APPENDIX A. — SUPPLEMENTARY MATERIAL
A1 Land cover data

Fig. A.1 Processing land cover map with ArcGIS pro for each species (based on datasets: Helsinki metropolitan area land cover dataset 2022; Traffic data from Helsinki 2024; Helsinki's nature information system 2023 and 2024; Jalkanen & Vierikko 2022).

Table A.1 Parameters for European crested tit in the model and in sensitivity analysis (+/- 20%).
	 
	Model
	+20 %
	-20 %

	Interpatch crossing distance (m)
	4000 (expert opinion)
	4800
	3200

	Minimum habitat size that supports viable population (ha)
	20 (Valkama et al. 2014)
	16
	24



Table A.2 Resistance values for European crested tit in the model and in sensitivity analysis (+/- 20 %). (Dataset: Jalkanen & Vierikko 2022).
	Land cover data
	Model
	Sensitivity +20 %
	Sensitivity -20 %

	
	Resistance multiplier
	Habitat
	Resistance multiplier
	Habitat
	Resistance multiplier
	Habitat

	1
	Hollow bogs
	3
	0
	2.5
	0
	3.5
	0

	2
	River ecosystems
	3
	0
	2.5
	0
	3.5
	0

	3
	Stream ecosystems
	3
	0
	2.5
	0
	3.5
	0

	4
	Forested and shrubby riverbanks
	2
	0
	1.5
	0
	2.5
	0

	5
	Lakes and ponds (incl. shores)
	3
	0
	2.5
	0
	3.5
	0

	6
	Natural sandy beaches
	3
	0
	2.5
	0
	3.5
	0

	7
	Gravel & rocky beaches
	3
	0
	2.5
	0
	3.5
	0

	8
	Coastal meadows
	3
	0
	2.5
	0
	3.5
	0

	9
	Coastal reed beds
	3
	0
	2.5
	0
	3.5
	0

	10
	Natural sands
	3
	0
	2.5
	0
	3.5
	0

	11
	Bare rocks (outcrops, ledges, rocky grounds)
	1.5
	0
	1.5
	0
	2
	0

	12
	Calcareous rocks
	1.5
	0
	1.5
	0
	2
	0

	13
	Rocky meadows
	1.5
	0
	1.5
	0
	2
	0

	14
	Forests on rocky substrates
	1
	1
	1
	1
	1
	1

	15
	Old-growth forests on rocky substrates (100- y.)
	1
	1
	1
	1
	1
	1

	16
	Esker forests (30-100 y.)
	1
	1
	1
	1
	1
	1

	17
	Old-growth esker forests (100- y.)
	1
	1
	1
	1
	1
	1

	18
	Heathland forests (30-100 y.)
	1
	1
	1
	1
	1
	1

	19
	Old-growth heathland forests (100- y.)
	1
	1
	1
	1
	1
	1

	20
	Groves (30-100 y.)
	2
	0
	1.5
	0
	2.5
	0

	21
	Pine marshes (30-100 y.)
	1
	1
	1
	1
	1
	1

	22
	Old-growth pine marshes (100- y.)
	1
	1
	1
	1
	1
	1

	23
	Spruce mires (30-100 y.)
	1.5
	0
	1.5
	0
	2
	0

	24
	Old-growth spruce mires (100- y.)
	1.5
	0
	1.5
	0
	2
	0

	25
	Small deciduous forests (< 0.5 ha)
	2
	0
	1.5
	0
	2.5
	0

	26
	Agricultural fields
	3
	0
	2.5
	0
	3.5
	0

	27
	Community gardens
	3
	0
	2.5
	0
	3.5
	0

	28
	Fresh meadow
	3
	0
	2.5
	0
	3.5
	0

	29
	Dry meadows
	3
	0
	2.5
	0
	3.5
	0

	30
	Moors
	3
	0
	2.5
	0
	3.5
	0

	31
	Fortifications and cultural areas
	2
	0
	1.5
	0
	2.5
	0

	32
	Open wastelands
	3
	0
	2.5
	0
	3.5
	0

	33
	Shrubby wastelands
	3
	0
	2.5
	0
	3.5
	0

	34
	Built parks with trees
	2
	0
	1.5
	0
	2.5
	0

	35
	Manor gardens
	2
	0
	1.5
	0
	2.5
	0

	36
	Botanical gardens
	3
	0
	2.5
	0
	3.5
	0

	37
	Allotment gardens
	3
	0
	2.5
	0
	3.5
	0

	38
	Cemeteries
	2
	0
	1.5
	0
	2.5
	0

	39
	Golf courses
	3
	0
	2.5
	0
	3.5
	0

	40
	Sealed appartmentblock yards
	6
	0
	5
	0
	7
	0

	41
	Bare appartment suburb yards
	5
