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Table S1. The COI and 16S rRNA sequences data for this study were obtained from the following references.
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	DOI or Title or Web site
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Table S2. The species distribution data for this study was obtained from the following literature.
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	DOI or Title or Web site
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	DOI:10.5897/AJMR2014.6853

	
	https://doi.org/10.1007/s12011-023-03712-1

	
	https://www.researchgate.net/publication/267299045

	
	DOI:10.1111/jfbc.12268

	
	https://doi.org/10.1016/j.fishres.2015.06.027

	
	https://www.researchgate.net/publication/330349153

	
	DOI:10.1080/10942912.2016.1217008

	
	https://doi.org/10.1002/jez.2877

	
	DOI:10.1111/jfbc.14095

	
	DOI:10.15835/nsb13110862

	
	DOI:10.1093/icesjms/fsac102

	
	https://doi.org/10.1007/978-981-13-7844-7_3

	
	DOI:10.11964/jfc.20160110247

	
	DOI:10.11978/2015038
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Figure S1. Pearson correlation analysis matrix for bottom environments of Sepia pharaonis.
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Figure S2. Pearson correlation analysis matrix for bottom environments of the AU lineage.
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Figure S3. Pearson correlation analysis matrix for bottom environments of the CE lineage.
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Figure S4. Pearson correlation analysis matrix for bottom environments of the PE lineage.
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Figure S5. Pearson correlation analysis matrix for bottom environments of the WE lineage.
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Figure S6. Scree plot showing the percentage of total environmental variance explained by the three principal components (PC1, PC2 and PC3).
Table S3. Analysis of molecular variation (AMOVA) of the two mitochondrial genes COI and 16S rRNA between five populations in Sepia pharaonis.
	Gene
	Source of variation
	df
	Sum of squares
	Variance components
	Percentage of variation

	COI
	Among populations
	4
	804.87
	12.17195 Va
	88.06

	
	Within populations
	86
	141.987
	1.65101 Vb
	11.94

	
	Total
	90
	946.857
	13.82296
	

	16S rRNA
	Among populations
	4
	247.654
	6.33195 Va
	94.14

	
	Within populations
	46
	18.131
	0.39415 Vb
	5.86

	
	Total
	50
	265.784
	6.7261
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Figure S7. The haplotype network of 16SrRNA and COI sequences of Sepia pharaonis. A was the haplotype network of 16SrRNA sequences, b was the haplotype network of COI sequences.
Table S4. Pairwise niche differentiation and hypervolume overlap among four lineages of Sepia pharaonis.
	Pairs of lineages
	βTotal
	Niche shift
	Niche contraction/ expansion
	Jaccard
	Sorensen

	AU-CE
	0.982 
	0.000(0.0%)
	0.982(100.0%)
	0.018
	0.035

	AU-PE
	0.992 
	0.000(0.0%)
	0.992(100.0%)
	0.008
	0.015

	AU-WE
	0.979 
	0.001(0.1%)
	0.978(99.9%)
	0.021
	0.042

	CE-PE
	0.703 
	0.193(27.5%)
	0.510(72.5%)
	0.291
	0.451

	CE-WE
	0.413 
	0.258(62.5%)
	0.155(37.5%)
	0.578
	0.733

	PE-WE
	0.824 
	0.268(32.5%)
	0.556(67.5%)
	0.171
	0.292


βTotal represented total niche differentiation and was partitioned into niche shift and niche contraction/expansion. Percentages in parentheses indicated the contribution of each component to βTotal. Jaccard and Sorensen values represented pairwise hypervolume overlap.
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Figure S8. The realized niches between CE and AU lineages of Sepia pharaonis quantified via three-dimensional hypervolumes.
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Figure S9. The realized niches between PE and AU lineages of Sepia pharaonis quantified via three-dimensional hypervolumes.
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Figure S10. The realized niches between WE and AU lineages of Sepia pharaonis quantified via three-dimensional hypervolumes.
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Figure S11. The realized niches between PE and CE lineages of Sepia pharaonis quantified via three-dimensional hypervolumes.
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Figure S12. The realized niches between CE and WE lineages of Sepia pharaonis quantified via three-dimensional hypervolumes.
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Figure S13. The realized niches between PE and WE lineages of Sepia pharaonis quantified via three-dimensional hypervolumes.
Table S5. The average value of TSS of each model.
	model
	S. pharaonis
	AU lineage
	CE lineage
	PE lineage
	WE lineage

