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Findings 

1. Blue vane traps, colored bowl/cup traps and hand-netting along transects are adept at capturing 
thousands of bee pollinators to biomonitor sensitive ecological responses to perturbation to the insect 
community. 

2. These trapping methods can be integrated and incorporated by solar energy personnel and ecologists into 
a functioning USSE facility (e.g. Desert Sunlight, Genesis, and McCoy) to provide planning information 
in a mutually beneficial fashion. 

3. Solar energy project personnel, engineers and planners can work fruitfully with ecologists, and 
entomologists to biomonitor and ask biological questions about ecological perturbation in a mutually 
beneficial way.  

4. It is highly advisable to collect baseline data for one to two years before any construction work is done 
to measure environmental changes due to subsequent perturbation.  This year or two of effort is needed 
for standard EIA pre-work biomonitoring for endangered species or microhabitats. A year is required to 
encompass all normal seasonal fluctuations in community structure and species presence (Janzen 2017). 
Two years are recommended in desert biomes due to their highly variable precipitation cycles. Since 
advance biomonitoring was not available, results from collections in museums from locations within the 
Riverside County and San Bernadino County were used as proxies. 

5. We recorded 114 species of bees including 6 undescribed species in spring 2016 from four sites in total 
(Desert Sunlight Solar, McCoy Solar, Genesis Solar and an undisturbed site designated as Quartzite). 

6. We determined that 76% of the bees collected are ground-nesting species concurring with previous 
studies. 

7. We found 42.5% of the bees were specialists perhaps lower than expected due to multiple years of low 
precipitation (2012-2016). 

8. There was no significant change in abundance, richness diversity or Shannon’s diversity as distance 
increased from boundary fence of the USSE Project. However, transects within the boundary of the solar 
project (-0.2km from boundary) have a significantly lower bee abundance than transects outside of the 
project (p<0.00219, t=5.092, df=68). 
There are two possible interpretations: either there is no impact from USSE Project on bee species 
diversity [the 2k transect (control)] at any distance, or the control transect was not far enough from the 
USSE project to function as a undisturbed matched site. 

9. We analyzed the community composition of all the distance transects together. When combined together, 
the community composition of the 2km transects overlapped with the other transects distances. McCoy 
Solar and Quartzite sites had different community compositions using Bray-Curtis analysis. 

 

Summary of Results 

Goals of study 

The goal of this research is to characterize, assess and quantify the impacts of utility scale renewable 
energy installations (REI) on desert pollinators and the services they provide to the plants in the communities in 
which they live.  Specifically, we will focus our experimental efforts on the pollinators in proximity to the 
USSE sites in the Mojave and Colorado Desert regions along Interstate I-10 corridors.  We will identify key 
undisturbed habitats that match biotic communities that the USSE sites occupy to test whether pollinator 
populations and services have changed due to solar utility scale renewable energy (USSE) installations. 

Sixty to 90% of flowering plants require animal pollinators (Kremen et al. 2007, Ollerton et al. 2011). 
The Mojave Desert represents a hotspot of bee biodiversity totaling 643 species of bees in just its eastern 
portion (Griswold et al., 2006) corresponding to its rich botanical diversity of 1512 species (Baldwin pers. 
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comm 2015).  Pollinator population abundance and species richness are correlated with the abundance and plant 
species diversity (Banaszak 1996, Steffan-Dewenter and Tscharntke 2001, Potts et al. 2003, Kremen 2007). 
About 50% of these species are floral specialists (Fig. 1). Similarly, a recent U. C. Davis inventory of the 
Algodones Dunes found that 50.3% of the pollen gathering bees were specialists as well (Zavortink and Kimsey 
forthcoming). Soil moisture appears be an important resource for desert ground-nesting bees (Danforth 1999) 
and research has documented that more than two-thirds of pollinator species in the Mojave Desert are ground-
nesting species (Michener 2007, Griswold 2006). Adequate soil moisture is required to complete their entire 
annual development under the soil and possibly as a cue for the termination of diapause (Tauber 1994). 
Specialist bees have co-evolved chemically, phenologically and behaviorally to obtain pollen and nectar from 
their host plants and the plants in turn rely exclusively on sometimes one or a few species of specially adapted 
pollinators for their reproduction.  Threatened or endangered species such as Oenothera arita eurekensis rely on 
specialized pollinators that emerge at specific times, and are attracted by a specific floral scents and signals at 
specific times of day. Disruption of these coevolved relationships can have negative outcomes for both plant 
and pollinator species survival. 
 

 

 

 

 

 

 

 

Fig. 1. (A) Percentage of oligolectic bee species, parasitic species and ground-nesting species out of a total of 
643 species collected in a Mojave Desert bee inventory in a high precipitation year, (B) Percentage of 
oligolectic, polylectic and parasitic bee species out of a total of 192 species collected in an inventory of 
Algodones Dunes (Zavortink and Kimsey, forthcoming). 

Questions 

1. Does utility scale solar development impact pollinator diversity or abundance at different distances from 
USSE projects? 

2. Do specific solar technologies impact pollinator diversity or abundance differently? (We are still awaiting 
data from Cornell University’s study.) 

3. Does the size of the USSE project development impact pollinators increase or decrease diversity or 
abundance? (This question could not be addressed with only one year of funding.) 

 

Methods 

Experimental design 

To determine which species of pollinators are currently present at each USSE site and at matching 
undisturbed sites with similar floral composition, elevation and patch size, we collected data on the presence 
and abundance of species of bees within the USSE sites (Desert Sunlight, Genesis Solar, McCoy Solar, and an 

A B	
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undisturbed site (designated as Quartsite (Table 1) along transects at five different distances from the perimeter 
of the USSE site (inside-200 m, 0 m, 200 m, 500 m). Space-for-time trade using disturbed sites and matched 
control sites serves as a best proxy to quantify the impact of the disturbance. Stateline Solar, Blythe Solar was 
to be added to the project for additional replication in Year 2. 

We designated a comparable undisturbed habitat patch of comparable vegetation community, elevation 
and habitat patch size for each paired experiment at 2000m (2k).  For this experiment the USSE will be paired 
by similar size and the same or different technology. Our experience doing multiple desert bee inventories 
(Algodones Dunes, Imperial Co, CA, Clark Co, NV, Kelso Dunes, San Bernadino, CA) suggests that mid-
morning and early afternoon sampling will capture the suite of pollinators present at a location (Griswold et al.. 
2006, Zavortink and Kimsey in prep.). Two PV sites were sampled on the same day and other 2 sites the next 
day to reduce weather as a variable.  

