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Supplementary material



Appendix 1 

 

Environmental predictors 

Each grid cell along the HydroSHEDS river network (Lehner et al. 2008) served as an outlet for 

which the upstream sub-catchment was calculated, aiming to mimic the river continuum and the 

high spatial autocorrelation of environmental conditions within stream reaches (Vannote et al. 

1980). This procedure was carried out in GRASS GIS (GRASS Development Team 2012) and 

two GRASS GIS add-ons for an automatized computation have been developed 

(r.stream.watersheds & r.stream.variables, Domisch et al. (2015b)). We related the upstream 

topography (Lehner et al. 2008), climate (Hijmans et al. 2005), land use (Tuanmu and Jetz 2014), 

and surface geology (USGS) to each grid cell, either across each entire sub-catchment (for 

topography, precipitation, land use, geology) or only along the water courses within each sub-

catchment (temperature). For characterizing topography we used the elevation range within each 

sub-watershed.  

Mean monthly climatic predictors were transferred into stream-specific predictors by calculating 

the average and sum across the sub-catchment for temperature and precipitation, respectively. An 

inverse distance weighed average and sum was used for land use and surface geology. Thus, 

upstream land use and surface geology patterns that are far away have a lesser impact on the 

given outlet cell than near ones. Monthly stream-specific temperature and precipitation 

predictors were then summarized into 19 “hydro-climatic” predictors (Kuemmerlen et al. 2012). 

Finally, all predictors were averaged across lake and reservoirs of the Global Lakes and 

Wetlands Database dataset (Lehner and Döll 2004) to mimic the more static environmental 

conditions than in streams, and using bilinear interpolation for a range of three cells where a 



stream is flowing into a lake. The base layer (streams and lakes) was coded as a binary layer that 

indicates whether a given grid cell is lotic or lentic habitat.  

A subset of the variables can be viewed online at www.earthenv.org/streams and we point to 

Domisch et al. (2015b) for a detailed description of the procedure, and to download the near-

global 1 km layers.



Table A1 Absolute and relative contribution of fish presence records derived from the different data sources. Only records dated after 

1950 were used, with a total of 1014415 unique records across North America.  

 

  

Number records (proportion within entire data set in %) 

Data source Download link All species 
Mylopharodon 

conocephalus  

Notropis 

braytoni  

Etheostoma 

crossopterum  

fishnet2  http://fishnet2.net/ 375370 (37.0) 22 (23.7) 145 (58.0) 77 (52.7) 

GBIF  www.gbif.org 374922 (37.0) 22 (23.7)  105 (42) 55 (37.7) 

National Fish Habitat http://fishhabitat.org/ 175263 (17.3) 18 (19.4) 0 9 (6.2) 

USGS BioData  https://aquatic.biodata.usgs.gov 32948 (3.2) 31 (33.3) 0 5 (3.4) 

Fisheries Information Summary 

System 
http://www.env.gov.bc.ca/fish/fiss/ 25854 (2.5) 0 0 0 

StreamNet  www.streamnet.org/ 24848 (2.4) 0 0 0 

EPA Mercury  
http://water.epa.gov/scitech/swguidance/fi

shshellfish/techguidance/mercurydata.cfm 

5210 (0.5) 0 0 0 

 

 

 

 



Table A2 Geographic overlap of mapped probabilities based on Schoener’s D (upper triangle) 

and Hellinger I (lower grey shaded triangle) for the entire modeling domain and for the area 

covered by the buffered expert range map (range map + 150km). (+) and (-) represent the models 

with and without the expert range map, respectively. 

 

    

Entire modeling domain 

 

Within buffered range map 

    

D 

 

D 

             

  

    GLM (+) GLM (-) HBM (+) HBM (-) 

 

GLM (+) GLM (-) HBM (+) HBM (-) 

I 

 

M. conocephalus 

GLM (+) - 0.92 0.63 0.60 
 

- 0.92 0.63 0.60 

 
GLM (-) 0.98 - 0.66 0.63 

 
0.98 - 0.66 0.63 

 
HBM (+) 0.87 0.89 - 0.84 

 
0.87 0.89 - 0.84 

 
HBM (-) 0.86 0.88 0.88 - 

 
0.86 0.88 0.97 - 

 
  

          

 

N. braytoni 

GLM (+) - 0.61 0.47 0.44 
 

- 0.62 0.49 0.45 

 
GLM (-) 0.81 - 0.46 0.42 

 
0.83 - 0.47 0.42 

 
HBM (+) 0.69 0.74 - 0.77 

 
0.72 0.75 - 0.78 

 
HBM (-) 0.66 0.70 0.93 - 

 
0.67 0.70 0.94 - 

 
  

          

 

E. crossopterum 

GLM (+) - 0.35 0.50 0.46 
 

- 0.42 0.52 0.49 

 
GLM (-) 0.67 - 0.27 0.29 

 
0.73 - 0.29 0.29 

 
HBM (+) 0.76 0.55 - 0.80 

 
0.78 0.58 - 0.87 

 
HBM (-) 0.72 0.58 0.92 - 

 
0.75 0.59 0.96 - 

 

 



Figure A1 

 

 

Fig A1 Scheme of the range map pre-processing. First, the range map is clipped if it overlaps 

with adjacent watersheds that are not connected to those streams, where the majority of the range 

map intersected. Second, the “as the fish swims” distance was calculated from the border of the 

range map along the stream network, and the decay function applied (represented as decreasing 

line thickness). Geographically closely to the range map located streams can therefore be further 

away than those stream sections with a larger Euclidian distance.



 

Figure A2 

 

Fig. A2 A-C Example linear (A), quadratic (B), and an exponential (C) decay functions, derived from the in-stream distance from the 

outer border of the range map to all hydrologically connected grid cells within a distance of 150 km. The polygons represent the range 

map of E. crossopterum, the grey stream network is not connected to the other stream and lake grid cells and thus not used for 

modeling. The insets shows a schematic of the decay functions with the range map weight plotted against the increasing distance from 

the outer margin of the range map (at 0 km in the inset). All grid cells are aggregated by factor 4 for a better visualization. 

 



 

Fig. A3 A-O Habitat suitability predictions of (A-D) M. conocephalus, (F-I) N. braytoni and (K-N) E. crossopterum without the 

range map in the suitability process derived from a GLM, the mean posterior suitability predictions of the HBM, and the lower 

2.5% and upper 97.5% credible intervals (CI) of the HBM. Estimated mean spatial random effects for each species are shown in E, J 

and O. Points represent presence records. For a better visualization grid cells are aggregated by factor 4. The red rectangle in A-E 

marks the area that is magnified in the insets. 
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Fig. A5 A-G (A) Uniform probability density function with the upper bound of 10 used as a 80	

prior for the spatial effect variance (Vρ) in the HBMs with the range map (left column, B, D, F) 81	

and without the range map (right column, C, E, G). (B-G) Posterior probability distributions of 82	

the spatial effect variance for (B-C) M. conocephalus, (D-E) N. braytoni and (F-G) E. 83	

crossopterum. Insets show the frequency distribution of the predicted spatial random effects ρ 84	

across the modeling domain (see Figs. 3 and A3). 85	
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