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B. occidentalis. To investigate the role of NHC in defining the distribution of B. occident a/is 
three NHC were investigated separately in SDM construction: (I) University ofCalifornia­

Berkeley (UCB), (2) Washington State University (WSU) and (3) NPIC. These regional 

collections were selected as they represent three regional categories within the distribution of 
B. occidentalis (UCB= Pacific West, WSU = Pacific Northwest and NPIC = Intermountain 
West) in the western U.S.A. Individual SOM for B. occidentalis are constructed for the three 
NHC and then visually compared to the Global SOM where all NHC are combined. 

Nineteen bioclimatic variables from the WorldClim 1.3 dataset (Hijmans et al. 2005) 
were initially explored to construct each bumble bee species SOM at a spatial resolution of 

2.5 arc-minutes. To reduce SOM complexity, bioclimatic data associated with each species 
was evaluated for multicollinearity using pair-wise Pearson's correlation coefficient r. 

To maintain uniformity across the three NHC B. occidentalis SOM comparisons, the 
bioclimatic variables evaluated in the Global B. occidentalis SOM were applied to all B. 

occidentalis SOM. The bioclimatic variables utilized in the B. affinis, B. terricola and B. 

franklini SOMs are evaluated separately (Table 2-2). ArcGIS 9.3 (ESRI 2007) was employed 
to clip all bioclimatic variables to the contiguous U.S.A., as well as process and visualize 
results from the SOMs constructed with MaxEnt 3.3 beta (Phillips et al. 2006). 

The modeling algorithm MaxEnt 3.3 beta (MaxEnt) applies entropy to information 
(data aggregated with a set of constraints) so as to produce a least biased result (model) 

relative to a probability distribution (Phillips et al. 2006). One limitation of MaxEnt is the 

need to have representative samples from across a species entire range to determine the most 
suitable habitat. However, MaxEnt has been tested to produce highly accurate SOM despite 

small samples sizes (Elith et al. 2007; Wisz et al. 2008). SO Ms of the target Bombus are 
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Table 2-1. B. occidentalis specimen digitized across 35 Natural History Collections. 
Natural History Collection 

# of specimens Year Range American Museum of Natural History 
504 1813-2008 Bernice Pauahi Bishop Museum 
12 1910-1991 Brigham Young University 

261 1919-2007 California Academy of Sciences 
648 1896-2006 

College of Idaho 
45 1912-2003 

Cornell University 
10 1917-1954 

Harvard University 
42 1902-1982 Illinois Natural History Survey 

451 1879-2007 Iowa State University 
6 1937-1973 Montana State University 

85 1899-1985 National Pollination Insect Collection 
764 1883-2010 

Oklahoma State 
4 1923-2004 Oregon State University 

640 1893-2007 Academy of Natural Sciences, Philadelphia 
551 1871-1990 

Purdue University 
27 1898-1976 San Diego Natural History Museum 
37 1826-2007 

Simon Fraser University 
13 1915-J 960 

Smithsonian Institution 
1310 1877-1993 South Dakota State University 
122 1986-1988 

University of Arkansas 

1905-2004 University of California, Berkeley 
825 1891-2003 University of California, Davis 
1085 1917-2007 University of Colorado, Boulder 

4 1901-2009 
University of Georgia 

1915-2006 
University of Idaho 

78 1812-1997 
University of Kansas 

402 1892-2003 
University of Michigan 

4 1823-2000 
University of Minnesota 

196 1892-2004 
University of Nebraska 

73 1898-2000 Nevada Department of Agriculture 
4 1957-1990 University of Wisconsin, Madison 

153 1906-1980 Washington State University 
678 1888-1998 

Yale University 
754 1967-1992 Canada Department of Agriculture 
49 1917-1963 University of British Columbia, Vancouver 
103 1905-1986 Grand Total and Maximum Age Range 

9942 1813-2010 



Table 2-2. WorldClim bioclimatic variables utilized to construct each bumble bee SOM (Hijmans et al. 2005; A= B. affinis, F = B.franklini, 0 = B. occidentalis, T = B. terricola). 
Bioclimatic variable 
Annual Mean Temperature 
Mean Diurnal Range 
Isothermal ity (P2/P7) (* 100) 
Temperature Seasonality (standard deviation * I 00) 
Max Temperature of Warmest Month 
Min Temperature of Coldest Month 
Temperature Annual Range (P5-P6) 
Mean Temperature of Wettest Quarter 
Mean Temperature of Driest Quarter 
Mean Temperature of Warmest Quarter 
Mean Temperature of Coldest Quarter 
Annual Precipitation 
Precipitation of Wettest Month 
Precipitation of Driest Month 
Precipitation Seasonality (Coefficient of Variation) 
Precipitation of Wettest Quarter 
Precipitation of Driest Quarter 
Precipitation of Warmest Quarter 
Precipitation of Coldest Quarter 