As a proxy for pre-disturbance EIA, we compiled, museum archival data for Mojave and western 
Sonoran Desert bee species into databases. We corrected, added coordinates, deleted duplicates and produced 
distribution maps for desert species, which occur in the focal desert region. We also compiled phenological data 
for these species.  These two desert ecosystems have two major activity periods, spring and summer. From the 
coordinate data of these museum specimens we used analytical methods to produce a predicted presence of 
desert bee species map based on environmental variables (Phillips 2004, Hijmans et al.. 2005, Elith and 
Leathwick 2009, Hijmans et al. 2011) 

Study sites  

 

	

 

 

 

 

Fig 2. (A) This image of the vegetation at Desert Sunlight Solar in early April 2016 shows low annual bloom 
from late March through May due to low winter precipitation at the study sites. (B) By comparison, in 2008 
annual plants responded to high winter precipitation in the Mojave Desert National Preserve (April).			 

	

Fig. 3.  Location of Solar Energy Projects in Riverside Co., California. Desert Sunlight Solar, Genesis Solar, 
McCoy Solar and the Quartzite undisturbed natural site are based on latitude and longitude coordinates.  

B A 
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Quartzite is (0.0806 km2) [268.7 m x 300m]. It is 11.66 km from Genesis, 4.54 from an unnamed solar project 
2.58 km from cultivated crop development, and 2.14 km from Hwy 10. Another solar site is 10.67km away. 

 

Table 1. Size, location, and altitude of Solar Energy Projects 

Solar site Acres Technology Latitude longitude Altitude 
Desert Sunlight 4410 Photovoltaic 33.83285 -115.4161 227-250m 
McCoy Solar 7700 Photovoltaic 33.70282 -114.77387 144-186m 
Genesis Solar 1800 CS trough 33.67863 -115.01161 116-173m 
Quartzite 19.9 

(0.080
6 km2) 

undisturbed 33.5891 -114.8706 140-216m 

 

 

	 

 

 

 

 

 

 

Fig. 4. (A) Aerial view of Desert Sunlight Solar facility and (B) Genesis Solar Energy facility showing locations 
of inside, 0m, 200m, and 500 m transects (view in Google Earth).  

 

Collection methods 

We used a space-for-time trade using disturbed sites and matched control sites which serves as a best 
proxy to quantify the impact of the disturbance. We collected bees with two types of passive traps (Rao blue 
vane traps and colored cups with soapy water) (Fig. 5) and hand nets along five 200m-transects placed at each 
transect distance from the boundary fence of the solar energy installations: -200 m inside the solar facility, 0 m, 
200 m, 500 m and 2000 m (Fig. 6, Table 1). Each 200-meter transect consisted of three Rao BVTs and 15 
colored cup traps (5 yellow, 5 blue and 5 white) filled with soapy water (Droege 2012). The BVTs did not 
contain a knock-down agent (e.g. soapy water). All passive traps were placed in the morning between 7:00AM 
and 10:00AM on each collection day and retrieved at the end of the day between 16:00PM and 19:00PM. 
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Fig. 5. (A) Passive trapping methods for bees included Rao blue vane traps (BVT) and (B) Colored cups 
(yellow, blue and white) filled with soapy water are used to trap flying bees. 

 

 

Fig. 6. The experimental design for each collection site included 200-meter long transects at five distances: 
200m (inside the solar project), 0m (at the fence line), 200m, 500m and 2000m =2k. 
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Bee pollinator biology 

 

 

Fig. 7.  This is the life cycle of a typical univoltine solitary bee. This species emerges in spring but spends most 
of its life developing as a larva underground in the nest from May through March until it emerges the following 
year as an adult.  Generally, for this species, the adult bees live a short period from April through May.  

 

Analysis: 

We identified all bees collected along transects to species except for new undescribed species. We 
collected specimens by Rao blue vane traps (BVT), colored pan traps and hand netting along transects. We 
summarized the bee data from each site, sampling date event, transect, and trap method. We performed standard 
paired statistical analyses to look for significant differences at different distances at each site and for significant 
differences between sites, or species composition.  

Statistical analysis 

To test for perturbations in insect diversity at different distances from the solar sites, we used Shannon’s 
index of diversity. To test for perturbations at different distances at each solar energy site, we also used species 
richness (bee species number). We tested for species diversity by solar site using Shannon’s index of diversity. 
We used Bray Curtis community similarity analysis to compare each solar energy site and to compare the 
community composition at different distances from the USSE. 

To investigate species richness, we ran a Generalized linear mixed model fit by maximum likelihood 
(Laplace Approximation) using a Poisson distribution on insect richness for distance from solar project. Solar 
project locality was a random effect, and distance from solar project boundary as a fixed effect. To compare 
Quartzite to all other sites, we ran a Generalized linear mixed model fit by maximum likelihood (Laplace 
Approximation) using a Poisson distribution on insect richness. Site locality was a fixed effect, and transect 
distance was a random effect. Data analysis was restricted to 0 m, 200 m and 500 m transects at all sites. 

To investigate abundance (total number of individual bees collected) along transects at all solar sites, we 
ran a linear mixed model fit by REML t-tests using Satterthwaite approximations to calculate degrees of 
freedom for insect abundance at distance from solar project. Bee abundance was log transformed to confirm to 
assumptions of normality. Solar project locality was a random effect, and distance from solar project boundary 
as a fixed effect. To test abundance by site we	ran	Linear	mixed	model	fit	by	REML	t-tests	using	
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Satterthwaite approximations to determine degrees of freedom on insect abundance. Insect abundance was log 
transformed to conform to model assumptions of normality. Site locality was a fixed effect, and transect 
distance was as a random effect. Data analysis was restricted to 0 m, 200 m and 500 m transects at all sites. 

 

Predicted presence maps 

Spatial distribution data of 22 bee species based on analysis of 19,384 museum specimen records was 
used as a proxy for species presence at USSE sites prior to disturbance. We harvested this data, entered into 
electronic an database when necessary, formatted, cleaned the data (removed duplicates, redacted lat/long errors, 
added lat/long data and synchronized lat/long data for identical localities found in specimens across years across 
museum databases. Predicted presence of Mojave-western Sonoran bee biodiversity hotspots were based on 
environmental variables sourced from 2,157 specimen latitude/longitude localities for 22 species mined from 
archival records with duplicates removed using only unique specimens per day per locality for each species (SI 
Museum sources) (Hijmans et al.. 2005, Hijmans et al.. 2011). 

Results 

Bee species richness as a function of distance from solar project 

1. Determine whether specific solar technologies impact pollinators at different distances from solar sites.  

We analyzed species richness as a function of distance from the USSE.   Transects within the boundary of 
the solar project (-0.2km from boundary) have a significantly lower insect richness than transects outside of the 
solar project (p<0.0001, z=11.839, df=69) (Fig 8A, B). There was a slight but nonsignificant decrease in insect 
richness as distance from solar boundary increased (p=0.142, z=-1.469, df=74).  A closer examination of the 
data revealed a significant increase in the insect richness at the boundary (0m) of the solar installations 
(p=0.0064, z=2.276, df=69). Genesis Solar alone has a moat on its boundary fence at 0m where we found higher 
density of plants during our measurements of plant vegetation along each transect. This may have affected the 
diversity and richness at 0m for Genesis (Fig. 8B). Desert Sunlight had the lowest insect richness per transect of 
all sites  (Fig 9B)(Appendix).  

