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About REWI 
The Renewable Energy Wildlife Institute (REWI, formerly the American Wind Wildlife 
Institute, AWWI) is an independent 501(c)3 organization that develops and leverages 
scientific research around renewable energy interactions with wildlife, habitats, and 
ecosystems. Built on a partnership of renewable energy companies, conservation and 
science organizations, and public agencies, REWI develops innovative approaches and 
independent results that advance renewable energy expansion while meeting conservation 
goals. REWI plans to continue hosting biennial Solar Wildlife & Ecosystems Research 
Meetings and Wind Wildlife Research Meetings on alternating years.  

Abstract 
These proceedings document the 3rd Solar Wildlife & Ecosystems Research Meeting 
(SWERM, formerly the Solar Symposium), which was held on November 17-20, 2025, in 
Scottsdale, Arizona. The theme of the meeting was Actionable science to maximize solar 
power, wildlife, and ecosystem benefits. As large-scale photovoltaic development 
continues to grow in the United States, so does interest in its effects on wildlife, their 
habitats, and ecosystems. Over 300 individuals attended the SWERM (a record for REWI’s 
solar meeting) and 62% of participants were first-time attendees, many of whom were 
students and university staff.  
 
The meeting covered current research on the effects of solar energy development on 
wildlife and ecosystems, as well as mitigation strategies and on-site actions. Additionally, 
several sessions focused on state-driven solar guidelines, community engagement, and 
local policy-making, and the keynote session explored the intersection of climate change, 
biodiversity, and renewable energy development. These proceedings reflect the core 
sessions of the meeting held November 17-20, including presentations and discussions 
among stakeholders – scientists, state and federal agencies, solar energy developers, and 
conservation organizations. Summaries of the live presentations and discussions were 
compiled from the submitted abstracts, meeting notes, and recordings of the sessions. 
Abstracts of the in-person posters and on-demand presentations are presented as 
submitted by the authors. 
 
Suggested Citation Format: 
 
Renewable Energy Wildlife Institute. 2026. Proceedings of the 3rd Solar Wildlife & 

Ecosystems Research Meeting. November 17–20, 2025. Prepared by the Renewable 
Energy Wildlife Institute, Washington, DC, I.G.W. Gottlieb, ed. 92 pp. 

 
These Proceedings and those from prior Solar Wildlife & Ecosystem Research Meetings are 
available in PDF format and may be downloaded from the REWI website: 
https://rewi.org/news-events/swerm/past/  

https://rewi.org/news-events/swerm/past/
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Disclaimer 
Some of the presentations described in the Proceedings of the 3rd Solar Wildlife & 
Ecosystems Research Meeting may have been peer-reviewed independent of this meeting, 
but results should be considered preliminary. This document may be cited, although 
communication with the author before doing so is highly recommended to ensure that the 
information cited is current.  
 
These proceedings do not necessarily reflect the views of the REWI or those noted above. 
REWI expressly disclaims any warranties or guarantees, expressed or implied, and shall 
not be liable for damages of any kind in connection with the material, information, 
techniques, or procedures set forth in this publication.  
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Welcome and Keynote Address 
3rd Solar Wildlife & Ecosystems Research Meeting, 

The Future is Bright for Solar Energy and Wildlife 
 
Speakers:  

• Troy Hartley – Executive Director, Renewable Energy Wildlife Institute  
• Clay Crowder – Assistant Director, Wildlife Management Division, Arizona Fish and Game 

Department; REWI Board Member 
• Josh Ennen – Senior Scientist, Solar Program Lead, Renewable Energy Wildlife Institute 
• Terry Root – Senior Fellow (University Faculty) Emerita at Stanford University’s Woods 

Institute for the Environment; REWI Science Advisor 

Troy Hartley – Executive Director, Renewable Energy Wildlife Institute: Welcome address 

I’m thrilled to welcome you to the third Solar, Wildlife, & Ecosystem Research Meeting and 
to be here for my first conference as Executive Director of the Renewable Energy Wildlife 
Institute (REWI). I want to start by expressing my gratitude to our incredible staff, and in 
particular, to Megan and Josh, who served as our planning committee co-chairs, and 
whose hard work made this gathering possible. After spending nine months in this role and 
assessing where we stand as an organization, it’s clear to me that REWI’s greatest 
strengths are in the juncture of science and collaboration. Over the next few days, you’ll 
see innovative research, but I urge you to also lean into building new relationships that are 
at the core of future scientific collaboration and partnerships. Genuine human 
connections, as opposed to transactional exchanges, are what make strong partnerships, 
better data sharing, trust, and more meaningful research collaborations. Even small 
personal conversations can lay the groundwork for powerful teamwork, such as knowing a 
little bit about my dog Keys, or my ambition to be a Zamboni driver – find something unique, 
curious and fun about the people in this room.  
 
We are living through a very fluid and dynamic time of change, so we need to lean into our 
collaborations and relationships even more. Our relationships and networks provide the 
resilience we each need to survive and thrive. With that in mind, it’s my pleasure to 
introduce Clay Crowder from Arizona Game and Fish, a valued member of our board 
representing the Association of Fish and Wildlife Agencies, an important partner in 
advancing our collaborative mission. Clay invited me to an AFWA meeting a couple of 
months ago, and during the plenary session, there was a leader in bison conservation who 
emphasized the importance of “relationship first, partnership second”. Make the human 
connection first, and the project will be so much stronger. I continue to learn from Clay and 
welcome him to the SWERM. 
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Clay Crowder – Assistant Director, Wildlife Management Division, Arizona Fish and Game 
Department: Welcome address 

Before I knew what Troy planned to say, I intended to start by sharing something small 
about myself, such as my late onset love of karaoke, because it reminds me not to take 
things too seriously and to enjoy being in front of a crowd. It’s a privilege to open this 
meeting and see so many people focused on the intersection of solar energy, wildlife, and 
ecosystems. Arizona’s identity has long been shaped by the five Cs: copper, cotton, cattle, 
citrus, and climate. But the future will be defined by how we use our climate wisely, protect 
wildlife, and steward ecosystems for a sustainable energy future. 
 
Arizona is vast, diverse, and rapidly growing, with a unique mix of federal, tribal, state, and 
private lands and more than 800 wildlife species across 6 biomes. We are becoming a 
national leader in utility-scale battery storage, supporting grid reliability and renewable 
energy development. Recent state policy is pushing to streamline permitting, strengthen 
coordination, and encourage private investment. This momentum aligns with the work 
many of you are doing. 
 
In my role with the Association of Fish and Wildlife Agencies, I repeatedly hear the need for 
early collaboration, clear communication, and standardized, repeatable processes in solar 
planning. That’s why state agencies and industry partners have spent the past year drafting 
national wildlife and solar guidelines, which we aim to finalize this spring. Here in Arizona, 
we’re also updating our own state-specific guidance for 2026, drawing on research and 
conversations happening at this very meeting. 
 
Across all these efforts, the themes remain constant: collaborate early, communicate 
clearly, and reduce impacts to species and habitats. If there’s any place built for 
conversations about solar energy, it’s Arizona. 
 
This conference is about more than data; it’s about building relationships and tackling 
shared challenges. Over the next few days, I encourage you to share what you know, listen 
with curiosity, and seek common ground. Arizona’s story has always been one of resilience 
and innovation, and the future of renewable energy and wildlife begins with conversations 
like the ones we’ll have here. 
 
Thank you for being here, thank you to Josh and Megan for organizing this event, and 
welcome to REWI’s Solar, Wildlife, and Ecosystems Research Meeting. 

Josh Ennen – Senior Scientist, Solar Program Lead, Renewable Energy Wildlife Institute: 
Welcome address 

Welcome to day one of the Solar, Wildlife, & Ecosystem Research Meeting, I’m thrilled to 
kick things off. I want to thank the people who made this event possible: especially my 
colleagues Megan, who carried so much of the load, and Sydney, who has been working 
tirelessly behind the scenes. I’m also grateful to our planning committee for shaping the 
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agenda, themes, and speaker list. I also want to thank our sponsors, whose support allows 
us to provide meals and foster the connections that make this meeting so valuable. I’d like 
to give special thanks to our gold sponsors: Savion and ECT. Don’t forget to visit the 
exhibitor booths; they’re a great place for conversation and resources. Tonight, we’ll have 
special encounters with native Arizona wildlife, including raptors and snakes. 
 
A quick reminder about our code of conduct: be kind, be considerate, and support our 
presenters. Much of the research you’ll see is preliminary or unpublished, so please 
respect any “no photos” notices on slides.  
 
I’m excited to introduce our keynote speaker, Dr. Terry Root. Terry has been a longtime 
scientific advisor to REWI, a senior fellow and professor emeritus at Stanford’s Woods 
Institute for the Environment, and a globally influential climate scientist. Her pioneering 
work on climate change impacts on plants and animals contributed to multiple IPCC 
assessment reports, leading to her receipt of the shared 2007 Nobel Peace Prize. She has 
received numerous awards, serves on the boards of Defenders of Wildlife and 
BirdsCaribbean, and has supported many organizations in this room. On a personal note, 
Terry was one of the first people who made me feel welcome at my very first board 
meeting. I’ll never forget her warmth and encouragement. 
 
With degrees in mathematics, statistics, and biology from the University of New Mexico, 
University of Colorado, and Princeton, and a distinguished career at Michigan and 
Stanford, Terry brings both deep expertise and genuine passion for the planet. I’m honored 
to welcome her today to share her research, her perspective, and her energy with all of 
you. Let’s give a warm welcome to Dr. Terry Root. 

Terry Root – Senior Fellow (University Faculty) Emerita at Stanford University’s Woods 
Institute for the Environment; REWI Science Advisor: Keynote Address: Climate Change and 
Biodiversity 

Good morning, everyone. I’m truly grateful to be here. Seeing such a full room despite the 
government shutdown is energizing. All the data I’m sharing today is publicly available, so 
feel free to take photos and share widely. My talk has four parts:  

1. Climate Change Since the 1850’s 
2. Future Climate Change  
3. Other Species  
4. Our Power to Help Fix Our Planet  

The first three parts are sobering, but I promise the final section is about empowerment 
and action. I’ve said before, and I mean it sincerely: the people in this room can help save 
the world. 
 
1. Climate Change Since the 1850’s 
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As a biologist, and especially as a bird person, I often use birds to show the stakes of 
climate change. If global temperatures hit 3.0°C above preindustrial levels, many species I 
show you in the slides today will likely go extinct. We’ve already passed 1.6 °in recent 
years; 2024 and 2025 are among the hottest years ever recorded, and summers will 
continue to get hotter. Most excess heat is being absorbed by the oceans, which stresses 
coral reefs, disrupts food webs, and threatens marine life. When we look back across 
800,000 years of data, today’s CO₂, methane, and nitrous oxide levels are unprecedented. 
CO₂ has never surpassed 300 parts per million (ppm) in that entire timespan, but today it’s 
well over 420 ppm. That surge is entirely human driven. Although people often blame other 
nations, the U.S. is by far the largest historical emitter of CO₂. Between 1750 and 2022, the 
U.S. has produced 427 billion metric tons of emissions; the second-highest level of 
emissions comes from China at 261 billions metric tons.  
 
Plastics are a major contributor of greenhouse gases that we rarely acknowledge. Plastic 
production has added over 50 billion tons of CO₂ to the atmosphere, and we’ve created 
more than 9.1 billion tons of plastic since the 1950s, which is the equivalent weight of 
24,700 Empire State Buildings. It shows up everywhere, including inside our bodies. Sea 
salt, for example, contains microplastics in every sample studied. Our plastic use, 
especially single-use bags, has spiraled far beyond necessity. The average American uses 
365 single-use plastic bags per year. In Denmark, the average person uses 4 single-use 
plastic bags per year. We should aspire to use fewer plastic bags, like the Danish. 
 