SOM application 
A,F,O, T 
A,O,T 
A,F,O, T 
A,T 
O,T 
T 
A,F,O, T 
A,O,T 
A,O,T 
A,O,T 
T 
F,O 
F,O,T 
F 
A,F,O 

0 
A,O,T 
A,O,T 

constructed using the default parameters as prescribed by Phillips et al. (2006). Unlike 

algorithms that generate a SDM based on presence/absence or abundance data, MaxEnt 

requires only presence data. This approach is advantageous for organisms like bumble bees 
because they can be hard to detect, thus a recorded absence point may not be true absence. 

To evaluate likelihood of occurrence, MaxEnt calculates a habitat suitability index, 
where values closer to zero indicate areas with low habitat suitability, and values closer to 
one indicate areas with high habitat suitability (Phillips et al. 2006). Quantification of the 
habitat suitability index, hereafter defined as 'habitat suitability', is based on the model 

inputs, in this case the bioclimatic variables made available by Hijmans et al. (2005). 

Because maximum and minimum values associated habitat suitability vary across the SDMs 
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constructed in this study, the calculated habitat suitability for each model is reclassified and 

normalized in ArcGIS 9.3 using a I 0-fold equal interval for relative comparison. This 

allowed an equal delineation of IO distinct values of habitat suitability between zero and one. 

Each SOM was evaluated separately and averaged over 50 replicates using a random 80% 

subset of localities to train the model and 20% reserved for testing using the area under the 

receiver operating curve (AUC) statistic. AUC values closer to one suggest good predictive 

performances, whereas values closer to 0.5 suggest poor predictive performance (Fielding & 
Bell 1997). 

To assess the bioclimatic distribution of B. afjinis, B.franklini, and B. terricola 

SO Ms, as well as the role of NHC contribution in the B. occidentalis SO Ms, relative 

proportions of habitat suitability in the contiguous U.S.A. are investigated. The bioclimatic 

space (i.e. 2.5 arc-seconds per bioclimatic pixel unit, hereafter defined as BPU) associated 

with each habitat suitability category is divided by the total BPU of the contiguous U.S.A. to 

represent the relative proportion of each habitat suitability category (Figures 2-3, 2- 5, 2-7, 2-

10). This simple calculation allows a broad comparison of how habitat suitability across the 
IO categories of habitat suitability classification changes with respect to species and NHC 

contribution. For example, in the B. afji.nis SOM, 9,318 BPU are associated with the habitat 

suitability category 0.41 -0.50. As there are 470,613 BPUs in the contiguous U.S.A. in the 

current SOM framework, the relative contribution of the 0.41 - 0.50 habitat suitability 
category in the B. affinis SOM is approximately 2% (Figure 2-3). 

To demonstrate the difference in SOM resolution between a dataset from a single 

NHC and the Global dataset of B. occidentalis, z-tests of equal proportions are performed 

(Fleiss 1973). Each habitat suitability delineation (k = I 0) of the B. occidentalis NPIC SOM 
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is directly compared to the respective BPU values in the B. occidentalis Global SOM. This 

provides a direct opportunity to determine how a single NHC contribution in constructing an 

SOM contributes to the predictive power and resolution of a species potential distribution in 
comparison to a dataset that includes multiple NHC data. 