Quartzite (undisturbed site), had the highest Shannon diversity compared with the USSE sites (Desert 
Sunlight, McCoy and Genesis) (Fig 9B). Quartzsite was significantly higher in insect richness than all other 
USSE sites surveyed in 2016 (Desert Sunlight, Genesis, and McCoy) (p<0.001, z=3.69, df= 55) (Fig. 9B).  
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Insect richness with distance from solar sites 

 

 
 
 
 
 
 
 
 
 

Fig. 8 (A) There was no significant increase in insect richness with distance from solar installation boundary, 
however there was a significant increase in insect richness at 0m (at the boundary) from within the solar 
installation ((p=0.0064, z=2.276, df=69) (p<0.0001, z=11.839, df=69). (B) Insect diversity (Shannon index of 
diversity) based on distance from the solar installation boundary.  

 
  

Shannon’s diversity index by solar site 

 
   
 
 
 
 
 
 
 
 
 

Fig. 9. (A) Index of diversity (Shannon’s diversity index) analyzed by study site including all the solar 
installations and the Quartzite undisturbed site. (B) We analyzed species richness at different USSE site and the 
Quartzite site using all transects combined for each site. 

Bee Pollinator Abundance 

There was no significant change in bee abundance as distance from the solar boundary increased 
(p=0.636, t=-0.635, df=71) (Fig. 10A).  A closer examination of the data reveals a significant increase in bee 
abundance at the boundary (0 m) of the solar installations (p=0.00427, t=2.957, df=68).  Transects within the 
boundary of the solar project (-0.2km from boundary) have a significantly lower bee abundance than transects 
outside of the project (p<0.00219, t=5.092, df=68). Quartzsite was significantly higher in bee abundance than 
two solar energy localities (Desert Sunlight and McCoy) (p=0.0146, t=2.523, df= 54) but not significantly 
different in abundance than Genesis (Fig. 10B). Desert Sunlight had the lowest bee abundance per transect of all 
sites (p<0.001, t=6.630, df=54).  However, the bee abundance at Quartzite, an undisturbed site, while not a 
control, suggests further investigation (Fig 10B).  The highest mean abundance of bees per sample event was 
collected during the second collection event 5-13 Apr 2016 (Fig. 11).  
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Fig. 10. (A) Bee abundance was measured at different distances from USSE installation boundary. (B) Bee 
species abundance was measured per transect at each solar project. Species abundance was significantly higher 
at the Quartzite undisturbed site. 

 

Fig. 11. Transect mean bee abundance per sample event. All bees / per transect / per site combined bee 
abundance from all transects by collecting date (sample events:1=Mar 25, 29, 30, 31, Apr 1; 2=Apr 5, 12, 13; 
3=Apr 18, 23, 26; 4= May 3, 5, 9; 5=May13, 15, 16). The highest abundance of bees encountered in 2016 was 
April 5-13, 2016. 

 

Community analysis 

 

 

 

 

 

 

Fig. 12. (A) We compared the community composition of bees between the USSE site and the Quartzite site 
using Bray-Curtis. The communities at Desert Sunlight and Genesis overlapped in composition while the 
communities at McCoy and Quartzite were different in composition from Desert Sunlight and Genesis.  (B) We 
analyzed the community composition of all the distance transects together. When combined together, the 
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community composition of the 2km transects overlapped with the other four transects distances. However, the 
Quartzite sites (5) did not overlap with the other sites. 

Bee communities McCoy and Quartzite are statistically significantly different between sites, (P<0.001, 
F=3.3089, df=17 Bray-Curtis) stress 0.1434494 (Fig. 12A.).  Distance from solar site did not result in 
significantly different bee communities. (p=0.762, f=0.8335, df=17). Bee species diversity per USSE site was 
not significantly different (Fig. 13). The floral diets (Table 5) and nesting habit (Appendix S1) of species 
collected such as Anthophora urbana and Calliopsis puellae (Fig 14) were recorded if possible or gathered from 
the literature. The percentage of ground-nesting bee species collected per family versus cavity nesting species 
was analyzed (Fig. 15).  The families Andrenidae, Apidae, Colletidae, Halictidae, and Melittidae were 
contained 97%-100% ground-nesting species, and Megachilidae contained 30.8 ground-nesting species and 34.6 
cavity-nesting species (Fig. 15). The natural history of the balance of other species is unknown. We analyzed 
the diet habits of the species collected our USSE site survey in 2016 and totaled the percentage of ground-
nesting species (Fig. 16A). We also analyzed the species data from an inventory of bees in the Mojave Desert in 
2004-2005 (Griswold et al. 2006) by diet and nesting habit for comparison (Fig. 16B). 

 

 

Fig 13. Bee species diversity per transect for each USSE site representing community composition. 

 

 

 

 

 

 

 

 

Fig. 14. (A) Anthophora urbana, and (B) Calliopsis puellae are two of the 114 species of solitary bees species 
found during the 2016 spring survey of solar energy project transects. (Images © L. Saul-Gershenz, all rights 
reserved 2016). 
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Fig.15. Nesting habits of desert bee species collected in 2016 in the Colorado-Sonoran Desert collected near 
USSE sites (Andrenidae n=32, Apidae n=35, Colletidae n=4, Halictidae n=15, Megachilidae n=26, Melittidae 
n=1). 

 

 

 

 

 

 

 

 

Fig. 16. (A) Dietary habits and nesting habits of native bees (percent of total species collected in 2016). The 
“unknown” designation represents the percentage of species for which knowledge of their floral associations 
and pollination biology is unknown. (B) The percent of total species of a two-year inventory of the Mojave 
Desert ecosystem in Clark County, NV is shown for comparison. Note the similarity in the ground-nesting 
figures from analysis of data collected in 2016 to our analysis above (B) of data collected in Clark Co. in the 
Mojave arid ecosystem (Griswold 2006). 
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Table 2.  Summary of the systematic information of bees species collected at all 4 study sites in 2016. 

