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Abstract (300 words):	Comment by jdonoghue2: Other methods are a lot harder, and aren’t as good. In most cases, c. hulls are going to give you the best results, but in some cases…

If you want to calculate range area, you’re wasting time with other methods

Experts would draw maps just like a convex hull	Comment by Naia: Has to be structured for GEB
[bookmark: _GoBack]Geographic range size is a fundamental property of a species and a key criterion in determining conservation status and prioritization. Yet, many methods of measuring range size exist in the literature, with some methods focusing on capturing the outer limits of the species’ occurrences, while other methods focusing on the smaller area within those outer limits that is actually occupied by the species. As each of these methods can generate widely different range size estimates, how we measure geographic range size has profound implications for our assessment of a species’ extinction risk and our prioritization of its conservation needs. To demonstrate the potential implications from using different methods to estimate the geographic range size and distribution for a species, we use a very large dataset of New World plant species to compare several common approaches of estimating the geographic range sizes and distributions of species. For each approach, we compute geographic range size and spatial distribution and compare them with those of expert-drawn maps. Our methods range from those estimating the size of a species’ geographic extent, through methods approximating the size of a species’ occupied range, to methods estimating both a species’ occupied range and distribution. We also explore how combinations of environmental layers and different thresholds influence the range size estimates derived from presence/absence maps of species distribution models. We find that for range size measures derived solely from occurrence data, the area defined by plotting a convex hull around the species’ occurrences is the best predictor of geographic range size, independent of sample size or geographic position (temperate or tropical). Our results highlight the value of a simple metric such as convex hull, over more computationally and comprehensibly difficult species distribution models, for obtaining a reasonably accurate estimate of geographic range size.	Comment by jdonoghue2: Julie says, I read through your manuscript yesterday and provided some comments. It seems to me that you are not very far from having that "teaching" manuscript that Brian was talking about. You have a lot of explanation of what's what in the discussion, and I feel that if you move it to the intro (or to boxes?), then you'll basically be 90% of the way there. Just separate the "teaching" or "review" component (basically, telling people how one can go about measuring species range) from the "novel research" part (what did you find), add in a few explicit subheadings and you're there!	Comment by Naia Morueta Holme: Remove – not so relevant in the abstract	Comment by Naia Morueta Holme: Write the number we test	Comment by Naia Morueta Holme: This can be removed/shortened, and instead present a few more of our results and conclusions	Comment by jdonoghue2: Not sure we need this in the abstract.

Main Text (5000 words):
I suggest the following structure for the intro:
· What is the geographic range, why is it important [finish with one sentence stating the problem and linking to next paragraph – that there are many ways of measuring it and it’s unclear which is best]
· Measuring the range size – there are many methods, they are different in their ecological meaning, and this has implications for understanding and for conservation [i.e. lump current paragraph 2 + 3]
· Broad overview of the current methods – from simple occurrence-based ones to SDMs – pros and cons related to range size estimation and geographic position
· Short paragraph on expert-maps and how they are our best option for comparison
· What we do in this paper [mention BIEN, temperate trees and palms, the specific questions we test]

A species’ geographic range defines the spatial distribution of the species on the earth. The quantifiable measurement of this range, termed the species’ geographic range size, is a fundamental property of a species and may vary as much as twelve orders of magnitude among species (Brown et al., 1996). Ecologically, different geographic range sizes of species are believed to relate to specialist/generalist strategies (Wilson and Yoshimura, 1994) and the interaction of dispersal and competition factors (Pulliam, 2000). Thus, different geographic range sizes may provide insight into the processes that affect the distributions of species and community diversity (Stevens, 1989; Gaston, 2003). Geographic range size is also a key criterion in determining the conservation status and prioritization of species (IUCN, 2001; Baillie, Hilton-Taylor & Stuart 2004; Gaston and Fuller, 2008). For example, 47% of the assessed species on the IUCN Red List of Threatened Species are listed solely due to their geographic range features (Gaston and Fuller, 2008). 	Comment by Naia Morueta Holme: And of external factors such as habitat area and climate stability, like we discuss in the range-size spectra paper 

As Brown et al. (1996) stated, “If the geographic range of a species is a basic unit of geography, then biogeographic research will depend on how species and their ranges are characterized”. Yet, there is no established method for measuring species’ geographic range size (Gaston, 1994). Instead, a suite of different methods exists in the literature that captures different aspects of a species’ geographic distribution, and occasionally confusing confuses measures that capture the outer limits of the species’ occurrences with measures that focus on the smaller area within those outer limits in which the species actually occurs (cf. Gaston and Fuller, 2009). These range size measurement methods can be generally divided into measures that focus on a) quantifying range size in terms of the linear distance between widely separated occurrences, b) measures quantifying range size as a two-dimensional measurement of area within the limits of the species’ occurrences, and c) measures that quantify range size in terms of the number of areas (i.e. grid cells or sites) occupied by the species (Gaston 1996).	Comment by Naia Morueta Holme: This paragraph needs rewriting, as per my previous comments.

The point of the paragraph is that there are many measures out there, but they have different ecological meanings - why this is important, and why we need a comparison
 
Try not to give too many technical details yet (last part of the first paragraph) – lump instead these two paragraphs
	Comment by Naia: We could mention that expert maps have been used in studies for many organism groups (birds, mammals, amphibians), but are not available for a lot of species, especially within plants, which is why other methods must be used.	Comment by Naia: Could be nice to include references to macroecological papers and IUCN reports that have used the different methods. Some I can think of: latitudinal extent: maximum linear extent, area within boundary and cells occupied: see references in Table 1 in Gaston 1998 (PRSB); latitudinal range: Stevens 1989 (Am Nat); check maybe references in and of Beck 2006 paper.	Comment by Naia: I suggest explaining the difference of ecological meaning between extent of occurrence and area of occupancy (referring to Gaston & Fuller 2009).  Mention they are often confused and why this is a problem. We can then use this in the discussion to explain the differences between the performance of area of occupied cells and latitudinal extent	Comment by John Donoghue: Not sure if this should go here or in the teaching section on how geographic range size is estimated: below.

The use of different methods to quantify geographic range size has lead to heated discussions, since each methods generates a different estimate for the geographic range size of the same species [REFS]. As a result, the various methods have the potential to drastically influence the extinction risk estimates and conservation prioritization status for a species, depending on the metrics and the assumptions the methods are based upon (Hubbell et al., 2008a; Feeley and Silman, 2008; Hubbell et al., 2008b; Feeley and Silman, 2009). Further, since species richness maps are commonly generated by overlapping the geographic ranges maps for various species in athe  study area (REF?), the different methods for deriving those geographic range maps can have profound consequences for our estimates of biodiversity and our understanding of its correlation with climatic variables (Swenson et al. 2004).

Despite the fundamental nature of geographic range size, a quantitative assessment of the best method for estimating range size has not yet been conducted. With a variety of methods used in the literature, we might expect that some methods are substantially better than others, with the optimal method providing a high degree of accuracy in its estimate of geographic range size, independent of sample size or the species’ geographic position (e.g. temperate or tropical location). Further, some methods may not be suitable for estimating the physical location of the species’ geographic range, but could be very useful for accurately estimating the species’ geographic range size – especially if those methods are easier to compute than generating a species distribution model.	Comment by Naia: But see Beck paper and references there. At least for the Beck paper, they don’t seem to provide a “best” suggestion, although methods are compared. Maybe quickly check that the references mentioned are not methodological studies or provide direct recommendations.	Comment by Naia Morueta Holme: This is the first time SDMs are mentioned, but they are not explained.

I think this paragraph s give a broad description of the different methods used (take it from next paragraph), and then mention the potential pros and cons related to size and position estimation.

In this methodological study, we use a very large dataset of New World plants, containing a temperate group of North American trees and a generally tropical group of New World palms, to investigate several popular approaches for estimating the geographic range sizes and distributions of species to ascertain whether a “best” estimation method exists and which methods are generally more accurate than others. Our approaches include a continuum of methods for estimating the geographic range for a species (Box 1), extending from very simple ways of estimating the overall spread of a species, (e.g. latitudinal and longitudinal extent and bounding box), through simple methods that gradually approximate the size of a species’ occupied range (e.g. convex hull), to methods designed to estimate both the size of a species’ occupied range and its spatial distribution (e.g. occupied grid cells and species distribution models).	Comment by Naia: We should include somewhere (previous paragraph?), a clear explanation of which parameters we mean to define “best”: accuracy of range area estimate, accuracy of distribution estimate, sensitivity to sampling intensity or rarity, computational effort (the latter relevant for studies that include large amounts of species). The same structure can then be used when reporting results and in the discussion	Comment by Naia Morueta Holme: The info in here to the previous paragraph – also explaining expert maps.

Then a paragraph with what we do specifically in this study 

Of course, there are few species for which we know their exact geographic range boundaries. Thus, for each approach, we compute the geographic range size and spatial distribution, and compare the results with those of expert-drawn maps. In doing so we must assume that the expert-drawn maps are a true representation of each species’ geographic range. While this assumption is obviously questionable, without knowing the exact geographic range of each species in our study, the use of scientifically vetted expert-drawn range maps is the best comparison method that we, or anyone for that matter, have at present.	Comment by Naia: I agree that the expert maps should be mentioned in the introduction, since they are a major part of our methodology.
Could you reformulate this paragraph so there is more emphasis on expert maps being the best means of comparison available? Refer to methods section for how we handle the expert maps to use the best ones (i.e. double checking and excluding those that looked weird). You can also mention the fact that expert maps for plants are actually very rare, and had to guide our choice of plant groups.

