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Appendix S1. Review of parameter values for virtual bird
species

To assess forest habitat network functionality across Sweden’s five ecoregions we used
habitat suitability index modelling to integrate species’ habitat requirements in different steps
(e.g., Manton et al. 2005; Ohman et al. 2011; Orlikowska et al. 2020; Mikusinski et al. 2021)
in a spatially explicit manner across five ecoregions (Angelstam et al. 2020). We focused on
birds, which are well studied, charismatic and therefore effective to communicate evidence-
based ecological knowledge about biodiversity status (Roberge and Angelstam 2006; Roberge
et al. 2008; Lohmus et al. 2017; Fraixedas et al. 2020). Moreover, birds’ requirements
illustrate well the logic behind the different steps in the habitat modelling procedure (Gregory
et al. 2005; Virkkala et al. 2022).

However, outcomes of habitat suitability index modelling are sensitive to the selection of
parameter values representing different focal species’ requirements (Angelstam et al. 2004;
Manton et al. 2005). Rather than pointing out the habitat requirements of particular bird
species, we therefore used a virtual species approach (e.g., Mikusinski and Edenius 2006).
This approach integrates key spatial habitat requirements, namely lower and higher demands
concerning patch size for a home range, and species’ ability to cope with fragmentation for 16
bird species listed by the Swedish Forest Agency as potentially affected by forestry (Table
S1). These bird species represent forests with high levels of naturalness dominated by four
different tree species (or groups thereof), and having lower to higher habitat patch size
demands that range from 5 to 300 ha (Table S1).

Based on this variation in patch size requirements of these bird species we created two groups
based on two parameter values for minimum habitat patch area, 5 and 100 ha, respectively.
Following the European Commission’s protection targets (European Commission 2020) and
empirical evidence (e.g., Hanski 2011), we also applied minimum habitat availability
thresholds at the landscape level of 10 % and 30%, respectively. This matches approximately
the mean landscape scale habitat proportions of 10 to 50% (median ca. 20%) of these bird
species (Table S1), and the quantitative targets applied or proposed for forest conservation
(Roberge 2018, Table S2).

The maps produced with such models can effectively describe the patterns of ecological
qualities across forest landscapes, help set spatial conservation priorities, and improve
management plans and planning practices (Lohmus et al. 2020). Sharing maps of functional
connectivity based on knowledge about birds as focal species with spatial planners can also
enhance the adoption of habitat suitability index modelling and thus support landscape
planning.






Table S1. Bird species preferring different tree species groups deemed potentially affected by
forestry focusing on wood production, having lower or higher habitat patch size demands as

well as landscape scale requirements, and which are red-listed in Sweden, listed in appendix
1 of the EU Birds Directive, and/or populations which have declined by >50% from 1980-
2018 (Skogsstyrelsen 2023).

Tree species Bird species Patch size Minimum landscape Reference
(forest type) requirement  scale habitat proportion
Pine Woodlark 5ha 20% Angelstam et al.
(ranging from (Lullula arborea) (2004); Bosco et al.
open dry sparse (2021)
woodland to Nightjar 50 ha ~30% Angelstam et al.
closed canopy) (Caprimulgus (2004); Sharps et al.
europaets) (2015)
Capercaillie 220 ha 50% in 300 ha for lek Sirkid et al. (2011)
(Tetrao urogallus) 30% in a large area for =~ Wegge and Rolstad
lek (1986)
34% in 1 600 ha for lek  Angelstam (2004)
Black woodpecker 300 ha 20% Angelstam et al.
(Dryocopus martius) (2004); Nielsen et
al. (2024)
Spruce Willow tit 10-15 ha NA Siffczyk et al.
(older and old- (Poecile montanus) (2003)
growth forests) Hazel grouse 20-25 ha 20% in 100 ha Aberg et al. (1995);
(Tetrastes bonasia) Jansson et al.
(2004)
Three-toed woodpecker 100 ha 10% Biitler et al. (2004
(Picoides tridactylus) a, b)
Siberian jay 50 ha 25% in 200 ha Angelstam et al.
(Perisoreus infaustus) landscape (2004)
Siberian tit 50-200 ha NA Virkkala and Liehu
(Poecile cinctus) (1990)
Deciduous (older ~ Marsh tit 5ha NA Broughton et al.
and old-growth (Poecile palustris) (2006, 2013)
forests) Long-tailed tit 10 ha 15% Jansson and
(degithalos caudatus) Angelstam (1999)
Lesser spotted 40 ha NA Wiktander et al.
woodpecker (1992, 2001); Kost
(Dryobates minor) and Olsson (2025)
Grey-headed 200 ha NA Angelstam et al.
woodpecker (2004)
(Picus canus)
White-backed 100 ha Ca. 15% Aulén (1988);
woodpecker Carlson (2000)
(Dendrocopos leucotos)
Broadleaf Red-breasted flycatcher ~ 8-10 ha NA Brazaitis and
(old-growth (Ficedula parva) Angelstam (2004);
broadleaf Mitrus et al. (2006),
deciduous forests Brazaitis (2011 and
and woodlands pers. comm.)
with old trees) Middle-spotted 20 ha 15% Pettersson (1985)

woodpecker
(Dendrocopos medius)




Table S2. Quantitative targets applied or proposed for biodiversity conservation (updated from

Roberge 2018).