	0
	4
	0
	6
	0

	42
	Residential gardens
	2
	0
	1.5
	0
	2.5
	0

	43
	Densely-built residential gardens, townhouse gardens
	6
	0
	5
	0
	7
	0

	44
	Meadow and shrubby road embankments
	3
	0
	2.5
	0
	3.5
	0

	45
	Airfields
	3
	0
	2.5
	0
	3.5
	0

	46
	Areas beneath power-lines
	3
	0
	2.5
	0
	3.5
	0

	47
	Artificial shores (beaches, canals, terraced embankments, etc.)
	3
	0
	2.5
	0
	3.5
	0

	48
	Anthrophogenic sand and gravelpits
	3
	0
	2.5
	0
	3.5
	0

	49
	Impermeable surfaces
	3
	0
	2.5
	0
	3.5
	0

	111
	paved road
	6
	0
	5
	0
	7
	0

	112
	unpaved road
	3
	0
	2.5
	0
	3.5
	0

	120
	buildings
	6
	0
	5
	0
	7
	0

	130
	other impervious surface
	3
	0
	2.5
	0
	3.5
	0

	310
	Open rocks
	1.5
	0
	1.5
	0
	2
	0

	410
	Bare ground
	3
	0
	2.5
	0
	3.5
	0

	510
	Water
	3
	0
	2.5
	0
	3.5
	0

	520
	Sea
	3
	0
	2.5
	0
	3.5
	0



Table A.3 Parameters for Siberian flying squirrel in the model and in sensitivity analysis (+/- 20%).
	 
	Model
	+20 %
	-20 %

	Interpatch crossing distance (m)
	2000 (Selonen & Hanski 2004; Hanski & Selonen 2008; Selonen & Mäkeläinen 2017; Kosma et al. 2023)
	2400
	1800

	Minimum habitat size that supports viable population (ha)
	1.5 (median in data from Helsinki’s nature information system 2023)
	1.2
	1.8



Table A.4 Resistance values for the Siberian flying squirrel in the model and in sensitivity analysis (+/- 20%). (Dataset: Helsinki metropolitan area land cover dataset 2022; Helsinki's nature information system 2023)
	Land cover data
	Model
	Sensitivity +20 %
	Sensitivity -20 %

	
	Resistance multiplier
	Habitat
	Resistance multiplier
	Habitat
	Resistance multiplier
	Habitat

	1
	Observations
	1
	1
	1
	1
	1
	1

	111
	Paved road
	6
	0
	5
	0
	7
	0

	112
	Unpaved road
	6
	0
	5
	0
	7
	0

	120
	Buildings
	1000
	0
	800
	0
	1200
	0

	130
	Other impervious surface
	6
	0
	5
	0
	7
	0

	211
	Fields
	6
	0
	5
	0
	7
	0

	212
	Other low vegetation
	6
	0
	5
	0
	7
	0

	221
	2-10 high trees
	5
	0
	4
	0
	6
	0

	222
	10-15m high trees
	1
	1
	1
	1
	1
	1

	223
	15-20m high trees
	1
	1
	1
	1
	1
	1

	224
	Over 20m high trees
	1
	1
	1
	1
	1
	1

	310
	Open rocks
	6
	0
	5
	0
	7
	0

	410
	Bare ground
	6
	0
	5
	0
	7
	0

	510
	Water
	6
	0
	5
	0
	7
	0

	520
	Sea
	6
	0
	5
	0
	7
	0













Table A.5 Parameters for the common lizard in the model and in sensitivity analysis (+/- 20%).
	 
	Model
	+20 %
	-20 %

	Interpatch crossing distance (m)
	236 (Hofmann & Große 2005)
	283
	189

	Minimum habitat size that supports viable population (ha)
	0.1 (Ortega-Rubio et al. 1988)
	0.1
	0.1



Table A.6 Resistance values for the common lizard in the model and in sensitivity analysis (+/- 20%). (Dataset: Helsinki metropolitan area land cover dataset 2022; Traffic data from Helsinki 2024; Helsinki's nature information system 2024; Jalkanen & Vierikko 2022)
	Land cover data
	Model
	Sensitivity +20 %
	Sensitivity -20 %

	
	Resistance multiplier
	Habitat
	Resistance multiplier
	Habitat
	Resistance multiplier
	Habitat