With respect to species distribution modeling (SDM) algorithms, we focus on Maxent (Phillips et al., 2004) because it is one of the most commonly employed ecological niche modeling algorithms (Warren and Siefert, 2011). Similarly, we parameterize our Maxent models with full suites of commonly used environmental data layers and presence-only occurrences. While this is a rather crude way to estimate the potential geographic distribution for a species, this modeling method is a fairly common practice (Warren and Siefert, 2011). Thus, we also aim to ascertain the extent to which combining presence-only data with generic environmental datasets and a commonly used SDM algorithm can accurately estimate the geographic range size and distribution for any species, independent of geographic position (temperate or tropical) or sample size.	Comment by Naia Morueta Holme: I suggest putting Maxent specification in the methods instead of the intro	Comment by Naia: Repetition of first sentence	Comment by Naia: We should explain why we think geographic position could have an influence on range estimates – it’s not clear yet

Estimating Geographic Range Size	Comment by John Donoghue: This section was added at the suggestion of the McGill lab to create a more “teachable” document that helps the audience understand how range sizes are estimated.	Comment by Naia: I think this whole section is repeating a lot of what has been said in the previous text. I would lump the two, putting a bit more detail in the previous section and erase this.
Since there is no established method for measuring species’ geographic range size, studies have utilized a variety of methods (Gaston, 1994). For some species, their range boundaries were previously interpolated onto hand-drawn maps using expert knowledge, to create “expert” range maps. Many of these maps have since been digitized and are widely available and still in use today. For these species, their geographic range size can easily be obtained using a GIS to capture the area attribute of their digitized polygons.

For the remaining species, their geographic range size must be estimated by applying one or more of the common estimation methods (Box 1). For methods that rely solely on species occurrence data, range size can be estimated either as a linear distance between two widely dispersed occurrences (i.e. latitudinal or longitudinal extent), as the area of a one or more polygons that contain the species occurrences (i.e. bounding box, convex hull), or the number of areas (i.e. grid cells or sites) occupied by the species (Gaston 1996).

Finally, the geographic range size of a species can be estimated by developing a species distribution model, that which combines species’ occurrence data and environmental data to develop correlative models of the environmental conditions associated with species occurrences to predict the relative probability of observing those environmental conditions in each portion of the study landscape. The map generated by a species distribution model is a raster layer in which each cell contains a value representing the probability of that cell having suitable environmental conditions for that species. Thus, to obtain a defined geographic range from this map, the probability surface must be converted to a presence/absence map by convertingtransforming the decimal value probability estimates of each cell to a binary 0 or 1 value, in which cells having a value of 0 represent areas of potentially unsuitable environmental conditions to support the presence of the species, while cells having a value of 1 represent areas containing potentially suitable environmental conditions for the species. This is performed by setting a threshold value at which cells having probability values less than the threshold are assigned a value of 0, while cells having a value equal to or greater than the threshold value are assigned a value of 1. The species’ geographic range size can then be calculated as the total area of all cells having a value of 1.	Comment by Naia Morueta Holme: I don’t think we need to go so much in detail – also, in principle you could apply an SDM to a polygon or point layer, so no need to mention rasters


[bookmark: _Toc190861349]Materials and Methods:	Comment by Naia Morueta Holme: Consider splitting the Methods section using subheadings
Digitized expert-drawn maps were available for both New World palms (n=645) (Henderson et al., 1995) and temperate North American trees (n=679) (Little, 1971; 1976; 1977; 1978). We reviewed expert maps for temperate North American trees and excluded maps in which a species’ geographic range was unnaturally truncated at a political boundary and maps having geographic range boundaries that appeared to be overly generalized. Expert maps for New World palms were reviewed for accuracy (Balslev, 2011). For all species with expert maps, we extracted all species occurrence records from the BIEN database (BIEN, 2012), which contains a combination of data from herbarium records and vegetation plots. All observations were assigned standardized taxon names using the Taxonomic Name Resolution Service (Boyle 2013; TNRS, 2012) and the World Checklist of Palms (Govaerts et al., 2005). The geographic location of each observation was validated using the Global Administrative Areas dataset version 2.0 (GADM, 2012). We excluded any observations that could not be resolved and species for which there were fewer than five occurrence records, which is the minimum number required for computing a species distribution model (REF).	Comment by Naia: Mention that the expert maps were double checked (Henrik Balslev for the palms), and if necessary refer to supplementary material for more detailed description

For each species, we used all geographically distinct occurrence records to calculate the species’ geographic range size based on metrics derived solely from the occurrence data (Box 1), such as (i) latitudinal extent, (ii) longitudinal extent, (iii) bounding box, (iv) latitudinal band, (v) convex hull, and (vi) area of grid cells occupied. Latitudinal extent is defined as the linear distance between the minimum and maximum latitude of all species occurrences, while longitudinal extent is the linear distance between the minimum and maximum longitude of all species occurrences. Bounding box is the area bounded by the minimum and maximum latitude and minimum and maximum longitude of all species occurrences, while the latitudinal band is the area bounded by the minimum and maximum latitude and the western and eastern continental boundaries of all species occurrences. The convex hull area is based on the minimum-fitting polygon that can be drawn to encompass all species occurrences. Finally, the area of occupied cells is defined as the total area of all cells containing one or more occurrences of a species. We note that latitudinal and longitudinal extents do not give area estimates, but they can still be compared to the remaining metrics by correlations.	Comment by Naia: Mention all methods used right before this paragraph, and then split into two paragraphs for the “basic” and the “modeled”	Comment by Naia Morueta Holme: Since we both look at range size and range “location”, we should say we estimate geographic range.
Later split into the two.	Comment by Naia Morueta Holme: Either describe the metrics in the text or in a box, but not both

In addition to metrics derived solely from occurrence data, we calculated the species’ geographic range size using (vii) the species distribution model Maxent (Phillips et al., 2004). Maxent works by combining species’ occurrence and environmental data to develop correlative models of the environmental conditions associated with species occurrences to predict the relative probability of observing those environmental conditions in each portion of the study area. We included a set of 19 global layers of climate variables derived from monthly temperature and rainfall values (climate layers) from WorldClim 1.4 at 30-arc seconds (1 km) resolution (Hijmans et al., 2005). Projecting distribution models across two continents solely based on climatic factors will likely result in overpredictions of species’ actual ranges, as many species may not be present in all of their potential climatic range due to dispersal limitations, historical factors, biotic interactions and other environmental factors (Gaston, 2009). Therefore, we also included 19 spatial filter layers as eigenvectors computed from a geographical distance matrix as additional predictors in the model. These spatial filter layers were computed using the same approach as in Blach-Overgaard et al. (2010) and represent relatively broad- to medium scale spatial patterns across the geometry of the continent’s area and have been shown to effectively capture non-environmental spatial constraints caused by dispersal-limited non-equilibrium range dynamics (De Marco et al. 2008).	Comment by Naia Morueta Holme: We might want to make a more specific description – this one is general to SDMs. See Phillips papers, and cite (you can also check the Elith papers)

Using Maxent, we explored the influence of different model parameters on the resulting range size estimates. We computed (a) a “standard” model with a set of all 19 climate layers, (b) a Maxent model using only 19 spatial filter layers, and (c) a Maxent model that combined a balanced set of the 19 climate layers with the 19 spatial filter layers (Blach-Overgaard et al., 2010). All data was were projected and resampled to a lambert-equal area grid at 10-km resolution, and work was performed using ArcGIS 9.3 (ESRI, 2011) and R 2.15.1 (R Development Core Team, 2007).

To obtain a defined geographic range from the output of a Maxent model, the probability surface generated from the model must be converted to a presence/absence map by converting the decimal value probability estimates of each cell to a binary 0 or 1 value, representing areas of potentially unsuitable or suitable environmental conditions to support the species, respectively. This is performed by setting a threshold value at which cells having probability values less than the threshold are assigned a value of 0, while cells having a value equal to or greater than the threshold value are assigned a value of 1. The simple method of creating a presence/absence map by using fixed threshold (typically 0.5) to the probably surface has been widely used in ecology (see references in Liu et al., 2005). However, the results from a fixed threshold are highly influenced by the prevalence of the occurrence data, and the method is not recommended in comparative studies of threshold selection (Freeman and Moisen, 2008; Liu et al., 2005). Therefore, we also applied an individual threshold for each species. Since our purpose was to estimate geographic range sizes accurately, we were interested in how threshold selection influenced the geographic range size of the resulting presence/absence maps. examined the effect of threshold choice on range size estimates applying the following thresholds:Accordingly, we computed the geographic range size obtained from applying the following thresholds (Box 2), (i) a fixed threshold of 0.5, (ii) the maximum training sensitivity plus specificity threshold, (iii) the minimum training presence threshold, (iv) the maximum Kappa threshold, (v) the 1 percent training presence threshold, (vi) the 5 percent training presence threshold, and (vii) the 10 percent training presence threshold.	Comment by John Donoghue: Not sure if this content goes here or in the section on how to estimate geographic range size: above.	Comment by Naia: I think it’s fine here but could maybe be shortened a bit

All computed geographic range areas were subsequently clipped to the continental land areas to facilitate comparison of the geographic range size distribution estimates with those from expert maps. The performance of each method was assessed through pairwise comparisons of the output for a specific species with its corresponding expert-drawn map, which was assumed to represent the species’ true presences and absences. The agreement between the geographic range maps obtained using each method and the species’ corresponding expert map, was quantified by computing several accuracy measures widely used for model assessment (Box 3; Liu et al., 2005): the Jaccard similarity index, overall accuracy, sensitivity, specificity, Kohen’s Kappa statistic and the True Skill Statistic) (Allouche et al., 2006).	Comment by Naia: Specify the different assessments of performance – both pairwise correlations of area estimates and the agreement in distribution. Check that it is clear throughout, which of the two you’re talking about, also in the results.