2. Future Climate Change 
Even if emissions stopped today, atmospheric CO₂ would remain for about a thousand 
years, or about 40 generations. Our choices today will determine whether children born 
now face a future with moderate warming or one with catastrophic heat, sea-level rise, and 
ecosystem collapse. The Intergovernmental Panel on Climate Change (IPCC) 1 published a 
graph showing projections of future greenhouse gas concentrations in the atmosphere 
under scenarios including business-as-usual, and three different levels of reductions in 
emissions. Under the prior administration, the U.S. made substantial progress in curbing 
greenhouse gas emissions and were on track to achieve great reductions, but with the 
recent transition to the new administration, we are back on a trajectory toward the 
“business-as-usual” projection from 2016.  
 
At 3.0° C of warming, major cities like Washington, D.C., New York, and Los Angeles would 
experience severe flooding, infrastructure loss, and huge economic costs. The generations 
alive today will experience far more intense warming across their lifetimes than any 
generation in history. Babies born today may endure an increase in average global 
temperature of 5° C by age 70. 
 

 

1 IPCC: https://www.ipcc.ch/ 
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3. Other Species 
Other species are already experiencing profound impacts from climate change. We are 
already observing widespread phenological shifts: plants flower earlier, birds migrate 
earlier, and insects emerge sooner. Species are also moving upslope or toward the poles 
as temperatures rise. Many species, especially those that live in alpine environments, have 
nowhere left to go. For example, in Peru, several bird species shifted upslope between the 
1980s and the 2010s, and one species disappeared entirely. Historically, the American 
Pika (Ochotona princeps) could be found in alpine environments up to about 7,800 feet in 
elevation. As of 2004, they were found at elevations of up to 9,500 feet. Local populations 
are expected to go extinct as they lose habitat because they cannot cross the valley to find 
a higher mountain. Similarly, many species that inhabit “sky islands” in Arizona and New 
Mexico are already going extinct.  
 
Habitat fragmentation worsens the crisis, as wildlife cannot easily move across highways, 
cities, and farmland. Habitat fragmentation interrupts migrations and can lead to 
extinction, such as when two species of checkerspot butterflies (Euphydryas sp.) died out 
in 1995 when their migration routes were disrupted by the growth of Tijuana and San Diego. 
People can help to make urban areas more hospitable to passing wildlife by planting native 
species in their yard, or even on a patio. 
 
Since 1970, overall bird populations have decreased by 25%. If global temperatures reach 
3° C above baseline, approximately 2 out of every 3 species of North American birds may 
go extinct. Extinction is a normal, natural phenomenon, but the extinction rates we are 
observing today are not normal. They are hundreds of times higher than natural 
background levels. We are no longer on the brink of a sixth mass extinction: we are living 
through it. If we reach 2° C of warming, we could lose a million named species (half of the 
species on the planet), many of which humans may rely on for disease treatments, 
ecosystem services, and environmental resilience. 
 
4. Our Power to Help Fix Our Planet  
This is where the good news begins: there is so much we can do. Societies have achieved 
major paradigm shifts before such as recognizing smoking as dangerous, and women’s 
right to work and financial independence. We were in the process of achieving a paradigm 
shift on climate change, but it has been disrupted by the current administration. We can do 
it again. States like New York and California have dramatically reduced per capita 
emissions, proving that policy and cultural change work. The greatest sources of 
greenhouse gasses in the United States include transportation (28.5%), electricity (25%), 
industry (23%), commercial and residential buildings (13.5%), and agriculture (10%). We 
have many opportunities to reduce our emissions: we can accelerate renewable energy, 
electrify our vehicles, buy energy-efficient appliances, and increase the efficiency of our 
homes and businesses. We can reduce methane emissions by composting food scraps 
and by advocating to cap abandoned wells. Changing our diets, especially reducing red 
meat and dairy, is another powerful change that individuals can make. Industrial 



3rd Solar Wildlife & Ecosystems Research Meeting Proceedings 6 

greenhouse gas emissions will be a tough problem to address, but we must try. Planting 
trees can help to offset emissions and pull CO2 out of the atmosphere. 
Plastics are entirely within our power to change. Most plastics are not recycled, no matter 
what the labels suggest. We can reduce our use of plastic bags, bottles, wraps, and 
packaging, including Styrofoam. I urge you to make choices such as switching to bars for 
shampoo and detergent sheets, and shopping from companies committed to reducing 
waste. Cutting circular plastic items protect wildlife directly. Planting native plants, even a 
single pot on a balcony, can provide vital habitat. Reforestation through credible offset 
programs can help pull CO₂ out of the atmosphere. 
 
Finally, the most powerful tool we have is our vote. Policy matters enormously, and 
leadership determines our climate trajectory. I ask each of you to commit to voting and 
when necessary, to demonstrate. This is our planet, and we have the power to help fix it. I 
genuinely believe that the people in this room can help drive the change we need. Thank 
you so much for listening. 

Audience Questions & Keynote Speaker Response/Discussion 

We are facing dual crises in climate change and biodiversity loss. How can renewable 
energy be used to benefit wildlife? 

Terry Root: We can absolutely do this. Wind and solar offer real opportunities to help 
wildlife while combating climate change. We must make this transition, and we can do it 
successfully. 

What are your insights on battery production and concerns about safety, water use, 
and fire risk? 

Terry Root: These are common concerns. My local solar farm faced similar push back 
related to batteries, water, and fire. But there are ways to manage these risks. Battery 
technology is improving quickly, and we will move beyond lithium, which will help 
significantly. New technologies typically take 30 years from invention to widespread 
adoption, but we need this transition to happen faster. 

As an omnivore, I'm curious about your thoughts on local red meat products versus 
factory-farmed meat as healthy, sustainable protein sources? 

Terry Root: Some ranches are raising beef in better ways, but beef can never be climate-
neutral. When I served on Audubon’s board, they wanted to certify ranches practicing 
rotational grazing as “climate friendly.” I objected, but I supported certifying ranches as 
“rangeland- and bird-friendly.” Grassland birds are declining rapidly, and rotational grazing 
has helped bird populations rebound dramatically. I only buy beef from Audubon-certified 
producers. Overgrazed landscapes leave no room for species like mountain plovers to 
nest. 
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On your per-capita carbon emissions slide, how should we interpret differences 
among states? 

Terry Root: When you factor in population size, the picture looks very different. High 
emissions in sparsely populated states can be misleading without accounting for the 
number of people. 

Grazing follow-up: Western grasslands evolved with grazing pressure from bison. Do 
you see a role for grazing as an ecosystem service if done properly? 

Terry Root: There are definitely better ways to manage grazed lands. We won’t want to 
encourage overgrazing, so I’d encourage regenerative grazing practices with a short 
duration of impact followed by long rest and recovery for the land. 

Data centers require massive amounts of energy. In some places, they are disrupting 
clean energy goals. What should we do? 

Terry Root: We’ve got to stop using so much AI, but that isn’t going to happen. They are 
coming no matter what. So, we must figure out how to place data centers where they won’t 
harm species. Government regulation is needed, but we won’t see that from the current 
administration. The best we can do is push for siting that minimizes ecological harm. 

Is there anything happening at the state or local level that you are excited about or 
makes you hopeful? 

Terry Root: Yes. The most meaningful progress in the U.S. is happening at county, city, and 
state levels. Since the first Bush administration, climate policy has been polarized, and 
federal action has stalled. But states like Oregon are making real progress. It’s important to 
take solace in what is happening locally. 

Collaboration often leads to innovation. Have you noticed any particular pockets of 
innovation that you hope will rapidly advance some of the solutions that we need? 

Terry Root: I come from academia, and while I love it, it can be very cutthroat. True 
collaboration, sharing ideas openly in a team, is fantastic. That’s what REWI is doing: 
producing useful research through collaboration. I’m on the REWI board because I believe 
strongly in the science and shared progress happening there. 

How is solar energy helping to mitigate the climate crisis? 

Terry Root: I just returned from seven weeks in Australia, where nearly every home had 
rooftop solar. It was incredible. Whether rooftop or utility-scale, solar is essential. We 
must dramatically reduce oil use, and renewables are the only way to break our fossil-fuel 
dependence: including solar, wind, geothermal, and even nuclear. I protested nuclear in 
the 1970s, but today it’s too important to ignore. The oil lobby remains extremely powerful. 
If you want background on climate change, watch “The White House Effect” on Netflix. It 
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shows how close we came to solving climate change before political interference from the 
oil lobby derailed progress.  
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Session 1: Wildlife-Solar Cohabitation  
and Movement Ecology 

This session explored wildlife movement, connectivity, and site-level occupancy at PV 
solar facilities across multiple regions. The speakers shared research on migratory 
ungulates’ movement patterns and behaviors associated with PV solar developments 
within the adjacent landscape. Other speakers shared research on species (mammals, 
reptiles, and amphibians) utilizing the PV solar facilities and highlight space use and 
community-level responses. 
 
Moderator: Jamelle Ellis – Senior Scientist, Theodore Roosevelt Conservation 
Partnership.   
 
Speakers:  

• J.D. Willson – Professor, University of Arkansas  
• Aaron Facka – Senior Wildlife Biologist, The Wildlands Network 
• Hall Sawyer – Principal Biologist, Western EcoSystems Technology, Inc.  

J.D. Willson – Professor, University of Arkansas: Local and landscape drivers of terrestrial 
vertebrate species richness in solar facilities in the central USA 

We have a need for rapid expansion of solar energy across the U.S to mitigate climate 
change. Climate change interacts with other stressors on wildlife, so we need to ensure 
that solar energy development is compatible with wildlife and improve habitat within solar 
sites. There is much variability in solar site design, siting, and management on the 
landscape, which provides an opportunity to understand how those factors influence 
wildlife within solar sites, both in terms of adverse impacts, but also improving habitat 
quality. Previous research on wildlife use of solar arrays has often focused on a narrow 
range of wildlife species (e.g., birds and pollinators), with limited spatial replication, 
making it difficult to disentangle effects of site management from those related to other 
design or landscape characteristics. We are addressing these knowledge gaps through an 
ongoing large-scale study of wildlife communities in solar facilities in the central USA, 
called WildSNaP: Wildlife in Solar through Native Planting 2. Here we present data from 
remote camera sampling of terrestrial vertebrates (mammal, reptile, and amphibian) 
across 40 solar sites across Arkansas and eastern Kansas and 30-paired agricultural 
control sites in 2024 and 2025. Our solar sites span the full spectrum including traditional 
gravel sites, heavily mowed turfgrass monocultures, and sites with diverse vegetation 
management and native grasses across five ecoregions. To survey mammals, we placed 
four traditional wildlife cameras at each site for a minimum of six weeks. For herpetofauna, 

 
2 WildSNaP: https://www.willsonlab.com/nativesolar 

https://www.willsonlab.com/nativesolar
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we conducted three visual encounter surveys at each site and also set up 15-foot drift 
fences equipped with wildlife cameras, which redirect and photograph passing animals.  

Our preliminary results demonstrate that solar facilities can harbor substantial diversity of 
terrestrial vertebrates, but that responses to site and landscape covariates are variable 
across taxa. We detected 17 non-domestic mammal species, including rabbits, 
groundhogs, coyotes, bobcats, foxes, deer, and badgers. We detected 57 species of 
reptiles and amphibians including frogs and toads, salamanders, snakes, and box turtles. 
We used a hierarchical Bayesian community occupancy approach to assess the influence 
of site and landscape covariates on occupancy probabilities and estimated species 
richness. The strongest predictor both mammals and herpetofauna was vegetation 
richness. We observed some weaker effects of landscape covariates that result in 
approximately one to two species in richness, though some of these “neutral” effects are 
actually species-specific differences in effects that balance each other out in terms of 
overall species richness for the site. For example, tree cover is positively associated with 
foxes but negatively associated with coyotes and badgers. There was an interesting 
interaction between vegetation richness and solar area for herpetofauna. When vegetation 
richness was low, control sites had greater species richness than solar sites. However, 
large solar sites with rich vegetation had the highest estimated species richness even 
compared to reference sites. The estimated species richness at solar sites is 6-12 
mammal species per site, and 12 species of reptiles and amphibians, with some sites 
containing up to 20 species.  