Context Target Use Reference
National gap analysis for >20% for each Quantitative Angelstam and Andersson
forest protection in Sweden representative foundation for (2001)

original habitat conservation

planning

Evaluation of set-aside areas >30% protection in ~ Recommendation for  Uppsill (2012)
for conservation in set-aside tracts practical
Visterbotten county conservation
Compilation of conservation >15-20% of local Recommendation for  Appelqvist (2005)

background for area high conservation  practical
protection areas conservation
Landscape analysis for >20% core areas in ~ Quantitative Bovin m.fl. (2017)
conservation core areas local landscape foundation for
conservation
planning
International conservation 17% International CBD (2010)
target conservation under
CBD
International conservation 30% of which one  Biodiversity European Commission

target for protection and
management

third strict protection

conservation in the
European Union

(2020)

International conservation
target for protection and
management

30% with protection
as priority

International
conservation under
CBD

CBD (2022)
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Appendix S2 Tables with data behind selected graphs

Data for Fig. 3:

Table S3. Table showing the total area in ha of four different forest types, and the constituent

areas of two different naturalness ranks according to Bubnicki et al. (2024), as well as the

area satisfying the lowest and highest patch size (5 and 100 ha) and the functional

connectivity demands (10 vs. 30%) of virtual focal species. Total area of all tree species is
21.64 mill ha.

Total area | Rank Lowest Highest Rank Lowest Highest
(ha) 0.5-1.0 species species 0.7-1.0 species species
(ha) demands demands (ha) demands demands
(ha) (ha) (ha) (ha)
Mountain 379 423 281 439 279 788 53474 249 305 247 558 38128
N Boreal 2404 395 337 699 331643 14 091 113 475 108 093 6130
o | S Boreal 3221981 538 534 531704 36 072 167 074 158 307 6223
-i Hemiboreal 2 047 708 473 741 467 097 28 791 179 752 172 863 10914
£ | Nemoral 138 498 16 163 14715 0 2 049 1324 0
@ [ SWEDEN 8192005 | 1647576 | 1624947 132 428 711 655 688 145 61395
Mountain 816 084 672318 671439 356 644 613 672 612 851 295 195
3 | N Boreal 1321810 313 258 306 444 42 955 143 476 138 733 21987
% S Boreal 2 488 757 557 872 551089 37512 224 240 215379 20 883
> | Hemiboreal 1 834 537 304 715 297 324 1114 104 018 95 846 0
E Nemoral 222 990 19 108 17 818 0 2671 1929 0
Z | SWEDEN 6684178 | 1867271 | 1844114 438225 | 1088077 | 1064738 338 065
Mountain 1273 679 822 603 821 858 278 348 641 187 640 374 219 877
N Boreal 1 597 965 166 738 158 733 0 56 105 51103 0
2 S Boreal 1658 730 201 506 188210 0 63 738 55 826 0
2 | Hemiboreal 1395994 267 136 258 817 115 103 030 94 001 531
% Nemoral 223229 39917 38751 3413 11 889 10 669 3 586
A | SWEDEN 6149597 | 1497900 | 1466369 281 876 875949 851973 223 994
Mountain 0 0 0 0 0 0 0
N Boreal 0 0 0 0 0 0 0
«. | S Boreal 16 652 999 465 0 123 38 0
_LE Hemiboreal 409 638 92 632 82 768 4 604 42 321 36616 3484
S | Nemoral 191 937 68 120 67 194 11927 33 606 32 870 1415
@ [ SWEDEN 618 227 161 751 150 427 16 531 76 050 69 524 4 899




Data for Fig. 6, lower panel:

Table S4. Area distribution (ha) among forest owner categories in the five Swedish
ecoregions of forest patches sized >5 ha for all tree species (n= 6 192 941 ha) with
naturalness ranks 0.5-1.0 for all tree species merged.

Naturalness rank 0.5-1.0; >5 ha

Total area NIPF Industry Other State

(ha) (ha) (ha) (ha) (ha)
Mountain 2062813 293 592 191 084 84 186 1493 951
N Boreal 668 730 157 436 285354 67475 158 465
S Boreal 1120 157 416 365 435 437 128 602 139 753
Hemiboreal 1060178 662 986 98 617 202 576 95 999
Nemoral 129 430 97228 2238 17 467 12 497

Table S5. Area distribution (ha) among forest owner categories in the five Swedish
ecoregions of forest patches sized >500 ha for all tree species (n = 780 patches) with
naturalness ranks 0.5-1.0 for all tree species merged.

Naturalness rank 0.5-1.0; >500 ha

Total area NIPF Industry Other State

(ha) (ha) (ha) (ha) (ha)
Mountain 1521356 179 994 144 147 49 222 1 147 993
N Boreal 124 872 11 062 45 250 7 549 61011
S Boreal 164770 31 561 57412 14 941 60 856
Hemiboreal 59 683 23 891 2249 10 166 23377
Nemoral 1628 832 0 0 796

Table S6. Area distribution (ha) among forest owner categories in the five Swedish

ecoregions of forest patches sized >50 000 ha for all tree species with naturalness ranks 0.5-
1.0 for all tree species merged.

Naturalness rank 0.5-1.0; >50 000 ha

Total area NIPF Industry Other State

(ha) (ha) (ha) (ha) (ha)
Mountain 314 457 21490 10 846 823 281 298
N Boreal 11210 694 0 185 10 331
S Boreal 27 981 3114 13 607 246 11014
Hemiboreal 0 0 0 0 0
Nemoral 0 0 0 0 0
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