A hidden generative rule assembles higher-order vocal structures in orangutans
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Supplementary Tables

	Distance
	Model(s)
	Frequency of Significant Transitions (p<0.05)

	1
	All
	33

	2
	All
	29

	3
	All
	20

	4
	All
	14

	5
	All
	9

	6
	All
	5

	7
	All
	3

	8
	All
	1

	9
	All
	2

	1
	Tiger
	29

	2
	Tiger
	28

	3
	Tiger
	16

	4
	Tiger
	15

	5
	Tiger
	10

	6
	Tiger
	4

	7
	Tiger
	3

	8
	Tiger
	2

	9
	Tiger
	1

	1
	Pattern
	7

	2
	Pattern
	8

	3
	Pattern
	2

	4
	Pattern
	0

	5
	Pattern
	1

	6
	Pattern
	0

	7
	Pattern
	0

	8
	Pattern
	0

	9
	Pattern
	0

	1
	Spots
	5

	2
	Spots
	1

	3
	Spots
	0

	4
	Spots
	0

	5
	Spots
	0

	6
	Spots
	0

	7
	Spots
	0

	8
	Spots
	0

	9
	Spots
	0

	1
	White
	9

	2
	White
	6

	3
	White
	3

	4
	White
	0

	5
	White
	0

	6
	White
	0

	7
	White
	0

	8
	White
	0

	9
	White
	0



Table S1. Forward unit-to-unit dependencies.
This table depicts how many statistically significantly forward-biased transitions there were between two single units for each distance and model. Distance refers to the number of intermitting units between two others. Forward indicates a dependency projected by unit positioned earlier than its target unit within an n-gram (e.g., A determining B in A_B). 
































	Distance
	Model(s)
	Frequency of Significant Transitions (p<0.05)

	1
	All
	29

	2
	All
	26

	3
	All
	19

	4
	All
	14

	5
	All
	9

	6
	All
	5

	7
	All
	5

	8
	All
	2

	9
	All
	2

	1
	Tiger
	31

	2
	Tiger
	27

	3
	Tiger
	18

	4
	Tiger
	14

	5
	Tiger
	9

	6
	Tiger
	3

	7
	Tiger
	4

	8
	Tiger
	2

	9
	Tiger
	2

	1
	Pattern
	7

	2
	Pattern
	8

	3
	Pattern
	2

	4
	Pattern
	2

	5
	Pattern
	1

	6
	Pattern
	0

	7
	Pattern
	0

	8
	Pattern
	0

	9
	Pattern
	0

	1
	Spots
	5

	2
	Spots
	1

	3
	Spots
	0

	4
	Spots
	0

	5
	Spots
	0

	6
	Spots
	0

	7
	Spots
	0

	8
	Spots
	0

	9
	Spots
	0

	1
	White
	9

	2
	White
	8

	3
	White
	2

	4
	White
	1

	5
	White
	0

	6
	White
	0

	7
	White
	0

	8
	White
	0

	9
	White
	0



Table S2. Backward unit-to-unit dependencies. 
This table depicts how many statistically significantly backward-biased transitions there were between two single units for each distance and model. Distance refers to the number of intermitting units between two others. Backward indicates a dependency projected by unit positioned later than its target unit within an n-gram (e.g., B determining A in A_B). 





























	Direction 
	Distance
	Number of Significant Transitions (p < 0.05)
	Model
	Syllable A Length
	Syllable B Length