Family Number of species Genus 
Andrenidae 32 species  (26 in the genus Perdita) 
Apidae 36 species   
Colletidae 4 species   
Halictidae 15 species (8 in the genus Lasioglossum (Dialictus) 
Megachilidae 26 species (12 in the genus Ashmeadiella) 
Melittidae 1 species   
Total  114 species 28 genera 
 

		 Using predicted presence of bee biodiversity methodology we can employ the precise locality of species 
locality collection data from archival information attached to museum specimens and or associated with online 
databases to predict where bee species may found based on bioclimatic variables in the latitude/longitude 
localites where the species occur (Fig 17-20, Table 3-4). Areas modified by humans include built environment, 
cultivated crops, transportation and transmission networks, pasture, and USSE sites. Hernandez et al. (2015 a. 
b) proposes a Environmental Compatibility Model (partially introduced in Fig. 21C) with a decision support 
tool to integrate ecological, socioeconomic, technological and energy infrastructure irradiance, and hydrological 
requirements (Hernandez et al. 2015b). Modeling predicted high native bee diversity presence (Fig. 19B, 21A) 
in San Bernadino Co, Riverside Co., Imperial Co. and parts of Inyo Co., San Diego Co. and Kern Co. The built 
environment, road transportation network of humans, crop cultivation (Fig 21A, D, 22 A, B), and transmission 
(Hernandez et al. 2015a) removes ecosystem habitat from the modeled distribution of bee diversity  

Summary of descriptive results 

1. We collected 1,421 bee specimens, representing the 6 major families of bees in 28 genera, 114 species 
including 6 undescribed species including both polylectic and oligolectic species (Fig.14, 15, Table 2). We 
located 13 bee species from holotype archival records that are recorded from the USSE region  that (Table S2 
Appendix) bringing the total bee species count to 127.  

2. The Blue Vane Traps (270 trap events) represented 16% of the 363 specimens captured, 25.5% of all 
specimens combined. 

3. Cup traps (1350 cup trap events) represented 83% of traps, which captured 663 specimens and captured 
46.7% of the total specimens combined. 

4. Of the total bee species captured and identified, 76% are ground-nesting species (Fig.16). 

 



	 17	

 

Fig. 17. Spatial distribution data of 22 bee species based on analysis of 19,384 museum specimen records used 
as a proxy for species presence at USSE sites prior to disturbance.  
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Fig. 18.  The desert regions in Riverside Co. and San Bernadino Co. are central to the species distribution of the 
native bee pollinator species such as two example species distributions (A) Anthophora hololeuca and (B) A. 
estebana out of the 22 species distributions assembled from archival data.  

 

 

Fig. 19.  (A) Archival specimen data points from all 22 species used to model predictive distribution of Mojave-
Western Sonoran desert native bee diversity.  (B) Predicted presence of Mojave-western Sonoran bee 
biodiversity hotspots based on environmental variables sourced from 2,157 specimen latitude/longitude 
localities from 22 species in (A). 
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Fig. 20.  Contribution of different environmental variables to predicted probability of bee species presence 
hotspot map (Fig. 20). Note that precipitation in the driest month, annual precipitation and maximum 
temperature in the warmest month contribute > than 28%, 22%, 17%, respectively, to predicting probability of 
species presence.  
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Fig. 21. Landscape scale footprints (A) Map showing predicted high diversity presence of Mojave-western 
Sonoran bee biodiversity (green) + urban footprint (brown) + agriculture footprint (purple); (B) Map of 
protected areas including national parks (dark green)	www.calands.org; (C) Map showing compatibility 
matrices for PV: compatible (red polygons), potentially compatible (orange polygons), and incompatible 
(yellow polygons) areas for PV energy systems within the state of California. Compatible areas are restricted to 
areas within the built environment (that is, developed land-cover type) (Hernandez et al. 2015a); (D) Map 
showing land cover types across California and the size and location of USSE installations (Hernandez et al. 
2015b). Note the concentration of PV USSE systems in arid lands in Riverside and Imperial Co. (Hernandez et 
al. (2015a). 

 

 

 

  



	 21	

 

 

 

 

 

 

 

 

 

 

 

Fig. 22. (A) Urban development in areas of predicted bee species diversity in California, Nevada, Arizona, and 
Utah (B) Major roads fragment habitat in areas of high bee species diversity. 
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Table 4. Bee species list from 2016 spring transect collections at Desert Sunlight Solar, McCoy Solar,  
Genesis Solar and Quartzite sites. 
Family Genus species Nest habit Floral habit 
1.Andrenidae Ancylandrena larreae ground-nesting1,7 specialist 
2.Andrenidae Calliopsis anomoptera ground-nesting specialist 
3.Andrenidae Calliopsis larreae ground-nesting specialist 
4.Andrenidae Calliopsis puellae ground-nesting2 specialist 
5.Andrenidae Calliopsis subalpinus ground-nesting specialist 
6.Andrenidae Megandrena enceliae ground-nesting specialist 
7.Andrenidae Perdita albihirta geraeae ground-nesting  
8.Andrenidae Perdita albovittata ground-nesting  
9.Andrenidae Perdita arenaria ground-nesting specialist 
10.Andrenidae Perdita belllula ground-nesting specialist 
11.Andrenidae Perdita bridwelli ground-nesting specialist 
12.Andrenidae Perdita Cockerellia sp. 1 ground-nesting  
13.Andrenidae Perdita coldeniae ground-nesting  
14.Andrenidae Perdita elegans ground-nesting  
15.Andrenidae Perdita eximia ground-nesting  
16.Andrenidae Perdita flavicauda ground-nesting  
17.Andrenidae Perdita heliotropii heliotropii ground-nesting specialist 
18.Andrenidae Perdita luciae decora ground-nesting specialist 
19.Andrenidae Perdita luculenta ground-nesting  
20.Andrenidae Perdita mandibularis ground-nesting  
21.Andrenidae Perdita melanochlora ground-nesting  
22.Andrenidae Perdita minima ground-nesting specialist 
23.Andrenidae Perdita prosopidis ground-nesting specialist 
24.Andrenidae Perdita punctulata ground-nesting  
25.Andrenidae Perdita scutellaris ground-nesting specialist 
26.Andrenidae Perdita sexfasciata ground-nesting specialist 
27.Andrenidae Perdita sonorensis ground-nesting  
28.Andrenidae Perdita stephanomeriae ground-nesting  
29.Andrenidae Perdita triangulifera ground-nesting specialist 
30.Andrenidae Perdita varleyi varleyi ground-nesting specialist 
31.Andrenidae Perdita wasbaueri ground-nesting specialist 
32.Andrenidae Perdita perdita sp. 1 ground-nesting  
33.Apidae Anthophora abroniae ground-nesting3 specialist 
34.Apidae Anthophora pachyodonta ground-nesting specialist 
35.Apidae Anthophora salazariae ground-nesting  
36.Apidae Anthophora vierecki ground-nesting specialist 
37.Apidae Anthophorula eriogoni ground-nesting2  
38.Apidae Apis mellifera cavity-non-nat. generalist 
39.Apidae Centris cockerelli ground-nesting  
40.Apidae Centris hoffmanseggiae ground-nesting  
41.Apidae Centris pallida ground-nesting specialist 
42.Apidae Centris rhodopus ground-nesting  
43.Apidae Centris tiburonensis cavity-nesting specialist 
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Family Genus species Nest habit Floral habit 
44.Apidae Diadasia australis ground-nesting specialist 
45.Apidae Diadasia diminuta ground-nesting specialist 
46.Apidae Diadasia lutzi ground-nesting specialist 
47.Apidae Diadasia martialis ground-nesting specialist 
48.Apidae Diadasia rinconis ground-nesting specialist 
49.Apidae Diadasia sphaeralcearum affinis ground-nesting specialist 
50.Apidae Diadasia tuberculifrons ground-nesting specialist 
51.Apidae Epeolus compactus ground-nesting nest parasite 
52.Apidae Epeolus mesillae ground-nesting nest parasite 
53.Apidae Ericrocis lata nest parasite nest parasite 
54.Apidae Eucera amoena unk  
55.Apidae Eucera mohavensis unk  
56.Apidae Melissodes bicolorata ground-nesting  
57.Apidae Melissodes limbus ground-nesting specialist 
58.Apidae Melissodes paroselae ground-nesting  
59.Apidae Melissodes tristis ground-nesting  
60.Apidae Melissodes verbesinarum ground-nesting specialist 
61.Apidae Neolarra californica nest parasite nest parasite 
62.Apidae Neolarra hurdi nest parasite nest parasite 
63.Apidae Neolarra vigilans nest parasite nest parasite 
64.Apidae Tetraloniella Tetraloniella n. sp. 1, * unk specialist 

