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Online Resource Appendix A. Percent tree species composition in the Boundary Waters Canoe Area (BWCA) in northern Minnesota and ecoregions 4E (south) and 2E + 3E (north) of the study area.  For the first, we cross-referenced information in Ohmann and Ream (1971), Heinselman (1973), and Grigal and Ohmann (1975); for the last two, we used the Forest Resource Inventory. 

	Tree taxon
	BWCA
	Ecoregion 4E
	Ecoregions 2E+3E

	Black ash (Fraxinus nigra)
	<0.1
	0.1
	0.1

	Balsam fir (Ables balsamea)
	9.2
	6.0
	6.8

	Black spruce (Picea mariana)
	12.3
	23.7
	42.7

	Eastern hemlock (Tsuga canadensis)
	0
	<0.1
	<0.1

	Eastern larch (Larix laricina)
	0
	2.5
	7.1

	Jack pine (Pinus banksiana)
	21.4
	20.0
	7.5

	Mountain ash (Sorbus americana)
	<0.1
	0
	0

	Poplars (Populus spp.)
	18.0
	14.5
	18.0

	Red maple (Acer rubrum)
	2.5
	3.4
	0.1

	Red oak (Quercus rubra)
	0.1
	<0.1
	0

	Red pine (Pinus resinosa)
	6.0
	1.8
	<0.1

	Sugar maple (Acer saccharum)
	0
	0.8
	<0.1

	White birch (Betula papyrifera)
	11.1
	16.5
	9.5

	White cedar (Thuja occidentalis)
	5.4
	1.6
	4.1

	White pine (Pinus strobus)
	11.4
	5.4
	0.1

	White spruce (Picea glauca)
	2.4
	3.3
	4.0

	Yellow birch (Betula alleghaniensis)
	0
	0.4
	<0.1




Online Resource Appendix B. Details concerning processing of Forest Resource Inventory (FRI) information and additional datasets on forest depletions (disturbances). NA refers to missing data.

For the FRI:

For stands in Hearst Forest with an overstory year origin (OYRORG) of 2006, many of which were in error, an overstory year of origin was set to NA.

For depleted (disturbed) stands in Romeo Malette Forest (i.e., stands where depletion type [DEPTYPE] was other than NA), depletion type was set to "HARVEST".
  
For depleted stands with a depletion year (YRDEP) of zero or NA, the depletion year was set to the overstory year of origin minus one.

For stands with 1) an overstory year of origin of ≥1970, 2) a year of depletion of zero or NA, and 3) a missing depletion type, the year of depletion was set to the overstory year of origin minus one and the depletion type was set to "UNCERTAIN".

[bookmark: _Hlk182298040]For additional fire and harvest depletion datasets, which included Annual Harvest Reports (2002-2021), National Fire and Harvest datasets (NTEMS 2024, 1985-2020), Global Forest Canopy Loss (GFW 2024, 2002‑2021), and the Canada Fire Database (NRCan 2024, 1970-2020):

All datasets and required FRI information were projected to the same geographical projection and raster resolution of 30-m.

For the Global Forest Canopy Loss and Canada Fire Database, the most recent date was used for cells with >1 disturbance date. 

A raster dataset of "year of fire depletion" was constructed by overlaying information from the National Fire dataset, the Canada Fire Database, and the FRI (stands with a disturbance type of "FIRE"). For cells with >1 fire date, the most recent date was used. 

A raster dataset of "year of harvest depletion" was constructed by overlaying information from Annual Reports, the National Harvest dataset, the Canopy Loss dataset, and the FRI (stands with a disturbance type of "HARVEST"). The Canopy Loss dataset include canopy loss from both fires and harvesting, hence any burned cells in the "year of fire depletion" raster dataset (above) in Canopy Loss dataset were set to NA. In the overlay, depletions from the FRI and the Annual Reports were taken to be correct year if they overlapped depletions from the other datasets. 

A raster dataset of "year of uncertain depletion" was constructed from the FRI (stands with a disturbance type of "UNCERTAIN").

A raster dataset of "standardized forest unit" (SFU) was constructed based on tree species composition in the FRI (see Online Resource Appendix C). This dataset also served to identify non-forested cells (i.e., cells where SFU was NA).

The above five raster datasets were overlayed to create a "year of forest depletion" dataset that was then used to quantify annual depletions. If cells had >1 depletion date, the most recent depletion date (and corresponding type of depletion) was taken to be correct. 