	1
	Hollow bogs
	1
	1
	1
	1
	1
	1

	2
	River ecosystems
	15
	0
	15
	0
	15
	0

	3
	Stream ecosystems
	15
	0
	15
	0
	15
	0

	4
	Forested and shrubby riverbanks
	1
	1
	1
	1
	1
	1

	5
	Lakes and ponds (incl. shores)
	15
	0
	15
	0
	15
	0

	6
	Natural sandy beaches
	1
	1
	1
	1
	1
	1

	7
	Gravel & rocky beaches
	1
	1
	1
	1
	1
	1

	8
	Coastal meadows
	1
	1
	1
	1
	1
	1

	9
	Coastal reed beds
	15
	0
	15
	0
	15
	0

	10
	Natural sands
	1
	1
	1
	1
	1
	1

	11
	Bare rocks (outcrops, ledges, rocky grounds)
	1
	1
	1
	1
	1
	1

	12
	Calcareous rocks
	1
	1
	1
	1
	1
	1

	13
	Rocky meadows
	1
	1
	1
	1
	1
	1

	14
	Forests on rocky substrates
	1
	1
	1
	1
	1
	1

	15
	Old-growth forests on rocky substrates (100- y.)
	1
	1
	1
	1
	1
	1

	16
	Esker forests (30-100 y.)
	1
	1
	1
	1
	1
	1

	17
	Old-growth esker forests (100- y.)
	1
	1
	1
	1
	1
	1

	18
	Heathland forests (30-100 y.)
	1.5
	0
	1.5
	0
	2
	1

	19
	Old-growth heathland forests (100- y.)
	1.5
	0
	1.5
	0
	2
	1

	20
	Groves (30-100 y.)
	1
	1
	1
	1
	1
	1

	21
	Pine marshes (30-100 y.)
	1
	1
	1
	1
	1
	1

	22
	Old-growth pine marshes (100- y.)
	1
	1
	1
	1
	1
	1

	23
	Spruce mires (30-100 y.)
	1
	1
	1
	1
	1
	1

	24
	Old-growth spruce mires (100- y.)
	1
	1
	1
	1
	1
	1

	25
	Small deciduous forests (<0.5ha)
	1
	1
	1
	1
	1
	1

	26
	Agricultural fields
	2
	0
	1.5
	0
	2.5
	0

	27
	Community gardens
	1
	1
	1
	1
	1
	1

	28
	Fresh meadow
	1
	1
	1
	1
	1
	1

	29
	Dry meadows
	1
	1
	1
	1
	1
	1

	30
	Moors
	1
	1
	1
	1
	1
	1

	31
	Fortifications and cultural areas
	1
	1
	1
	1
	2
	0

	32
	Open wastelands
	1
	1
	1
	1
	1
	1

	33
	Shrubby wastelands
	1
	1
	1
	1
	1
	1

	34
	Built parks with trees
	2
	0
	1.5
	0
	2.5
	0

	35
	Manor gardens
	2
	0
	1.5
	0
	2.5
	0

	36
	Botanical gardens
	1
	1
	1
	1
	1
	1

	37
	Allotment gardens
	1
	1
	1
	1
	1
	1

	38
	Cemeteries
	2
	0
	1.5
	0
	2.5
	0

	39
	Golf courses
	2
	0
	1.5
	0
	2.5
	0

	40
	Sealed appartmentblock yards
	4
	0
	3
	0
	5
	0

	41
	Bare appartment suburb yards
	3
	0
	2.5
	0
	3.5
	0

	42
	Residential gardens
	2
	0
	1.5
	0
	2.5
	0

	43
	Densely-built residential gardens, townhouse gardens
	4
	0
	3
	0
	5
	0

	44
	Meadow and shrubby road embankments
	1
	1
	1
	1
	1
	1

	45
	Airfields
	1
	1
	1
	1
	1
	1

	46
	Areas beneath power-lines
	1
	1
	1
	1
	1
	1

	47
	Artificial shores (beaches, canals, terraced embankments, etc.)
	3
	0
	2.5
	0
	3.5
	0

	48
	Anthrophogenic sand and gravelpits
	3
	0
	2.5
	0
	3.5
	0

	49
	Impermeable surfaces
	4
	0
	3
	0
	5
	0

	111
	Paved road
	6
	0
	5
	0
	7
	0

	112
	Unpaved road
	3
	0
	2.5
	0
	3.5
	0

	120
	Buildings
	15
	0
	15
	0
	15
	0

	130
	Other impervious surface
	4
	0
	3
	0
	5
	0

	310
	Open rocks
	1
	1
	1
	1
	1
	1

	410
	Bare ground
	1.5
	0
	1.5
	0
	2
	0

	510
	Water
	15
	0
	15
	0
	15
	0

	520
	Sea
	15
	0
	15
	0
	15
	0

	1000
	Overpasses
	4
	0
	3
	0
	5
	0

	2000
	Underpasses
	4
	0
	3
	0
	5
	0

	5000
	5000 cars
	15
	0
	15
	0
	15
	0



Table A.7 Global metrics for the European crested tit, Siberian flying squirrel and common lizard.
	 