We conclude that solar sites have the potential to host high biodiversity. Vegetation 
richness was the strongest predictor of species richness, though water was also important 
for herpetofauna, and responses to landscape covariates often varied among species. In 
the future, we are expanding our analyses with more comprehensive covariates and solar-
specific variables, such as fencing and panel characteristics. We will continue sampling 
additional solar sites and expand to other regions to provide baseline biodiversity data for 
large-scale solar facilities across the USA.  

Aaron Facka – Senior Wildlife Biologist, The Wildlands Network: The efficacy of diverse 
noninvasive surveys for monitoring pronghorn and other mammals near solar in the desert 
southwest 

Monitoring wildlife before, during, and after construction of large-scale solar is vital for 
making decisions regarding siting, avoidance, and mitigation. For medium and large-sized 
mammals, high-resolution tracking using Global Position System (GPS) transmitters is the 
highest standard for conducting such research and monitoring. Yet, GPS-based studies are 
expensive, invasive, risky to the animals, limited to single species, and difficult to permit, 
and can be difficult to align temporally with solar development schedules. Non-invasive 
methods are cheaper, relatively easy to implement, and can provide important insights 
across multiple taxonomic groups. The objectives of this study are to document 
interactions between solar energy development and large mammal species, and to identify 
which non-invasive survey methods (i.e., sign and track surveys; visual surveys; trail 
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cameras; drone surveys) provide the most reliable data on wildlife presence, movement, 
and habitat use, while being practical, cost-effective, and feasible for solar site studies. 
The study was conducted in eastern Arizona on Navajo Nation lands (comparison sites) 
and near Farmington, New Mexico (solar sites), compares the four non-invasive survey 
methods across 50, 1-km2 hexagons (study sites) divided between a comparison area and 
a solar facility site. In each hexagon, we have transects for sign surveys, visual observation 
points, multiple camera placements, and drone flight paths. Surveys using each method 
are conducted quarterly, for nine quarters to date. For pronghorn (Antilocapra americana) 
we directly compared estimated rates of occupancy and detection to GPS-based tracking 
data to determine which methods best explain patterns of space-use and movements, 
which best related to patterns of habitat use by pronghorn. We also used single-season 
occupancy models to estimate occupancy and detection rates for other common species 
including coyotes (Canis latrans), bobcats (Lynx rufus), red fox (Vulpes vulpes), mule deer 
(Odocoileus hemionus), and elk (Cervus canadensis). We will continue to collect data 
through 2026. 
 
Preliminary results show that trail cameras and sign surveys are the most effective 
methods for detecting pronghorn, mule deer, elk, and carnivores such as coyotes and 
bobcats. Visual and drone surveys performed poorly, especially for detecting less common 
or nocturnal species. Comparisons with GPS data from collared pronghorns revealed that 
camera and sign data most closely mirrored pronghorn habitat use patterns. Pronghorn 
initially avoided solar sites during construction but later increased their presence nearby, 
suggesting no sustained avoidance relative solar development. Coyotes and bobcats 
showed consistent presence across all areas, regardless of proximity to solar sites. 
Trail cameras and sign surveys provide the most reliable and cost-effective means of 
monitoring wildlife near solar facilities, particularly when GPS collaring is infeasible. These 
methods also enable continuous or retrospective data collection, unlike visual or drone 
surveys, which require on-the-ground surveys. Future work will focus on evaluating cost-
efficiency, determining optimal sampling effort (e.g., number of cameras or transects), and 
refining these non-invasive techniques. Overall, the findings suggest no strong negative 
wildlife responses to solar sites and highlight the broader value of non-invasive monitoring 
for both science and public engagement. 
 
Across all taxa, cameras and site surveys appear to perform the best for detecting animals. 
For pronghorn, sign surveys estimated naive occupancy in the highest number of hexagons 
(N=43; 86%), followed by camera surveys (N=41; 82%), drone surveys (N=10; 20%), and 
lastly visual (N=6; 12%). Combining all noninvasive methods yields a naïve occupancy rate 
of 88%. Combining photographic and sign surveys individually yield similar, though lower, 
rates of 78% detection for all hexagons. Pronghorn detection rates varied seasonally, with 
the highest detection rates of 0.39 occurring during summer and lower rates during fall and 
winter. These changes in our observation comport to periods when pronghorn are in large 
groups and confine their movements to the smallest areas. Estimates of occupancy were 
0.78 (CI = 0.65-0.87), which is nearly identical to the naïve rates of detection. We also 
evaluated if rates of detection or occupancy were different at hexagons that were directly 
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adjacent to recent solar development. Both detection (0.31 ± 0.29-0.41) and occupancy 
(0.99 ± 0.94-1.0) were highest at hexagons nearest solar development for pronghorn, 
indicating no evidence of pronghorn avoiding these sites – similar to evidence from GPS 
data. Habitat quality near solar is likely responsible for continued use of this area by 
pronghorn and other wildlife. Patterns of occupancy and detection for non-pronghorn 
animals varied by study area and specific locations. Particularly for cameras surveys, 
numbers of cameras and their specific placement effect patterns of detection across 
species. We conclude that noninvasive methods that effectively survey for the longest 
period are most efficient for detecting wildlife and patterns of change through time. Survey 
effort is important and must be considered in the context of what metric is deemed critical. 

Hall Sawyer – Principal Biologist, Western EcoSystems Technology, Inc.: Big game and solar 
development – current challenges, new insights, and emerging guidance    

The global transition to renewable energy has large land requirements that can impact 
local wildlife populations. A clear understanding of potential impacts is critical for 
effective planning and mitigation. This is particularly important for big game species like 
mule deer (Odocoileus hemionus), elk (Cervus canadensis), and pronghorn (Antilocapra 
americana) that rely on connected landscapes. Because big game species cannot move 
through the required 6-8 foot-tall perimeter fencing, solar projects can remove large 
swaths of habitat and reduce connectivity for big game. Unlike smaller terrestrial wildlife 
that can move through the fencing, or avian species, that can fly over, the larger big game 
species rely largely on design-based mitigation measures (e.g., fence design, movement 
corridors) to minimize impacts.  
 
The three main challenges for big game species include 1) direct habitat loss, 2) barrier 
effects that impede movement, and 3) indirect habitat loss where animals avoid solar sites 
altogether. Research suggests that design-based mitigation strategies that integrate 
wildlife-friendly features into solar site design may help minimize these potential impacts. 
The fundamental design elements include movement corridors, roadway offsets, and 
perimeter fence shapes that together, minimize habitat loss, allow animals to move 
through and around the project, and ensure risk of wildlife-vehicle collisions is not 
elevated. Additional enhancements, like vegetation treatments, water source 
management, and livestock control, can further encourage wildlife use and connectivity. 
Establishing effective guidelines and best management practices is an important next 
step, but flexibility will be key, since local conditions and mitigation opportunities vary 
from site to site. There remains a need for standardized post-construction monitoring, 
ideally through camera-based methods, to evaluate the effectiveness of design-based 
mitigation strategies.  
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Audience Questions & Speaker Response/Discussion 

(for JD Willson) Question: How do turtles know where they’re going when moving through solar 
features?  

JD Willson: From our dataset, we have high occupancy of several turtle species within 
solar sites. It’s unclear whether they’re simply living there or also moving through. Box 
turtles appear to move freely in and out of sites as long as there is no hog-exclusion fencing 
that goes underground. Our inferences so far are limited to box turtles and freshwater 
turtles. We don’t yet have data on gopher tortoises.  

(for JD Willson) Question: Did you group reptiles and amphibians together for analysis, or 
analyze their use and occupancy separately?   

JD Willson: For this presentation, the data were grouped, but we plan to analyze them 
separately later. We have the capability to break down species by guilds and other 
ecological groupings. The water effect on biodiversity applies to both groups, but species-
specific analyses are forthcoming.  

(for Aaron Facka and Hall Sawyer) Question: We fence many solar sites. Can you elaborate on 
fencing impacts on ungulate use and movement?    

Hall Sawyer: Movement is critically important for ungulates. Previously, renewable 
development focused mainly on federally protected T&E (Threatened & Endangered) 
species. With the rapid solar boom, big game species have become a major concern. 
Where their ranges overlap with solar, movement is essential to maintain. 
 
Aaron Facka: Fencing placement relative to rivers, highways, and topography is key. The 
proximity of fences to major features can strongly influence how animals move through or 
around an area. 

(for Everyone) For those unfamiliar with ungulates, can you explain potential impacts of solar 
on white-tailed deer?  

Hall Sawyer: Species respond differently, which is why standardized data collection is so 
important. White-tailed deer typically interact with solar projects in the Midwest and East, 
where arrays are built in agricultural lands that retain nearby woodlands. These projects 
generally allow deer to continue moving through and should not harm populations. Local 
concerns often focus on hunting impacts, but ecologically, white-tailed deer aren’t likely to 
be negatively affected. 
 
JD Willson: None of our study sites were intentionally designed with permeable fencing for 
large animals. White-tailed deer rarely get through standard fencing, but we’ve seen some 
inside fenced sites, likely entering through open gates and then remaining within. They 
appear healthy and unaffected. Only two facilities currently have deer present. 
 
Hall Sawyer: Standard solar fencing is typically 7–8 feet tall, which excludes white-tailed 
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deer and elk. Most that enter likely did so through open gates or were within the site before 
fencing was installed. 

(for Hall Sawyer) How transferable is this research to eastern forests, and what 
recommendations apply to white-tailed deer there?  

Hall Sawyer: The fundamental design principles apply everywhere. Much like pollinator 
habitats designed as “green corridors,” solar can be designed to allow deer movement 
through “fence jungles.” This is especially relevant in the Midwest and East. The key 
difference is population dynamics. White-tailed deer are overly abundant in the East, while 
pronghorn and mule deer in the West are struggling. Therefore, habitat loss and restricted 
movement are much greater concerns for western species.  

(for Hall Sawyer) Is there any data showing increased predation risk from fencing (for 
example, coyotes trapping pronghorn)?  

Hall Sawyer: I’m not aware of any data specific to solar sites. There are instances where 
wolves have used livestock fencing to corner and kill pronghorn, so it’s biologically 
possible, but we haven’t documented it occurring at solar facilities. 

(for JD Willson) What is the cost per site to estimate vertebrate biodiversity at a solar facility?  

JD Willson: The comprehensive methodology includes audio recorders for birds and bats, 
visual surveys for pollinators, and remote wildlife cameras for terrestrial fauna. For a 
streamlined, fully remote vertebrate survey (excluding pollinators), costs are typically 
$10,000–$20,000 per site, depending on site size and travel logistics. These require 2–3 
visits per year and include sampling at 3–5 subsites per facility. 

(for JD Willson) Beyond vegetation diversity, which management actions provide the best 
conservation value?  

JD Willson: Analysis is ongoing, but preliminary results suggest site water is also very 
important. Proximity to remnant forests or natural habitats enhances biodiversity. 
Conserving wet areas and drainage features during construction rather than bulldozing 
them can double amphibian and reptile diversity. Spatial configuration of the solar array 
and wildlife passage features likewise benefit both large and small species. 

(for Aaron Facka and Hall Sawyer) How do climate change impacts compare to solar 
development risks for pronghorn?  