Finally, we also assessed whether the performance of each geographic range size metric differed between temperate and tropical species (represented by North American trees and palms, respectively). To examine the effect of sample size on range size model performance, we plotted how each performance measure varied with sample size. We and attempted to separated the effects of poor sampling from the effects of rarity (low species occurrence) by analyzing subsamples of well-sampled species to test how sample size affected the geographic range size estimates. This allowed us to assess (i) which range size models perform best at low and high sample sizes, (ii) which range size models are resilient to sample size and (iii) what minimum sample size produces acceptable range size estimates. 	Comment by Naia: here we should mention why there could potentially be a difference	Comment by Naia Morueta Holme: Or maybe even better in the Introduction	Comment by Naia: this needs to be included in the discussion


Results:	Comment by Naia: check for GEB if there should be a paragraph summarizing results at the beginning	Comment by Naia Morueta Holme: It is not clear to the reader why you report all those measures of accuracy (TSS, Kappa, etc.) and it gets a bit confusing with so many different numbers. Either choose one that you stick to (and have the rest in supplementary), or else you have to make clear what the difference is between the measures and why we include all
The sample sizes of the occurrence data for each species used to develop each model varied considerably (min = 5, max = 3907, mean = 182). While most species in the analysis had 150 occurrence points or less, some species had over 3,000 occurrence points (Figure 1). Estimated Ggeographic range areas were highly variable with respect to model type (Figure 2). For all models, range areas appeared to show a slight curvilinear relationship with sample size, with most models approaching a range area asymptote at a sample size of roughly 1,000 occurrences (Figure S1). However, range areas based on the area of occupied cells had a stronger curvilinear relationship and required a higher sample size to approach a range area asymptote, at a sample size of roughly 2,000 occurrences (Figure 2).	Comment by Naia: We should call it “metric” instead of “model type” (since some of them are modeled, but not all)

Pairwise Range Extent and Area	Comment by Naia: Are results reported for log transformed areas? This should be specified
For linear models of pairwise comparisons of geographic range extent, both the latitudinal and longitudinal extents measured from the species occurrence points were fairly well correlated with the extents measured from the expert map ranges (r2 = 0.54766, r2 = 0.6000 for the combined temperate and tropical datasets, respectively, p < 102.22e-167). However, the longitudinal extent consistently provided a better fit to the expert map range extent than the latitudinal extent, and was among the top three best performing models, independent of geographic position (Table 1).	Comment by Naia: I would start reporting the most important results first and put the lat/long extents further down	Comment by Naia: Is this the correlation, or the variance explained from regression between modeled and “expert” area? Or to 1:1 line? All the p-values are 0, are they all correct?
I think it could be very nice to include both the correlations and the variance explained to the 1:1 line, since the two measures provide different information. From the graphs it is also obvious which measures give under- and overpredictions depending on range size, which I think is very relevant for the discussion.	Comment by Naia: only report 3 significant digits throughout	Comment by Naia: you mean temperate vs. tropical? Specify.
“Independent of geographic position” is mentioned many times. Maybe better to make a general statement that models did not show differences in performance dependent on location and discuss this separately

For pairwise comparisons of geographic range area (Figure 3), we found that areas defined by convex hulls drawn around the species occurrence points consistently provided the best fit to expert map areas independent of geographic position (r2 = 0.6052, p < 10-172.22e-16). Moreover, range areas defined by the bounding box of the species occurrence points consistently provided the second-best fit to expert map range areas independent of geographic position (r2 = 0.5701, p < 2.22e-16). Range areas computed from the species’ latitudinal band area (the full continental area between the minimum and maximum latitudes of the species occurrence points), had surprisingly high fit to expert map range areas (r2 = 0.4275, p < 2.22e-16), while the pairwise fitness of range areas derived from the area of occupied cells was among the worst performing models, and highly dependent on geographic position (Table 1). For example, occupied cell area fit expert map range area fairly well for temperate tree (r2 = 0.3208, p < 2.22e-16, Table S1), but was the worst fitting model for tropical palms (r2 = 0.1803, p < 2.22e-16, Table S1).	Comment by Naia: The figure shows consistent underpredictions with this method. If there are indeed differences between temperate trees and palms, a way to visualize this could be to color the dots depending on whether it’s one or the other (e.g. trees blue and palms red – if you give it a half transparent color and make sure to plot them in a random order, they should show clearly whether there are any patterns – let me know if I should forward you R code for this)

Maxent models exhibited highly variable performance in pairwise comparisons of range area. Range areas derived from presence/absence maps of Maxent models parameterized with only spatial filter data, and using a fixed threshold, were among the worst two models (r2 = 0.1455, p < 2.22e-16). Similarly, Maxent models parameterized with only the 19 Bioclim layers, and using a fixed threshold, were not much better (r2 = 0.2009, p < 2.22e-16). However, range areas derived from presence/absence maps of Maxent models parameterized with both Bioclim and spatial filters, and using the 1% training presence threshold, exhibited very good fit to expert map range areas independent of geographic position (r2 = 0.4459, p < 2.22e-16), and were the consistently the third highest ranking model below after range areas derived fromby drawing convex hulls and bounding boxes around the species occurrence points (Table 1).	Comment by Naia: In the discussion, we should include whether performance depends on threshold choice or predictor set	Comment by Naia: I would say “climate layers” instead of “Bioclim layers” throughout

Range areas derived from presence/absence maps of Maxent models combining both Bioclim and spatial filter layers consistently outperformed Maxent models using either set of layers separately, independent of geographic position (Table S2). While, occasionally presence/absence maps derived using the Maximum Training Presence threshold, parameterized with either Bioclim or spatial filter data independently, provided a better fit with temperate tree datasets (Table S2), in general range areas derived using the 1% training presence threshold frequently exhibited a better fit to expert map range areas than range areas derived from presence/absence maps using other thresholds, independent of geographic position or which layer data were used to parameterize the Maxent model (Table S2). However, clipping any non-contiguous regions more than 1,000 km away from the main continuous region (to account for over-prediction of each species’ geographic distribution) generated a consistently best-fitting Maxent model, independent of geographic position or environmental data used (Table S2). However, this model did not outperform range areas derived by drawing convex hulls and bounding boxes around the species occurrence points (Table 1).	Comment by Naia Morueta Holme: You mean predictor variables?	Comment by Naia Morueta Holme: This is not described in the methods	Comment by Naia: For all predictor sets?

R-square values of the accuracy of pairwise comparisons of geographic range area were highly variable with respect to sample size (Figure 3). In general all models exhibited a bimodal curve, in which the first r-squared maxima for each model was obtained at a sample size between 100-250 occurrences, and a second maxima was obtained at a sample size of approximately 1250 occurrences. The r-squared value of each maxima differed among models, with the convex hull and bounding box models having highest r2 values (Table 1).	Comment by Naia: Are these results from “thinning” occurrences?

Overlap Accuracy	Comment by Naia: Or “Accuracy of predicted distribution”

When comparing the models: are they actually significantly different from each other? Reporting means with such wide confidence gives the impression they are not.
The comparisons should be made pairwise (i.e. pairing species).
In quantifying the spatial agreement between the geographic ranges obtained from each method with those of the expert maps, the bounding box model had the highest Kappa (0.413 ± 0.472 CI) and Jaccard Similarity Index (JSI) scores (0.302 ± 0.403 CI), followed by the bounding box model (Kappa = 0.390 ± 0.459 CI, JSI = 0.284 ± 0.391 CI). However, True Skill Statistic (TSS) results were mixed, with the latitudinal band model having the highest TSS score (0.726 ± 0.407), followed by bounding box (0.696 ± 0.499), and convex hull (0.547 ± 0.550), respectively. Among the Maxent models, those parameterized with only spatial filters had higher Kappa, TSS and JSI scores (Kappa = 0.308 ± 0.386, TSS = 0.415 ± 0.569, JSI = 0.204 ± 0.287) than models parameterized with only Bioclim layers (Kappa = 0.278 ± 0.331, TSS = 0.356 ± 0.466, JSI = 0.179 ± 0.235) or both Bioclim and spatial filters combined (Kappa = 0.291 ± 0.354, TSS = 0.298 ± 0.473, JSI = 0.189 ± 0.262). In this case, range areas were obtained from Maxent presence/absence maps using a 1% training presence threshold (Table 2).	Comment by Naia Morueta Holme: The numbers here are already in the table and should not be repeated	Comment by Naia: Should one of these be convex hull?