65.Apidae Anthophora Anthophoroides n. sp. 1, * ground-nesting 
 

 

66.Apidae Anthophora Heliophila n. sp. 1 (near 
pachyodonta), * 

ground-nesting 
 

specialist 

67.Apidae Anthophorula Anthophorula n. sp. 1 (near 
completa)*3 

ground-nesting 
 

 

68.Apidae Triepeolus sp.	1 ground	nesting Cleptoparasite 
69.Colletidae Colletes cercidii ground-nesting5 Nest parasite 
70.Colletidae Colletes clypeonitens ground-nesting specialist 
71.Colletidae Colletes compactus hesperius ground-nesting specialist 
72.Colletidae Colletes salicicola ground-nesting  
73.Halictidae Agapostemon angelicus ground	nesting  
74.Halictidae Agapostemon melliventris ground	nesting Generalist8 
75.Halictidae Halictus ligatus ground	nesting  
76.Halictidae Lasioglossum hyalinum ground-nesting  
77.Halictidae Lasioglossum Dialictus n. sp. 1* ground-nesting  
78.Halictidae Lasioglossum Dialictus sp. 2 (big head) ground-nesting  
79.Halictidae Lasioglossum imbrex ground-nesting  
80.Halictidae Lasioglossum kunzei ground-nesting  
81.Halictidae Lasioglossum microlepoides ground-nesting  
82.Halictidae Lasioglossum nevadense ground-nesting  
83.Halictidae Lasioglossum semicaeruleum ground-nesting  
84.Halictidae Lasioglossum sisymbrium ground-nesting  
85.Halictidae Lasioglossum Sphecodogastra sp. 1 ground-nesting  
86.Halictidae Sphecodes Sphecodes sp. 1  (black abd.) ground-nesting nest parasite 
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Family Genus species Nest habit Floral habit 
87.Halictidae Sphecodes Sphecodes sp. 2 (red abd.) ground-nesting nest parasite 
88.Megachilidae Anthidium cockerelli unk  
89.Megachilidae Anthidium paroselae ground-nesting  
90.Megachilidae Ashmeadiella bigeloviae cavity-nesting  
91.Megachilidae Ashmeadiella breviceps cavity-nesting  
92.Megachilidae Ashmeadiella cactorum basalis cavity-nesting  
93.Megachilidae Ashmeadiella cazieri cavity-nesting  
94.Megachilidae Ashmeadiella clypeodentata unk  
95.Megachilidae Ashmeadiella femorata cavity-nesting specialist 
96.Megachilidae Ashmeadiella gillettei rufiventris cavity-nesting  
97.Megachilidae Ashmeadiella leucozona unk  
98.Megachilidae Ashmeadiella prosopidis cavity-nesting  
99.Megachilidae Ashmeadiella rhodognatha unk specialist 
100.Megachilidae Ashmeadiella rufipes cavity-nesting specialist 
101.Megachilidae Ashmeadiella xenomastax unk  
102.Megachilidae Atoposmia Eremosmia n. sp. 1, * unk  
103.Megachilidae Dianthidium parvum parvum unk  
104.Megachilidae Dianthidium platyurum platyurum unk specialist 

105.Megachilidae Dianthidium pudicum pudicum above ground 
exposed 

specialist 

106.Megachilidae Hoplitis biscutellae4 cavity-nesting3  
107.Megachilidae Hoplitis grinnelli grinnelli cavity-nesting specialist 
108.Megachilidae Megachile frugalis ground-nesting  
109.Megachilidae Megachile lobatifrons ground-nesting specialist 
110.Megachilidae Megachile townsendiana ground-nesting specialist 
111.Megachilidae Megachile xerophila ground-nesting  
112.Megachilidae Stelis perpulchra ground-nesting nest parasite 
113.Megachilidae Trachusa larreae ground-nesting specialist 
114.Melittidae Hesperapis fuchsi ground-nesting6 specialist 

Note: * = new species 
1. Rozen 1992 
2. Saul-Gershenz (unpublished) 
3. Rozen 1984 
4. Sedivy, C., et al. 2013  
5. Torchio, PF and Burdick, DJ 1988 
6. Cane et al. 1996 
7. Zavortink, T. 2016 
8. Griswold, T. 2016 
9. Krombein et al. 1979 
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Discussion  

Review of landscape fragmentation and edge effect literature as a proxy for long-term research and/ or 
ecosystem monitoring 

We found 114 species of native bees in our one-year survey of bees along transects at different distances 
from USSE sites in Riverside Co. in 2016, between Joshua Tree National Park and the city of Blythe. This was 
lower than expected perhaps due to low precipitation in 2016 after 5 low precipitation years. Above we have 
provided the results of one year of a planned two-year study. Seventy-six percent of the species encountered are 
ground-nesting species. This corresponds with other native bee inventories in deserts (Griswold et al. 2006, 
Zavortink and Kimsey forthcoming). This study requires additional replication of solar sites and the collection 
of another year of data preferably in a high precipitation pulse year to give a more accurate estimate of diversity 
and abundance in this region to define the impact of USSE development in a variable system such as arid 
ecosystem, which fluctuates dramatically with annual precipitation.  

