Supplementary materials
Table S1.  Definition of habitat types compare to Land Use and Land Cover definition based on Indonesian Ministry of Environment and Forestry
	No.
	Habitat types
	Code
	LULC types based on MoEF definition

	1
	Forest
	FOR
	Primary dryland forest

	2
	Forest
	FOR
	Secondary dryland forest

	3
	Forest
	FOR
	Primary mangrove forest

	4
	Forest
	FOR
	Secondary mangrove forest

	5
	Forest
	FOR
	Primary swamp forest

	6
	Forest
	FOR
	Secondary swamp forest

	7
	Plantation
	PLT
	Industrial plantation forest

	8
	Plantation
	PLT
	Plantation

	9
	Cropland
	CRP
	Dryland agriculture

	10
	Cropland
	CRP
	Mixed dryland agriculture

	11
	Cropland
	CRP
	Paddy field

	12
	Shrubland
	SHB
	Savanna

	13
	Shrubland
	SHB
	Shrub

	14
	Shrubland
	SHB
	Shrub swamp

	15
	Shrubland
	SHB
	swamp

	16
	Non-vegetation areas
	NON
	Settlement

	17
	Non-vegetation areas
	NON
	Cloud

	18
	Non-vegetation areas
	NON
	Bare land

	19
	Non-vegetation areas
	NON
	Water

	20
	Non-vegetation areas
	NON
	Fishpond

	21
	Non-vegetation areas
	NON
	Airport

	22
	Non-vegetation areas
	NON
	Transmigration

	23
	Non-vegetation areas
	NON
	Mining



Table S2. Environmental predictors are used to build habitat loss models as well as occupancy model in Leuser Ecosystem
	No
	Full name
	Abbreviated name
	Justification
	Data source

	Habitat loss model

	1
	Terrain Ruggedness Index
	tri
	Topographical roughness was associated with deforestation (Cushman et al., 2017)
	Digital Elevation Model by Jarvis et al., 2008

	2
	Minimum distance to village
	dist. to village 
	Forest patches closer to settlements were highly vulnerable to deforestation
	Village points by Indonesian Geospatial Agency (BIG)

	3
	Minimum distance to roads
	dist. to road
	Forest patches closer to roads were highly vulnerable to deforestation (Gaveau et al., 2009).
	Road networks by Indonesian Geospatial Agency (BIG)

	4
	Minimum distance to river
	dist. to river
	Forest clearance activities were likely occurred close to river
	River networks by Indonesian Geospatial Agency (BIG)

	5
	Minimum distance to forest edge in 2000
	dist. to forest edge
	Forest patches closer to forest edge were highly vulnerable to deforestation (Gaveau et al., 2009).
	Land use and land cover by Ministry of Environmental Forestry, 2018

	6
	Minimum distance to oil palm plantation
	dist. to oilpalm
	Vulnerable areas for deforestation were associated with the expansion of oil palm plantations (Vijay et al., 2016)
	The extent of oil palm plantation in South East Asia between 1980 and 2017 by Danylo et al., 2021

	Occupancy model

	7
	Mean elevation in meter at species’ home-range level 
	elevation
	Occupancy of tiger increased strongly with altitude (Sunarto et al., 2012). While wild boar occupancy decreased with altitude (Widodo et al., 2022).
	Digital Elevation Model by Jarvis et al., 2008

	8
	Mean steepness of a surface (degree) generated from elevation data at species’ home-range level
	slope
	Sambar were likely to occupy flatter terrain (Pusparini et al., 2017).
	Digital Elevation Model by Jarvis et al., 2008

	9
	Total forest cover area at species’ home-range level 
	fcover_area
	Occupancy of tiger and sambar were higher in higher total area of forest cover (Wibisono, 2021)
	Land use and land cover data for 2009 and 2019 by Indonesian Ministry of Environmental and Forestry

	10
	Number of forest cover patches at species’ home-range level
	fcover_patches
	Increase in number of habitat patches due to fragmentation will increase the extinction risk of species due to reduced heterozygosity and greater population isolation (Smith et al., 2018)
	Land use and land cover data for 2009 and 2019 by Indonesian Ministry of Environmental and Forestry