	Forward
	1
	70
	Tiger
	2
	2

	Forward
	2
	41
	Tiger
	2
	1

	Forward
	3
	28
	Tiger
	2
	1

	Forward
	4
	15
	Tiger
	1
	1

	Forward
	4
	15
	Tiger
	2
	2

	Forward
	4
	15
	Tiger
	2
	3

	Forward
	4
	15
	Tiger
	3
	1

	Forward
	4
	15
	Tiger
	3
	2

	Forward
	4
	15
	Tiger
	4
	1

	Forward
	5
	11
	Tiger
	3
	1

	Forward
	6
	7
	Tiger
	2
	1

	Forward
	7
	3
	Tiger
	1
	1

	Forward
	7
	3
	Tiger
	1
	2

	Forward
	8
	2
	Tiger
	1
	1

	Forward
	8
	2
	Tiger
	1
	2

	Forward
	8
	2
	Tiger
	2
	1

	Forward
	9
	1
	Tiger
	1
	1

	Backward
	1
	65
	Tiger
	2
	2

	Backward
	2
	40
	Tiger
	1
	2

	Backward
	3
	25
	Tiger
	3
	2

	Backward
	4
	21
	Tiger
	1
	4

	Backward
	5
	13
	Tiger
	2
	2

	Backward
	6
	8
	Tiger
	2
	1

	Backward
	7
	4
	Tiger
	1
	1

	Backward
	8
	2
	Tiger
	1
	1

	Backward
	8
	2
	Tiger
	1
	2

	Backward
	8
	2
	Tiger
	2
	1

	Backward
	9
	2
	Tiger
	1
	1



Table S3. Syllable-syllable forward and backward transitions listed per occurrence rate. 
This table list significant transitions between syllables for each distance per direction (forward, backward), ordered by occurrence rate. The occurrence of non-listed transitions was 0. Distance refers to the number of intermitting units between two others. Syllable A refers to unit positioned earlier than syllable B within a n-gram. Forward indicates a dependency projected by syllable positioned earlier than its target unit within an n-gram (e.g., A_B determining C_D in A_B_C_D) Backward indicates a dependency projected by a syllable positioned later than its target syllable within an n-gram (e.g., C_D determining A_B in A_B_C_D). Short-distance non-adjacent dependencies occurred more frequently than long-distance ones. Most frequent significant transitions across all distances were produced in response to the tiger model. 

	Unit/syllable A
	Unit/syllable B

	single unit
	single unit

	single unit
	2-unit syllable

	single unit
	3-unit syllable

	single unit
	4-unit syllable

	single unit
	5-unit syllable

	single unit
	6-unit syllable

	single unit
	7-unit syllable

	single unit
	8-unit syllable

	single unit
	9-unit syllable

	2-unit syllable
	single unit

	2-unit syllable
	2-unit syllable

	2-unit syllable
	3-unit syllable

	2-unit syllable
	4-unit syllable

	2-unit syllable
	5-unit syllable

	2-unit syllable
	6-unit syllable

	2-unit syllable
	7-unit syllable

	2-unit syllable
	8-unit syllable

	3-unit syllable
	single unit

	3-unit syllable
	2-unit syllable

	3-unit syllable
	3-unit syllable

	3-unit syllable
	4-unit syllable

	3-unit syllable
	5-unit syllable

	3-unit syllable
	6-unit syllable

	3-unit syllable
	7-unit syllable

	4-unit syllable
	single unit

	4-unit syllable
	2-unit syllable

	4-unit syllable
	3-unit syllable

	4-unit syllable
	4-unit syllable

	4-unit syllable
	5-unit syllable

	4-unit syllable
	6-unit syllable

	5-unit syllable
	single unit

	5-unit syllable
	2-unit syllable

	5-unit syllable
	3-unit syllable

	5-unit syllable
	4-unit syllable

	5-unit syllable
	5-unit syllable

	6-unit syllable
	single unit

	6-unit syllable
	2-unit syllable

	6-unit syllable
	3-unit syllable

	6-unit syllable
	4-unit syllable

	7-unit syllable
	single unit

	7-unit syllable
	2-unit syllable

	7-unit syllable
	3-unit syllable

	8-unit syllable
	single unit

	8-unit syllable
	2-unit syllable

	9-unit syllable
	single unit

	
	


Table S4. Total list of 45 possible transitions from unit/syllable to unit/syllable. 
All possible transitions from any length of sequence (A) to any other length of sequence (B) were inputted into a transition-bias detection function to determine unit/syllable relationships.



































	Unit/syllable A
	Unit/syllable B
	Distance
	x_position
	y_position

	single unit
	single unit
	1
	c("1", "2", "3", "4", "5", "6", "7", "8", "9")
	c("2", "3", "4", "5", "6", "7", "8", "9", "10")

	single unit
	single unit
	2
	c("1", "2", "3", "4", "5", "6", "7", "8")
	c("3", "4", "5", "6", "7", "8", "9", "10")

	single unit
	single unit
	3
	c("1", "2", "3", "4", "5", "6", "7")
	c("4", "5", "6", "7", "8", "9", "10")

	single unit
	single unit
	4
	c("1", "2", "3", "4", "5", "6")
	c("5", "6", "7", "8", "9", "10")

	single unit
	single unit
	5
	c("1", "2", "3", "4", "5")
	c("6", "7", "8", "9", "10")