Jaccard Similarity Index values with respect to sample size were highly dependent on the model used to compute the geographic range. Most models (excluding the area of occupied cells) exhibited an initial sharp increase in accuracy for the first 50-75 occurrences. However, beyond 75 occurrences, geographic ranges computed using Maxent models showed exhibited a slight concave curve at higher sample sizes, while ranges computed from bounding box and convex hull models exhibited a convex curve at higher sample sizes. Finally, geographic ranges computed from occupied cells exhibited a very low JSI accuracy that was essentially invariant to sample size (Figure 5).	Comment by Naia: Suggest something more like: “We found strong differences between models with respect to the dependence of accuracy on sample size, as measured by the Jaccard Similarity Index

In contrast, accuracy estimates measured by TSS (Figure S2), ACC (Figure S3), and Kappa (Figure S4) for occupied cell area and Maxent models initially declined sharply within approximately 50-75 occurrences. Beyond 75 occurrences they appeared invariant with increasing sample size. While TSS (Figure S2), ACC (Figure S3), and Kappa (Figure S4) accuracy estimates for latitudinal band, convex hull and bounding box models also initially declined sharply within approximately 50-75 occurrences, they continued to exhibit a subsequent decline beyond 75 occurrences.	Comment by Naia: Are these results for number of occurrence (i.e. “true” distribution/occupancy) or for sampling intensity (i.e. gradually “thinning” number of observations as described in the methods)? 

I think both are relevant and should be reported and discussed


Discussion:	Comment by jdonoghue2: Other methods are a lot harder, and aren’t as good. In most cases, c. hulls are going to give you the best results, but in some cases…

If you want to calculate range area, you’re wasting time with other methods

Experts would draw maps just like a convex hull

Methods is simplest method work better

Collection of lat band, long band, convex hull work better than anything else and are the easiest methods

Contrasts with Elith paper which argues that new, complex methods are best
Overall, our results suggest that the best way to estimate both the geographic range size and distribution for a species, given broadly dispersed presence-only data with generic environmental datasets such as Bioclim, is by applying a convex hull around the species’ occurrence points. In our analysis, the convex hull consistently provided the best pairwise fit of geographic range area to expert map range area, and had the highest Jaccard Similarity Index value in assessments of how well the convex hull range maps spatially matched expert range maps. This finding has some fairly profound implications for distribution modeling, as it implies that complex models such as Maxent may not be necessary to obtain a good estimate of a species geographic range size and, potentially, distribution. In most cases, convex hulls are likely to provide the best estimate, and they are also conceptually intuitive, computationally easy to generate, and not dependent on correlation with environmental data. 	Comment by Naia: Maybe highlight more that there can be a potential circularity problem if range size is calculated based on models using environmental variables, and then the same variables used to explain range size distribution or richness patterns	Comment by Naia: Should include in the discussion that both expert maps and convex hulls are closer to extent of occurrence (or maybe something between extent of occurrence and area of occupancy, which is probably why they are so similar. We should mention for which purposes this measure is best – probably for macroecological studies in general? We should also mention that still, other measures can be more useful – it depends on the purpose

In addition, our results illustrate some general patterns with some of the modeling methods that should be kept in mind when estimating geographic ranges. First, range areas estimated from the area of occupied cells are consistently much lower than those of both expert range maps and the maps obtained from other estimation methods, and highly dependent on very high sample sizes for better results. Pairwise fitness r-squared values were consistently low and varied with the geographic position of the species occurrence dataset. For example, the area from occupied cells fit the area of expert maps moderately well for temperate trees (r2 = 0.3208; Table S1), but fit tropical palms poorly (r2 = 0.1803; Table S1), likely due to the fact that our temperate tree sample sizes were much greater than those of our tropical palms. Thus, the accuracy of range area estimates from the area of occupied cells is highly reliant on having a very large sample size.	Comment by Naia: Include in the discussion why this is not surprising – occupied cells closer to area of occupancy, while other measures closer to extent of occurrence, so they are showing different things	Comment by jdonoghue2: Julie says, “I am also wondering if your expert maps for palms are maybe not so good. By nature, the tropical forest are so diverse that there can be hundreds of meters between individuals of a species, which makes it very hard for experts to know exactly the boundaries of a species. In other words, the populations are very scattered therefore the limits are difficult to assess.”	Comment by Naia: Include in the discussion that occupied cells are closer to “occupied range” and thus reflecting something different from the expert maps – at least we should discuss how much of the effect is caused by this difference, and how much is due to sampling intensity

In contrast, range areas estimated from latitudinal band models appear to consistently over-predict range area, due to the coarseness with which the latitudinal band model represents species’ geographic range. The model appears to be only moderately useful for predicting range sizes and distributions for large-ranged species that cover a large continental area. This is illustrated in figure 4 which shows the accuracy of the latitudinal band model increasing at greater expert map range sizes.	Comment by Naia Morueta Holme: Not so surprising	Comment by Naia: Check: both for area estimate and distribution?? Make clear whether “accuracy” is meant for one, the other, or both

With respect to geographic range models made using Maxent models, we found that including spatial filters (eigenvectors) as proxies for environmental spatial constraints (Blach-Overgaard et al., 2010), resulted in almost consistently much higher pairwise fit results than the use of either Bioclim or spatial filters alone, independent of geographic position (temperate or tropical) or sample size. Thus, we recommend that large-scale geographic range models using Maxent should likely include an equal number of spatial filters into their models to obtain better results that constrain the over-prediction bias resulting from the use of solely environmental data.	Comment by Naia: Include ecological explanation: similar climatic conditions found on both continents, but effect of broad scale dispersal limitations and non-climatic effects set the difference between the potential distribution modeled by the maxent-climate-only and the realized distribution 	Comment by Naia: How about the clipping results? They seemed quite good – should be discussed

Further, we found that range areas from presence/absence maps defined using a fixed threshold appeared to over-predict small range areas and under-predict large range area areas (Figure 4). Range areas from presence/absence maps defined using the maximum Kappa threshold were consistently the worst performing Maxent model, independent of geographic position or environmental layer used. In contrast, range areas from presence/absence maps defined from Maxent models using Bioclim and spatial filter layers and a 1% training presence threshold were nearly always the best performing Maxent model independent of geographic position or layer data used. Our best Maxent model was obtained by removing any non-contiguous regions more than 1,000 km away from the main continuous region generated by the presence/absence map defined using the 1% training presence threshold above. Removing the non-contiguous range areas helped account for over-prediction of each species’ geographic distribution into regions beyond its dispersal capacity and resulted in the consistently best-fitting Maxent model, independent of geographic position or environmental data used (Table S2).	Comment by Naia Morueta Holme: Start with at sentence that makes clear to the reader that now you’re going to discuss the effect of thresholds	Comment by Naia: I would move this to the previous paragraph	Comment by Naia: And move this as well

We were surprised to find that, while the individual pairwise accuracy measures of range area estimates varied significantly by model type, the accuracies for all models peaked at sample sizes of approximately 100-250 occurrences (Figure 3; Table 1). Additional samples beyond 250 occurrences did not appear to increase the accuracy of any model higher than the r-squared value achieved between 100-250 occurrences. These findings suggest that, for modeling with presence-only data, no more than 250 occurrences of each species are needed to establish a useful geographic range area. Thus, biodiversity data collection efforts should strive to obtain additional occurrence data for species with fewer than 250 occurrences to ensure their geographic range areas can be adequately modeled.	Comment by Naia: We should differentiate between sampling effort and rarity of species

Caveats
We recognize that our convex hull model results may be highly influenced by the fact that we are comparing the range maps obtained from each modeling method to those of expert range maps - that were likely created by drawing irregular polygons around known occurrences. Thus, it may be that expert range maps themselves are essentially modified convex hull models. Moreover, by using species occurrences from an amalgamated dataset BIEN, we were able to obtain very broadly sampled species occurrence data. Had our occurrence data come from only a small portion of a species’ geographic range, the convex hull measure would have performed much more poorly. Therefore, the accuracy of methods like convex hull is highly dependent on having broadly distributed species occurrence data.	Comment by Naia Morueta Holme: But in such a case we would clip the expert map to the study area, no?

As with any effort that analyzes large amounts of data, we encountered a number of issues during this study that are worth mentioning for their value in aiding further biogeographic research on large, combined datasets. For example, we found that the maps from E.L. Little Atlas of North American Trees (Little, 1971; 1976; 1977; 1978) provided good coverage of species occurring within the United States and Canada, but poor coverage of species occurring largely in the United States and Mexico. However, the BIEN database (BIEN, 2012) we used for our analysis contained millions of records for the United States and thousands for Mexico, but relatively few records for Canada. To account for the uneven coverage, we restricted our analysis to only temperate North American tree species for which the geographic range area drawn in the expert map was within the continental United States boundary, ensuring we could compare range area estimates for a geographic area that our models and the expert maps had in common. Moreover, we found that some of the digitized E.L. Little maps depicted species’ geographic ranges as relatively simple Euclidean shapes that appeared to be rather coarse estimates of the species’ geographic range. As we surmised that these very coarse approximations may confound our ability to the compare geographic range size and distribution estimates from our models with those of expert map, we excluded any species having its expert map depicted this way.	Comment by jdonoghue2: Julie says, “This paragraph might go to the Suppl. Material. Since it is of interest only to a subset of your audience.”	Comment by Naia: I partly agree – I think you can mention some of it in the Methods section and move the details to suppl. Mat.