We found that transects within the boundary of the USSE sites have a significantly lower insect richness, 
abundance than transects outside of the solar project. The Quartzsite undisturbed site was significantly higher in 
insect richness and abundance than all other USSE sites surveyed in 2016.  Resource reliable zones within in 
heterogeneous landscapes or refugia (Keppel et al. 2012) are important for sustaining pollinator species and 
ecosystem function in single low precipitation years or in a series of years. These refugia may result from 
underground hydrological sources of water (Araya et al. 2011) that supply soil moisture for bee nests and 
vegetation. These multitrophic resource availability zones are linchpins that hold these larger landscape systems 
together through dry cycles. For example, in the Mojave Desert, stands of 2 m high densely-spaced Larrea such 
as those found at the Quartzite undisturbed site may indicate underground water resources compared with 1m 
high plants that are widely spaced. Similarly, Prosopis plants, a phreatophyte, are often found aggregated, and 
survive in areas with little rainfall by tapping underground hydrological resources (Mooney et al. 1980) with 
their deep root system so may also be an indicator of resource reliability zones supplied by hydrological 
resources. These underground hydrological zones may provide the necessary soil moisture through the dry 
season (Apr-Oct) needed for ground-nesting bees, which make up 76% of the bee fauna in the Mojave and 
western Sonoran Deserts.  Protecting these refugia from disturbance would be important for the sustainability of 
the region. Without further replication we are not able to determine if Quartzite was higher in insect richness 
and abundance because it was simply undisturbed or rather it represents a refugia site with greater hydrological 
resources than the surrounding area where our transects traversed. 

 
Our predictive distribution of Mojave-Western Sonoran desert native bee diversity based on climatic 

data for the localities of 19 species of desert bee species overcomes some of the shortfalls of bias in museum 
specimen collections such as incomplete geographic coverage, collecting effort variation, and collector bias. 
Our subsequent maps show the impact to bee distribution from built environment, roads, crop cultivation and 
USSE development on wildlands (Figs 21-22) (Hernandez et al. 2015a). Archival holotype data (SI appendix 
S2) revealed 13 species found to occur within the USSE site area previously but not encountered in our survey 
in 2016. These species may still be present in higher precipitation years but additional research would have to 
be done. We also show opportunities to include other criteria in site selection to consider co-locating solar 
facilities close to energy needs of populations in urban areas to reduce energy loss in transmission and reduce 
environmental and land cover impacts (Fig 21) (Hernandez et al. 2015a).  

 
Hansen and DeFries (2007) give an overview of the recognition that home ranges, migratory patterns 

and ecological flows of energy (Hernandez 2015b) extend beyond the boundaries of protected areas. In addition, 
research has established that ecological processes such as disturbance, nutrient cycling may also extend beyond 
park boundaries as well (Grumbine 1990).  Protected areas such as Joshua Tree National Park and the Mojave 
National Preserve do not function as islands but as parts of larger ecosystems and the functionality or lack of 
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function in surrounding unprotected lands has been documented to affect species diversity, abundance, and 
biomass in invertebrates, plants, and vertebrates in protected areas such as rain forests, grassland and  (Laurance 
et al. 1997, Woodroffe and Ginsberg 1998, Bieringer and Zulka 2003, Benedick et al. 2006, Hansen and 
DeFries 2007, Ewers and Didham 2008, Pfeifer et al. 2017). Species richness and diversity is positively related 
to landscape remnant size and negatively related to isolation (Benedick et al. 2006). Species most adversely 
affected by fragmentation are specialist species (Benedick et al. 2006). Pfeifer et al. (2017) assembled a 
worldwide dataset on species responses to fragmentation and determining changes in abundance of 1673 
vertebrate species, of these 85% of species are affected by edge effects. Species that were more likely to be 
sensitive to edges were only found at peak abundances >200 to 400 m from an edge. Biomass loss from 
fragmentation and edge effects has been documented in Amazonia plants (Laurance et al. 1997) resulting in a 
significant source of greenhouse gas emissions. Importantly, Ewers and Didham (2008) found that edge effects 
penetrated >250 m inside habitat fragments for 20% of beetle species studied and one in eight species had edge 
penetration distances that extended up to 1 km inside forest fragments and modeled that fragmented landscapes can 
lead to an 80% reduction in population size in forest interior species even in large forest fragments. Woodroffe and 
Ginsberg  (1998) concluded protected area edges represent sinks and that vertebrates were more likely to 
disappear from smaller reserves than from larger reserves in their analysis of 10 species of vertebrates in 541 
reserves in the US, Canada, Africa, Central America and Asia. 

  Relevant to this study, Ewers and Didham (2008) found that beetle diversity of rare species in the 
interior 2km from the nearest edge and that species differed from the species composition even within 1km 
from the forest edge in response to fragmentation and edge effects. New roads and transmission corridors 
created to bring services to USSE projects sited close to protected natural areas create access superhighways for 
invasive plants and animals and other disturbances into protected ecosystems (Andrews 1990, Gelbard and 
Belnap 2003, Hansen and DeFries 2007, Hernandez et al. 2015b). Distribution maps of bee species will be 
made available on a website TBA. 

In summary, the rapid expansion of USSE development creates an opportunity to work towards our 
ultimate goals of reducing the effects of global climate change. The protection of soil biomes, biodiversity, 
pollination services in natural landscapes and protected areas, contributes to conserving functional wild carbon 
sequestration. We can work synergistically to plan, monitor and manage renewable energy to be compatible and 
enhance all stakeholder goals (Cameron et al 2012, Hernandez et al. 2015a,b). We recommend monitoring of 
the long-term effects of utility-scale solar development for impacts on pollinator services and other land cover 
changes that may impact protected areas and the ecological integrity of the arid regions where these protects are 
being planned and built.  
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Supplemental Information 

Appendix 

Table S1. Floral habits of bee species collected in 2016 at USSE projects (Desert Sunlight Solar,  
McCoy Solar, Genesis Solar and Quartzite sites. 
 