	ANN
	0.89
	0.90
	0.92
	0.95
	0.84

	CTA
	0.86
	0.93
	0.91
	0.97
	0.81

	FDA
	0.85
	0.91
	0.85
	0.90
	0.85

	GAM
	0.88
	0.94
	0.93
	0.98
	0.91

	GBM
	0.89
	0.96
	0.92
	0.98
	0.92

	GLM
	0.88
	0.81
	0.92
	0.95
	0.77

	MARS
	0.89
	0.94
	0.92
	0.97
	-

	MAXENT
	0.85
	0.91
	0.92
	0.95
	0.83

	RF
	0.89
	0.98
	0.95
	1.00
	0.96

	SRE
	0.78
	0.89
	0.88
	0.89
	0.76

	ensemble
	-
	0.93
	0.92
	0.96
	0.87


Table S6. The average value of AUC of each model.
	model
	S. pharaonis
	AU lineage
	CE lineage
	PE lineage
	WE lineage

	ANN
	0.97
	0.97
	0.96
	0.99
	0.92

	CTA
	0.93
	0.98
	0.97
	0.99
	0.94

	FDA
	0.97
	0.97
	0.92
	0.99
	0.93

	GAM
	0.97
	0.99
	0.97
	1.00
	0.97

	GBM
	0.98
	0.99
	0.97
	1.00
	0.96

	GLM
	0.96
	0.93
	0.96
	0.99
	0.88

	MARS
	0.97
	0.99
	0.97
	0.99
	-

	MAXENT
	0.95
	0.99
	0.99
	0.98
	0.92

	RF
	0.98
	1.00
	1.00
	1.00
	1.00

	SRE
	0.89
	0.97
	0.95
	0.98
	0.90

	ensemble
	-
	0.98
	0.97
	0.99
	0.94


Table S7. The average value of Boyce of each model.
	model
	AU lineage
	CE lineage
	PE lineage
	WE lineage

	ANN
	0.59
	0.16
	0.13
	0.52

	CTA
	0.63
	-0.17
	-0.08
	0.72

	FDA
	0.98
	0.81
	0.76
	0.67

	GAM
	0.85
	0.64
	0.62
	0.38

	GBM
	0.72
	0.91
	0.89
	0.95

	GLM
	0.76
	-0.15
	-0.22
	0.60

	MARS
	0.85
	0.58
	0.63
	-

	MAXENT
	0.98
	0.91
	0.69
	0.91

	RF
	0.99
	0.94
	0.77
	0.96

	SRE
	0.50
	0.11
	0.06
	0.49

	ensemble
	0.90
	0.91
	0.68
	0.92
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Figure S14. The relative importance of each environmental variable in constructing the species-level model (a) and the lineage-level models (b).
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Figure S15. Response curves of Sepia pharaonis.
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Figure S16. Response curves of AU lineage.
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Figure S17. Response curves of CE lineage.
[image: ]
Figure S18. Response curves of PE lineage.
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Figure S19. Response curves of WE lineage.
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Figure S20. Habitat suitability variations of Sepia pharaonis.
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Figure S21. Habitat suitability variations of AU lineage.
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Figure S22. Habitat suitability variations of CE lineage.
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Figure S23. Habitat suitability variations of PE lineage.
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Figure S24. Habitat suitability variations of WE lineage.
Table S8. The proportion change (%) of species distribution area relative to current distribution under future climate conditions. The proportion (%) of stable regions indicated in parentheses.
	Scenario
	S. pharaonis
	AU lineage
	CE lineage
	PE lineage
	RE lineage
	WE lineage

