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Study area and catchment variables
Table S1: UTM coordinates (19T zone) and catchment characteristics of the 18 sampling sites (DTW – mean depth-to-water).
	Stream-site
	X
	Y
	Drainage area (km2)
	Total disturbance (%, 2008-17)
	Clearcut (%, 2008-17)
	Crossing density (#/km)
	Road density (km/km2)
	Forest height (m)
	Deciduous cover (%)
	DTW (m)

	NBE1
	47.36078
	-68.07194
	233.5
	12.7
	5.6
	0.45
	2.41
	13.2
	63.9
	22.9

	NBE2
	47.41159
	-68.07556
	85.3
	16.7
	4.6
	0.56
	2.69
	10.6
	71.7
	27.1

	NBE3
	47.43935
	-68.06444
	9.2
	0.0
	0.0
	0.08
	3.58
	16.0
	78.4
	27.1

	NBE4
	47.36435
	-68.04194
	93.2
	11.2
	7.9
	0.34
	2.17
	14.2
	56.6
	18.6

	NBE5
	47.39061
	-68.01389
	68.0
	13.1
	8.8
	0.31
	2.31
	13.8
	57.7
	18.7

	NBE6
	47.41004
	-68.02500
	18.1
	14.6
	11.0
	0.48
	2.73
	14.5
	76.2
	22.1

	NBI1
	47.43016
	-67.83639
	163.0
	23.0
	2.6
	0.78
	2.43
	6.5
	68.8
	25.2

	NBI2
	47.45257
	-67.87028
	20.6
	18.8
	2.0
	0.47
	2.13
	7.7
	71.0
	23.5

	NBI3
	47.48940
	-67.90139
	11.8
	20.5
	2.6
	0.61
	1.91
	6.9
	80.7
	21.9

	NBI4
	47.46766
	-67.90750
	102.5
	21.2
	2.3
	0.92
	2.49
	6.5
	71.5
	26.1

	NBI5
	47.49055
	-67.95722
	62.0
	20.3
	2.7
	0.83
	2.33
	6.4
	73.1
	25.4

	NBI6
	47.55868
	-68.00972
	0.7
	6.4
	0.0
	0.00
	1.30
	6.1
	89.0
	22.9

	NBR1
	47.94969
	-66.40167
	167.5
	7.3
	4.0
	0.35
	1.99
	13.9
	49.4
	17.8

	NBR2
	47.86021
	-66.57194
	33.2
	5.5
	4.1
	0.36
	1.95
	15.1
	41.5
	16.3

	NBR3
	47.91020
	-66.51417
	51.0
	11.5
	3.6
	0.37
	2.14
	13.0
	52.3
	11.9

	NBR4
	47.86387
	-66.54222
	73.2
	6.7
	5.6
	0.36
	2.00
	15.0
	46.1
	17.5

	NBR5
	47.85406
	-66.55833
	28.5
	7.4
	6.4
	0.38
	2.04
	14.8
	47.8
	16.4

	NBR6
	47.81680
	-66.58472
	12.5
	6.4
	6.4
	0.17
	1.70
	13.8
	38.4
	13.0





[image: ]Fig. S1: Map showing the location of New Brunswick (Canada), the three study basins (NBE – extensively managed, NBI – intensively managed, NBR – reference) and the 18 stream sites and corresponding sub-catchments.
[bookmark: _Hlk490399559]Explanatory variables for the catchments were classified into three categories: forest management (harvesting and roads), landscape characteristics, and forest condition (structure and composition). Harvest variables were calculated from the GIS information on stands harvested each year, available from the province (NBE, NRB) and J.D. Irving (NBI). In each catchment, the area harvested each year by different methods was calculated and divided by total area to calculate the percentage of the catchment harvested. Harvesting method was either clearcut, in which ~>80% of the trees are removed, or partial, in which ~35-50% of the trees are removed. Total management disturbance was the sum of % clearcut, % partial harvest and % artificial regeneration. These yearly values were then summarized into variables of the cumulative percentage of the catchment harvested by different methods in the last 5 and 10 years prior to sampling (e.g., 2008-2017 and 2009-2018 for 10 years). Road variables were calculated from the road shapefiles obtained from GeoNB and included road crossings (number of times that a road crosses a stream upstream from each sampling site), road crossing density (road crossings divided by stream length), road length (sum of all road lengths in the catchment) and road density (road length divided by the area of the study catchment) (Table S1).
Several landscape features that could potentially affect stream ecosystems were quantified from the 20-m provincial DEM and stream shapefile using Whitebox GAT (Lindsay 2016), and included catchment area, drainage density (stream length divided by catchment area), mean catchment slope, mean catchment elevation and catchment elevation range. To characterize catchment wetness, depth-to-water (DTW) values were calculated in ArcGIS as described by Murphy et al. (2011), and mean catchment DTW (Table S1) and % DTW <0.1, 0.1-1, 1-20 and >20 m (not shown) were calculated.  