Family Genus species Floral habit 
Andrenidae Ancylandrena larreae Larrea 
Andrenidae Calliopsis anomoptera Euphorbia 
Andrenidae Calliopsis larreae Larrea 
Andrenidae Calliopsis puellae Malacothrix, Rafinesquia 
Andrenidae Calliopsis subalpinus Sphaeralcea 
Andrenidae Megandrena enceliae Larrea 
Andrenidae Perdita albihirta geraeae  
Andrenidae Perdita albovittata  
Andrenidae Perdita arenaria Tiquilia 
Andrenidae Perdita belllula Tiquilia 
Andrenidae Perdita bridwelli Sphaeralcea 
Andrenidae Perdita Cockerellia sp. 1  
Andrenidae Perdita coldeniae Tiquilia 
Andrenidae Perdita elegans Palafoxia 
Andrenidae Perdita eximia  
Andrenidae Perdita flavicauda  
Andrenidae Perdita heliotropii heliotropii Heliotropium 
Andrenidae Perdita luciae decora Prosopis 
Andrenidae Perdita luculenta ? Palafoxia 
Andrenidae Perdita mandibularis  
Andrenidae Perdita melanochlora  
Andrenidae Perdita minima Euphorbia 
Andrenidae Perdita prosopidis Prosopis 
Andrenidae Perdita punctulata  
Andrenidae Perdita scutellaris Tiquilia 
Andrenidae Perdita sexfasciata Tiquilia 
Andrenidae Perdita sonorensis  
Andrenidae Perdita stephanomeriae  
Andrenidae Perdita triangulifera Prosopidis 
Andrenidae Perdita varleyi varleyi ? Eriogonum 
Andrenidae Perdita wasbaueri Tiquilia 
Andrenidae Perdita perdita sp. 1  
Apidae Anthophora abroniae Abronia 
Apidae Anthophora pachyodonta Compositae 
Apidae Anthophora salazariae  
Apidae Anthophora vierecki Scutellaria mexicana 
Apidae Anthophorula eriogoni  
Apidae Apis mellifera  
Apidae Centris cockerelli  
Apidae Centris hoffmanseggiae  
Apidae Centris pallida Leguminosae 
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Family Genus species Floral habit 
Apidae Centris rhodopus  
Apidae Centris tiburonensis Leguminosae 
Apidae Diadasia australis Cactaceae 
Apidae Diadasia diminuta Sphaeralcea 
Apidae Diadasia lutzi Sphaeralcea 
Apidae Diadasia martialis Sphaeralcea 
Apidae Diadasia rinconis Cactaceae 
Apidae Diadasia sphaeralcearum affinis Sphaeralcea 
Apidae Diadasia tuberculifrons Sphaeralcea 
Apidae Epeolus compactus Cleptoparasite 
Apidae Epeolus mesillae Cleptoparasite 
Apidae Ericrocis lata Cleptoparasite 
Apidae Eucera amoena  
Apidae Eucera mohavensis  
Apidae Melissodes bicolorata  
Apidae Melissodes limbus Compositae 
Apidae Melissodes paroselae  
Apidae Melissodes tristis  
Apidae Melissodes verbesinarum Compositae 
Apidae Neolarra californica Cleptoparasite 
Apidae Neolarra hurdi Cleptoparasite 
Apidae Neolarra vigilans Cleptoparasite 
Apidae Tetraloniella Tetraloniella n. sp. 1, * Sphaeralcea 
Apidae Anthophora Anthophoroides n. sp. 1, *  

Apidae Anthophora Heliophila n. sp. 1 (near 
pachyodonta), * 

Compositae 

Apidae Anthophorula Anthophorula n. sp. 1 (near 
completa)* 

 

Apidae Triepeolus sp. 1 Cleptoparasite 
Colletidae Colletes cercidii Parkinsonia 
Colletidae Colletes clypeonitens Larrea 
Colletidae Colletes compactus hesperius  
Colletidae Colletes salicicola  
Halictidae Agapostemon angelicus  

Halictidae Agapostemon melliventris 

Atriplex sp., Camissonia 
clavaeformis, Chvi, Clsp, 
Hede, Erke, Psoralea 
lanceolata, Pspo8 

Halictidae Halictus ligatus  
Halictidae Lasioglossum hyalinum  
Halictidae Lasioglossum Dialictus n. sp. 1*  
Halictidae Lasioglossum Dialictus sp. 2 (big head)  
Halictidae Lasioglossum imbrex  
Halictidae Lasioglossum kunzei  
Halictidae Lasioglossum microlepoides  
Halictidae Lasioglossum nevadense  
Halictidae Lasioglossum semicaeruleum  
Halictidae Lasioglossum sisymbrium  
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Family Genus species Floral habit 
Halictidae Lasioglossum Sphecodogastra sp. 1  
Halictidae Sphecodes Sphecodes sp. 1  (black abdomen) Cleptoparasite 
Halictidae Sphecodes Sphecodes sp. 2 (red abdomen) Cleptoparasite 
Megachilidae Anthidium cockerelli  
Megachilidae Anthidium paroselae  
Megachilidae Ashmeadiella bigeloviae  
Megachilidae Ashmeadiella breviceps  
Megachilidae Ashmeadiella cactorum basalis  
Megachilidae Ashmeadiella cazieri  
Megachilidae Ashmeadiella clypeodentata Leguminosae 
Megachilidae Ashmeadiella femorata  
Megachilidae Ashmeadiella gillettei rufiventris  
Megachilidae Ashmeadiella leucozona  
Megachilidae Ashmeadiella prosopidis Prosopis 
Megachilidae Ashmeadiella rhodognatha Leguminosae 
Megachilidae Ashmeadiella rufipes  
Megachilidae Ashmeadiella xenomastax  
Megachilidae Atoposmia Eremosmia n. sp. 1, *  
Megachilidae Dianthidium parvum parvum Compositae 
Megachilidae Dianthidium platyurum platyurum Compositae 
Megachilidae Dianthidium pudicum pudicum  
Megachilidae Hoplitis biscutellae Larrea 
Megachilidae Hoplitis grinnelli grinnelli  
Megachilidae Megachile frugalis Leguminosae 
Megachilidae Megachile lobatifrons Parkinsonia 
Megachilidae Megachile townsendiana  
Megachilidae Megachile xerophila  
Megachilidae Stelis perpulchra Cleptoparasite 
Megachilidae Trachusa larreae Larrea 
Melittidae Hesperapis fuchsi Chylismia, Oenothera 

Note: * = new species 
1. Rozen 1984 
2. Rozen 1992  
3. Sedivy, C., et al.2013  
4. Torchio, P. F. and D. J. Burdick 1988 
5. Cane et al. 1996 
6. Zavortink, T. 2016 
7. Griswold, T. 2016 
8. Krombein, et al. 1979 
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Table S2. Holotype museum specimens revealed additional bee species that occur in the western Sonoran 
Desert between Joshua Tree National Park and Blythe but were not encountered in our one-year study. These 
thirteen species from four bee families and seven genera are listed below (Holotype Database courtesy of J. 
Ascher, 2017). 

AMNH Holotype 
database 

These species historically occurred in this geographic 
locality based on holotype specimens but were not 
captured during our field survey in 2016 (low precip yr.) 

County Locality 

AMNH holotype 1 Collectidae Colletes linsleyi Timberlake, 1951 Riverside Blythe 

AMNH holotype 2 
Collectidae 

Colletes stepheni Timberlake, 1958 
Riverside 18 m W of Blythe (Hopkins 

Well) 

AMNH holotype 3 Halictidae 
Sphecodosoma (Sphecodosoma) 
dicksoni (Timberlake, 1961) 

Riverside 18 m W of Blythe 

AMNH holotype 4 Andrenidae Perdita (Epimacrotera) hurdi Timberlake, 
1956 

Riverside 10.6 miles west of Blythe 

AMNH holotype 5 Andrenidae Perdita (Perdita) emarginata Timberlake, 
1964 

Riverside Desert Center 

AMNH holotype 6 Andrenidae Perdita (Perdita) nasuta Timberlake, 
1962 

Riverside 6 m SE Palm Sprgs 

AMNH holotype 7 Andrenidae 
Perdita (Perdita) plucheae Timberlake, 
1960 

Riverside Blythe 

AMNH holotype 8 Andrenidae Perdita (Perdita) rozeni Timberlake, 1968 Riverside 18 m W of Blythe 

AMNH holotype 9 Andrenidae 
Perdita (Xerophasma) pallida 
Timberlake, 1954 

Riverside 18 m W of Blythe 

AMNH holotype 10 Apidae Nomada hurdi Evans, 1972 
Riverside Joshua Tree Nat. Mon., 

Fried Liver Wash 

AMNH holotype 11 Apidae 
Diadasia (Coquillettapis) consociata 
Timberlake, 1939 

Riverside Blythe 

AMNH holotype 12 Apidae 
Martinapis (Martinapis) occidentalis 
Zavortink and LaBerge, 1976 

Riverside Hopkins Well 

AMNH holotype 13 Apidae 
Svastra (Epimelissodes) pallidior 
LaBerge, 1963 

Riverside 20 m W Blythe 

 

Table. 3.  Environmental variables used in bee distribution model.  
Analysis of coordinate data was most congruent with annual precipitation data.  
 