RESULTS 

For B. a/finis, two maps of the probable historic range are given in Figure 2-2. Figure 
2-2A is the traditional ·shaded-distribution map (Milliron I 971) showing the extremities of 

the species range. Figure 2-2B is generated using SOM techniques and depicts the probable 

distribution of B. afjinis based on the bioclimatic variables selected for the SOM (Table 2-2). 
Despite limited NHC data utilized, the SOM performed relatively well in constructing the 

bioclimatic profile of B. a/finis (AUC = 0.99 ± 0.008). Based on the B. afjinis SDM, 78% of 
the BPUs in the contiguous U.S.A. are associated with habitat suitability values S 0.10, 

suggesting a narrow bioclimatic niche. As this is a relatively large proportion, the 0.10 

habitat suitability delineation is excluded from Figure 2-3 to ease interpretation. The 

remaining BPUs (22 %) characterizes habitat suitability values from 0.20 to 1.0 (Figure 2-3). 
However, none of the actual presence localities utilized in the B. afjinis SDM is S 0.20 

habitat suitability. Thus, the total area characterized as suitable habitat based on the 

minimum habitat suitability associated with a true B. afjinis presence record(:::: 0.30 habitat 
suitability) is approximately 7.2 x I 04 BPU. 

Figure 2-4 also depicts the extremity and predicted bioclimatic space of B. terricola. 
Both maps show similar probable historic distributions of B. terricola, particularly at the 

northern limit of its distribution. Like the B. affinis SDM, the B. terricola SOM (Figure 2-

4B) performed relatively well (AUC = 0.96 ± 0.02) despite the limited amount of data 
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utilized in the model. However, unlike the B. affinis SOM, the B. terricola SOM suggest a 

larger probable distribution than B. affinis based on the bioclimatic variables utilized. Based 

on the minimum habitat suitability value (habitat suitability~ 0.20) associated with true B. 

terricola presence, the bioclimatic space characterized as suitable habitat is approximately 

2.8 x I 05 BPU (Figure 2-5). Based on published monographs on the distribution of B. 

terricola (Milliron 1971 ), the broad distribu\ion predicted by the SOM is not surprising 

(Figure 2-4A).Bioclimatic space associated with a habitat suitability :S 0.10 accounts for 53% 

of BPUs in the contiguous U.S.A. As in the B. affinis habitat delineation, this portion is 

excluded from Figure 2-5 to aid in interpretation of habitat suitability delineation. It appears 

that unlike B. affinis, B. terricola has a much more generalized bioclimatic profile as 

suggested by the SOM constructed in this study. 

Figure 2-2. The range maps of B. affinis: (A) Traditional shaded-distribution map (Milliron 
1971) and (B) SOM map. Points indicate NHC locality used to construct the SOM. Hot 
colors suggest high habitat suitability, whereas cool coolers suggest low habitat suitability. 
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Figure 2-3. Bombus affinis habitat suitability delineation across 0.20 - 1.00 in the contiguous 
U.S.A. Excludes habitat suitability value 0.10 (78% of the contiguous U.S.A.) to aid 
interpretation. 

Figure 2-6 presents the traditional shaded distribution map and SOM of B. franklini. 

Figure 2-68 reflects the probable distribution of B. franklini as predicted by 196 specimens 

representing 11 unique localities within the Klamath Mountains ecoregion (citation). This 

ecoregion was employed in the depicted SOM, as the initial SOM generated from the 

available locality records and bioclimatic variables extended far beyond known distribution 

of B.franklini (Thorp et al. 1983). The B.franklini SOM performed well (AUC = 0.99 ± 

0.0004), despite limited data that was particularly narrow to begin with (Figure 2-6A). 

Bioclimatic space characterized by the SOM as habitat suitability value 1.0 within the 

Klamath Mountain ecoregions amounted to 57% (3.0 x I 03 BPU) of the bioclimatic area 

(Figure 2-7). However, it should be noted that the distribution of B. franklini was modeled 

well outside of its known distribution (Figure 2-6B), suggesting that other abiotic or biotic 

factors may be limiting its distribution. 
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The traditional shaded extremity mar of B. occidentalis (Figure 2-8) is closely 

reflected in the extremities of B. occidentalis distribution in the Global NHC SDM (Figure 2-

9D). However, when SDMs are constructed from regional NHC, the bioclimatic bias in the 

probable distribution of the B. occidentalis is blatantly apparent, demonstrating the severity 

of only including a single NHC in SDM analysis (Figure 9A-C). A visual comparison of each 

NHC SDM shows that high habitat suitability is delineated regionally (e.g. Pacific 

Northwest), reflecting the geographic bias of B. occidentalis specimen holdings of the 

respective NHC. For example, the UCB generally houses specimens from within the state of 

California, U.S.A. and areas west of the Sierra-Cascade Crest (Figure 2-9A), whereas 

specimens housed at WSU are collected primarily in the Pacific Northwest (Figure 2-9B) and 

specimens housed at the NPIC are typically collected in the Intermountain West, specifically 