Aaron Facka: Aridity is a major challenge for pronghorn. Forage and vegetation 
“greenness” are critical, so any reduction in moisture presents a problem. It’s difficult to 
weigh the relative risks of climate change versus solar development. 
 
Hall Sawyer: It’s a complex trade-off. Climate change is real and necessitates renewable 
energy development to preserve biodiversity long-term. Yet, constructing solar removes 
critical habitat now, which species like pronghorn need immediately. Habitat preservation 
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is currently the greater concern for them, though balancing these needs is a tough 
question we must continue to confront. 

(for Everyone) What are your preferred wildlife cameras to use?  

Aaron Facka: We prefer Reconyx cameras. They’re pricier, but sensors are more reliable, 
and the lower-resolution photos help save storage space for large datasets. 
 
JD Willson: Mounting cameras on drift fences has yielded incredible biodiversity data. 
These setups capture not only reptiles and amphibians but also small mammals, birds, 
and even weasels. We’ve largely replaced intensive visual surveys with this method due to 
its efficiency. 
 
Hall Sawyer: For cost-effective alternatives, we often use Browning cameras, which are 
affordable and perform well in the field. 
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Session 2: Current Understanding of Avian-Solar 
Interactions 

This session explored interactions between birds and large-scale, ground-mounted PV 
solar facilities across the U.S. Through a multi-regional lens, speakers within this session 
shared research focused on avian-solar mortality patterns, behavioral observations, and 
community composition in the context of the surrounding landscape, solar design, and 
mitigation strategies. This session shared updates from U.S. and Canadian avian-solar 
research. 
 
Moderator: Jon Belak – Senior Manager, Science and Data Analysis, National Audubon 
Society 
 
Speakers:  

• Lee Walston – Ecologist, Argonne National Laboratory 
• Yuki Hamada –Biophysical Remote Sensing Scientist, Argonne National Laboratory 
• Timothy Boycott – Graduate Research Assistant, Cornell University 
• Daniel Riser-Espinoza – Senior Statistician, Western EcoSystems Technology, Inc.  
• Karl Kosciuch – Wildlife Program Manager, Tetra Tech 

Lee Walston – Ecologist, Argonne National Laboratory: Avian community responses to 
ecovoltaic solar energy development in the midwestern United States 

Ecologically informed photovoltaic (PV) developments that co-prioritize PV electricity 
generation with ecosystem function (“ecovoltaics”) have emerged as a promising land 
sharing strategy to minimize ecological conflicts associated with PV solar energy 
development. While habitat-focused ecovoltaic designs can conceptually benefit 
biodiversity by offsetting or enhancing impacts of PV development, foundational field 
research is needed to examine how wildlife respond to these novel ecosystems. Our 
Department of Energy–funded project examines how grassland birds respond to ecovoltaic 
solar energy development across the Midwest. The goal of the study is to understand how 
converting former row-crop agricultural land into solar facilities planted with native 
vegetation affects bird communities. Ecological effects of solar energy depend strongly on 
siting and design, and in the Midwest, where most solar facilities replace cropland, there is 
an opportunity to integrate ecovoltaic principles such as planting native grasses and forbs 
beneath and around panels to enhance habitat and improve biodiversity. 
 
Our research spanned 12 ecovoltaic sites in five Midwestern states and was conducted 
from 2023 to 2024 using passive acoustic monitoring. At each solar facility, we installed an 
acoustic recorder paired with another in an adjacent agricultural field to enable direct 
comparisons of bird activity between solar and cropland environments. We used AI-based 
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acoustic classification through BirdNet 3 to identify species vocalizations reliably, allowing 
us to process large datasets representing thousands of bird detections. 
 
Across all sites, we confirmed the presence of over 120 bird species, including both 
generalists and grassland specialists. From these, we focused analyses on 45 species, 
highlighting 16 key grassland birds. The results showed higher overall species richness at 
ecovoltaic sites compared with nearby agricultural fields for most of the breeding and 
migration season. Occupancy modeling indicated that the majority of grassland species 
were more frequently present at solar sites, although a few, such as horned lark and 
grasshopper sparrow, were less associated with them. Additional field observations 
documented over 230 bird nests at solar installations, showing that birds not only visit but 
actively use these habitats for nesting and foraging. 
 
These findings suggest that ecovoltaic solar installations can support biodiversity and 
habitat value when developed on previously disturbed cropland, contributing to ecosystem 
service gains rather than biodiversity loss. However, responses remain context-
dependent, and not all species benefit equally. The study conceptualizes these facilities as 
novel ecosystems: new habitat types that attract many native birds but may not suit all 
species equally well. A follow-up project is now underway to broaden this research across 
multiple U.S. regions, adding data on avian mortality and interaction mechanisms to build 
a comprehensive understanding of how birds engage with solar facilities nationwide. 

Yuki Hamada – Biophysical Remote Sensing Scientist, Argonne National Laboratory: Analysis 
of avian behavior on pv solar facilities: sites support songbird foraging and breeding with little 
evidence of collision risk 

This presentation summarizes early findings from a multiregional study investigating how 
birds interact with photovoltaic (PV) solar energy facilities across the United States. Our 
research focuses on understanding bird behavior and collision risk through AI-assisted 
video analysis conducted at eleven PV sites in seven regions. Using an automated 
detection system, researchers identified videos containing birds and then classified those 
behaviors, using a standardized catalog that distinguishes 18 categories of general, 
biological, and risk-related behavior. Observations concentrated on daytime activity during 
spring and fall migration seasons, with at least 300 behavioral events recorded at each site 
per season. 
 
Analysis revealed that no bird collisions were observed in any of the video recordings, and 
instances of collision-avoidance behavior were rare. Birds appeared to recognize and 
navigate solar infrastructure safely. Behavior patterns varied by region and season: birds 
spent more time near infrastructure in the Mountain Prairie region, showed more foraging 
outside desert areas, and displayed nesting and breeding activity more frequently in the 
Midwest and Northeast, although such behaviors were limited. The seasonal differences 

 
3 BirdNet: https://birdnet.cornell.edu/ 

https://birdnet.cornell.edu/
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were clear. Birds spent more time foraging on the ground in spring and perched more often 
in fall, reflecting seasonal shifts in food availability and breeding cycles. 
 
Across all regions and seasons, songbirds dominated the dataset, while raptors and 
waterbirds appeared infrequently. Raptors occasionally descended toward solar panels, 
but waterbirds typically flew over facilities, suggesting a low daytime collision risk for those 
species. Video footage documented birds such as phoebes, finches, swallows, and 
bluebirds foraging and nesting on or near solar structures, demonstrating active use of PV 
arrays as habitat. Notably, red-tailed hawks (Buteo jamaicensis) were recorded preying on 
smaller birds at some sites, identifying predation (with minimal evidence of carcass 
remains) as a potentially underrecognized source of avian mortality at solar facilities. 
 
Overall, results indicate that birds interact dynamically yet safely with PV installations, 
frequently using them for foraging and limited nesting. The findings suggest that solar 
facilities can provide ecological value while presenting minimal collision risk during 
daylight hours. Predation, rather than direct impact with panels, may account for the small 
number of mortality events observed, emphasizing the importance of behavioral 
monitoring and continued regional analysis to guide future wildlife-compatible solar 
design. 

Timothy Boycott – Graduate Research Assistant, Cornell University: Assessing avian 
community composition and grassland bird habitat use in solar-modified and grassland 
landscapes in New York 

We are facing a dual crisis of biodiversity loss and climate change, and it is important to 
distinguish between an energy transition and a sustainable energy transition. Our work 
focuses on the relationship between solar energy development and grassland bird 
conservation in New York State. Our research addresses how the ongoing energy 
transition, which is essential to mitigating climate change, can also be designed to protect 
biodiversity. Solar development in New York has a large spatial footprint and is increasingly 
being constructed on former grassland and pasture habitats. These lands are already in 
decline, and many species that depend on them, such as grassland birds, are among the 
state’s fastest declining and most imperiled wildlife. Our study aims to understand how 
solar development affects avian communities broadly, as well as the distributions and 
abundances of listed grassland bird species, and to evaluate how different land 
management strategies influence habitat value and conservation outcomes. 
 
We selected sites across New York guided by the state’s Strategy for Grassland Bird 
Habitat Management and Conservation 4 and divided them into four habitat types: 
protected grasslands managed under best practices to avoid disturbance during the 
breeding season; working grasslands, including hay, pasture, and row crops; solar arrays 
situated on converted agricultural lands; and solar adjacent working grasslands 

 
4 NYSDEC 2022: https://dec.ny.gov/sites/default/files/2024-04/grasslandbirdsstrategyfinal.pdf  

https://dec.ny.gov/sites/default/files/2024-04/grasslandbirdsstrategyfinal.pdf
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immediately bordering those arrays. Data collection included point counts, passive 
acoustic monitoring, and spot mapping, with June point counts conducted over two 
breeding seasons representing the initial dataset presented here. 
 
Analyses revealed clear differences in bird communities among these habitat types. 
Working grasslands had the highest overall species richness, while solar adjacent 
grasslands achieved the highest community evenness. When filtered to imperiled 
grassland bird species, the greatest richness occurred in protected and working 
grasslands, but few were recorded within solar installations or adjacent fields. Ordination 
analyses confirmed community differentiation between solar sites and both protected and 
working grasslands, with more distinct differences for the broader avian community than 
for grassland birds alone. Individual species patterns showed that solar arrays supported 
relatively even but less diverse assemblages dominated by generalist species, whereas 
protected grasslands exhibited lower evenness but higher abundance of certain focal 
species such as bobolink (Dolichonyx oryzivorus) and red-winged blackbird (Agelaius 
phoeniceus). 
 
Protected grasslands provided critical habitat for threatened species, while working 
grasslands supported a range of special concern species, emphasizing their 
complementary conservation value. Solar habitats, by contrast, supported fewer 
grassland specialists or listed species. Preliminary findings thus indicate that solar 
development changes avian community composition and reduces habitat suitability for 
imperiled grassland species. Adjacent agricultural working lands also hosted distinct avian 
assemblages, suggesting that the influence of solar energy development on avian 
communities may extend beyond the footprint of developments themselves. 
 
Future analyses will incorporate landscape and habitat variables to better understand 
drivers of these patterns, evaluate functional trait diversity and breeding behavior, and 
assess the potential for certain species to serve as umbrella indicators for broader 
conservation planning. The long-term goal is to identify mitigation and land management 
strategies that maintain renewable energy progress while supporting New York’s declining 
grassland bird populations. 

Daniel Riser-Espinoza – Senior Statistician, Western EcoSystems Technology, Inc.: Time for 
reflection: contextualizing avian fatality monitoring data at utility scale photovoltaic solar 
facilities in the US and Canada 

Understanding patterns of bird mortality at photovoltaic (PV) solar facilities across North 
America has been a topic of great interest over the last decade. In 2014, a U.S. Fish and 
Wildlife Service forensics report 5 documented an unusually high number of aquatic bird 
carcasses at a single PV facility in the Mojave Desert of southern California. That result led 
to the “lake effect hypothesis”, which is the idea that birds, especially aquatic birds, might 

 
5 Kagan et al. 2014: https://efiling.energy.ca.gov/GetDocument.aspx?tn=202538&DocumentContentId=4455 
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mistake reflective solar panels for water surfaces and collide with them. Consequently, 
conclusions about bird risk from PV facilities were drawn from one dataset in one region. In 
2016, the first peer-reviewed research about birds and PV solar expanded the scope to 
additional facilities, showing that most bird fatalities were of unknown cause and included 
few or no aquatic species. By 2020, a larger comparative dataset confirmed that most 
fatalities involved feather spots of common ground dwelling birds such as mourning doves 
(Zenaida macroura), horned larks (Eremophila alpestris), and house finches (Haemorhous 
mexicanus), not water-dependent species. These results also showed that deaths 
occurred primarily in fall migration periods, and that mass mortality events had not been 
observed. 
 