	single unit
	single unit
	6
	c("1", "2", "3", "4")
	c("7", "8", "9", "10")

	single unit
	single unit
	7
	c("1", "2", "3")
	c("8", "9", "10")

	single unit
	single unit
	8
	c("1", "2")
	c("9", "10")

	single unit
	single unit
	9
	c("1")
	c("10")

	single unit
	2-unit syllable
	1
	c("1", "2", "3", "4", "5", "6", "7", "8")
	c("2_3", "3_4", "4_5", "5_6", "6_7", "7_8", "8_9", "9_10")

	single unit
	2-unit syllable
	2
	c("1", "2", "3", "4", "5", "6", "7")
	c("3_4", "4_5", "5_6", "6_7", "7_8", "8_9", "9_10")

	single unit
	2-unit syllable
	3
	c("1", "2", "3", "4", "5", "6")
	c("4_5", "5_6", "6_7", "7_8", "8_9", "9_10")

	single unit
	2-unit syllable
	4
	c("1", "2", "3", "4", "5")
	c("5_6", "6_7", "7_8", "8_9", "9_10")

	single unit
	2-unit syllable
	5
	c("1", "2", "3", "4")
	c("6_7", "7_8", "8_9", "9_10")

	single unit
	2-unit syllable
	6
	c("1", "2", "3")
	c("7_8", "8_9", "9_10")

	single unit
	2-unit syllable
	7
	c("1", "2")
	c("8_9", "9_10")

	single unit
	2-unit syllable
	8
	c("1")
	c("9_10")

	single unit
	3-unit syllable
	1
	c("1", "2", "3", "4", "5", "6", "7")
	c("2_3_4", "3_4_5", "4_5_6", "5_6_7", "6_7_8", "7_8_9", "8_9_10")

	single unit
	3-unit syllable
	2
	c("1", "2", "3", "4", "5", "6")
	c("3_4_5", "4_5_6", "5_6_7", "6_7_8", "7_8_9", "8_9_10")

	single unit
	3-unit syllable
	3
	c("1", "2", "3", "4", "5")
	c("4_5_6", "5_6_7", "6_7_8", "7_8_9", "8_9_10")

	single unit
	3-unit syllable
	4
	c("1", "2", "3", "4")
	c("5_6_7", "6_7_8", "7_8_9", "8_9_10")

	single unit
	3-unit syllable
	5
	c("1", "2", "3")
	c("6_7_8", "7_8_9", "8_9_10")

	single unit
	3-unit syllable
	6
	c("1", "2")
	c("7_8_9", "8_9_10")

	single unit
	3-unit syllable
	7
	c("1")
	c("8_9_10")

	single unit
	4-unit syllable
	1
	c("1", "2", "3", "4", "5", "6")
	c("2_3_4_5", "3_4_5_6", "4_5_6_7", "5_6_7_8", "6_7_8_9", "7_8_9_10")

	single unit
	4-unit syllable
	2
	c("1", "2", "3", "4", "5")
	c("3_4_5_6", "4_5_6_7", "5_6_7_8", "6_7_8_9", "7_8_9_10")

	single unit
	4-unit syllable
	3
	c("1", "2", "3", "4")
	c("3_4_5_6", "4_5_6_7", "5_6_7_8", "6_7_8_9")

	single unit
	4-unit syllable
	4
	c("1", "2", "3")
	c("4_5_6_7", "5_6_7_8", "6_7_8_9")

	single unit
	4-unit syllable
	5
	c("1", "2")
	c("5_6_7_8", "6_7_8_9")

	single unit
	4-unit syllable
	6
	c("1")
	c("6_7_8_9")

	single unit
	5-unit syllable
	1
	c("1", "2", "3", "4", "5")
	c("2_3_4_5_6", "3_4_5_6_7", "4_5_6_7_8", "5_6_7_8_9", "6_7_8_9_10")

	single unit
	5-unit syllable
	2
	c("1", "2", "3", "4")
	c("3_4_5_6_7", "4_5_6_7_8", "5_6_7_8_9", "6_7_8_9_10")

	single unit
	5-unit syllable
	3
	c("1", "2", "3")
	c("4_5_6_7_8", "5_6_7_8_9", "6_7_8_9_10")

	single unit
	5-unit syllable
	4
	c("1", "2")
	c("5_6_7_8_9", "6_7_8_9_10")

	single unit
	5-unit syllable
	5
	c("1")
	c("6_7_8_9_10")