Lastly, combining occurrence data from many sources is not without problems, and we expended considerable effort validating both the geographic and taxonomic status of the occurrence data used for this analysis. Geographic latitude and longitude values for each occurrence record were plotted and compared with the record’s associated locality description and any records with geographic locations that did not match their locality descriptions were excluded. Further, some species required taxonomic name validation/correction to ensure their expert map could be paired with their corresponding occurrence data. This was particularly prevalent in the temperate tree species data, for which the expert maps were drawn more than 40 years ago and in some cases reflected old taxonomy. Any species having had extensive splits or merges which could influence its overall geographic range were excluded to ensure parity between its expert map and associated occurrence data. Finally, we found that our combined data sources contain numerous occurrence records containing cultivated specimens from herbaria and botanical gardens. Since the accidental inclusion of a cultivated specimen existing far outside of a species’ natural range would likely inflate our geographic range models by directly enlarging the total spatial extent of the occurrence data and/or including additional climates in which the species does not normally occur, we made every effort to identify and exclude such records from our analysis.	Comment by jdonoghue2: Julie says, “This paragraph also might go to the Suppl. Material. Since it is of interest only to a subset of your audience.”	Comment by Naia: agree	Comment by Naia: Are there any species for which potential changes in range the past 40 years could have an influence on the results?

FINAL THOUGHTS?	Comment by jdonoghue2: Restate that convex hull is the best, given that a- it performs well and b- it is a very simple model to use.
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Boxes

Box 1: Illustrations of geographic range sizes and areas resulting from our modeling approaches. Areas in white represent continental land mass, while black dots represent locations of species occurrences. Red lines represent boundaries of geographic ranges areas or lengths of geographic range extents.
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	Expert Map
Inputs: Species occurrence data points
Output: Total geographic area of one or more polygons manually drawn based on species occurrences and expert opinion.
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	Latitudinal Extent:
Inputs: Species occurrence data points
Output: Linear distance between the latitude of the northernmost and southernmost geographic locations in your dataset.
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	Longitudinal Extent
Inputs: Species occurrence data points
Output: Linear distance between the longitude of the westernmost and easternmost geographic locations in your dataset.
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	Occupied Cell Area
Inputs: Species occurrence data points
Output: Total geographic area of all cells containing at least one occurrence of your focal species. Cells are created by converting species occurrence points to a raster surface at a particular scale and spatial resolution.
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	Latitudinal Band
Inputs: Species occurrence data points
Output: Total geographic area of a single polygon defined by the latitude of the northernmost and southernmost geographic locations in your dataset and the western and eastern limits of the continent.
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	Bounding Box
Inputs: Species occurrence data points
Output: Total geographic area of a single polygon defined by the latitude of the northernmost and southernmost geographic locations and the longitude of the westernmost and easternmost geographic locations in your dataset.
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	Convex Hull
Inputs: Species occurrence data points
Output: Total geographic area of the smallest single polygon that encompasses all the species occurrence locations in your dataset. 
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	Maxent Logistic
Inputs: Species occurrence data and environmental layers
Output: Raster layer in which the value of each cell represents the proportional probability of that cell containing suitable environmental conditions to support the presence of a species.
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	Maxent Presence/Absence
Inputs: Species occurrence data and environmental layers
Output: Total geographic area of one or more polygons defined by setting a value to the logistic surface at which any cells having probability values less than the threshold are given a value of 0 (areas of potentially unsuitable environmental conditions for the species), while cells having a value equal to or greater than the threshold are given a value of 1 (areas containing potentially suitable environmental conditions for the species).






Box 2: Common threshold values used to reclassify Maxent logistic output into binary presence/absence maps.	Comment by Naia Morueta Holme: Isn’t this already described in previous papers that we can just cite?

	Threshold
	
	Description

	Fixed
	
	An arbitrary fixed threshold of 0.5 is very commonly used in modeling studies and represents the minimum probability at which suitable habitat is predicted to be present.

	Maximum training sensitivity plus specificity
	
	The maximum training sensitivity plus specificity threshold balances errors of omission (false absences) and commission (false presences).	Comment by Naia: No need to repeat the name when it’s stated in the first column

	Minimum training presence
	
	The minimum training presence threshold minimizes errors of omission (false absences).

	Maximum Kappa
	
	The maximum Kappa threshold is the probability threshold at which Cohen’s Kappa Statistic is the highest - where Kappa is the greatest difference between the observed classified locations and those locations classified by chance.

	1 percent training presence
	
	The 1 percent training presence threshold represents the threshold values that would result in excluding approximately 1 percent of the presence records.	Comment by Naia: Erase?

	5 percent training presence
	
	The 5 percent training presence threshold represents the threshold values that would result in excluding approximately 5 percent of the presence records.

	10 percent training presence
	
	The 10 percent training presence threshold represents the threshold values that would result in excluding approximately 10 percent of the presence records.






Box 3: Description of the methods used to assess the accuracies of each modeled geographic range map with its corresponding expert range map.

	Accuracy Metric
	
	Description

	Accuracy
	
	Accuracy or ‘correct classification rate’ is the percentage of sites that are correctly predicted. 

	Sensitivity
	
	Sensitivity or ‘true positive fraction’ is the percentage of observed presences that are correctly predicted. It quantiﬁes errors of omission.

	Specificity
	
	Speciﬁcity or ‘true negative fraction’ is the percentage of observed absences that are correctly predicted. It quantiﬁes errors of commission.

	Kohen’s Kappa Statistic
	
	Cohen’s kappa is a very popular statistic that combines both commission and omission errors in one parameter. It is similar to ‘Accuracy’ but takes into account the proportion of correct predictions expected by chance. Values range from 1 to +1, where +1 indicates perfect agreement and values of zero or less indicate a performance no better than random (Cohen 1960).

	True Skill Statistic (TSS)
	
	Kappa has been shown to be sensitive to species’ prevalence (or the proportion of sampled sites in which the species is recorded present). Thus TSS is a measure of accuracy that has all the advantages of the Kappa statistic, but is insensitive to species’ prevalence.

	Jaccard Similarity Index
	
	The Jaccard Similarity Index quantifies the amount of overlap between maps. It is measured as the size of the intersection of both maps divided by the size of their union. Values range from 0 for maps that have no areas in common, to 1 for maps having all areas in common.






Tables
Table 1: Summary of linear model results from pairwise comparisons of expert 
range area and range areas obtained from each model for three datasets: Henderson’s tropical palms and Little’s temperate trees combined. Temperate trees were restricted to species with geographic ranges that are confined to the contiguous United States. Models included (1) area of occupied cells, (2) bounding box area, (3) convex hull area, (4) latitudinal band area, and the area obtained from Maxent modeled presence maps using (5) Bioclim layers only, (6) spatial layers only, and (7) Bioclim+spatial layers. All presence/absence maps were derived using the fixed threshold setting. For each dataset, the model with the best fit is in indicated in bold type. 	Comment by Naia: ?

	COMBINED PALMS AND TREES (N=630)
	R2	Comment by Naia: Explain in legend
	Intercept
	Coefficient

	   Expert Map vs Model Latitudinal Extent
	0.5466	Comment by Naia: Report only 3 significant digits
	0.994
	< 2.22e-16

	   Expert Map vs Model Longitudinal Extent
	0.6000
	0.994
	< 2.22e-16

	   Expert Map vs Occupied Cell Area
	0.2421
	0.831
	< 2.22e-16

	   Expert Map vs Bounding Box
	0.5701
	1.040
	< 2.22e-16

	   Expert Map vs Convex Hull
	0.6052
	1.010
	< 2.22e-16

	   Expert Map vs Latitudinal Band
	0.4375
	1.090
	< 2.22e-16

	   Expert Map vs Bioclim Fixed
	0.2009
	0.995
	< 2.22e-16

	   Expert Map vs Spatial Fixed
	0.1455
	0.997
	< 2.22e-16

	   Expert Map vs Bioclim + Spatial Fixed
	0.4459
	0.969
	< 2.22e-16






Table 2: Mean values and 95% confidence intervals for total accuracy (ACC), Sensitivity (Sens), Specificity (Spec), Kappa, True Skill Statistic (TSS), and the Jaccard Similarity Index (JSI) obtained by calculating contingency matrices from the overlap of expert range maps for tropical palms and temperate trees (n=630; DF=629) with range maps obtained from the following models: Area of occupied cells, Latitudinal band, Bounding box, Convex hull, and from Maxent modeled presence maps using Bioclim layers only, Spatial layers only, and Bioclim+spatial layers. The Maxent modeled binary presence/absence maps were derived using the 1% training presence threshold setting.	Comment by Naia: Why 1% here but fixed threshold in Table 1?

	Model
	ACC
	Sens
	Spec
	Kappa
	TSS
	JSI

	Occupied Cells
	0.972
+/- 0.096
	0.001
+/- 0.008
	 1.000
+/- 0.00
	0.002
+/- 0.016
	0.001
+/- 0.008
	0.001
+/- 0.008

	Latitudinal Band
	0.894
+/- 0.168
	0.834
+/- 0.447
	0.893
+/- 0.178
	0.192
+/- 0.365
	0.726
+/- 0.407
	0.138
+/- 0.304

	Bounding Box
	0.955
+/- 0.126
	0.739
+/- 0.529
	0.958
+/- 0.132
	0.390
+/- 0.459
	0.696
+/- 0.499
	0.284
+/- 0.391

	Convex Hull
	0.971
+/- 0.086
	0.568
+/- 0.575
	0.979
+/- 0.079
	0.413
+/- 0.472
	0.547
+/- 0.550
	0.302
+/- 0.403

	Maxent Bioclim
	0.968
+/- 0.092
	0.367
+/- 0.48
	0.990
+/- 0.045
	0.278
+/- 0.331
	0.356
+/- 0.466
	0.179
+/- 0.235

	Maxent Spatial
	0.969
+/- 0.089
	0.423
+/- 0.579
	0.991
+/- 0.038
	0.308
+/- 0.386
	0.415
+/- 0.569
	0.204
+/- 0.287

	Maxent
Bioclim+Spatial
	0.973
+/- 0.087
	0.301
+/- 0.475
	0.997
+/- 0.010
	0.291
+/- 0.354
	0.298
+/- 0.473
	0.189
+/- 0.262






Figure Legends

Figure 1: Frequency distribution in the sample sizes for both tropical palms and temperate trees (n=630) used in this analysis.