Subsequent analyses 6 sponsored by the California Energy Commission examined whether 
solar facilities function ecologically like lakes by comparing live bird use and the 
occurrence of dead birds at PV facilities, nearby terrestrial habitat, and actual water 
bodies. The findings offered no evidence of a generalized lake effect; bird interactions 
varied by species, season, and site context. Between 2021 and 2025, a growing dataset 
from the Alberta, Canada monitoring program recorded over 850 detections across more 
than 30 facilities. This new dataset provided further clarity: only four water-obligate birds 
were found, demonstrating that aquatic species collisions were extremely rare. When 
combined with additional studies from Wisconsin, Florida, Wyoming, Massachusetts, and 
Michigan, the evidence now spans eight bird conservation regions and over 1,500 avian 
carcass detections, virtually all of which involve terrestrial, not aquatic, birds. 
 
Recent meta-analyses have also reevaluated technology differences. For example, when 
comparing fixed-tilt systems, tracking arrays, and panels with anti-reflective coatings, it 
was found that most earlier concerns about widespread bird collisions and lake effect 
stemmed from the same early dataset from the 2014 forensics report. Across all 
subsequent studies, verified collisions are most often absent, and bird behavior at solar 
sites increasingly suggests safe navigation, perching, foraging, and nesting rather than 
collision risk. As research continues, the understanding of bird–solar interactions has 
shifted from a narrative of broad risk to one of species specific, context dependent 
responses, supporting a more nuanced view of coexistence between wildlife and clean 
energy development. 

Karl Kosciuch – Wildlife Program Manager, Tetra Tech: Fact or Fiction: Untangling the 
scientific support for mitigation and monitoring measures at solar energy facilities 

It is important to examine how scientific inference about bird interactions with solar 
facilities has circulated through research, regulation, and artificial intelligence, sometimes 
evolving into unsupported “facts.” Scientific papers often propose mechanisms to explain 
observed patterns, even when those mechanisms are not directly studied. Over time, 
these suggestions can be reinterpreted as evidence and repeated in public documents. 

 
6 Diehl et al. 2024: https://www.energy.ca.gov/sites/default/files/2024-06/CEC-500-2024-055.pdf 

https://www.energy.ca.gov/sites/default/files/2024-06/CEC-500-2024-055.pdf
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One example began with a paper speculating that insects might be attracted to solar 
panels, thereby attracting birds. Despite providing no bird data, the idea appeared later in 
regulatory guidance from the U.S. Fish and Wildlife Service, citing insect attraction as a 
factor influencing endangered bird species. Similarly, in an earlier study, my colleagues 
and I suggested that proximity to water could help explain variation in bird fatality rates at 
PV solar sites. Though we didn’t test that mechanism, the inference was cited by 
regulators in Alberta, Canada, as justification to deny a project permit. These examples 
illustrate how untested ideas can spread unchecked into management, policy, and now AI-
generated content. 
 
To explore this systematically, we grouped recurring claims into four questions: 1) whether 
birds are drawn to solar panels through insect attraction; 2) whether polarized light from 
panels causes bird collisions; 3) whether widespread waterbird mortality occurs near solar 
facilities; and 4) whether angling or “stowing” panels reduces collision risk. Reviewing the 
scientific literature, we found no empirical evidence supporting bird attraction to insects, 
no documented link between polarized light and avian mortality, and no broad pattern of 
waterbird collisions, findings consistent with the comprehensive data summaries that my 
collaborator Danny Riser-Espinoza presented. Likewise, no research supports the idea 
that adjusting panel angles mitigates collision risk. When we posed these same questions 
to AI tools like Copilot and ChatGPT, both produced more confident, yet inaccurate 
answers, often citing secondary websites that misinterpreted citations or merged 
unrelated findings. For example, ChatGPT referenced a news article that incorrectly 
claimed a study demonstrated insect attraction to solar panels, while Copilot repeated 
misleading ideas about “lake effects” without context. 
 
Our broader analysis shows how inference can snowball: a single dataset containing high 
numbers of waterbirds in one 2014 study 7 has been reused, cited, and reinterpreted 
across numerous papers, amplifying its perceived significance. We traced its influence 
through eight core analyses, 14 discussions in papers, and more than 400 citations, 
embedding the concept of “lake effect” into nearly every conversation about birds and 
solar despite lacking consistent support. This amplification highlights the importance of 
distinguishing between inference and evidence, especially as AI tools further blur the line. 
Going forward, we need to communicate results clearly, ensure accessibility of accurate 
information, and emphasize that modern solar research, particularly at tracking PV 
facilities, shows very limited evidence of collision risk or waterbird attraction. 

 
7 Kagan et al. 2014: https://efiling.energy.ca.gov/GetDocument.aspx?tn=202538&DocumentContentId=4455 
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Audience Questions & Speaker Response/Discussion 

(for Lee Walston) What is the difference between birds’ diet/preferences in ecovoltaic sites 
versus agricultural fields? 

Lee Walston: We expected most species to prefer ecovoltaics, but some species like 
horned lark (Eremophila alpestri) actually favor open agricultural fields, avoiding the 
structural complexity of PV facilities. Most species are insectivorous, with no clear diet-
based differences between those preferring agricultural or ecovoltaic sites. Ground 
nesters typically choose vegetated areas of solar sites, while generalists use infrastructure 
areas. Statistical analysis of nesting patterns is still pending. 

(for Yuki Hamada) Does bird behavior differ between fixed and rotating solar panels? 

Yuki Hamada: We plan to include this factor in future analyses. It’s a valuable suggestion. 

(for Timothy Boycott) How large are the study sites, and could site size influence bird 
community composition, richness, or abundance? 

Timothy Boycott: Sites were required to have at least 10 contiguous acres under a unified 
habitat regime (array or hay field). Prior research indicates that landscape configuration 
and land cover strongly influence site selection, bird behavior, and fitness. We will 
incorporate these variables into upcoming models. 

(for Daniel Riser-Espinoza) What are the rules for classifying known vs. unknown bird fatality 
causes? 

Daniel Riser-Espinoza: Classifications are based on field observations by technicians, 
sometimes supplemented by lab analysis. Typically, cause and species identification rely 
on circumstantial evidence from field observation. 

(for Karl Kosciuch) Can you tell us more about the upcoming paper? 

Karl Kosciuch: The paper will appear in Environmental Research Letters 8 and focuses on 
bird fatalities at solar facilities. It examines data through the lens of technology: panel 
type, anti-reflective coating, and whether panels are fixed or tracking. Since the dataset 
includes facilities built 8–10 years ago, we strive to draw useful inferences for future 
projects. The goal is to provide clarity on terminology and offer a foundation for further 
studies. 

(for Anyone) Do you believe the introduction of floating solar could lead to waterbird collision 
risks? 

Timothy Boycott: I am not sure, but a postdoc in our lab is currently studying this. Steve 
Grodsky’s paper using eBird data has modeled potential risks related to floating 

 
8 Kosciuch et al. 2025: https://iopscience.iop.org/article/10.1088/1748-9326/ae1e91 

https://iopscience.iop.org/article/10.1088/1748-9326/ae1e91
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agrivoltaics. 
 
Lee Walston: It depends. The UC Davis Perspectives Paper explored potential interactions 
between floatovoltaics and waterbirds. 
 
Yuki Hamada: Some companies and research groups have expressed interest in bird 
monitoring at floating solar sites, so there’s growing research interest. 

(for Lee Walston or Yuki Hamada) Do you have any preliminary updates from the multi-
regional solar study? 

Lee Walston: We are halfway through. Some regions have active monitoring, others are 
planning to continue. We’re finding regional differences in predator abundance, species 
richness, and activity patterns. There is more bird activity in the East compared to the arid 
West. Fatality patterns are beginning to show subtle regional variation. 
 
Yuki Hamada: We now have updated behavioral data. There’s interest in including predator 
behavior in future analyses to explore mechanisms behind observed fatalities. 

(for Yuki Hamada) How many years is the study, and could drought conditions affect results? 

Yuki Hamada: The study began in 2024, with earlier AI development starting in 2020. We 
have sufficient data to analyze the influence of drought or water conditions, though those 
analyses haven’t been completed yet. 

(for Lee Walston) What was the most unusual or unexpected finding? 

Lee Walston: The preference of grasshopper sparrow (Ammodramus savannarum) and 
horned lark (Eremophila alpestris) for agricultural fields over ecovoltaic sites was 
surprising. This illustrates a specific land-use tradeoff. We are now exploring responses 
along gradients of solar development, including ecovoltaic and non-ecovoltaic solar sites 
in agricultural landscapes.  

(for Yuki Hamada) Were nests routinely knocked down by facility staff, or could they coexist 
with operations? 

Yuki Hamada: We currently don’t have an answer to that question. 

(for Lee) Can you compare this work to similar agricultural restoration projects? 

Lee Walston: It’s similar to Iowa’s pollinator strip projects, which integrate pollinator 
habitat into agricultural landscapes to boost crop pollination. When agricultural land is 
converted to ecovoltaics, we’ve observed increased bee abundance in the first four years, 
likely a driver for positive bird responses. There’s substantial overlap between these 
restoration strategies.  
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Session 3: A Panel Discussion on State-driven Solar 
Guidelines 

This panel featured state and industry partners who have developed, collaborated on, or 
reviewed state-level solar and wildlife guidelines. Participants engaged in discussions 
about the development process and review, key lessons learned, barriers to 
implementation, and the need to evaluate the effectiveness of these guidelines. This 
engaging session offered a great opportunity to foster collaboration among states and 
industry, and to generate new ideas across sectors and regions. 
 
Moderator: Eric Schauber – Director of Research and Programs, Renewable Energy 
Wildlife Institute 
 
Speakers:  

• Becky Crow – Wind and Solar Program Administrator, Ohio Division of Wildlife 
• Jessica Potter – Project Evaluation Program Specialist, Arizona Game and Fish Department  
• Quintana Hayden – Senior Director, Wildlife and Federal Lands, American Clean Power 

Association  
• Christi Calabrese – Senior Director, Permitting and Environmental Affairs, EDP 

Renewables  

Becky Crow – Wind and Solar Program Administrator, Ohio Division of Wildlife: Ohio’s 
renewable energy plan: developing procedure and creating relationships to protect native 
wildlife 

Ohio’s energy projects are overseen by the Ohio Power Siting Board, which regulates 
facilities of 50 megawatts or more, with smaller projects remaining unregulated. Since 
2018, solar development in Ohio has expanded significantly, currently involving over 33 
operational or under-construction facilities across approximately 63,000 acres, with 
additional projects planned that could add nearly 27,000 acres. Most solar sites occupy 
agricultural land, creating challenges for balancing energy development with habitat 
preservation. The Division of Wildlife developed a series of 15 recommendations 9, 
emphasizing land stewardship and the ecological benefits of native and pollinator-friendly 
vegetation. A key goal requires that 70% of a finished solar project area be planted with 
beneficial vegetation, scored using the Ohio Solar Site Pollinator Habitat Planning and 
Assessment Form, which targets a minimum score of 80 points and ensures blooms 
across multiple seasons. Additional recommendations address issues like maintaining 
vegetation height, restricting mowing to limited seasons, establishing buffer zones (120–

 
9 Ohio Department of Natural Resources 2022: 
https://dam.assets.ohio.gov/image/upload/ohiodnr.gov/documents/real-estate/ODNR-
Guidance_for_ProposedSolarEnergyFacilities_in_Ohio.pdf 

https://dam.assets.ohio.gov/image/upload/ohiodnr.gov/documents/real-estate/ODNR-Guidance_for_ProposedSolarEnergyFacilities_in_Ohio.pdf
https://dam.assets.ohio.gov/image/upload/ohiodnr.gov/documents/real-estate/ODNR-Guidance_for_ProposedSolarEnergyFacilities_in_Ohio.pdf
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300 feet) near streams and wetlands, and avoiding construction on state-owned lands. 
Since implementing the guidance in April 2022, nine new facilities have adopted these 
standards, representing over 18,000 acres of potential habitat gains, with more projects 
pending. Collaboration continues with both large and small solar developers to promote 
environmentally responsible growth of solar energy in Ohio.  