	11
	Proportion of wild prey detected along the transect lines for each cell
	prey
	Tiger presence were associated with wild prey density (Karanth et al., 2011).
	SWTS survey in 2009 and 2019

	12
	Proportion of human disturbance detected along the transect lines for each cell
	disturbance
	Human presence showed negative association with tiger occupancy (Karanth et al., 2011).
	SWTS survey in 2009 and 2019

	13
	Proportion of forested habitat collected along the transect lines for each cell.
	Forest_hab 
	Occupancy of tiger and sambar were higher in higher total area of forest cover (Wibisono, 2021)
	SWTS survey in 2009 and 2019


SWTS stands for Sumatran-wide Tiger Survey
Table S3. Model performance for each species using 2009 occupancy data
	No
	Species
	Model
	DAICc
	wgt

	1
	Elephant
	psi(~fcover_area + disturbance)theta(~PRIME)p(~forest_hab)th0pi(~1)
	0.00
	0.79

	2
	Elephant
	psi(~fcover_area)theta(~PRIME)p(~forest_hab)th0pi(~1)
	2.87
	0.19

	3
	Elephant
	psi(~1)theta(~PRIME)p(~1)th0pi(~1)
	9.66
	0.01

	4
	Elephant
	psi(~disturbance)theta(~PRIME)p(~forest_hab)th0pi(~1)
	10.32
	0.00

	5
	Elephant
	psi(~elevation)theta(~PRIME)p(~forest_hab)th0pi(~1)
	11.24
	0.00

	6
	Elephant
	psi(~elevation + disturbance)theta(~PRIME)p(~forest_hab)th0pi(~1)
	11.87
	0.00

	7
	Elephant
	psi(~slope + disturbance)theta(~PRIME)p(~forest_hab)th0pi(~1)
	12.58
	0.00

	8
	Elephant
	psi(~fcover_patches)theta(~PRIME)p(~forest_hab)th0pi(~1)
	12.78
	0.00

	9
	Elephant
	psi(~slope)theta(~PRIME)p(~forest_hab)th0pi(~1)
	13.06
	0.00

	10
	Elephant
	psi(~slope + fcover_patches)theta(~PRIME)p(~forest_hab)th0pi(~1)
	14.39
	0.00

	11
	Tiger
	psi(~fcover_area + disturbance)theta(~PRIME)p(~forest_hab)th0pi(~1)
	0.00
	0.93

	12
	Tiger
	psi(~disturbance)theta(~PRIME)p(~forest_hab)th0pi(~1)
	7.34
	0.02

	13
	Tiger
	psi(~slope + disturbance)theta(~PRIME)p(~forest_hab)th0pi(~1)
	7.75
	0.02

	14
	Tiger
	psi(~fcover_area)theta(~PRIME)p(~forest_hab)th0pi(~1)
	7.75
	0.02

	15
	Tiger
	psi(~fcover_area + prey)theta(~PRIME)p(~forest_hab)th0pi(~1)
	9.92
	0.01

	16
	Tiger
	psi(~1)theta(~PRIME)p(~1)th0pi(~1)
	11.48
	0.00

	17
	Tiger
	psi(~elevation)theta(~PRIME)p(~forest_hab)th0pi(~1)
	13.96
	0.00

	18
	Tiger
	psi(~prey)theta(~PRIME)p(~forest_hab)th0pi(~1)
	14.92
	0.00

	19
	Tiger
	psi(~slope)theta(~PRIME)p(~forest_hab)th0pi(~1)
	14.95
	0.00

	20
	Tiger
	psi(~fcover_patches)theta(~PRIME)p(~forest_hab)th0pi(~1)
	14.98
	0.00

	21
	Wild boar
	psi(~elevation + disturbance)theta(~PRIME)p(~1)th0pi(~1)
	0.00
	0.87

	22
	Wild boar
	psi(~fcover_area)theta(~PRIME)p(~1)th0pi(~1)
	5.16
	0.07

	23
	Wild boar
	psi(~fcover_area + disturbance)theta(~PRIME)p(~1)th0pi(~1)
	5.70
	0.05

	24
	Wild boar
	psi(~elevation)theta(~PRIME)p(~1)th0pi(~1)
	9.55
	0.01

	25
	Wild boar
	psi(~slope + fcover_patches)theta(~PRIME)p(~1)th0pi(~1)
	9.77
	0.01

	26
	Wild boar
	psi(~slope + disturbance)theta(~PRIME)p(~1)th0pi(~1)
	14.20
	0.00

	27
	Sambar
	psi(~slope + fcover_patches)theta(~PRIME)p(~forest_hab)th0pi(~1)
	0.00
	0.50

	28
	Sambar
	psi(~slope)theta(~PRIME)p(~forest_hab)th0pi(~1)
	1.01
	0.30

	29
	Sambar
	psi(~slope + disturbance)theta(~PRIME)p(~forest_hab)th0pi(~1)
	3.03
	0.11

	30
	Sambar
	psi(~elevation + disturbance)theta(~PRIME)p(~forest_hab)th0pi(~1)
	3.63
	0.08

	31
	Sambar
	psi(~1)theta(~PRIME)p(~1)th0pi(~1)
	81.25
	0.00



Table S4. Model performance for each species using 2019 occupancy data
	No
	Species
	Model
	DAICc
	wgt