	single unit
	6-unit syllable
	1
	c("1", "2", "3", "4")
	c("2_3_4_5_6_7", "3_4_5_6_7_8", "4_5_6_7_8_9", "5_6_7_8_9_10")

	single unit
	6-unit syllable
	2
	c("1", "2", "3")
	c("3_4_5_6_7_8", "4_5_6_7_8_9", "5_6_7_8_9_10")

	single unit
	6-unit syllable
	3
	c("1", "2")
	c("4_5_6_7_8_9", "5_6_7_8_9_10")

	single unit
	6-unit syllable
	4
	c("1")
	c("5_6_7_8_9_10")

	single unit
	7-unit syllable
	1
	c("1", "2", "3")
	c("2_3_4_5_6_7_8", "3_4_5_6_7_8_9", "4_5_6_7_8_9_10")

	single unit
	7-unit syllable
	2
	c("1", "2")
	c("3_4_5_6_7_8_9", "4_5_6_7_8_9_10")

	single unit
	7-unit syllable
	3
	c("1")
	c("4_5_6_7_8_9_10")

	single unit
	8-unit syllable
	1
	c("1", "2")
	c("2_3_4_5_6_7_8_9", "3_4_5_6_7_8_9_10")

	single unit
	8-unit syllable
	2
	c("1")
	c("3_4_5_6_7_8_9_10")

	single unit
	9-unit syllable
	1
	c("1")
	c("2_3_4_5_6_7_8_9_10")

	2-unit syllable
	single unit
	1
	c("1_2", "2_3", "3_4", "4_5", "5_6", "6_7", "7_8", "8_9")
	c("3", "4", "5", "6", "7", "8", "9", "10")

	2-unit syllable
	single unit
	2
	c("1_2", "2_3", "3_4", "4_5", "5_6", "6_7", "7_8")
	c("4", "5", "6", "7", "8", "9", "10")

	2-unit syllable
	single unit
	3
	c("1_2", "2_3", "3_4", "4_5", "5_6", "6_7")
	c("5", "6", "7", "8", "9", "10")

	2-unit syllable
	single unit
	4
	c("1_2", "2_3", "3_4", "4_5", "5_6")
	c("6", "7", "8", "9", "10")

	2-unit syllable
	single unit
	5
	c("1_2", "2_3", "3_4", "4_5")
	c("7", "8", "9", "10")

	2-unit syllable
	single unit
	6
	c("1_2", "2_3", "3_4")
	c("8", "9", "10")

	2-unit syllable
	single unit
	7
	c("1_2", "2_3")
	c("9", "10")

	2-unit syllable
	single unit
	8
	c("1_2")
	c("10")

	2-unit syllable
	2-unit syllable
	1
	c("1_2", "2_3", "3_4", "4_5", "5_6", "6_7", "7_8")
	c("3_4", "4_5", "5_6", "6_7", "7_8", "8_9", "9_10")

	2-unit syllable
	2-unit syllable
	2
	c("1_2", "2_3", "3_4", "4_5", "5_6", "6_7")
	c("4_5", "5_6", "6_7", "7_8", "8_9", "9_10")

	2-unit syllable
	2-unit syllable
	3
	c("1_2", "2_3", "3_4", "4_5", "5_6")
	c("5_6", "6_7", "7_8", "8_9", "9_10")

	2-unit syllable
	2-unit syllable
	4
	c("1_2", "2_3", "3_4", "4_5")
	c("6_7", "7_8", "8_9", "9_10")

	2-unit syllable
	2-unit syllable
	5
	c("1_2", "2_3", "3_4")
	c("7_8", "8_9", "9_10")

	2-unit syllable
	2-unit syllable
	6
	c("1_2", "2_3")
	c("8_9", "9_10")

	2-unit syllable
	2-unit syllable
	7
	c("1_2")
	c("9_10")

	2-unit syllable
	3-unit syllable
	1
	c("1_2", "2_3", "3_4", "4_5", "5_6", "6_7")
	c("3_4_5", "4_5_6", "5_6_7", "6_7_8", "7_8_9", "8_9_10")

	2-unit syllable
	3-unit syllable
	2
	c("1_2", "2_3", "3_4", "4_5", "5_6")
	c("4_5_6", "5_6_7", "6_7_8", "7_8_9", "8_9_10")