Figure 2: Box-plot showing variance in the geographic range sizes for both tropical palms and temperate trees (n=630) by model type from the following models: expert maps (Expert), area of occupied cells (Point), latitudinal band area (LatBnd), bounding box area (BBox), convex hull area (CHull), and the area obtained from Maxent fixed threshold modeled presence maps using Bioclim layers only (Bio), spatial layers only (Spa), and Bioclim + spatial layers (BioSpa).

Figure 3: Plots comparing r-squared values for each model at various sample sizes (for tropical palms and temperate trees; n=630). RMSEs were calculated from linear models comparing expert map range area with range areas obtained from the following models: (a) area of occupied cells, (b) latitudinal band area, (c) bounding box area, (d) convex hull area, and the area obtained from Maxent modeled presence maps using (e) Bioclim layers only, (f) spatial layers only, and (g) Bioclim + spatial layers using the fixed threshold setting, as well as (h) Bioclim + spatial layers using 1% training presence threshold setting. The red line represents a smoothed loess function.	Comment by Naia: Are these plots for species with large sample size and “thinning” to see the effect of sampling intensity?

Figure 4: Pairwise comparisons of expert map range area with tropical palm and temperate trees range areas (n=607) obtained from the following models: occupied cells, latitudinal band, bounding box, convex hull, and areas obtained from Maxent model presence maps using the fixed threshold setting, and 1% training presence threshold setting with both Bioclim and spatial layer inputs.	Comment by Naia: Why is the sample size different from Fig. 3?	Comment by Naia: In the figure it looks like it’s only the fixed threshold that was used for all 3 models?

Figure 5: Jaccard Similarity Index (JSI) by sample size. JSI is computed from the overlap of expert range maps for both tropical palms and temperate trees (n=630) and range maps obtained from the following models: (a) area of occupied cells, (b) latitudinal band area, (c) bounding box area, (d) convex hull area, and the area obtained from Maxent modeled presence maps using (e) Bioclim layers only, (f) spatial layers only, and (g) Bioclim + spatial layers. The Maxent modeled binary presence/absence maps were derived using the 1% training presence threshold setting.

Figure 6: Species richness maps calculated from the range maps generated with geographic ranges obtained from the following models: (a) area of occupied cells, (b) latitudinal band area, (c) bounding box area, (d) convex hull area, and the area obtained from Maxent modeled presence maps using (e) Bioclim layers only, (f) spatial layers only, and (g) Bioclim + spatial layers using the fixed threshold setting, as well as (h) Bioclim + spatial layers using 1% training presence threshold setting.	Comment by Naia: Figure missing – not mentioned in ms though?



Figures

Figure 1:	Comment by Naia: Erase title in figure. Should we log10 transform?
[image: C:\Users\jdonoghue2\Dropbox\School\Projects\BIEN\Manuscripts\Range Size\Added Into Paper\Combined Sample Size Frequency.png]




Figure 2: 	Comment by Naia: Erase title – specified in the legend

[image: C:\Users\jdonoghue2\Dropbox\School\Projects\BIEN\BIENRangeModelingTACC\Analysis\RangeSize\Combined\BoxPlot_Trees_and_Palms.png]



Figure 3: LOW QUALITY PLACEHOLDER IMAGE BELOW	Comment by Naia: Figures in main ms, and the ones in the supplement can be simplified so titles and axes don’t repeat information (put it only in the leftmost panels)
Check that numbering (i.e. (a), (b)…) comply with the format of GEB
Also: what do you mean by the “minimum” number of occurrences?
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Figure 4: LOW QUALITY PLACEHOLDER IMAGE BELOW
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Figure 5: LOW QUALITY PLACEHOLDER IMAGE BELOW	Comment by Naia: Would be useful to log transform the x-axis
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Supplemental Tables

Table S1: Summary of linear model results from pairwise comparisons of expert 
range area and range areas obtained from all models for three datasets: Henderson’s tropical palms and Little’s temperate trees combined (n=634), tropical palms only (n=309), temperate trees only (n=329), and temperate restricted to species with geographic ranges that are confined to the contiguous United States (n=325).

	COMBINED PALMS AND TREES (N=634)
	R2
	Intercept
	Coefficient

	Expert Map vs Model Latitudinal Extent
	0.5466
	0.994
	< 2.22e-16

	Expert Map vs Model Longitudinal Extent
	0.6000
	0.994
	< 2.22e-16

	Expert Map vs Occupied Cell Area
	0.2421
	0.831
	< 2.22e-16

	Expert Map vs Bounding Box
	0.5701
	1.040
	< 2.22e-16

	Expert Map vs Convex Hull
	0.6052
	1.010
	< 2.22e-16

	Expert Map vs Latitudinal Band
	0.4375
	1.090
	< 2.22e-16

	Expert Map vs Bioclim Fixed
	0.2009
	0.995
	< 2.22e-16

	Expert Map vs Bioclim Max SS
	0.2746
	1.030
	< 2.22e-16

	Expert Map vs Bioclim Balanced SS
	0.2544
	1.030
	< 2.22e-16

	Expert Map vs Bioclim Max Kappa
	0.0699
	0.949
	< 2.22e-16

	Expert Map vs Bioclim Max TP
	0.3172
	1.040
	< 2.22e-16

	Expert Map vs Bioclim 01TP
	0.3315
	1.030
	< 2.22e-16

	Expert Map vs Bioclim 1 TP Clipped
	0.4053
	1.020
	< 2.22e-16

	Expert Map vs Bioclim 5 TP
	0.3002
	1.020
	< 2.22e-16

	Expert Map vs Bioclim 10 TP
	0.2606
	1.010
	< 2.22e-16

	Expert Map vs Spatial Fixed
	0.1455
	0.997
	< 2.22e-16

	Expert Map vs Spatial Max SS
	0.3548
	1.020
	< 2.22e-16

	Expert Map vs Spatial Balanced SS
	0.3479
	1.030
	< 2.22e-16

	Expert Map vs Spatial Max Kappa
	0.0172
	0.950
	< 2.22e-16

	Expert Map vs Spatial Max TP
	0.3960
	1.030
	< 2.22e-16

	Expert Map vs Spatial 01TP
	0.4027
	1.030
	< 2.22e-16

	Expert Map vs Spatial 1 TP Clipped
	0.4513
	1.020
	< 2.22e-16

	Expert Map vs Spatial 5 TP
	0.3400
	1.020
	< 2.22e-16

	Expert Map vs Spatial 10 TP
	0.2812
	1.010
	< 2.22e-16

	Expert Map vs BioclimSpatial Fixed
	0.4459
	0.969
	< 2.22e-16

	Expert Map vs BioclimSpatial Max SS
	0.4777
	1.010
	< 2.22e-16

	Expert Map vs BioclimSpatial Balanced SS
	0.4717
	1.010
	< 2.22e-16

	Expert Map vs BioclimSpatial Max Kappa
	0.1607
	0.931
	< 2.22e-16

	Expert Map vs BioclimSpatial Max TP
	0.4984
	1.020
	< 2.22e-16

	Expert Map vs BioclimSpatial 01TP
	0.5198
	1.010
	< 2.22e-16

	Expert Map vs BioclimSpatial 1 TP Clipped
	0.5229
	1.010
	< 2.22e-16

	Expert Map vs BioclimSpatial 5 TP
	0.4853
	0.997
	< 2.22e-16

	Expert Map vs BioclimSpatial 10 TP
	0.4346
	0.988
	< 2.22e-16





Table S1 – [COMBINED PALMS AND TREES (N=634)]	Comment by Naia: I suggest a layout more like this for clarity, and separating tables according to taxon group

	
	Threshold
	R2
	Intercept
	Coefficient	Comment by Naia: These are the p-values, not the slope coefficients

	Basic measures	Comment by Naia: or some other term
	
	
	

	Latitudinal Extent
	-
	0.5466
	0.994
	< 2.22e-16

	Longitudinal Extent
	-
	0.6000
	0.994
	< 2.22e-16

	Occupied Cell Area
	-
	0.2421
	0.831
	< 2.22e-16

	Bounding Box
	-
	0.5701
	1.040
	< 2.22e-16

	Convex Hull
	-
	0.6052
	1.010
	< 2.22e-16

	Latitudinal Band
	-
	0.4375
	1.090
	< 2.22e-16

	Modeled measures
	
	
	
	