Jessica Potter – Project Evaluation Program Specialist, Arizona Game and Fish Department: 
Aligning state and national solar guidelines efforts 

Today I am going to share a state fish and wildlife agency perspective on updating guidance 
for solar development and discuss how it ties into the broader effort to create national 
guidelines for solar energy. Unlike some state fish and wildlife agencies, the Arizona Game 
and Fish Department does not have a permitting role; instead, it advises on how to avoid, 
minimize, and offset wildlife impacts through project-specific conservation measures. The 
state’s original solar guidelines, published in 2010 10, are being updated to reflect a decade 
of research, expanded solar development, and evolved ecological understanding. 
 
Beginning in 2024, Arizona also joined six other state fish and wildlife agencies and nine 
industry representatives in a national working group to develop utility-scale solar wildlife 
guidelines. The national framework aims to provide flexible, science-based guidance that 
states can adapt to their local priorities. Arizona’s updated guidelines build upon this 
foundation, focusing on regional wildlife concerns and habitat types. Key elements include 
maintaining habitat connectivity through wildlife corridors, incorporating fence designs 
that allow passage for small and medium-sized species, minimizing native vegetation 
disturbance, and using native drought-tolerant species for revegetation, particularly 
critical as approximately 60% of Arizona’s solar projects occur on fragile desert scrub. The 
guidelines also recommend scheduling field and construction activities around breeding 
and migration seasons. Both the state and national efforts emphasize flexibility, 
adaptability, and scientific grounding. The Arizona team has collaborated internally with 
wildlife experts and externally with state and federal agencies, conservation groups, and 
industry partners, with a revised draft of Arizona’s guidelines expected in 2026. 

Quintana Hayden – Senior Director, Wildlife and Federal Lands, American Clean Power 
Association: State-driven solar guidelines, a trade association perspective 

I will share best practices for developing effective and practical state solar and wildlife 
guidelines from the perspective of the clean energy industry. The foundation of strong 
guidance begins with early, frequent, and transparent communication among all 
stakeholders (developers, agencies, and conservation groups). Aligning new guidance with 
existing state permitting structures and wildlife agency roles brings clarity and consistency 
across jurisdictions, which is critical since developers often operate in multiple states with 

 
10 Guidelines for Solar Development in Arizona: https://azgfd-portal-wordpress-pantheon.s3.us-west-
2.amazonaws.com/wp-content/uploads/2026/04/09102300/2026-AZGFD-Guidelines-for-Solar-
Development.pdf  

https://azgfd-portal-wordpress-pantheon.s3.us-west-2.amazonaws.com/wp-content/uploads/2026/04/09102300/2026-AZGFD-Guidelines-for-Solar-Development.pdf
https://azgfd-portal-wordpress-pantheon.s3.us-west-2.amazonaws.com/wp-content/uploads/2026/04/09102300/2026-AZGFD-Guidelines-for-Solar-Development.pdf
https://azgfd-portal-wordpress-pantheon.s3.us-west-2.amazonaws.com/wp-content/uploads/2026/04/09102300/2026-AZGFD-Guidelines-for-Solar-Development.pdf
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differing regulations. Voluntary conservation measures should remain reasonable and 
clearly explained to avoid becoming de facto requirements that deter cooperation. 
The key to lasting, successful guidelines is practicability. Guidelines must be realistic and 
implementable, with stakeholder feedback built in from the beginning. To achieve this, 
they should incorporate both certainty (by defining clear conservation outcomes) and 
flexibility (by allowing developers various ways to meet those outcomes). Focusing on 
results rather than prescriptive rules encourages innovation and participation. Clear 
articulation of state conservation priorities, inclusion of updated data layers and tools, and 
well-defined processes help developers identify high-impact actions that align with agency 
goals and available resources. 
 
Prioritization is essential for both agencies and developers, clarifying which 
recommendations have the most significant conservation impact. This allows companies 
to contribute meaningfully, even if not every action is feasible, and helps maintain 
constructive collaboration. A gradient of implementation options creates scalable 
pathways for participation and progress. Conservation should be viewed as an evolving 
process, supported by adaptability, feedback loops, and updates as research advances. 
Ultimately, success depends on communication, balance, and flexibility, ensuring 
guidelines that are both scientifically sound and practical to implement. 

Christi Calabrese – Senior Director, Permitting and Environmental Affairs, EDP Renewables: 
Industry Insights on state-driven solar guidelines 

On behalf of EDP Renewables, I want to share how state solar and wildlife guidelines affect 
project planning and implementation from an industry perspective. When new guidelines 
are announced, the immediate concern is often whether they’ll be overly prescriptive or 
create unforeseen constraints on active projects. Early engagement between state 
agencies and developers is the best way to build trust and ensure that guidelines are both 
realistic and effective. Developers are ultimately the ones implementing these measures 
on the ground, so our input, especially around phrasing, clarity, and feasibility, is essential. 
Thoughtful collaboration during drafting helps create guidelines that are embraced, not 
resisted. 
 
Well-crafted guidelines can also serve as valuable planning tools, helping developers 
understand a state’s conservation priorities, species of concern, and habitat sensitivities 
early in project design. They can guide coordination with wildlife agencies from the start, 
aligning expectations and fostering consistent communication throughout development. 
Flexibility within guidelines is critical, as developers face numerous competing priorities, 
including engineering, financing, permitting, and ecological concerns. If guidelines are too 
rigid, or if “voluntary” measures become informal requirements through local adoption, 
projects can stall. Risk-averse financing entities may misinterpret recommendations as 
mandatory, creating further challenges. Flexibility ensures realistic project-level solutions 
that still advance conservation goals. 
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Georgia offers a strong example of positive engagement. Through its development of solar 
siting guidelines 11, the state’s Department of Natural Resources proactively sought 
industry feedback, integrated some suggestions, and supported transparency through 
education and regular updates. The guidelines clearly identify focal species, ecosystems 
of concern, and scientific rationale for recommendations, helping justify environmental 
design choices. Regular training sessions and open dialogue sustain collaboration and 
ensure the guidance remains current as science evolves. Ultimately, the success of any 
guideline depends on strong communication and mutual understanding between 
developers and agencies: agreeing on key priorities, maintaining flexibility, and working 
together to achieve practical, meaningful conservation outcomes. 

Audience Questions & Speaker Response/Discussion 

(for Everyone) What aspects have made the guidelines process successful, and what has 
been most challenging?  

Becky Crow: Collaboration has been key. Although I wasn’t at the agency when the 
guidelines were developed, we’ve worked closely with AFWA on national utility-scale 
wildlife guidelines. Our state guidelines are relatively new (3–4 years old). Moving forward, 
we aim to expand collaboration with internal stakeholders (e.g., Ohio EPA, NRCS) and 
industry representatives. We’ve made progress breaking down communication barriers 
and plan to continue building inclusive, well-rounded updates.  
 
Jessica Potter: Success has come from open, patient collaboration without rushing 
through difficult conversations. Some issues take time, and revisiting later often brings 
quick solutions.  
 
Quintana Hayden: Relationship building is foundational. Drawing from the opening 
session, solid relationships, both within and between wildlife agencies and departments, 
are the necessary groundwork for effective collaboration. It’s important to “start slow to go 
fast.” If relationships have a complicated history, it takes time to rebuild trust. Frameworks 
like AFWA’s industry wind and solar communication initiatives 12 are excellent models.  
 
Christi Calabrese: Transparency and the opportunity to review and comment on draft 
guidelines before release are essential. Sudden rollouts without prior input can damage 
trust and create adoption challenges. 

 
11 Georgia Utility-Scale Solar Siting Initiative: https://www.gasolarforwildlife.org/ 
12 AFWA ACP Communication Framework for Solar Energy: https://cleanpower.org/resources/afwa-acp-
communication-framework-for-solar-energy/ 

https://www.gasolarforwildlife.org/
https://cleanpower.org/resources/afwa-acp-communication-framework-for-solar-energy/
https://cleanpower.org/resources/afwa-acp-communication-framework-for-solar-energy/


3rd Solar Wildlife & Ecosystems Research Meeting Proceedings 28 

(for Christi Calabrese and others) Have guidelines or conservation measures created any 
unintended consequences or perverse incentives, such as discouraging habitat protection?  

Christi Calabrese: This concern has arisen with pollinator plantings. While beneficial, 
some pollinator species are being listed as threatened or endangered, which complicates 
long-term project operations. Regulatory requirements, such as take permits, can deter 
pollinator habitat creation. Balancing conservation benefits and operational feasibility is 
an ongoing challenge. There’s also an upcoming insect panel to address this. 
 
Quintana Hayden: During consultations, communication issues can create challenges. 
Agencies sometimes lack opportunities for meaningful dialogue with developers, leading 
to “one-shot” feedback letters packed with many recommendations. This can overwhelm 
developers trying to interpret and prioritize responses. A better understanding of how 
feedback will be used and more dialogue can ease these challenges.  
 
Jessica Potter: Keeping guidelines updated is vital. Some older versions contained 
outdated project categorization methods, creating confusion in evaluations. Regular 
updates help keep implementation consistent and relevant. 

(for Christi Calabrese and Quintana Hayden) What advice would you give state agencies on 
fostering early and frequent communication with developers?  

Christi Calabrese: Look for opportunities to build relationships and maintain transparency 
from both sides. The national guidelines (coming soon) emphasize this. Early engagement 
helps prevent conflicts and fosters trust. Developers often worry that early communication 
might raise costs or risk project approval, so incentives for ongoing dialogue are valuable.  
 
Quintana Hayden: It’s excellent to have many state agencies engaged. Constraints exist, 
but continued network-building through AFWA, REWI, SWERM, and similar forums, helps 
normalize collaboration. Regular interaction outside specific project discussions makes 
difficult conversations easier and more productive. 

(for Jessica Potter and Becky Crow) How are the guidelines being incorporated into state 
wildlife action plans (SWAPs) and local-level planning or permitting?  

Becky Crow: Our state wildlife action plan, submitted in October, is the mechanism by 
which we receive federal funding. The plan highlights solar and wind energy impacts, 
helping secure research funding and support habitat conservation.  
 
Jessica Potter: Arizona’s updated SWAP now includes climate change considerations. 
Since Arizona lacks formal permitting authority, we’ve focused on building strong 
relationships with counties to encourage voluntary coordination using our guidelines. We 
shared draft guidelines with counties to promote consistent understanding and adoption. 
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(for Becky Crow and Jessica Potter) How can guidelines encourage or integrate research? How 
can developer-collected data be used to refine them?  

Becky Crow: Currently, we have limited voluntary research opportunities, which is a 
shortfall. Sometimes developers can’t meet specific recommendations but contribute in 
other ways such as placing land in conservation trusts. Much of the potential research 
data is proprietary, so finding ways to share or use it collaboratively is a goal for the future. 
 
Jessica Potter: The revised draft of our guidelines includes a “Research Needs” section to 
identify priority topics while remaining flexible. Developers have shown interest in research 
on wildlife corridors and fence design for permeability. Partnerships between developers 
and agencies have already produced valuable findings. 

(for Everyone) What are the highest research priorities or information gaps needed to evaluate 
whether the guidelines are effective?  