Figure 2-4. The range maps of B. terricola: (A) Traditional shaded-distribution map 
(Milliron 1971) and (B) SDM map. Points indicate NHC locality used to construct the SOM. 
Hot colors suggest high habitat suitability, whereas cool coolers suggest low habitat 
suitability. 
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Figure 2-5. Bombus terricola habitat suitability delineation across 0.20 - 1.00 in the 
contiguous U.S.A. Excludes habitat suitability value 0.10 (53% of the contiguous U.S.A.) to 
aid interpretation. 

r­r 

Figure 2-6. The range maps of B. franklini: (A) Traditional shaded-distribution (Thorp et al. 
1983), (B) SDM map and Klamath Mountains ecoregion. Points indicate NHC locality used 
to construct the SDM with 10 mi buffer. Hot colors suggest high habitat suitability, whereas 
cool coolers suggest low habitat suitability. 
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Figure 2-7. Bombus franklini habitat suitability delineation across 0.50 - 1.00 in the Klamath 
Mountains ecoregion. 

Utah, U.S.A. (Figure 2-9C). Despite the narrow SOM constructed from the regional NHCs, 

each SOM performed extremely well (UCB: AUC = 0.98 ± 0.01; WSU: AUC = 0.99 ± 

0.002; NPIC: AUC = 0.98 ± 0.005). The global B. occidentalis SOM performed equally well 

(AUC = 0.94 ± 0. 004). The fact that each SOM performed well is not surprising, as MaxEnt 

is able to successfully model a distribution with as little as IO locality records (Wisz et al. 

2008). 

To assess the changing resolution of an SOM with additional locality records I 

compare the BPUs assigned to each habitat suitability value by comparing the NPJC and 

Global B. occidental is SD Ms (Figure 2-10). In the B. occidental is NPIC SOM, the proportion 

of bioclimatic space assigned to 0.10 habitat suitability comprised 62% of the bioclimatic 

space modeled, whereas in the B. occidentalis Global SOM the proportion increases to 55%. 

This suggests that the Global B. occidentalis SOM is refining bioclimatic space associated 

with the species distribution, and improving its calculation of habitat suitability relative to the 
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additional locality records utilized in the Global SOM. Of the IO habitat suitability categories 
presented here, six show significant decreases in the proportion of BPU modeled, whereas 
three categories show significant increases in BPU (Figure 2-10). The habitat suitability 

value delineation to show the greatest increase from the B. occidentalis NPIC SOM to the B. 
occidentalis Global SOM are where habitat suitability value is 0.90 (118%, increase from 

32,248 to 70,323 BPU), whereas the greatest decrease is observed when habitat suitability is 
0.10 ( I I%, decrease from 289,508 to 258,045 BPU) . 

..,. ... ~ f" -

l,;·· 

Figure 2-8. Traditional shaded-distribution of B. occidentalis (Milliron 1971 ). 

DISCUSSION 

Constructing a relational database of historic specimens allows for a broad 

bioclimatic sample of species occurrence and may be useful when refining predictive maps 
using SOM techniques (Loiselle et al. 2003, Graham et al. 2004, Vollmar et al. 20 I 0). While 
no practical SOM may fully represent the distribution of a species across a large bioclimatic 
landscape, it is possible to generate a SOM that captures the probable species distribution 
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Figure 2-9. The range maps of B. occidentalis across three NHC in western North America: 
(A) B. occidentalis UCB SOM (B) B. occidentalis WSU SOM, (C) B. occidentalis NPIC 
SOM and (0) B. occidentalis Global SOM. White points indicate NHC locality used to 
construct the SOM. Hot colors suggest high habitat suitability, whereas cool coolers suggest 
low habitat suitability. 

based on known locality records (Scott et al. 2002, Vaughan & Ormerod 2005). This 

approach can be quite informative to the conservation biologist when investigating optimal 

habitats to survey for threatened or cryptic species (Oberhauser & Peterson 2003, Gonzalez 

et al. 2010). 

