.41
	0.70

	
	Population density
	-3.20
	3.67
	7.13
	-0.87
	0.41

	
	Background noise
	-0.12
	0.08
	5.09
	-1.47
	0.20

	
	Colour spot
	0.20
	0.27
	9.87
	0.74
	0.48

	CV of maximum speed 
	Colour spot
	-2.35
	3.23
	28.58
	-0.73
	0.47

	
	Sex
	4.78
	4.15
	120.86
	1.15
	0.25

	
	SSD
	0.97
	3.18
	29.24
	0.31
	0.76

	
	Population density
	1.27
	3.62
	22.71
	0.35
	0.73

	
	Background noise
	0.12
	0.10
	27.70
	1.19
	0.24

	
	Colour spot
	0.02
	0.27
	24.27
	0.07
	0.95

	
	Sex : SSD
	-4.38
	4.09
	120.83
	-1.07
	0.29

	
	Sex : population density
	3.24
	5.12
	119.56
	0.63
	0.53

	
	Sex : background noise
	-0.18
	0.13
	120.62
	-1.40
	0.16

	
	Sex : Colour spot
	-0.28
	0.39
	111.72
	-0.72
	0.47

	CV of amplitude
	(Intercept)
	-0.05
	3.46
	23.43
	-0.02
	0.99

	
	Sex
	-0.06
	4.11
	120.58
	-0.01
	0.99

	
	SSD
	-1.07
	3.40
	23.68
	-0.32
	0.76

	
	Population density
	-2.15
	3.92
	18.63
	-0.55
	0.59

	
	Background noise
	-0.10
	0.11
	22.80
	-0.92
	0.37

	
	Colour spot
	-0.25
	0.29
	24.60
	-0.87
	0.39

	
	Sex : SSD
	0.06
	4.06
	120.68
	0.02
	0.99

	
	Sex : population density
	-1.26
	5.07
	119.65
	-0.25
	0.80

	
	Sex : background noise
	0.02
	0.12
	120.01
	0.18
	0.86

	
	Sex : Colour spot
	0.11
	0.39
	118.14
	0.30
	0.77




Table S8. Linear mixed models for examining relationships among tail lash complexity, background noise in P. przewalskiii. SSD means sexual size dimorphism, S.E. means standard error.
	Tail lash complexity
	Parameters
	Estimate
	S.E.
	df
	t-value
	p-value

	CV of duration 
	(Intercept)
	0.51
	0.85
	109.00
	0.60
	0.55

	
	Sex
	-1.19
	1.11
	109.00
	-1.07
	0.29

	
	SSD
	-0.19
	0.84
	109.00
	-0.23
	0.82

	
	Population density
	0.64
	1.00
	109.00
	0.64
	0.53

	
	Background noise
	0.02
	0.02
	109.00
	1.01
	0.32

	
	Colour spot
	-0.03
	0.07
	109.00
	-0.44
	0.66

	
	Sex : SSD
	1.31
	1.10
	109.00
	1.19
	0.24

	
	Sex : population density
	0.22
	1.47
	109.00
	0.15
	0.88

	
	Sex : background noise
	-0.04
	0.03
	109.00
	-1.11
	0.27

	
	Sex : Colour spot
	-0.12
	0.11
	109.00
	-1.11
	0.27

	CV of average speed 
	(Intercept)
	-0.05
	3.90
	109.00
	-0.01
	0.99

	
	Sex
	0.68
	5.13
	109.00
	0.13
	0.90

	
	SSD
	-0.59
	3.85
	109.00
	-0.15
	0.88

	
	Population density
	-2.16
	4.59
	109.00
	-0.47
	0.64

	
	Background noise
	-0.04
	0.11
	109.00
	-0.33
	0.74

	
	Colour spot
	-0.43
	0.34
	109.00
	-1.27
	0.21

	
	Sex : SSD
	-1.49
	5.07
	109.00
	-0.29
	0.77

	
	Sex : population density
	5.67
	6.75
	109.00
	0.84
	0.40

	
	Sex : background noise
	0.14
	0.15
	109.00
	0.92
	0.36

	
	Sex : Colour spot
	0.07
	0.49
	109.00
	0.14
	0.89

	CV of maximum speed 
	(Intercept)
	4.21
	3.74
	25.13
	1.13
	0.27

	
	Sex
	-8.13
	4.88
	108.92
	-1.67
	0.10

	
	SSD
	-5.19
	3.70
	26.06
	-1.40
	0.17

	
	Population density
	1.29
	4.41
	25.51
	0.29
	0.77

	
	Background noise
	0.03
	0.11
	18.93
	0.25
	0.81

	
	Colour spot
	-0.32
	0.33
	23.67
	-0.97
	0.34

	
	Sex : SSD
	7.77
	4.81
	108.98
	1.62
	0.11

	
	Sex : population density
	0.47
	6.41
	106.45
	0.07
	0.94

	
	Sex : background noise
	0.08
	0.14
	108.06
	0.58
	0.56

	
	Sex : Colour spot
	0.07
	0.47
	93.46
	0.16
	0.87

	CV of swept area
	(Intercept)
	1.53
	3.88
	109.00
	0.39
	0.69

	
	Sex
	-6.72
	5.11
	109.00
	-1.32
	0.19

	
	SSD
	-1.93
	3.84
	109.00
	-0.50
	0.62

	
	Population density
	1.53
	4.57
	109.00
	0.33
	0.74

	
	Background noise
	0.12
	0.11
	109.00
	1.08
	0.28

	
	Colour spot
	-0.17
	0.34
	109.00
	-0.50
	0.62

	
	Sex : SSD
	6.89
	5.05
	109.00
	1.37
	0.18

	
	Sex : population density
	-2.67
	6.72
	109.00
	-0.40
	0.69

	
	Sex : background noise
	-0.16
	0.15
	109.00
	-1.08
	0.28

	
	Sex : Colour spot
	0.27
	0.49
	109.00
	0.56
	0.58