Forest condition variables were derived from the provincial and J.D. Irving forest resource inventories. Forest structure was quantified by calculating the average height, crown closure, vertical stand structure and developmental stage. Forest composition was characterized by calculating the relative area covered by each tree species in the overstory (>2 m height) and understory (<2 m) layers; these data were summarized by running a non-metric multidimensional scaling analysis and calculating deciduous vs. coniferous cover.  
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Biplots and best practices for mixing models
After visualizing the data and prior to running these mixing models, several best practices were followed to ensure reliable and informative mixing model solutions (Philips et al. 2014). First, from the biplots it was clear that biofilm samples were not a good representative of the aquatic food source as some consumers (namely grazers) fell outside the mixing polygon defined by food sources (more negative δ13C and δ2H than biofilm) and biofilm samples overlapped with terrestrial food sources in some streams (Fig. S2-S4). As previously reported, this is because biofilms consist of a mixture of autotrophic (algae) and heterotrophic (bacteria, fungi) organisms and detritus but some consumers selectively ingesting/assimilating the autotrophic component (McNeely et al. 2007, Chessman et al. 2009, Rasmussen 2010). A potential solution for obtaining the isotopic value of primary producers is to use values of herbivores as proxies (Vander Zanden and Rasmussen 1999, Finlay 2001). We estimated algal δ13C from the primary consumer with the most negative δ13C values (after adjusting for fractionation, see below) in each stream, as this was interpreted to indicate that this taxon had the greatest algal assimilation. These taxa were either Heptageniidae or Glossosoma grazers depending on the stream, which are known to feed selectively on microscopic algae on biofilms (Oemke 1984, McNeely et al. 2006, Katano and Doi 2014). δ2H values of algae were estimated by subtracting 150 ± 25‰ from stream water δ2H (ranging between -74.5 and -84.7‰) based on studies showing that primary producers fractionate against 2H during photosynthesis, resulting in ~150‰ more negative values than environmental water (Hondula et al. 2014, Brett et al. 2018). 
Second, as the two terrestrial food sources (CPOM and FPOM) had very similar δ13C and δ2H values, and as we were mostly interested in measuring allochthony vs. autochthony rather than in whether consumers were feeding on CPOM or FPOM, only one terrestrial food source (CPOM) was selected for mixing models. CPOM was considered to be a better representative of terrestrial food sources due to being less processed and less heterogeneous than FPOM (Wotton 2007). 
Third, fractionation factors of 0.4 ± 1.20‰ for δ13C (McCutchan et al. 2003) and 0‰ for δ2H (Solomon et al. 2009) were assumed. Genera-specific enrichment factors were not available for the macroinvertebrates collected herein. As such, these average values were used although we recognize that this likely does not reflect true values across the different taxa included herein. Because a fraction of an organism’s 2H comes from dietary water rather than assimilated food, this was accounted for by incorporating in the mixing models the dietary water contribution (δ2HWC), which was calculated according to:
 ,
where δ2Hwater is the δ2H of stream water, and ωtot is the total contribution of dietary water to consumer δ2H (δ2Hcons), calculated according to:

where ω is the per-trophic-level contribution of dietary water to consumers and τ is the trophic level (τ = 1 for primary consumers and 2 for predators). A ω of 0.20 ± 0.1 was assumed based on values from Solomon et al. (2009), Wang et al. (2009), Wilkinson et al. (2015) and Erdozain et al. (2019).  
This third step is recognized to be one of the biggest sources of uncertainty -considering the variability in fractionation factors and environmental contribution estimates (Post 2002, Newsome et al. 2017, Brett et al. 2018) and how sensitive mixing models are to variation in these estimates (Bond and Diamond 2011, Brett et al. 2018). To complement and confirm the mixing model results, we conducted a simple analysis based on regressions that did not rely on the above-mentioned assumptions (see main article). 
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Fig. S2: Carbon (δ13C, ‰) and nitrogen (δ15N, ‰) stable isotope biplots for 6 stream-sites (sorted from smallest to largest) within three basins ranging in forest management intensity (intensive – NBI, extensive – NBE, minimal – NBR). Consumers (benthic macroinvertebrates [Bae – Baetis, Eph – Ephemerella, Glo – Glossosoma, Hep – Heptageniidae, Hyd – Hydropsychidae, Dol – Dolophilodes, Swe – Sweltsa, Per – Perlodidae, Leu – Leuctra, Pte – Pteronarcys] and sculpin [S]) are shown in relation to potential food sources (CPOM, FPOM, biofilm and algae [calculated]).
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Fig. S3: Hydrogen (δ2H, ‰) and nitrogen (δ15N, ‰) stable isotope biplots for 6 stream-sites (sorted from smallest to largest) within three basins ranging in forest management intensity (intensive – NBI, extensive – NBE, minimal – NBR). Consumers (benthic macroinvertebrates [Bae – Baetis, Eph – Ephemerella, Glo – Glossosoma, Hep – Heptageniidae, Hyd – Hydropsychidae, Dol – Dolophilodes, Swe – Sweltsa, Per – Perlodidae, Leu – Leuctra, Pte – Pteronarcys] and sculpin [S]) are shown in relation to potential food sources (CPOM, FPOM, biofilm and algae [calculated]).
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Fig. S4: Carbon (δ13C, ‰) and hydrogen (δ2H, ‰) stable isotope biplots for 6 stream-sites (sorted from smallest to largest) within three basins ranging in forest management intensity (intensive – NBI, extensive – NBE, minimal – NBR). Consumers (benthic macroinvertebrates [Bae – Baetis, Eph – Ephemerella, Glo – Glossosoma, Hep – Heptageniidae, Hyd – Hydropsychidae, Dol – Dolophilodes, Swe – Sweltsa, Per – Perlodidae, Leu – Leuctra, Pte – Pteronarcys] and sculpin [S]) are shown in relation to potential food sources (CPOM, FPOM, biofilm and algae [calculated]).
Mixing model results
Table S2: Mean (range) proportion of algal contribution to different invertebrate taxa and sculpin (rows) calculated based on C-H mixing models in three basins ranging in forest management intensity.
	Taxon
	Intensive
	Extensive
	Minimal
	All basins

	Heptageniidae
	0.89 (0.83-0.91)
	0.92 (0.85-0.96)
	0.92 (0.87-0.96)
	0.91 (0.83-0.96)

	Glossosoma
	0.88 (0.73-0.92)
	0.90 (0.80-0.97)
	0.90 (0.83-0.96)
	0.89 (0.73-0.97)

	Baetis
	0.83 (0.72-0.93)
	0.87 (0.77-0.96)
	0.87 (0.77-0.95)
	0.86 (0.72-0.96)

	Ephemerella
	0.62 (0.49-0.77)
	0.85 (0.74-0.96)
	0.66 (0.35-0.95)
	0.71 (0.35-0.96)

	Dolophilodes
	0.61 (0.46-0.80)
	0.73 (0.38-0.95)
	0.61 (0.25-0.88)
	0.65 (0.25-0.95)

	Hydropsychidae
	0.48 (0.32-0.74)
	0.76 (0.59-0.97)
	0.65 (0.32-0.95)
	0.63 (0.32-0.97)

	Pteronarcys
	0.39 (0.11-0.82)
	0.61 (0.22-0.92)
	0.62 (0.14-0.95)
	0.56 (0.11-0.95)

	Leuctra
	0.15 (0.14-0.16)
	0.49 (0.35-0.58)
	0.29 (0.15-0.43)
	0.31 (0.14-0.58)

	Perlodidae
	0.82 (0.69-0.89)
	0.88 (0.81-0.93)
	0.80 (0.69-0.90)
	0.83 (0.69-0.93)

	Sweltsa
	0.79 (0.53-0.89)
	0.87 (0.76-0.95)
	0.69 (0.41-0.90)
	0.78 (0.41-0.95)

	Sculpin
	0.14 (0.03-0.30)
	0.56 (0.07-0.91)
	0.47 (0.09-0.87)
	0.40 (0.03-0.91)

	All taxa
	0.64 (0.53-0.71)
	0.78 (0.61-0.92)
	0.70 (0.50-0.88)
	0.71 (0.50-0.92)
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[bookmark: _Hlk43375373]Fig. S5: Boxplots showing the % autochthony in different macroinvertebrate taxa and sculpin calculated based on C-H mixing models in three basins ranging in forest management intensity.