	2-unit syllable
	3-unit syllable
	3
	c("1_2", "2_3", "3_4", "4_5")
	c("5_6_7", "6_7_8", "7_8_9", "8_9_10")

	2-unit syllable
	3-unit syllable
	4
	c("1_2", "2_3", "3_4")
	c("6_7_8", "7_8_9", "8_9_10")

	2-unit syllable
	3-unit syllable
	5
	c("1_2", "2_3")
	c("7_8_9", "8_9_10")

	2-unit syllable
	3-unit syllable
	6
	c("1_2")
	c("8_9_10")

	2-unit syllable
	4-unit syllable
	1
	c("1_2", "2_3", "3_4", "4_5", "5_6") 
	c("3_4_5_6", "4_5_6_7", "5_6_7_8", "6_7_8_9", "7_8_9_10")

	2-unit syllable
	4-unit syllable
	2
	c("1_2", "2_3", "3_4", "4_5") 
	c("4_5_6_7", "5_6_7_8", "6_7_8_9", "7_8_9_10")

	2-unit syllable
	4-unit syllable
	3
	c("1_2", "2_3", "3_4") 
	c("5_6_7_8", "6_7_8_9", "7_8_9_10")

	2-unit syllable
	4-unit syllable
	4
	c("1_2", "2_3") 
	c("6_7_8_9", "7_8_9_10")

	2-unit syllable
	4-unit syllable
	5
	c("1_2") 
	c("7_8_9_10")

	2-unit syllable
	5-unit syllable
	1
	c("1_2", "2_3", "3_4", "4_5") 
	c("3_4_5_6_7", "4_5_6_7_8", "5_6_7_8_9", "6_7_8_9_10")

	2-unit syllable
	5-unit syllable
	2
	c("1_2", "2_3", "3_4") 
	c("4_5_6_7_8", "5_6_7_8_9", "6_7_8_9_10")

	2-unit syllable
	5-unit syllable
	3
	c("1_2", "2_3") 
	c("5_6_7_8_9", "6_7_8_9_10")

	2-unit syllable
	5-unit syllable
	4
	c("1_2") 
	c("6_7_8_9_10")

	2-unit syllable
	6-unit syllable
	1
	c("1_2", "2_3", "3_4") 
	c("3_4_5_6_7_8", "4_5_6_7_8_9", "5_6_7_8_9_10")

	2-unit syllable
	6-unit syllable
	2
	c("1_2", "2_3") 
	c("4_5_6_7_8_9", "5_6_7_8_9_10")

	2-unit syllable
	6-unit syllable
	3
	c("1_2") 
	c("5_6_7_8_9_10")

	2-unit syllable
	7-unit syllable
	1
	c("1_2", "2_3") 
	c("3_4_5_6_7_8_9", "4_5_6_7_8_9_10")

	2-unit syllable
	7-unit syllable
	2
	c("1_2") 
	c("4_5_6_7_8_9_10")

	2-unit syllable
	8-unit syllable
	1
	c("1_2") 
	c("3_4_5_6_7_8_9_10")

	3-unit syllable
	single unit
	1
	c("1_2_3", "2_3_4", "3_4_5", "4_5_6", "5_6_7", "6_7_8", "7_8_9")
	c("4", "5", "6", "7", "8", "9", "10")

	3-unit syllable
	single unit
	2
	c("1_2_3", "2_3_4", "3_4_5", "4_5_6", "5_6_7", "6_7_9")
	c("5", "6", "7", "8", "9", "10")

	3-unit syllable
	single unit
	3
	c("1_2_3", "2_3_4", "3_4_5", "4_5_6", "5_6_7")
	c("6", "7", "8", "9", "10")

	3-unit syllable
	single unit
	4
	c("1_2_3", "2_3_4", "3_4_5", "4_5_6")
	c("7", "8", "9", "10")

	3-unit syllable
	single unit
	5
	c("1_2_3", "2_3_4", "3_4_5")
	c("8", "9", "10")

	3-unit syllable
	single unit
	6
	c("1_2_3", "2_3_4")
	c("9", "10")

	3-unit syllable
	single unit
	7
	c("1_2_3")
	c("10")

	3-unit syllable
	2-unit syllable
	1
	c("1_2_3", "2_3_4", "3_4_5", "4_5_6", "5_6_7", "6_7_8")
	c("4_5", "5_6", "6_7", "7_8", "8_9", "9_10") 