Becky Crow: We need data on long-term habitat outcomes, particularly as projects 
mature. Many projects under the 2022 guidelines aren't fully established yet. It will take at 
least three years to understand their ecological effects. There’s optimism, though; 
promising research projects are emerging to address these questions.  
 
Jessica Potter: We share those priorities. More research is needed to test the effectiveness 
of conservation measures and refine them. As ongoing projects yield data, we expect 
clearer insights soon. 
 
Quintana Hayden: It’s challenging to compare effectiveness right now because many 
findings are still hypothetical or preliminary.  
 
Christi Calabrese: Research is essential but time-intensive and costly, requiring consistent 
support and collaboration to sustain progress. 
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Session 4: Wings and Watts: Filling Knowledge Gaps for 
Solar, Bats, and Birds 

This session examined the ecological effects of birds and bats interacting with PV solar. 
Speakers presented research focused on population and community responses related to 
solar facilities across the Midwest, Arkansas, and Kansas. The session also featured 
species-specific talks, including those on the greater sage-grouse (Centrocercus 
urophasianus) and western burrowing owl (Athene cunicularia hypugaea), as well as 
presentations about raptors. The bat-focused talks considered biodiversity and activity 
responses within the context of onsite and landscape variables. 
 
Moderator: Lee Walston – Ecologist, Argonne National Laboratory 
 
Speakers:  

• Lee Walston – Ecologist, Argonne National Laboratory 
• Ethan Royal – Postdoctoral Researcher, University of Arkansas. 
• Hall Sawyer – Principal Biologist, Western EcoSystems Technology, Inc. 
• Deron Lawrence – Vice President - Environmental, Longroad Energy 
• Trifosa Simamora – Graduate Research Assistant, Cornell University 
• Kurt Hansen – Associate Operations Manager, Environmental Consulting & Technology Inc. 

Lee Walston, Argonne National Laboratory: Bat community responses to ecovoltaic solar 
energy development in the midwestern United States  

I studied how bat activity responds to the conversion of Midwestern row‑crop fields into 
ecovoltaic solar sites managed for wildlife habitat. Using the same 12 solar–agricultural 
site pairs previously used in our bird study, we deployed acoustic recorders at both 
locations, collecting nightly recordings between May and September. This produced over 
200,000 ultrasonic files, of which more than 90,000 were confirmed bat detections. 
We analyzed activity in two ways: total bat activity and species‑specific activity.  
 
Species‑level IDs were accepted only when both Kaleidoscope Pro and SonoBat agreed on 
the identification. Three species occurred frequently enough for analysis: hoary bat 
(Lasiurus cinereus), silver‑haired bat (Lasionycteris noctivagans), and big brown bat 
(Eptesicus fuscus). 
 
Total bat activity was consistently higher at solar sites during the first half of the season. 
Species‑specific responses varied: hoary bats and big brown bats showed higher activity at 
solar sites, particularly early in the season, while silver‑haired bats showed no clear 
pattern. We never observed higher bat activity in agricultural reference fields compared to 
solar sites. 
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These results contrast with several European studies reporting avoidance by bats of solar 
facilities. In this context (conversion of row crops into managed habitat), solar sites may 
offer early‑season resources, including higher insect availability when agricultural fields 
remain low‑structure and resource‑poor. Properly sited and managed ecovoltaic projects 
appear capable of providing meaningful seasonal habitat for bats.  

Ethan Royal – University of Arkansas: Bat species richness is driven by local and landscape 
factors in solar facilities in the central US 

Let’s shift from activity patterns to community composition and species richness by 
examining a broad set of over 40 solar sites and paired agricultural controls across five 
ecoregions from Arkansas to Kansas. These sites represent diverse sizes, layouts, and 
land‑management regimes. Our monitoring relied on Kaleidoscope‑based auto‑ID 
processing of at least three weeks of recordings per site. 
 
Across 66 analyzed sites (37 solar sites, 29 controls), eight species were detected, with 
Brazilian free‑tailed bats (Tadarida brasiliensis), hoary bats (Lasiurus cinereus), and 
Seminole bats (Lasiurus seminolus) being most widespread. Using hierarchical community 
occupancy modeling, we evaluated how landscape and vegetation characteristics 
influence richness and presence. 
 
Tree cover, water cover, and on‑site vegetation richness were the strongest positive 
predictors of community occupancy and species richness. Developed land, crop cover, 
and the amount of solar infrastructure showed no meaningful effects. Species‑specific 
responses varied but consistently favored greater local vegetation richness and 
surrounding heterogeneity. 
 
Predicted richness increased markedly at sites with the highest combined water, tree, and 
vegetation richness; this is an important finding in a region where communities contain at 
most seven species. Solar area itself was not a driver, suggesting that solar development 
on former agricultural land does not inherently reduce bat community richness. There was 
no single driver of biodiversity, but a combination of landscape composition and on‑site 
ecological management shaped the bat community. Moving forward, we will complete 
data collection and analysis, refine our covariates, add new project sites, and expand into 
more regions.  

Hall Sawyer – Western EcoSystems Technology, Inc.: Quantifying greater sage-grouse 
occurrence at a solar energy facility in Wyoming 

Conservation concerns for sage-grouse (Centrocercus sp.) include habitat loss and 
changes in habitat quality. We don’t yet have a good understanding of whether solar energy 
sites constitute habitat loss or degradation for sage-grouse. Following some incidental 
observations of sage grouse within a solar facility, I present a case study evaluating how 
greater sage-grouse (C. urophasianus) use habitats within and around the Sweetwater 
Solar Facility in Wyoming. The site is an 80-MW (Megawatt), fenced, utility-scale 
installation constructed on former sagebrush steppe. Despite habitat loss and fencing that 
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restricts large mammals from entering the facility, sage-grouse can access the site by 
walking under or flying over the fence. 
 
We assessed occupancy and use using pellet counts, camera traps, and vegetation 
surveys, comparing interior areas to the surrounding landscape across winter (Oct 4 – Apr 
2) and breeding (Jun 28 – Oct 3) seasons. Pellet-based occupancy and abundance were 
approximately 12-15 times higher inside the facility during winter, while breeding-season 
use was similar between inside and outside areas. 
 
Camera traps recorded 150 sage-grouse detections, including multiple sex and age 
classes, with birds using both fence-line areas and the undersides of solar panels. 
Approximately 75% of sage grouse images were collected between August and December, 
though detection rates beneath the solar panels were similar between winter and breeding 
seasons. Vegetation surveys showed lower shrub and sagebrush cover inside the facility 
but higher perennial grass and forb cover. These resources may improve winter foraging 
conditions. 
 
These results provide good baseline data for future work and demonstrate that solar sites 
do not necessarily represent functional barriers for sage-grouse. Solar facilities may 
provide seasonal foraging or thermal benefits. As solar development expands toward 
sagebrush ecosystems, understanding conditions that facilitate or limit sage-grouse use 
will be essential for planning, mitigation, and habitat management.  

Deron Lawrence – Longroad Energy: Western Burrowing Owl translocation and breeding at a 
solar site in Arizona 

In this era of climate change, the notion that there are “natural ecosystems” is no longer 
accurate since all ecosystems are disturbed and therefore not “natural”; thus, the 
dichotomy of “natural” vs. “disturbed” no longer reflects reality. This linguistic awareness 
shifts the focal point for conservation efforts towards direct assessment of ecosystem 
benefits, so we can more accurately represent value even in developed environments. By 
setting wildlife conservation goals based on a functional assessment of verifiable 
ecological benefits, large-scale solar sites can demonstrate effective conservation value. 
These meaningful improvements in ecosystem services are consistent with Aldo Leopold’s 
The Land Ethic 13. 
 
To illustrate this concept, we present a case study of burrowing owl translocation at the 
SunStreams Solar site west of Phoenix. The study explored whether borrowing owls could 
successfully establish at a large-scale solar facility surrounded on three sides by panels. 
Over the previous decades of translocation efforts at other locations, owls dispersed 
shortly after they were released. We hypothesized that desert owls were food-limited, so 

 
13 Leopold, A. 1949. A Sand County Almanac. Oxford University Press, New York, New York.  
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we tested whether food supplementation and habitat enhancements could improve 
outcomes. 
 
We installed 40 artificial burrows, translocated nine owl pairs to the site in March 2025, 
kept them under tents for one month to acclimate to the site and then removed the tents in 
April, and provided mice daily through August 2025. We monitored owl presence every two 
weeks. Owls produced at least 63 eggs and fledged 29 young by August 2025. Cameras 
documented extensive wildlife use of the site, including kit fox (Vulpes macrotis), bobcats 
(Lynx rufus), and a mountain lion (Puma concolor). Even after feeding ceased in August, 
dozens of owls were still present in November 2025. The total cost of the study was under 
$100,000, so the total “owl production cost” was under $4,000 per owl that fledged and 
dispersed as a result of the study. 
 
The study demonstrates how large-scale solar facilities can provide high conservation 
value as managed ecosystems, rather than only viewing undeveloped lands as having 
conservation value or alternately viewing all disturbed lands as lacking in conservation 
value. 

Trifosa Simamora – Cornell University: Winter raptors in New York’s changing energy 
landscape 

The conversion of agricultural lands that are grassland habitats into solar-developed areas 
is rapidly increasing in New York State. There has been a decline of grassland habitat and 
birds, partly due to farm abandonment and the return of agricultural lands into forests. As 
grassland habitat declines and solar development expands, winter surveys are essential 
for understanding non-breeding habitat needs. I examined how winter raptors use four 
habitat types: protected grasslands, working grasslands, solar sites, and solar-adjacent 
areas across New York. I focused on the northern harrier (Circus hudsonius) and short-
eared owl (Asio flammeus) because they are state-listed and their wintering habitat is 
protected by regulation. Our research questions focused on the abundance and richness 
of wintering avian community, then look more detail into raptor groups, between habitat 
types, and whether solar-modified habitat alters raptor behavior and activity patterns. 
 
Across 43 sites, we conducted repeated 20-minute point counts, recording species 
presence, activity, and behavior. Community-level bird abundance and richness did not 
differ significantly among land-use types, and solar proximity showed no effect. However, 
raptor responses were markedly different. Raptor abundance was statistically significantly 
57% lower in solar sites and 50% lower at solar-adjacent areas relative to protected 
grasslands. Northern harriers and short-eared owls showed even stronger responses: over 
90% statistically significant lower abundance of these species in solar and solar-adjacent 
areas compared to protected grasslands. Behavioral analyses showed similar behavior of 
raptors between habitat types, but significantly reduced activity overall in solar and solar 
adjacent sites compared to protected grasslands. 
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These findings highlight that while overall wintering bird communities showed no evidence 
of differences in species richness and abundance towards solar-developed habitat, winter 
raptors depend strongly on high-quality open grasslands. Conservation and siting 
strategies should avoid converting high-quality grassland habitat and prioritize maintaining 
or improving dedicated mitigation grasslands. 

Kurt Hansen – Environmental Consulting & Technology Inc.: REWRF supported avian use study 
within midwestern utility-scale solar sites 

I am going to share preliminary results from the first field season of an industry/academic 
partnership between ECT and Michigan State University, funded by REWRF (the Renewable 
Energy Wildlife Research Fund), to evaluate avian diversity and habitat use at Midwestern 
utility‑scale solar sites using acoustic recorders. The project also aims to demonstrate 
how consulting firms, site operators, and universities can collaborate to expand ecological 
research capacity. 
 
Our study incorporates four solar sites across three states, all three to five years 
post‑vegetation establishment. Acoustic recorders were mounted on low‑profile posts to 
minimize interference with operations. We paired acoustic monitoring with vegetation 
surveys, management documentation, and site characteristics to link avian detections to 
habitat conditions. 
 