	1
	Elephant
	psi(~fcover_area + disturbance)theta(~PRIME)p(~forest_hab)th0pi(~1)
	0.00
	0.26

	2
	Elephant
	psi(~disturbance)theta(~PRIME)p(~forest_hab)th0pi(~1)
	0.58
	0.19

	3
	Elephant
	psi(~slope + disturbance)theta(~PRIME)p(~forest_hab)th0pi(~1)
	0.64
	0.19

	4
	Elephant
	psi(~slope)theta(~PRIME)p(~forest_hab)th0pi(~1)
	1.70
	0.11

	5
	Elephant
	psi(~fcover_area)theta(~PRIME)p(~forest_hab)th0pi(~1)
	2.17
	0.09

	6
	Elephant
	psi(~elevation + disturbance)theta(~PRIME)p(~forest_hab)th0pi(~1)
	2.39
	0.08

	7
	Elephant
	psi(~elevation)theta(~PRIME)p(~forest_hab)th0pi(~1)
	2.70
	0.07

	8
	Elephant
	psi(~fcover_patches)theta(~PRIME)p(~forest_hab)th0pi(~1)
	4.40
	0.03

	9
	Tiger
	psi(~fcover_area + prey)theta(~PRIME)p(~forest_hab)th0pi(~1)
	0.00
	0.37

	10
	Tiger
	psi(~fcover_area)theta(~PRIME)p(~forest_hab)th0pi(~1)
	1.05
	0.22

	11
	Tiger
	psi(~slope + fcover_patches)theta(~PRIME)p(~forest_hab)th0pi(~1)
	1.53
	0.17

	12
	Tiger
	psi(~fcover_area + disturbance)theta(~PRIME)p(~forest_hab)th0pi(~1)
	1.95
	0.14

	13
	Tiger
	psi(~disturbance)theta(~PRIME)p(~forest_hab)th0pi(~1)
	4.62
	0.04

	14
	Tiger
	psi(~prey)theta(~PRIME)p(~forest_hab)th0pi(~1)
	5.73
	0.02

	15
	Tiger
	psi(~elevation)theta(~PRIME)p(~forest_hab)th0pi(~1)
	6.15
	0.02

	16
	Tiger
	psi(~fcover_patches)theta(~PRIME)p(~forest_hab)th0pi(~1)
	6.15
	0.02

	17
	Tiger
	psi(~1)theta(~PRIME)p(~1)th0pi(~1)
	7.79
	0.01

	18
	Wild boar
	psi(~slope + fcover_patches)theta(~PRIME)p(~1)th0pi(~1)
	0.00
	0.60

	19
	Wild boar
	psi(~fcover_patches)theta(~PRIME)p(~1)th0pi(~1)
	1.04
	0.36

	20
	Wild boar
	psi(~1)theta(~PRIME)p(~1)th0pi(~1)
	6.64
	0.02

	21
	Wild boar
	psi(~fcover_area)theta(~PRIME)p(~1)th0pi(~1)
	6.83
	0.02

	22
	Sambar
	psi(~fcover_area)theta(~PRIME)p(~forest_hab)th0pi(~1)
	0.00
	0.92

	23
	Sambar
	psi(~elevation + fcover_patches)theta(~PRIME)p(~forest_hab)th0pi(~1)
	6.58
	0.03

	24
	Sambar
	psi(~disturbance)theta(~PRIME)p(~forest_hab)th0pi(~1)
	7.21
	0.03

	25
	Sambar
	psi(~fcover_patches)theta(~PRIME)p(~forest_hab)th0pi(~1)
	7.66
	0.02

	26
	Sambar
	psi(~1)theta(~PRIME)p(~1)th0pi(~1)
	39.18
	0.00



Table S5. Covariates effect on psi estimate (±SE) from the top-ranked models for each species in each survey periods
	Species
	Int
	fcover_area
	disturbance
	elevation
	slope
	fcover_patches
	prey

	SWTS 2009 data