	3-unit syllable
	2-unit syllable
	2
	c("1_2_3", "2_3_4", "3_4_5", "4_5_6", "5_6_7")
	c("5_6", "6_7", "7_8", "8_9", "9_10") 

	3-unit syllable
	2-unit syllable
	3
	c("1_2_3", "2_3_4", "3_4_5", "4_5_6")
	c("6_7", "7_8", "8_9", "9_10") 

	3-unit syllable
	2-unit syllable
	4
	c("1_2_3", "2_3_4", "3_4_5")
	c("7_8", "8_9", "9_10") 

	3-unit syllable
	2-unit syllable
	5
	c("1_2_3", "2_3_4")
	c("8_9", "9_10") 

	3-unit syllable
	2-unit syllable
	6
	c("1_2_3")
	c("9_10") 

	3-unit syllable
	3-unit syllable
	1
	c("1_2_3", "2_3_4", "3_4_5", "4_5_6", "5_6_7")
	c("4_5_6", "5_6_7", "6_7_8", "7_8_9", "8_9_10") 

	3-unit syllable
	3-unit syllable
	2
	c("1_2_3", "2_3_4", "3_4_5", "4_5_6")
	c("5_6_7", "6_7_8", "7_8_9", "8_9_10") 

	3-unit syllable
	3-unit syllable
	3
	c("1_2_3", "2_3_4", "3_4_5")
	c("6_7_8", "7_8_9", "8_9_10") 

	3-unit syllable
	3-unit syllable
	4
	c("1_2_3", "2_3_4")
	c("7_8_9", "8_9_10") 

	3-unit syllable
	3-unit syllable
	5
	c("1_2_3")
	c("8_9_10") 

	3-unit syllable
	4-unit syllable
	1
	c("1_2_3", "2_3_4", "3_4_5", "4_5_6")
	c("4_5_6_7", "5_6_7_8", "6_7_8_9", "7_8_9_10")

	3-unit syllable
	4-unit syllable
	2
	c("1_2_3", "2_3_4", "3_4_5")
	c("5_6_7_8", "6_7_8_9", "7_8_9_10")

	3-unit syllable
	4-unit syllable
	3
	c("1_2_3", "2_3_4")
	c("6_7_8_9", "7_8_9_10")

	3-unit syllable
	4-unit syllable
	4
	c("1_2_3")
	c("7_8_9_10")

	3-unit syllable
	5-unit syllable
	1
	c("1_2_3", "2_3_4", "3_4_5")
	c("4_5_6_7_8", "5_6_7_8_9", "6_7_8_9_10")

	3-unit syllable
	5-unit syllable
	2
	c("1_2_3", "2_3_4")
	c("5_6_7_8_9", "6_7_8_9_10")

	3-unit syllable
	5-unit syllable
	3
	c("1_2_3")
	c("6_7_8_9_10")

	3-unit syllable
	6-unit syllable
	1
	c("1_2_3", "2_3_4")
	c("4_5_6_7_8_9", "5_6_7_8_9_10")

	3-unit syllable
	6-unit syllable
	2
	c("1_2_3")
	c("5_6_7_8_9_10")

	3-unit syllable
	7-unit syllable
	1
	c("1_2_3")
	c("4_5_6_7_8_9_10")

	4-unit syllable
	single unit
	1
	c("1_2_3_4", "2_3_4_5", "3_4_5_6", "4_5_6_7", "5_6_7_8", "6_7_8_9")
	c("5", "6", "7", "8", "9", "10")

	4-unit syllable
	single unit
	2
	c("1_2_3_4", "2_3_4_5", "3_4_5_6", "4_5_6_7", "5_6_7_8")
	c("6", "7", "8", "9", "10")

	4-unit syllable
	single unit
	3
	c("1_2_3_4", "2_3_4_5", "3_4_5_6", "4_5_6_7")
	c("7", "8", "9", "10")

	4-unit syllable
	single unit
	4
	c("1_2_3_4", "2_3_4_5", "3_4_5_6")
	c("8", "9", "10")

	4-unit syllable
	single unit
	5
	c("1_2_3_4", "2_3_4_5")
	c("9", "10")

	4-unit syllable
	single unit
	6
	c("1_2_3_4")
	c("10")

	4-unit syllable
	2-unit syllable
	1
	c("1_2_3_4", "2_3_4_5", "3_4_5_6", "4_5_6_7", "5_6_7_8")
	c("5_6", "6_7", "7_8", "8_9", "9_10")