While applying SOM techniques to model the probable distribution of a species is not 

without problems (Shaffer et al. 1998, Bannerman 1999, Austin 2002, Loiselle et al. 2003), 

there certainly are many advantages to the methodology in conservation biology. For 

example, SOMs have the ability to take bioC'limatic and climatic variance to account, while 

these characters are usually not reflected in traditional maps (Oberhauser & Peterson 2003). 
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In areas with high bioclimatic variance (e.g. the Great Basin) localities that are unlikely to be 

inhabited by a species are omitted from the predicted range. The inclusion or exclusion of 

species across a bioclimatic space is a reflection of the bioclimatic predictors selected when 

occurrence data is aggregated (Guisan & Zimmerman 2000, Austin 2002). This becomes 

clear when viewing the range map of B. occidentalis, where the species optimal habitat 

suitability occurs primarily in the isolated mountain ranges of the Great Basin (Figure 2-9). 

This phenomenon appears elsewhere in the range of a species and is, in fact, seen across the 

subgenus Bomb us s. str. For example, B. affinis occurs along the crest of the Appalachian 

Mountains in the eastern U.S.A. much further south than it occurs in the lower lying plains. 

The areas of high elevation in the eastern U.S.A. appear to be likely habitat in the SOM 

(Figure 2-2B), whereas the low plains east of the crest do not appear particularly suitable. 

Furthermore, the distribution of B. terricola is suggested to be exceptionally broad in the 

eastern U.S.A. (Figure 2-4A). This natural history observation is well supported by the broad 

bioclimatic space associated with middle to high habitat suitability values illustrated in the 
SOM (0.50 - I .O; Figure 2-4B). 

The intensity of shading as a reflection of habitat suitability provided in an SOM also 
helps to identify which sites are more likely inhabited by the study species (Guisan & 

Zimmerman 2000, Loiselle et al. 2003, Phillips et al. 2006). By focusing efforts to locate 

populations only in areas of high habitat suitability, time and resources can be allocated 

wisely (Oberhauser & Peterson 2003). However, caution must be placed when defining areas 

as either 'suitable' or 'unsuitable' when SOM techniques are utilized (Loiselle et al. 2003). 

This is especially true when designing conservation or agricultural zones. It is important to 
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Figure 2-10. NPIC and Global SOM comparison of B. occidentalis habitat suitability across 
0.20 - 1.00 in the contiguous U .S.A using z-test of equal proportions. Excludes habitat 
suitability value 0.10 (NPIC = 62% and Global= 55% of the contiguous U.S.A., 
respectively) to aid in interpretation. Habitat suitability value comparison: 0.10: z = 65. 90, 
11 % BPU increase; 0.20: z = -71.84, 63% BPU increase; 0.30: z = -29.34, 39% BPU 
increase; 0.40: z = 11.07, 13% BPU decrease; 0.50: z = 19.66, 23% BPU decrease; 0.60: z = 
36.73, 38% BPU decrease; 0.70: z = 35.86, 34% BPU decrease; 0.80: z = 21.30, 16% BPU 
decrease; 0.90: z = -127.02, 118% BPU increase; 1.00: z = 65.96, 59% BPU decrease; all p S 
0.05. 
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note that SOMs are only as good as the data and statistical models provided to construct them 

(Guisan & Zimmerman 2000, Austin 2002, Wisz et al. 2008). SOMs are susceptible to bias 

when predictor variables are arbitrarily selected, or when the bioclimatic spread of available 

data is regionally narrow (Figure 2-9A-C). Therefore, it is important to construct a concept 

model prior to applying any data or statistical models in analysis. Furthermore, an 

understanding of a species ecology, natural history and niche are essential when compiling 
predictor variables and locality data. 

Maps generated by SOM techniques are dynamic and can be refined with the addition 
of data from multiple NHC (Figure 2-9, Table 2-1). As researchers locate additional 

specimens, they can be incorporated into an existing relational database. Once historic data is 
in a database, it can be accessed easily and made available to a broad community of 

interested parties (Vollmar et al. 20 I 0). Each subsequent addition of data only serves to 

refine the relational database, and in turn the respective SDM. This refinement is clearly 

demonstrated with the NPIC B. occidentalis SDM, where bioclimatic allocation of optimal 

habitat suitability increased a hundred fold with additional data (Figure 2-10). This was 

especially true in the Pacific Northwest portion of B. occidentalis' range, where the lack of 

data provided by the NPIC dataset failed to model suitable habitat in the region (Figure 2-

9C), despite the overwhelming data associated with this region from other NHC (Figure 2-

9B, Table 2-1 ). lnterestingly, the SDM of B. terricola and B. affinis in this study seem to 

reflect the distribution described by Milliron ( 1971) more accurately than observed with both 

B. occidentalis SOM. This phenomenon was observed despite the use of fewer specimens to 

generate the B. affinis and B. terricola SDM, suggesting that some SOM may require far less 

data to model than others. Research effort should be placed to determine how bioclimatic 
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spread and sample size affect the outcome of an SOM constructed using the MaxEnt 3.3 beta 
algorithm (but see Wisz et al. 2008). 