	Elephant
	-1.06(0.3)
	1.01(0.32)
	0.52(0.24)
	-
	-
	-
	-

	Tiger
	2.25(1.06)
	1.63(0.63)
	3.85(1.66)
	-
	-
	-
	-

	Wild boar
	2.08(0.75)
	-
	2.01(1.5)
	-1.16(0.32)
	-
	-
	-

	Sambar
	7.02(3.92)
	-
	-
	-
	-2.05(0.93)
	8.28(9.39)
	-

	SWTS 2019 data

	Elephant
	-1.5(0.5)
	0.8(0.5)
	0.87(0.61)
	-
	-
	-
	-

	Tiger
	2.71(2.05)
	1.74(0.86)
	-
	-
	-
	-
	7.05(4.77)

	Wild boar
	-0.62(0.48)
	-
	-
	-
	-0.61(0.25)
	0.43(0.55)
	-

	Sambar
	3.64(3.38)
	5.18(3.8)
	-
	-
	-
	-
	-



Table S6. Model summary from deforestation modelling in Leuser Ecosystem.
	Models
	AICc
	DAICc
	wgt
	AUC

	tri + dist. to forest edge
	72.7
	0
	0.5
	0.94

	dist. to road
	73.9
	1.2
	0.3
	0.93

	dist. to road + dist. to river
	75.4
	2.7
	0.1
	0.93

	tri
	79.9
	7.2
	0
	0.9

	tri + dist. to river
	80.4
	7.7
	0
	0.91

	dist. to oilpalm + dist. to forest edge
	80.6
	7.9
	0
	0.91

	dist. to river + dist. to forest edge + dist. to oilpalm
	81.2
	8.5
	0
	0.92

	dist. to village
	94.5
	21.7
	0
	0.81

	dist. to village + dist. to river
	95.7
	23
	0
	0.83

	dist. to oilpalm
	96.1
	23.4
	0
	0.88

	dist. to river + dist. to oilpalm
	96.3
	23.6
	0
	0.89

	dist. to forest edge
	103.2
	30.5
	0
	0.82

	dist. to river + dist. to forest edge
	105
	32.3
	0
	0.82

	null
	140.7
	68
	0
	0.5

	dist. to river
	142
	69.2
	0
	0.67
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Figure S1. Correlation coefficient among variables used to model the habitat loss in Leuser Ecosystem
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	Figure S2. Correlation plot among variables using 2009 (top) and 2019 (bottom) data with 17 km grid cell (left), and 8.5 km grid cell (right)
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Figure S3. Possible scenarios of forest habitats in Northern Sumatra landscape to be used to project the future occupancy of Sumatran elephant and Sumatran tiger. Scenario 1-5 were developed using habitat loss modelling from this study and scenario 6-10 were developed from reforestation potential areas based on Rayden et al., (2023) study.
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Figure S4. Correlation between terrain ruggedness index (a) and Distance to forest edge in 2000 with the probability of habitat loss based on top-ranked habitat loss model
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