	Climate only 
	Fixed
	0.2009
	0.995
	< 2.22e-16

	
	Max SS
	0.2746
	1.030
	< 2.22e-16

	
	Balanced SS
	0.2544
	1.030
	< 2.22e-16

	
	Max Kappa
	0.0699
	0.949
	< 2.22e-16

	
	Max TP
	0.3172
	1.040
	< 2.22e-16

	
	01TP	Comment by Naia: 1?
	0.3315
	1.030
	< 2.22e-16

	
	1 TP Clipped
	0.4053
	1.020
	< 2.22e-16

	
	5 TP
	0.3002
	1.020
	< 2.22e-16

	
	10 TP
	0.2606
	1.010
	< 2.22e-16

	Spatial only
	Fixed
	0.1455
	0.997
	< 2.22e-16

	
	Max SS
	0.3548
	1.020
	< 2.22e-16

	
	Balanced SS
	0.3479
	1.030
	< 2.22e-16

	
	Max Kappa
	0.0172
	0.950
	< 2.22e-16

	
	Max TP
	0.3960
	1.030
	< 2.22e-16

	
	01TP
	0.4027
	1.030
	< 2.22e-16

	
	1 TP Clipped
	0.4513
	1.020
	< 2.22e-16

	
	5 TP
	0.3400
	1.020
	< 2.22e-16

	
	10 TP
	0.2812
	1.010
	< 2.22e-16

	Climate + spatial
	Fixed
	0.4459
	0.969
	< 2.22e-16

	
	Max SS
	0.4777
	1.010
	< 2.22e-16

	
	Balanced SS
	0.4717
	1.010
	< 2.22e-16

	
	Max Kappa
	0.1607
	0.931
	< 2.22e-16

	
	Max TP
	0.4984
	1.020
	< 2.22e-16

	
	01TP
	0.5198
	1.010
	< 2.22e-16

	
	1 TP Clipped
	0.5229
	1.010
	< 2.22e-16

	
	5 TP
	0.4853
	0.997
	< 2.22e-16

	
	10 TP
	0.4346
	0.988
	< 2.22e-16





	HENDERSON’S PALMS (N=309)
	R2
	Intercept
	Coefficient

	Palm Map vs Latitudinal Extent
	0.5538
	0.998
	< 2.22e-16

	Palm Map vs Longitudinal Extent
	0.5868
	0.995
	< 2.22e-16

	Palm Map vs Occupied Cell Area
	0.1803
	0.812
	< 2.22e-16

	Palm Map vs Bounding Box
	0.6414
	1.020
	< 2.22e-16

	Palm Map vs Convex Hull
	0.6754
	0.993
	< 2.22e-16

	Palm Map vs Latitudinal Band
	0.5289
	1.090
	< 2.22e-16

	Palm Map vs Bioclim Fixed
	0.2960
	1.010
	< 2.22e-16

	Palm Map vs Bioclim Max SS
	0.3127
	1.040
	< 2.22e-16

	Palm Map vs Bioclim Balanced SS
	0.2856
	1.040
	< 2.22e-16

	Palm Map vs Bioclim Max Kappa
	0.0827
	0.957
	< 2.22e-16

	Palm Map vs Bioclim Max TP
	0.3126
	1.050
	< 2.22e-16

	Palm Map vs Bioclim 01TP
	0.3479
	1.040
	< 2.22e-16

	Palm Map vs Bioclim 1 TP Clipped
	0.4075
	1.020
	< 2.22e-16

	Palm Map vs Bioclim 5 TP
	0.3694
	1.030
	< 2.22e-16

	Palm Map vs Bioclim 10 TP
	0.3774
	1.030
	< 2.22e-16

	Palm Map vs Spatial Fixed
	0.1916
	1.020
	< 2.22e-16

	Palm Map vs Spatial Max SS
	0.3257
	1.030
	< 2.22e-16

	Palm Map vs Spatial Balanced SS
	0.3224
	1.030
	< 2.22e-16

	Palm Map vs Spatial Max Kappa
	0.0091
	0.960
	< 2.22e-16

	Palm Map vs Spatial Max TP
	0.3378
	1.040
	< 2.22e-16

	Palm Map vs Spatial 01TP
	0.3656
	1.030
	< 2.22e-16

	Palm Map vs Spatial 1 TP Clipped
	0.4398
	1.030
	< 2.22e-16

	Palm Map vs Spatial 5 TP
	0.3488
	1.030
	< 2.22e-16

	Palm Map vs Spatial 10 TP
	0.3242
	1.020
	< 2.22e-16

	Palm Map vs BioclimSpatial Fixed
	0.5497
	0.979
	< 2.22e-16

	Palm Map vs BioclimSpatial Max SS
	0.5316
	1.000
	< 2.22e-16

	Palm Map vs BioclimSpatial Balanced SS
	0.5448
	1.010
	< 2.22e-16

	Palm Map vs BioclimSpatial Max Kappa
	0.1459
	0.932
	< 2.22e-16

	Palm Map vs BioclimSpatial Max TP
	0.5421
	1.010
	< 2.22e-16

	Palm Map vs BioclimSpatial 01TP
	0.5668
	1.010
	< 2.22e-16

	Palm Map vs BioclimSpatial 1 TP Clipped
	0.5687
	1.000
	< 2.22e-16

	Palm Map vs BioclimSpatial 5 TP
	0.5655
	1.000
	< 2.22e-16

	Palm Map vs BioclimSpatial 10 TP
	0.5504
	0.994
	< 2.22e-16




	LITTLE’S TREES (N=329)
	R2
	Intercept
	Coefficient

	Little Map vs Model Latitudinal Extent
	0.4668
	0.990
	< 2.22e-16

	Little Map vs Model Longitudinal Extent
	0.5429
	0.993
	< 2.22e-16

	Little Map vs Occupied Cell Area
	0.3317
	0.847
	< 2.22e-16

	Little Map vs Bounding Box
	0.4656
	1.050
	< 2.22e-16

	Little Map vs Convex Hull
	0.5265
	1.020
	< 2.22e-16

	Little Map vs Latitudinal Band
	0.3047
	1.090
	< 2.22e-16

	Little Map vs Bioclim Fixed
	0.1387
	0.980
	< 2.22e-16

	Little Map vs Bioclim Max SS
	0.2339
	1.020
	< 2.22e-16

	Little Map vs Bioclim Balanced SS
	0.2303
	1.020
	< 2.22e-16

	Little Map vs Bioclim Max Kappa
	0.0488
	0.942
	< 2.22e-16

	Little Map vs Bioclim Max TP
	0.3150
	1.040
	< 2.22e-16

	Little Map vs Bioclim 01TP
	0.3146
	1.030
	< 2.22e-16

	Little Map vs Bioclim 1 TP Clipped
	0.3952
	1.020
	< 2.22e-16

	Little Map vs Bioclim 5 TP
	0.2368
	1.010
	< 2.22e-16

	Little Map vs Bioclim 10 TP
	0.1625
	0.997
	< 2.22e-16

	Little Map vs Spatial Fixed
	0.1497
	0.981
	< 2.22e-16

	Little Map vs Spatial Max SS
	0.3358
	1.020
	< 2.22e-16

	Little Map vs Spatial Balanced SS
	0.3578
	1.020
	< 2.22e-16

	Little Map vs Spatial Max Kappa
	0.0178
	0.942
	< 2.22e-16

	Little Map vs Spatial Max TP
	0.4182
	1.030
	< 2.22e-16

	Little Map vs Spatial 01TP
	0.4026
	1.020
	< 2.22e-16

	Little Map vs Spatial 1 TP Clipped
	0.4084
	1.020
	< 2.22e-16

	Little Map vs Spatial 5 TP
	0.3062
	1.010
	< 2.22e-16

	Little Map vs Spatial 10 TP
	0.2287
	0.994
	< 2.22e-16

	Little Map vs BioclimSpatial Fixed
	0.3223
	0.962
	< 2.22e-16

	Little Map vs BioclimSpatial Max SS
	0.3896
	1.010
	< 2.22e-16

	Little Map vs BioclimSpatial Balanced SS
	0.3624
	1.010
	< 2.22e-16

	Little Map vs BioclimSpatial Max Kappa
	0.1508
	0.931
	< 2.22e-16

	Little Map vs BioclimSpatial Max TP
	0.4268
	1.030
	< 2.22e-16

	Little Map vs BioclimSpatial 01TP
	0.4415
	1.010
	< 2.22e-16

	Little Map vs BioclimSpatial 1 TP Clipped
	0.4465
	1.010
	< 2.22e-16

	Little Map vs BioclimSpatial 5 TP
	0.3693
	0.996
	< 2.22e-16

	Little Map vs BioclimSpatial 10 TP
	0.2887
	0.983
	< 2.22e-16




	LITTLE’S TREES  - US ONLY (N=325)
	R2
	Intercept
	Coefficient

	Little Map vs Model Latitudinal Extent
	0.4795
	0.990
	< 2.22e-16

	Little Map vs Model Longitudinal Extent
	0.5560
	0.993
	< 2.22e-16

	Little Map vs Occupied Cell Area
	0.3208
	0.847
	< 2.22e-16

	Little Map vs Bounding Box
	0.4902
	1.050
	< 2.22e-16

	Little Map vs Convex Hull
	0.5436
	1.020
	< 2.22e-16

	Little Map vs Latitudinal Band
	0.3203
	1.090
	< 2.22e-16

	Little Map vs Bioclim Fixed
	0.1506
	0.979
	< 2.22e-16

	Little Map vs Bioclim Max SS
	0.2368
	1.020
	< 2.22e-16

	Little Map vs Bioclim Balanced SS
	0.2327
	1.020
	< 2.22e-16

	Little Map vs Bioclim Max Kappa
	0.0558
	0.941
	< 2.22e-16

	Little Map vs Bioclim Max TP
	0.3164
	1.040
	< 2.22e-16

	Little Map vs Bioclim 01TP
	0.3191
	1.030
	< 2.22e-16

	Little Map vs Bioclim 1 TP Clipped
	0.3949
	1.020
	< 2.22e-16

	Little Map vs Bioclim 5 TP
	0.2433
	1.010
	< 2.22e-16

	Little Map vs Bioclim 10 TP
	0.1695
	0.996
	< 2.22e-16

	Little Map vs Spatial Fixed
	0.1637
	0.979
	< 2.22e-16

	Little Map vs Spatial Max SS
	0.4000
	1.020
	< 2.22e-16

	Little Map vs Spatial Balanced SS
	0.3984
	1.020
	< 2.22e-16

	Little Map vs Spatial Max Kappa
	0.0384
	0.940
	< 2.22e-16

	Little Map vs Spatial Max TP
	0.4614
	1.030
	< 2.22e-16

	Little Map vs Spatial 01TP
	0.4530
	1.020
	< 2.22e-16

	Little Map vs Spatial 1 TP Clipped
	0.4580
	1.020
	< 2.22e-16

	Little Map vs Spatial 5 TP
	0.3570
	1.000
	< 2.22e-16

	Little Map vs Spatial 10 TP
	0.2774
	0.993
	< 2.22e-16

	Little Map vs BioclimSpatial Fixed
	0.3374
	0.961
	< 2.22e-16

	Little Map vs BioclimSpatial Max SS
	0.3966
	1.010
	< 2.22e-16

	Little Map vs BioclimSpatial Balanced SS
	0.3677
	1.010
	< 2.22e-16

	Little Map vs BioclimSpatial Max Kappa
	0.1656
	0.929
	< 2.22e-16

	Little Map vs BioclimSpatial Max TP
	0.4312
	1.020
	< 2.22e-16

	Little Map vs BioclimSpatial 01TP