	4-unit syllable
	2-unit syllable
	2
	c("1_2_3_4", "2_3_4_5", "3_4_5_6", "4_5_6_7")
	c("6_7", "7_8", "8_9", "9_10")

	4-unit syllable
	2-unit syllable
	3
	c("1_2_3_4", "2_3_4_5", "3_4_5_6")
	c("7_8", "8_9", "9_10")

	4-unit syllable
	2-unit syllable
	4
	c("1_2_3_4", "2_3_4_5")
	c("8_9", "9_10")

	4-unit syllable
	2-unit syllable
	5
	c("1_2_3_4")
	c("9_10")

	4-unit syllable
	3-unit syllable
	1
	c("1_2_3_4", "2_3_4_5", "3_4_5_6", "4_5_6_7")
	c("5_6_7", "6_7_8", "7_8_9", "8_9_10")

	4-unit syllable
	3-unit syllable
	2
	c("1_2_3_4", "2_3_4_5", "3_4_5_6")
	c("6_7_8", "7_8_9", "8_9_10")

	4-unit syllable
	3-unit syllable
	3
	c("1_2_3_4", "2_3_4_5")
	c("7_8_9", "8_9_10")

	4-unit syllable
	3-unit syllable
	4
	c("1_2_3_4")
	c("8_9_10")

	4-unit syllable
	4-unit syllable
	1
	c("1_2_3_4", "2_3_4_5", "3_4_5_6")
	c("5_6_7_8", "6_7_8_9", "7_8_9_10")

	4-unit syllable
	4-unit syllable
	2
	c("1_2_3_4", "2_3_4_5")
	c("6_7_8_9", "7_8_9_10")

	4-unit syllable
	4-unit syllable
	3
	c("1_2_3_4")
	c("7_8_9_10")

	4-unit syllable
	5-unit syllable
	1
	c("1_2_3_4", "2_3_4_5")
	c("5_6_7_8_9", "6_7_8_9_10")

	4-unit syllable
	5-unit syllable
	2
	c("1_2_3_4")
	c("6_7_8_9_10")

	4-unit syllable
	6-unit syllable
	1
	c("1_2_3_4")
	c("5_6_7_8_9_10")

	5-unit syllable
	single unit
	1
	c("1_2_3_4_5", "2_3_4_5_6", "3_4_5_6_7", "4_5_6_7_8", "5_6_7_8_9")
	c("6", "7", "8", "9", "10")

	5-unit syllable
	single unit
	2
	c("1_2_3_4_5", "2_3_4_5_6", "3_4_5_6_7", "4_5_6_7_8")
	c("7", "8", "9", "10")

	5-unit syllable
	single unit
	3
	c("1_2_3_4_5", "2_3_4_5_6", "3_4_5_6_7")
	c("8", "9", "10")

	5-unit syllable
	single unit
	4
	c("1_2_3_4_5", "2_3_4_5_6")
	c("9", "10")

	5-unit syllable
	single unit
	5
	c("1_2_3_4_5")
	c("10")

	5-unit syllable
	2-unit syllable
	1
	c("1_2_3_4_5", "2_3_4_5_6", "3_4_5_6_7", "4_5_6_7_8")
	c("6_7", "7_8", "8_9", "9_10")

	5-unit syllable
	2-unit syllable
	2
	c("1_2_3_4_5", "2_3_4_5_6", "3_4_5_6_7")
	c("7_8", "8_9", "9_10")

	5-unit syllable
	2-unit syllable
	3
	c("1_2_3_4_5", "2_3_4_5_6")
	c("8_9", "9_10")

	5-unit syllable
	2-unit syllable
	4
	c("1_2_3_4_5")
	c("9_10")

	5-unit syllable
	3-unit syllable
	1
	c("1_2_3_4_5", "2_3_4_5_6", "3_4_5_6_7")
	c("6_7_8", "7_8_9", "8_9_10")

	5-unit syllable
	3-unit syllable
	2
	c("1_2_3_4_5", "2_3_4_5_6")
	c("7_8_9", "8_9_10")

	5-unit syllable
	3-unit syllable
	3
	c("1_2_3_4_5")
	c("8_9_10")

	5-unit syllable
	4-unit syllable
	1
	c("1_2_3_4_5", "2_3_4_5_6")
	c("6_7_8_9", "7_8_9_10")