	 
	MSC (ha)
	SLC (ha)
	NC
	IIC
	Patches
	Links
	Total patch area (ha)

	European crested tit
	Model
	416,1
	1332,5
	6
	2,67E-04
	32
	35
	2496,5

	
	-20 %
	265,8
	1312,8
	9
	2,43E-04
	27
	25
	2392,3

	
	20 %
	517,6
	1945,6
	5
	3,30E-04
	37
	47
	2588,0

	Siberian flying squirrel
	Model
	57,1
	750,6
	39
	7,47E-05
	299
	403
	2226,4

	
	-20 %
	40,0
	520,4
	54
	6,54E-05
	258
	297
	2159,3

	
	20 %
	89,3
	999,9
	26
	9,67E-05
	371
	616
	2322,0

	Common lizard
	Model
	2,5
	183,7
	860
	9,52E-06
	2438
	2340
	2159,9

	
	-20 %
	2,0
	106,6
	1074
	7,03E-06
	2388
	1692
	2123,1

	
	20 %
	3,2
	191,9
	670
	1,05E-05
	2438
	2813
	2159,9



[image: A collage of maps of different countries/regions

AI-generated content may be incorrect.]
Fig. A.2 The best-case scenarios (+20 %) (on the left-hand side) and worst-case scenarios (- 20 %) (on the right-hand side) of the sensitivity analysis for European crested tit (A), Siberian flying squirrel (B) and common lizard (C). We compared the results of the model and sensitivity analysis with www.laji.fi observations visually and the observation data was most in line with our model compared to sensitivity analysis.
[image: ]
Figure A.3 Overview of the workflow. The model outputs from Graphab and Circuitscape (3. and 4.) represent the modelled connectivity. For detailed explanations of the terminology see sections 2.6 and 2.7. in the article.

[image: ]Fig. A.4 Different land cover types in each species' modelled future connections of the total area of inteded future connections. The modelled future connections were created by excluding the species' habitat and connectivity elements, which causes differences in future connections. The curly brackets indicate the areas convertible into connections. For flying squirrel some of the “other important biotopes” were considered as convertible as trees in those forest types could be grown long-enough for flying squirrel dispersal without decreasing habitat of other species confined to those habitats.




Table A.8 Land cover types from Crested tit’s land cover map recategorized for observing the land covers behind modelled future connections.
	Parks/modified UGS
	Residential areas
	Other important biotopes
	Water
	Buildings
	Roads
	Impervious
	Bare ground

	Built parks with trees
	Residential gardens
	Open rocks
	Water
	buildings
	paved road
	Impermeable surfaces
	Bare ground

	Anthrophogenic sand and gravelpits
	Bare appartment suburb yards
	Heathland forests (30-100 y.)
	Stream ecosystems
	 
	unpaved road
	 
	 

	Golf courses
	Sealed appartmentblock yards
	Agricultural fields
	River ecosystems
	 
	 
	 
	 

	Cemeteries
	 Densely-built residential gardens, townhouse gardens
	Shrubby wastelands
	Sea
	 
	 
	 
	 

	Manor gardens
	 
	Airfields
	 
	 
	 
	 
	 

	Fortifications and cultural areas
	 
	Fresh meadow
	 
	 
	 
	 
	 

	 
	 
	Allotment gardens
	 
	 
	 
	 
	 

	 
	 
	Areas beneath power-lines
	 
	 
	 
	 
	 

	 
	 
	Old-growth forests on rocky substrates (100- y.)
	 
	 
	 
	 
	 

	 
	 
	Coastal meadows
	 
	 
	 
	 
	 

	 
	 
	Forests on rocky substrates
	 
	 
	 
	 
	 

	 
	 
	Bare rocks (outcrops, ledges, rocky grounds)
	 
	 
	 
	 
	 

	 
	 
	Pine marshes (30-100 y.)
	 
	 
	 
	 
	 

	 
	 
	Open wastelands
	 
	 
	 
	 
	 

	 
	 
	Spruce mires (30-100 y.)
	 
	 
	 
	 
	 

	 
	 
	Coastal reed beds
	 
	 
	 
	 
	 

	 
	 
	Community gardens
	 
	 
	 
	 
	 

	 
	 
	Hollow bogs
	 
	 
	 
	 
	 

	 
	 
	Natural sands
	 
	 
	 
	 
	 

	
	
	Gravel & rocky beaches
	
	
	
	
	

	
	
	Dry meadows
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