Regression results
Table S3: Results of linear regressions between δ2H in terrestrial food sources and stream consumers (rows) and drainage area in three basins ranging in forest management type (columns). The table shows the F- and p-values from ANOVAs testing the significance of the interaction term (i.e., different slopes for the terrestrial food source and consumers); p ≤ 0.10 are bolded.
	δ2H
	Intensive
	Extensive
	Minimal

	
	F
	p
	F
	p
	F
	p

	Baetis
	2.4
	0.17
	1.4
	0.27
	3.1
	0.11

	Ephemerella
	0.005
	0.94
	0.09
	0.77
	6.3
	0.04

	Heptageniidae
	2.7
	0.14
	8.9
	0.02
	0.5
	0.51

	Glossosoma
	0.7
	0.42
	0.01
	0.92
	1.1
	0.33

	Hydropsychidae
	1.5
	0.26
	7.3
	0.03
	7.2
	0.03

	Dolophilodes
	0.01
	0.92
	0.3
	0.61
	0.4
	0.54

	Pteronarcys
	16.8
	0.009
	0.9
	0.37
	4.8
	0.07

	Sweltsa
	3.4
	0.10
	0.01
	0.92
	1.2
	0.30

	Perlodidae
	4.6
	0.06
	6.5
	0.03
	6.4
	0.03

	Sculpin
	15
	0.006
	1.4
	0.27
	0.1
	0.70




Table S4: Results of linear regressions between percent algal contribution to invertebrate and sculpin taxa and clearcut intensity (2008-2017) in three basins ranging in forest management type. The table shows the p-values from ANOVAs testing the significance of each fixed variable in within basin and within taxon models; p ≤ 0.10 are bolded.
	Within basin 1

	
	Clearcut
	Taxon
	Clearcut*Taxon

	Intensive
	0.001
	<0.001
	0.54

	Extensive
	0.49
	0.002
	0.55

	Minimal
	<0.001
	<0.001
	0.001

	Within taxa 2

	
	Clearcut
	Type
	Clearcut*Type

	Baetis
	0.49
	0.61
	0.67

	Heptageniidae
	0.10
	0.07
	0.37

	Glossosoma
	0.23
	0.27
	0.002

	Ephemerella
	0.23
	0.01
	0.03

	Hydropsychidae
	0.64
	0.03
	0.002

	Dolophilodes
	0.02
	0.05
	0.05

	Pteronarcys
	0.19
	0.31
	0.18

	Leuctra
	0.18
	0.21
	0.91

	Perlodidae
	0.32
	0.09
	0.008

	Sweltsa
	0.66
	0.07
	0.01

	Sculpin
	0.75
	0.08
	0.17


1 Within basin models: Algal contribution = Clearcut x Taxon 
2 Within taxa models: Algal contribution = Clearcut x Basin type 
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Fig. S6: Linear relationship between % autochthony (y-axis) in 8 invertebrate taxa and sculpin classified according to their functional feeding group (rows) and % catchment with depth-to-water (DTW) values lower than 0.10 m (x-axis) in three basins differing in forest management intensity (columns). Six sites per basin were sampled.



Table S5: Results of linear regressions between the range in δ15N between sculpin and macroinvertebrate primary consumers and catchment variables (rows) in three basins ranging in forest management type (intensive – NBI, extensive – NBE, minimal – NBR). The table shows the p-values from ANOVAs testing the significance of each explanatory variable (EV) and EV x Basin type interaction (INT), as well as the p-values and sign of the slope (+/-) from regression models within each basin (NBI, NBE, NBR); p ≤ 0.10 are bolded.
	
	EV
	INT
	NBI
	NBE
	NBR

	Drainage area
	0.21
	0.56
	0.21 (-)
	0.41 (-)
	0.95 (+)

	Crossing density
	0.11
	0.55
	0.41 (-)
	0.03 (-)
	0.71 (+)

	Road density
	0.77
	0.09
	0.07 (-)
	0.32 (+)
	0.56 (+)

	Clearcut
	0.21
	0.57
	0.47 (+)
	0.13 (-)
	0.59 (-)

	Total disturbance
	0.33
	0.40
	0.95 (-)
	0.06 (-)
	0.41 (+)

	Slope
	0.65
	0.38
	0.26 (-)
	0.77 (+)
	0.65 (-)

	DTW < 0.1m
	0.48
	0.96
	0.95 (-)
	0.73 (+)
	0.52 (+)

	Forest height
	0.76
	0.50
	0.81 (+)
	0.42 (+)
	0.38 (-)

	Deciduous cover
	0.25
	0.21
	0.09 (+)
	0.96 (+)
	0.41 (+)
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