The "year of forest depletion" dataset (above) and overstory year of origin rasterized from the FRI were overlayed and the most recent year was used to define a raster "overstory year of origin" dataset. This combined dataset was then used to quantify, for a any year of interest between 2012 and 2021, the amount for forest >100 years old and the "stage of forest maturity" used in boreal caribou and American marten habitat models. For example, for a year of interest of x, if the overstory year of origin in the combined dataset was more recent than x, then the original year of origin from the FRI was used.

Online Resource Appendix C. Boreal Northeast winter "used" and "preferred" boreal caribou habitat from Elkie et al (2018).

Used:

  Standardized Forest Unit is LC1, overstorey age is >=51 years
	OR
  Standardized Forest Unit is PJ1, overstorey age is >=41 years
	OR
  Standardized Forest Unit is PJ2, overstorey age is >=41 years
	OR
  Standardized Forest Unit is SP1, overstorey age is >=61 years
	OR
  Standardized Forest Unit is SB1, overstorey age is >=41 years
	OR
  Standardized Forest Unit is SBOG, overstorey age is >=41 years

Preferred: 

 Standardized Forest Unit is PJ1, overstorey age is >=61 years
	OR
 Standardized Forest Unit is PJ2, overstorey age is >=61 years
	OR
 Standardized Forest Unit is SB1, overstorey age is >=101 years
	OR
 Standardized Forest Unit is SBOG, overstorey age is >=101 years


Online Resource Appendix D.  R script to define "Standardized Forest Units" (SFUs) for Forest Resource Inventory polygons based on percent abundances of overstory tree species (based on Holloway et al. 2004). For forested polygons, absent species had an abundance of zero. For non-forested polygons, abundances of all species were NA.

fri$sfu=NA
 for (i in 1:nrow(fri)) { 
  if (!is.na(fri$Ab[i])) {
    flag=0
    if ((fri$Pr[i] >= 70) & (flag == 0)) {fri$sfu[i] = "PR1"; flag=1}
    if ((fri$Pw[i]+fri$Pr[i]+fri$Sw[i]+fri$He[i]>=40) & (fri$Pw[i]>=30) & (flag == 0)) {fri$sfu[i] = "PW1"; flag=1}
    if ((fri$Pw[i]+fri$Pr[i]>=40) & (flag == 0)) {fri$sfu[i] = "PRW"; flag=1}
    if ((fri$Lh[i]>=30) & (flag == 0)) {fri$sfu[i] = "LH1"; flag=1}
    if ((fri$Lh[i]+fri$Mh[i]+fri$Uh[i]>=30) & (flag == 0)) {fri$sfu[i] = "TH1"; flag=1}
    if ((fri$Sb[i]+fri$La[i]>=70) & (fri$Pw[i]==0) & (fri$OSC[i]==4) & (flag == 0)) {fri$sfu[i] = "SBOG"; flag=1}
    if ((fri$Sb[i]>=80) & (fri$Uh[i]+fri$Mh[i]+fri$Pr[i]==0) & (fri$Pw[i]+fri$Pj[i]<=10) & (flag == 0)) {fri$sfu[i] = "SB1"; flag=1}
    if ((fri$Pj[i]>=70) & (fri$PO[i]+fri$Bw[i]+fri$Lh[i]+fri$Uh[i]+fri$Mh[i]<=20) & (flag == 0)) {fri$sfu[i] = "PJ1"; flag=1}
    if ((fri$CE[i]+fri$La[i]+fri$Sb[i]>=80) & (fri$Uh[i]+fri$Mh[i]+fri$Pr[i]==0) 
        & (fri$Pw[i]+fri$Pj[i]<=10) & (flag == 0)) {fri$sfu[i] = "LC1"; flag=1}
    if ((((fri$Pj[i]+fri$Sb[i]+fri$Pr[i]>=70) & (fri$Pj[i]>=fri$Sb[i])) | 
        ((fri$Pj[i]>=50) & (fri$Pj[i]>=fri$Sb[i]) & 
         (fri$Pj[i]+fri$Sb[i]+fri$Bf[i]+fri$Sw[i]+fri$Pw[i]+fri$Pr[i]+fri$CE[i]+fri$La[i]>=70) &
         (fri$Bf[i]+fri$Sw[i]+fri$Pw[i]+fri$CE[i]+fri$La[i]<=20))) & (flag == 0)) {fri$sfu[i] = "PJ2"; flag=1}
    if ((fri$Sb[i]+fri$Sw[i]+fri$Bf[i]+fri$CE[i]+fri$La[i]+fri$Pw[i]+fri$Pr[i]+fri$Pj[i] >=70) & 
      ((fri$Bf[i]+fri$CE[i]+fri$Pw[i]+fri$La[i]+fri$Sw[i]+fri$He[i]<=20) | (fri$Pj[i]>=30)) & (flag == 0)) {fri$sfu[i] = "SP1"; flag=1}
    if ((fri$Sb[i]+fri$Sw[i]+fri$Bf[i]+fri$CE[i]+fri$La[i]+fri$Pw[i]+fri$Pj[i]+fri$Pr[i] >=70) & (flag == 0)) 
        {fri$sfu[i] = "SF1"; flag=1}
    if ((fri$PO[i]+fri$Bw[i]+fri$Lh[i]+fri$Mh[i]+fri$Uh[i]>=70) & (fri$PO[i]>=50) & (flag == 0)) {fri$sfu[i] = "PO1"; flag=1}
    if ((fri$PO[i]+fri$Bw[i]+fri$Lh[i]+fri$Mh[i]+fri$Uh[i]>=70) & (flag == 0)) {fri$sfu[i] = "BW1"; flag=1}
    if ((fri$Pj[i]+fri$Pr[i]>=20) & (flag == 0)) {fri$sfu[i] = "MW1"; flag=1}
    if (flag == 0) {fri$sfu[i] = "MW2"; flag=1} 
  }}