	2051-2060,
SSP1-2.6
	10.39
(85.41)
	61.61
(78.11)
	-5.23
(94.44)
	6.09
(91.71)
	-
	-2.37
(78.06)

	
	
	
	
	
	
	

	2051-2060,
SSP2-4.5
	24.25
(83.11)
	55.70
(73.70)
	-1.46
(94.64)
	4.77
(86.30)
	-
	1.80
(72.29)

	
	
	
	
	
	
	

	2051-2060,
SSP5-8.5
	21.01
(77.31)
	-14.98
(61.69)
	-7.78
(91.90)
	-1.10
(85.24)
	-
	-3.32
(73.68)

	
	
	
	
	
	
	

	2091-2100,
SSP1-2.6
	10.05
(84.23)
	45.73
(73.53)
	-3.80
(94.58)
	6.84
(91.48)
	-
	-3.38
(77.56)

	
	
	
	
	
	
	

	2091-2100,
SSP2-4.5
	37.36
(80.97)
	27.43
(65.73)
	-3.04
(91.39)
	3.36
(79.10)
	-
	0.46
(65.64)

	
	
	
	
	
	
	

	2091-2100,
SSP5-8.5
	51.07
(82.19)
	-23.22
(38.92)
	-7.39
(90.63)
	-18.84
(60.57)
	-
	-10.91
(62.54)

	
	
	
	
	
	
	


Table S9. Distribution centroid coordinates and migration distances of Sepia pharaonis at the species and lineage levels under different climate change scenarios. Migration distances (km) are indicated in parentheses.
	Scenario
	2051-2060
	2091-2100

	
	SSP1-2.6
	SSP2-4.5
	SSP5-8.5
	SSP1-2.6
	SSP2-4.5
	SSP5-8.5

	S. pharaonis
	112.53，
	116.34，
	112.81，
	113.02，
	115.59，
	106.90，

	
	-0.18
	-1.19
	-0.01
	-0.13
	-0.48
	0.14

	
	(368.63)
	(801.61)
	(389.16)
	(415.37)
	(697.79)
	(329.45)

	AU lineage
	135.88,
	136.51，
	135.66,
	134.87,
	136.00,
	138.42,

	
	-12.38
	-12.27
	-12.88
	-12.29
	-12.61
	-13.75

	
	(61.33)
	(107.62)
	(108.44)
	(89.03)
	(89.94)
	(368.43)

	CE lineage
	91.24,
	90.93，
	90.82，
	92.50，
	90.91，
	91.21，

	
	8.42
	6.16
	10.10
	8.71
	6.84
	9.19

	
	(409.23)
	(160.65)
	(598.35)
	(464.72)
	(235.53)
	(495.30)

	PE lineage
	58.83，
	58.86，
	59.01，
	59.23，
	58.90，
	60.80，

	
	21.23
	17.88
	20.53
	20.77
	18.59
	21.06

	
	(245.69)
	(234.60)
	(205.08)
	(239.22)
	(185.31)
	(395.66)

	RE lineage
	-
	-
	-
	-
	-
	-

	WE lineage
	118.51，
	121.35，
	118.32，
	118.42，
	121.25，
	119.90，

	
	6.31
	6.18
	6.53
	6.15
	6.22
	6.33

	
	(213.03)
	(137.42)
	(242.17)
	(216.36)
	(130.49)
	(96.56)
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Figure S25. Ecological vulnerability of Sepia pharaonis under future climate scenarios.
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Figure S26. Ecological vulnerability of AU lineage under future climate scenarios.
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Figure S27. Ecological vulnerability of CE lineage under future climate scenarios.
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Figure S28. Ecological vulnerability of PE lineage under future climate scenarios.
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Figure S29. Ecological vulnerability of WE lineage under future climate scenarios.
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