	0.4489
	1.010
	< 2.22e-16

	Little Map vs BioclimSpatial 1 TP Clipped
	0.4533
	1.010
	< 2.22e-16

	Little Map vs BioclimSpatial 5 TP
	0.3797
	0.995
	< 2.22e-16

	Little Map vs BioclimSpatial 10 TP
	0.2991
	0.982
	< 2.22e-16






Table S2: R-squared values from pairwise comparisons of expert range area and range areas obtained from Maxent models parameterized with combinations of Bioclim layers and spatial filters and a variety of thresholds for three datasets: Henderson’s tropical palms and Little’s temperate trees combined (n=634), tropical palms only (n=309), temperate trees only (n=329), and temperate restricted to species with geographic ranges that are confined to the contiguous United States (n=325). The highest two r-squared values for each combination of threshold and environmental layer is shown in bold.	Comment by Naia: Are they correlations squared (Pearson or Spearman) or variance explained from regressions?	Comment by Naia: Standardize the nomenclature of palms and temperate trees throughout the ms (“Henderson”/”Little” should only be mentioned in the methods to specify the expert maps)

	Combined Palms & Trees	Comment by Naia: Use same names for thresholds in all the tables (these are different from Table S1)
	Bioclim
	Spatial
	B+S

	Fixed Threshold
	0.2009
	0.1455
	0.4459

	Max Sensitivity & Specificity Threshold
	0.2746
	0.3548
	0.4777

	Balanced Sensitivity & Specificity Threshold
	0.2544
	0.3479
	0.4717

	Maximum Kappa Threshold
	0.0699
	0.0172
	0.1607

	Maximum Training Presence Threshold
	0.3172
	0.3960
	0.4984

	1% Training Presence Threshold
	0.3315
	0.4027
	0.5198

	1% Training Presence Threshold (Clipped)
	0.4053
	0.4513
	0.5229

	5% Training Presence Threshold
	0.3002
	0.3400
	0.4853

	10% Training Presence Threshold
	0.2606
	0.2812
	0.4346

	
	
	
	

	Palms
	Bioclim
	Spatial
	B+S

	Fixed Threshold
	0.2960
	0.1916
	0.5497

	Max Sensitivity & Specificity Threshold
	0.3127
	0.3257
	0.5316

	Balanced Sensitivity & Specificity Threshold
	0.2856
	0.3224
	0.5448

	Maximum Kappa Threshold
	0.0827
	0.0091
	0.1459

	Maximum Training Presence Threshold
	0.3126
	0.3378
	0.5421

	1% Training Presence Threshold
	0.3479
	0.3656
	0.5668

	1% Training Presence Threshold (Clipped)
	0.4075
	0.4398
	0.5687

	5% Training Presence Threshold
	0.3694
	0.3488
	0.5655

	10% Training Presence Threshold
	0.3774
	0.3242
	0.5504

	
	
	
	

	Trees
	Bioclim
	Spatial
	B+S

	Fixed Threshold
	0.1387
	0.1497
	0.3223

	Max Sensitivity & Specificity Threshold
	0.2339
	0.3358
	0.3896

	Balanced Sensitivity & Specificity Threshold
	0.2303
	0.3578
	0.3624

	Maximum Kappa Threshold
	0.0488
	0.0178
	0.1508

	Maximum Training Presence Threshold
	0.3150
	0.4182
	0.4268

	1% Training Presence Threshold
	0.3146
	0.4026
	0.4415

	1% Training Presence Threshold (Clipped)
	0.3952
	0.4084
	0.4465

	5% Training Presence Threshold
	0.2368
	0.3062
	0.3693

	10% Training Presence Threshold
	0.1625
	0.2287
	0.2887

	
	
	
	

	Trees US Only
	Bioclim
	Spatial
	B+S

	Fixed Threshold
	0.1506
	0.1637
	0.3374

	Max Sensitivity & Specificity Threshold
	0.2368
	0.4000
	0.3966

	Balanced Sensitivity & Specificity Threshold
	0.2327
	0.3984
	0.3677

	Maximum Kappa Threshold
	0.0558
	0.0384
	0.1656

	Maximum Training Presence Threshold
	0.3164
	0.4614
	0.4312

	1% Training Presence Threshold
	0.3191
	0.4530
	0.4489

	1% Training Presence Threshold (Clipped)
	0.3949
	0.4580
	0.4533

	5% Training Presence Threshold
	0.2433
	0.3570
	0.3797

	10% Training Presence Threshold
	0.1695
	0.2774
	0.2991






Supplemental Figure Legends

Figure S1: Geographic range size for both tropical palms and temperate trees (n=630) plotted with sample size, for the following models: (a) area of occupied cells, (b) latitudinal band area, (c) bounding box area, (d) convex hull area, and the area obtained from Maxent modeled presence maps using (e) Bioclim layers only, (f) spatial layers only, and (g) Bioclim + spatial layers. The Maxent modeled binary presence/absence maps were derived using the fixed and 1% training presence threshold settings.	Comment by Naia: Should we log sample size?	Comment by Naia: Remember to mention the units in all figures and specify log transformations

Figure S2: True Skill Statistic (TSS) by sample size. TSS is calculated from contingency matrices calculated by the overlap of expert range maps for both tropical palms and temperate trees (n=630) and range maps obtained from the following models: (a) area of occupied cells, (b) latitudinal band area, (c) bounding box area, (d) convex hull area, and the area obtained from Maxent modeled presence maps using (e) Bioclim layers only, (f) spatial layers only, and (g) Bioclim + spatial layers. The Maxent modeled binary presence/absence maps were derived using the 1% training presence threshold setting. 

Figure S3: Accuracy (ACC) by sample size. Accuracy is calculated from contingency matrices calculated by the overlap of expert range maps for both tropical palms and temperate trees (n=630) and range maps obtained from the following models: (a) area of occupied cells, (b) latitudinal band area, (c) bounding box area, (d) convex hull area, and the area obtained from Maxent modeled presence maps using (e) Bioclim layers only, (f) spatial layers only, and (g) Bioclim + spatial layers. The Maxent modeled binary presence/absence maps were derived using the 1% training presence threshold setting.

Figure S4: Kappa by sample size. Kappa is calculated from contingency matrices calculated by the overlap of expert range maps for both tropical palms and temperate trees (n=630) and range maps obtained from the following models: (a) area of occupied cells, (b) latitudinal band area, (c) bounding box area, (d) convex hull area, and the area obtained from Maxent modeled presence maps using (e) Bioclim layers only, (f) spatial layers only, and (g) Bioclim + spatial layers. The Maxent modeled binary presence/absence maps were derived using the 1% training presence threshold setting.

Figure S5: Delta maps comparing the absolute difference between species richness for both tropical palms and temperate trees (n=630) calculated from expert maps minus species richness from geographic range areas obtained from the following models: (a) area of occupied cells, (b) latitudinal band area, (c) bounding box area, (d) convex hull area, and the area obtained from Maxent modeled presence maps using (e) Bioclim layers only, (f) spatial layers only, and (g) Bioclim + spatial layers using the fixed threshold setting, as well as (h) Bioclim + spatial layers using 1% training presence threshold setting.

Supplemental Figures

Figure S1:
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Figure S2: LOW QUALITY PLACEHOLDER IMAGE BELOW
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Figure S3: LOW QUALITY PLACEHOLDER IMAGE BELOW	Comment by Naia: y-axes should show the same range of values in all graphs

[image: ]




Figure S4: LOW QUALITY PLACEHOLDER IMAGE BELOW
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