Online Resource Appendix E. Definition of disturbed boreal caribou habitat.

[bookmark: _Hlk138074435][bookmark: _Hlk138074445][bookmark: _Hlk138074453]Disturbed habitat included any areas within 500 m of "recent harvests", infrastructure, and major roads (fires were not buffered). According to the Ontario government boreal caribou model, certain forest types 40 years after disturbance are used, but after 60 years they are preferred. Accordingly, "recent harvests" for used habitat were defined as those <40 years old and for preferred habitat were those <60 years old. We obtained infrastructure data from the Ontario land cover compilation (LIO, 2022), with buffered landcover types being settlement/infrastructure, sand/gravel/mine tailings, pasture/abandoned fields, and cropland. Major roads were from the federal road database (Statistics Canada, 2023) and gravel roads from Ontario’s forestry roads database (LIO, 2023). For unsurfaced roads from Ontario's database, we used a more conservative buffer width of 100 m. When quantifying disturbed areas for a specific year of interest, we excluded forestry roads with approximate or actual dates of construction after that time.
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Online Resource Appendix F. The NE American marten model for region 3E from Elkie et al. (2019).

Suitable Forest Units: LC1, MW1, MW2, PJ1, PJ2, PRW, PW1, SB1, SF1, SP1 

AND 

Seral Stage: mature, overmature (old). 

500 ha scale: 80%-100% suitability “bin” is suitable.
5000 ha scale: 60%-80% and 80%-100% “bins” are suitable.


Online Resource Appendix G. Age ranges associated with the five forest development stages for each Standardized Forest Unit (SFU; based on Holloway et al. 2004).

	SFU
	Presapling
	Sapling
	Immature
	Mature
	Old

	PR1
	0-14
	15-39
	40-79
	80-129
	130+

	PW1
	0-14
	15-39
	40-79
	80-129
	130+

	PRW
	0-14
	15-39
	40-79
	80-129
	130+

	LH1
	0-9
	10-29
	30-69
	70-99
	100+

	TH1
	0-9
	10-29
	30-69
	70-99
	100+

	SBOG
	0-34
	35-69
	70-109
	110-149
	150+

	SB1
	0-19
	20-39
	40-79
	80-119
	120+

	LC1
	0-19
	20-39
	40-79
	80-119
	120+

	SF1
	0-14
	15-39
	40-79
	80-109
	110+

	SP1
	0-14
	15-39
	40-79
	80-109
	110+

	PJ1
	0-9
	10-29
	30-69
	80-109
	110+

	PJ2
	0-9
	10-29
	30-69
	70-99
	100+

	PO1
	0-9
	10-29
	30-59
	60-89
	90+

	BW1
	0-9
	10-29
	30-59
	60-89
	90+

	MW1
	0-9
	10-29
	30-69
	70-99
	100+

	MW2
	0-9
	10-29
	30-69
	70-99
	100+