Despite the advantages of SOM techniques in generating maps of bumble bee ranges, 
it is important to remember that as with all models, they are only predictive and do not show 
with absolute certainty where a species will occur (Austin 2002, Scott et al. 2002, Loiselle et 
al. 2003). In some cases the SOM predicts suitable habitat in areas where there is no 

historical data to support the SOM. This phenomenon may best be explained by a species 
natural history of dispersal and competition. For example, one area of concern with the B. 
occidentalis SDM is that it predicts suitable habitat in the higher elevations of southern 

California and northern Mexico (Figure 9D). Despite this prediction by the model, there is no 
historic data to support this distribution (Figure 9D; Milliron 1971 ). However, NPIC does 
document a single B. occidentalis record in San Diego, California, U.S.A. This record 
suggests that (1) B. occidentalis was found in San Diego, (2) the specimen was incorrectly 
labeled, or (3) that the specimen was misidentified. While it is possible that the southern 
Sierra Mountains were historically colonized by B. occidentalis, given the intensity of 
collection in California (Thorp et al. 1983), it seems highly unlikely. Alternatively, this area 
may have never been colonized by B. occidentalis or colonized in the distant past but the 
species was extirpated prior to human collection (Hines 2008). Either way, the model 

predicts regions of suitable habitat for which historic records are not available to support the 
hypothesis. 

False presence prediction is further demonstrated in the B.franklini SDM which 
greatly exceeds the species known distribution (Figure 2-6B). However, like B. occidentalis, 
this species may be limited by other biotic and abiotic factors not utilized in the SOM. For 



example, the highest diversity of bumble bees in North America occurs adjacent to the 
distribution of B.franklini in southwest Oregon, U.S.A. (Williams et al. 1998). Thus, one 
could hypothesize that the interplay between bumble bee diversity, nest size, and natural 
history may limit some species of bumble bee (e.g. B . .franklini) that co-occur (Heinrich 
1979, Macfarlane 1974, Hines 2008). Bumble bee community structure and resource 

competition has been well studied for the past several decades, so it is not surprising that 
some species may be limited by their distribution despite a favorable bioclimatic 
environment (Heinrich 1979, Inouye 1980). 
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The generation of a SOM is useful for not only predicting the habitat occupied in both 
the recent past and present, but also informs research efforts for the future (Loiselle et al. 
2003, Oberhauser & Peterson 2003). Comparisons of present distributions to recent past 
distributions may help scientist to understand the effects of landscape and climate changes on 
bumble bee populations. Predicting the future range geometry of a species distribution is 
possible only when a full understanding of the factors affecting the recent past and current 
distributions is achieved (Shaffer et al. 1998, Scott et al. 2002, Oberhauser & Peterson 2003, 
Vaughan & Ormerod 2005, Vollmar et al. 2010). This approach requires that the data sets 
used to generate the SOM are robust and draw from multiple NHC. In order for this to be 
accomplished, the construction of an updatable relational database of NHC data is an 
essential first step. 

CONCLUSION 

Of the 467 described genera of bee, Bombus are one of the most charismatic and 
recognizable due to their typically bright, furry and robust appearance (Heinrich 1979, 
Michener 2007). Thus the decline and range contraction of the genus has been recognized by 
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both the scientific community and the general public. Although baseline data of historic 

bumble bee communities in North America is sorely lacking, current efforts to retroactively 

capture records from various publications and NHC (Colla & Packer 2008, Evans et al. 2008, 

Grixti et al. 2009) are underway. Here we demonstrated the utility of applying specimen 

label data across a relatively broad sample of NHC in constructing SDM. As in the case with 

B. occidentalis, increasing institutional databases with specimens from multiple NHC widens 

the bioclimatic scope of a species, and has the potential to build a more detailed SOM for 

determining distribution. This data also provides insight into the phenological variation of a 

species across its range. While retroactive data collection is time consuming, the benefits are 
clear. 
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