 Variable Response Key   

Variable 
label 

Variable Units Scale 

bio1 
Annual Mean Temperature °C * 10 2.5 minutes 

bio10 Mean Temperature of Warmest 
Quarter °C * 10 2.5 minutes 

bio11 Mean Temperature of Coldest 
Quarter °C * 10 2.5 minutes 

bio12 Annual Precipitation mm 2.5 minutes 
bio13 Precipitation of Wettest Month mm 2.5 minutes 
bio14 Precipitation of Driest Month mm 2.5 minutes 
bio15 Precipitation Seasonality 

(Coefficient of Variation)   2.5 minutes 
bio16 Precipitation of Wettest Quarter mm 2.5 minutes 
bio17 Precipitation of Driest Quarter mm 2.5 minutes 
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bio18 Precipitation of Warmest Quarter mm 2.5 minutes 
bio19 

Precipitation of Coldest Quarter mm 2.5 minutes 
bio2 Mean Diurnal Range 

(Mean of monthly (max temp - min 
temp)) °C * 10 2.5 minutes 

bio3 Isothermality 
(BIO2/BIO7) (* 100) 

°C * 
1000 2.5 minutes 

bio4 Temperature Seasonality 
(standard deviation *100)   2.5 minutes 

bio5 
Max Temperature of Warmest Month °C * 10 2.5 minutes 

bio6 
Min Temperature of Coldest Month °C * 10 2.5 minutes 

bio7 Temperature Annual Range (BIO5-
BIO6) °C * 10 2.5 minutes 

bio8 
Mean Temperature of Wettest Quarter °C * 10 2.5 minutes 

bio9 
Mean Temperature of Driest Quarter °C * 10 2.5 minutes 

alt 
Altitude (elevation above sea level) m 2.5 minutes 

 

 
List S1. Sources of archival records 

GBIF (Global Biodiversity Information Facility) includes data from the following institutions:  

1. USDA-ARSBB and Systematics Laboratory  
2. Snow Entomological Museum Collection, University of Kansas (UKSM)  
3. Illinois Natural History Survey Oregon State (INHS)  
4. (Oregon State University Museum (OSAC) 
5. Bohart Museum, University of California, Davis (BMUCD)

 
 

6. Entomology Collection, University of California, Riverside (UCRC)
 
 

7. Essig Museum, University of California, Berkeley (EMUCB)
  

8. American Museum of Natural History (AMNH)  

9. Natural History Museum of Los Angeles County (NHMLA)
†
  

10. Department of Entomology, California Academy of Sciences (CAS)
† 

 
11. Instituto de Biología, Universidad Nacional Autónoma de México UNIBIO, (IBUNAM)  
12. C.A. Triplehorn Insect Collection, Ohio State University (OSUC)  

13. National Museum of Natural History, Smithsonian Institution (NMNH/ USNM)
† 

 
14. Specimen collection, L. Saul-Gershenz,   
15.Insect collections, Lund Museum of Zoology (MZLU)  
16. Abejas de México/Apoidea (CNIN)  
17. Actualización de la base de datos del proyecto H278 Apoidea (Hymenoptera) del Valle de Zapotitlán de las 
Salinas, Puebla  
18. Specimen collection of Thomas Zavortink, UC Davis, Bohart Museum, Emeritus  
19. Specimen collection of John D. Pinto, Emeritus, UCR  
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Data Analysis: Methodology 

Step 1:  To investigate Looks at all abundance along transects at all solar sites.  

We ran a Linear mixed model fit by REML t-tests using Satterthwaite approximations to calculate degrees of  
freedom for insect abundance at distance from solar project. Insect abundance was log transformed to confirm 
to assumptions of normality. Solar project locality was a random effect, and distance from solar project 
boundary as a fixed effect. 

There was a no significant change in insect abundance as distance from solar boundary increased (p=0.636, t=-
0.635, df=71).  A closer examination of the data reveals a significant increase in the insect abundance at the 
boundary (0m) of the solar installations (p=0.00427, t=2.957, df=68).  Transects within the boundary of the 
solar project (-0.2km from boundary) have a significantly lower insect abundance than transects outside of the 
project (p<0.00219, t=5.092, df=68). 

[lmerMod] 
Formula: logabund1 ~ transect.1 + (1 | Locality) 
Data: S1 
 
REML criterion at convergence: 216.8 
Scaled residuals: Min      1Q  Median      3Q     Max  
-2.2393 -0.4867  0.1104  0.6211  1.9832  
 

Step 2: Quartzsite vs all solar sites. 

We ran Linear mixed model fit by REML t-tests use Satterthwaite approximations to determine degrees of 
freedom on insect abundance. Insect abundance was log transformed to conform to model assumptions of 
normality. Site locality was a fixed effect, and transect distance was as a random effect. Data analysis was 
restricted to 0 m, 200 m and 500 m transects at all sites.  

Quartzsite was significantly higher in insect abundance than two Solar impacted localities (Desert Sunlight and 
McCoy) (p=0.0146, t=2.523, df= 54) but not significantly different in abundance than Genesis. Desert Sunlight 
had the lowest insect abundance per transect of all sites (p<0.001, t=6.630, df=54). 

Step 1: Combining all transects from all USSE sites.  

We ran Generalized linear mixed model fit by maximum likelihood (Laplace Approximation)  

Using a Poisson distribution on insect richness for distance from solar project. Solar project locality was a 
random effect, and distance from solar project boundary as a fixed effect. 

There was a slight but nonsignificant decrease in insect richness as distance from solar boundary increased 
(p=0.142, z=-1.469, df=74).  A closer examination of the data reveals a significant increase in the insect 
richness at the boundary (0m) of the solar installations (p=0.0064, z=2.276, df=69).  Transects within the 
boundary of the solar project (-0.2km from boundary) have a significantly lower insect richness than transects 
outside of the project (p<0.0001, z=11.839, df=69). 
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