	5-unit syllable
	4-unit syllable
	2
	c("1_2_3_4_5")
	c("7_8_9_10")

	5-unit syllable
	5-unit syllable
	1
	c("1_2_3_4_5")
	c("6_7_8_9_10")

	6-unit syllable
	single unit
	1
	c("1_2_3_4_5_6", "2_3_4_5_6_7", "3_4_5_6_7_8", "4_5_6_7_8_9")
	c("7", "8", "9", "10")

	6-unit syllable
	single unit
	2
	c("1_2_3_4_5_6", "2_3_4_5_6_7", "3_4_5_6_7_8")
	c("8", "9", "10")

	6-unit syllable
	single unit
	3
	c("1_2_3_4_5_6", "2_3_4_5_6_7")
	c("9", "10")

	6-unit syllable
	single unit
	4
	c("1_2_3_4_5_6")
	c("10")

	6-unit syllable
	2-unit syllable
	1
	c("1_2_3_4_5_6", "2_3_4_5_6_7", "3_4_5_6_7_8")
	c("7_8", "8_9", "9_10")

	6-unit syllable
	2-unit syllable
	2
	c("1_2_3_4_5_6", "2_3_4_5_6_7")
	c("8_9", "9_10")

	6-unit syllable
	2-unit syllable
	3
	c("1_2_3_4_5_6")
	c("9_10")

	6-unit syllable
	3-unit syllable
	1
	c("1_2_3_4_5_6", "2_3_4_5_6_7")
	c("7_8_9", "8_9_10")

	6-unit syllable
	3-unit syllable
	2
	c("1_2_3_4_5_6")
	c("8_9_10")

	6-unit syllable
	4-unit syllable
	1
	c("1_2_3_4_5_6")
	c("7_8_9_10")

	7-unit syllable
	single unit
	1
	c("1_2_3_4_5_6_7", "2_3_4_5_6_7_8", "3_4_5_6_7_8_9")
	c("8", "9", "10")

	7-unit syllable
	single unit
	2
	c("1_2_3_4_5_6_7", "2_3_4_5_6_7_8")
	c("9", "10")

	7-unit syllable
	single unit
	3
	c("1_2_3_4_5_6_7")
	c("10")

	7-unit syllable
	2-unit syllable
	1
	c("1_2_3_4_5_6_7", "2_3_4_5_6_7_8")
	c("8_9", "9_10")

	7-unit syllable
	2-unit syllable
	2
	c("1_2_3_4_5_6_7")
	c("9_10") 

	7-unit syllable
	3-unit syllable
	1
	c("1_2_3_4_5_6_7")
	c("8_9_10")

	8-unit syllable
	single unit
	1
	c("1_2_3_4_5_6_7_8", "2_3_4_5_6_7_8_9")
	c("9", "10")

	8-unit syllable
	2-unit syllable
	2
	c("1_2_3_4_5_6_7_8")
	c("10")

	9-unit syllable
	single unit
	1
	c("1_2_3_4_5_6_7_8_9")
	c("10")



Table 4B. Total list of total 164 possible transitions from unit/syllable to unit/syllable per distance. 
The “x_position” and “y_position” for each transition indicates the positional location of the start and end syllable, formatted as exact code commands (see Supplementary Code).


Supplementary Code

Supplementary Code 1. (Supplementary_Code.R).
R script containing all custom functions used to (i) extract unit-to-unit and unit/syllable transition frequency matrices across specified n-gram lengths and positional pairings, (ii) generate permutation-based null transition matrices (within-sequence shuffling, preserving sequence length and call-type composition), and (iii) compute cell-wise Pearson-type chi-square deviation statistics and corresponding p-values for observed vs expected transition frequencies. Example function calls and parameter settings are included within the script.
Supplementary Code 2. README.md
Short guide describing required inputs, how to set the local file path(s), and example commands to reproduce the main transition matrices and significance outputs.




Supplementary Data

Supplementary Data 1. Supplementary_Data_1.csv
Input dataset of extracted alarm-call n-grams used by the R functions (one row per n-gram; includes individual ID and predator-model condition; n-grams encoded as underscore-separated call types).
Supplementary Data 2. Supplementary_Data_2.xlsx
Run manifest / parameter sweep table listing the full set of transition comparisons executed (unit/syllable A length, unit/syllable B length, distance, and corresponding x_position and y_position vectors) used to iterate through all possible transition pairings reported in the Supplementary Tables.



23