Early results show consistent use of solar sites by grassland bird species, including several 
of grassland species of conservation concern, such as the eastern meadowlark (Sturnella 
magna) and bobolink (Dolichonyx oryzivorus), and near-threatened species such as the 
cerulean warbler (Setophaga cerulea). Our research provides actionable insights to inform 
siting practices, impact avoidance, vegetation management, seed mixes, and long‑term 
habitat planning. Just as importantly, the project demonstrates the value of solar facilities 
that grant access to researchers, standardized field protocols compatible with 
commercial operations, and collaborative funding mechanisms like REWRF. This model 
enhances both scientific understanding and industry decision‑making, enabling solar 
facilities to function as productive habitat while delivering renewable energy. 

Audience Questions & Speaker Response/Discussion 

(for Hall Sawyer) Do you have any insight into predator detection inside solar sites versus 
outside? 

Hall Sawyer: Predators were detected both inside and outside facilities, including ravens, 
raptors, and mesocarnivores. Whether solar sites provide predator avoidance benefits for 
grouse is still undetermined, but predators are definitely present inside facilities. 
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(for Deron Lawrence) Does the distance from burrows to panels or fences affect owl 
occupancy or nest success? 

Deron Lawrence: We didn’t test that directly. Burrows ranged from tens of meters to 50–60 
meters from fences. Other studies show owls are extremely adaptable, sometimes 
burrowing right next to fences. Once acclimated to disturbances such as kids throwing 
rocks or dogs, owls may either tolerate or abandon sites depending on conditions. More 
data is coming in a large upcoming publication.      

(for Trifosa Simamora) Were solar sites large enough to meet the area requirements of the 
raptor species studied? 

Trifosa Simamora: Yes. Sites were at least 20–25 acres. We also included working and 
protected grasslands. To survey effectively, it’s important that the species of interest are 
actually present in the area. 

(for Lee Walson and Ethan Royal) Could microphone height or panel reflections result in 
double-counted bird calls? 

Lee Walston: We considered this early on. European studies informed our approach, 
placing recorders offset from panels or in open areas to reduce sound reflection. 
Reflections are still possible but significantly reduced. 
 
Ethan Royal: We used the same strategy. Research on bats shows panel height affects 
detection depending on animal flight height. Bats rarely fly under panels, so reflections 
matter less for them than for birds, though detection rates can still be depressed. 

(for Lee Walston and Ethan Royal) What were the recorder heights for bat monitoring? 

Lee Walston: We used tripods with a height of 6-8 feet.    
   
Ethan Royal: We initially used garden posts at 3–4 feet, but later revised the setup. 

(for Lee Walston) What landscape covariates were most influential? 

Lee Walston: Tree cover within 500 meters (same buffer used throughout the study) and 
latitude were strong predictors. We controlled for these landscape covariates to isolate 
treatment effects. 

(for Kurt Hansen) Did you find any important bird results? Do patterns match other studies, 
and what seems to drive them? 

Kurt Hansen: Yes, results are similar to other studies. One study site overlaps with 
Argonne’s data collection, so the comparison will be insightful. Vegetation within the 
recorder’s detection radius, species composition, mowing frequency, and invasive plant 
abundance all likely play roles. We are analyzing Year 2 data and hope to publish in early 
2027. A key emerging finding is substantial use of solar areas by grassland birds, a group 
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that is declining rapidly. Ecovoltaics may help restore habitat and support soil resilience 
alongside agrivoltaics. 

(for Deron Lawrence) Were there pre-construction surveys for owl occupancy or burrow 
availability? 

Deron Lawrence: Yes. There were no owls present before the project. Habitat analysis 
indicated suitability, but actual burrow density was low, and was insufficient to support the 
planned translocations. No formal burrow survey was performed, but a few existed onsite. 

(for Hall Sawyer and Kurt Hansen) Do solar panels generate heat that could attract grouse? 

Hall Sawyer: Panels do dissipate some heat, but winter shelter under the panels is likely 
more relevant. 
 
Kurt Hansen: Past concerns about heat effects were overblown. One commonly cited 
sentence noted slight heat increases directly above panels, but the full study showed the 
effect disappears within a few feet. Misinterpretations like this require careful clarification.      

(for Trifosa Simamora) How does vegetation cover differ onsite versus offsite comparison 
areas? 

Trifosa Simamora: Vegetation management varies. Some sites use herbicide, others 
mowing. It will be interesting to analyze whether species use is driven by vegetation, 
habitat structure, or both. Small mammals may also be drawn to these sites, influencing 
predator presence. In winter, species like snow buntings shelter under panels where snow 
is 2–3 feet deep, taking advantage of remaining grass and litter.      

(for Hall Sawyer) Could solar sites offer grouse refuge from predation in winter? 

Hall Sawyer: No. Most predation occurs on nests during breeding season. In winter, grouse 
are highly mobile, and we see no evidence of solar sites providing predation refuge. 

(for Deron Lawrence) As a REWRF (Renewable Energy Wildlife Research Fund) member, can 
you clarify REWRF’s role in your study? 

Deron Lawrence: REWRF was not involved in this study. The study was self-funded by 
Longroad.      

(for Trifosa Simamora) How did you account for differences in detection probability among 
treatments? 

Trifosa Simamora: We avoided surveys during heavy snow or strong winds to keep 
detection probability consistent. We also accounted for position, visibility, and viewshed. 
Longer point counts (20 minutes vs. 5 minutes) improve detection. We calculate 
species-specific detection probabilities and analyze survey power accordingly. 
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(for Trifosa Simamora) Did you observe temporal changes in abundance or occupancy over 
time? 

Trifosa Simamora: Yes. At the community level, we saw more individuals in winter 2024 
compared to 2023. Winter 2024 was less severe, and factors like weather, snow cover, and 
vegetation likely contributed. It’s unclear whether the difference is significant or due to 
chance. We will continue analyzing these patterns. 
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Session 5: Exploring the Buzz on Solar and Insect Habitat 

This session explored the ecological outcomes, regulatory landscapes, and conservation 
strategies surrounding insect communities on PV solar facilities. Speakers within this 
session summarized their research on vegetation-solar interactions and the subsequent 
response of the onsite insect community across ecovoltaic sites in the Midwest and 
California. Additional topics included the legal implications of species listings, the 
development of Section 7 conservation strategies, Habitat Conservation Plans (HCPs) and 
Conservation Benefit Agreements (CBAs), plus practical approaches for balancing habitat 
creation with operational needs.  
 
Moderator: Erin O’Shea – Director of Environmental Affairs, EDP Renewables 
 
Speakers:  

• Yudi Li – Postdoctoral Scholar, University of California – Davis 
• Stephanie Murray – PhD Candidate, University of Dayton.  
• Heidi Hartmann – Program Manager, Argonne National Laboratory  
• Bethanne Bruninga-Socolar – Consulting Biologist, Western EcoSystems Technology, Inc. 
• Dan Salas – Director, Sustainable Landscapes Program, University of Illinois Chicago 

Energy Resources Center. 

Yudi Li – University of California - Davis: Enhancing biodiversity conservation on solar energy 
projects in California’s Central Valley through ecological restoration 

The rapid expansion of ground-mounted photovoltaic solar facility (GPV) has sparked 
tremendous opposition from the public, which poses a challenge for broader deployment 
worldwide. I am studying how ecological restoration within GPVs can help address these 
concerns by creating multifunctional, biodiverse landscapes.   
 
My focus is on a 13-MW GPV at UC Davis, where we implemented a native prairie 
establishment designed through multi-criteria seed mixture selection process 
emphasizing native provenances, pollinator values, and ecosystem services. We 
established 30 pilot plots spanning shaded and unshaded microhabitats imposed by PV 
panels, totaling 0.3 acres.  
 
By the second year post-restoration, 22 of 26 seeded species successfully germinated, 
achieving over 60% ground cover that helped suppress erosion and weed invasion. Panel 
shading not only significantly reduced plant abundance and species richness, but delayed 
phenological transitions by up to four weeks, potentially extending seasonal resources for 
pollinators. It further lessened mortality of even some sun-loving plants during extreme 
summer heat.  
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We also encountered several challenges. Small-seeded perennials such as milkweed 
(Asclepias sp.) and yarrow (Achillea sp.) performed poorly, likely due to compacted soils 
and the limitations of broadcast seeding. Some species exceeded panel clearance height, 
increasing the risk of shading on solar modules and requiring additional maintenance to 
prevent energy losses. Low-stature species with summer productivity were often 
commercially unavailable, highlighting the need for early collaboration with local 
nurseries.  
 
We concurrently monitored pollinator communities using transect walks, aerial netting, 
and pan traps, documenting nearly 5,000 individuals. Restored plots supported 40% and 
22 times greater floral richness and cover, respectively, translating into sixfold increases of 
pollinator species diversity, particularly among native bee specialists.   
 
However, panel shading did not induce significant in pollinator populations, likely because 
the floral composition was not sufficiently distinctive between the two microsites. 
Pollinator visitation to invasive broadleaves was dominated by honey bees (Apis mellifera; 
72%) and was much higher in the morning than afternoon when their small inflorescences 
began to senesce.  
 
Overall, prairie restoration at GPVs can transform degraded land into functional habitat, 
boosting floral and pollinator diversity. Fine-scale, tailored design and long-term adaptive 
management are crucial to success. We are scaling up this work across the full facility to 
refine best practices and build one of the world’s largest ecovoltaic demonstration sites.  

Stephanie Murray – University of Dayton: The grass is greener on the underside: do solar 
panels create refuge for insects in Central California? 

Most of my work has been in the Midwest, where there is high humidity, year-round 
precipitation, and plants are limited by sunlight. This study took place at Topaz Solar Farm 
in Central California, which is a precipitation-limited system where plants benefit from 
panel induced shading and moisture retention. The solar facility is 500 MW, and upon 
construction in 2015 was seeded with native vegetation which is managed using rotational 
sheep grazing. Prior plant research at Topaz Solar Farm shows reduced diversity under 
panels early in the year but strong greenness, productivity, and delayed phenology in late 
spring, supporting the “aridity mitigation potential” hypothesis. The focus of this study 
extends beyond the pollinators and instead focuses on how prominent herbivorous insects 
(i.e., Hemipterans and Orthopterans) respond to microhabitats created by utility scale 
solar arrays in arid regions. 
 
I surveyed for insects at Topaz Solar Farm in May 2024 using sweep netting in reference 
areas and aisles between panels. I quantified order level diversity, identified Hemiptera 
families, and measured grasshopper morphometrics and developmental stages, 
supplemented by DNA barcoding. 
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Structural and functional plant diversity was lower under the solar panels compared to in 
the aisles and reference sites, however plant greenness (i.e., NDVI - Normalized Difference 
Vegetation Index, and water content) was higher under the panels in late spring. In 
contrast, insect order diversity was higher within the array than in reference plots, likely 
driven by greener vegetation in May. Community composition differed substantially, with 
Hemipterans (true bugs, especially leafhoppers) dominating the reference habitat, 
potentially reflecting host plant availability and heat tolerance. Grasshopper body size and 
developmental stages showed delayed phenology within solar sites. Individuals within the 
array were smaller and in earlier stage instars, compared to those in reference plots. 
Potential phenological delay may be linked to microclimate but requires species level 
confirmation to rule out community composition effects. DNA sequence results were 
recently received but have not yet been analyzed. 
 
The greater insect diversity and smaller, less developed grasshoppers suggest that solar 
array microhabitats may create an ecological refuge for some insects in arid regions. 
Multiple years of data are needed to more definitively understand phenological dynamics 
and ecological implications.  

Heidi Hartmann – Argonne National Laboratory: Insect community responses to ecovoltaic 
solar energy development in the midwestern united states 

Today, I will present an update on a project for which we presented preliminary data at this 
conference two years ago. We are studying how insect communities respond to 
pollinator-friendly vegetation at solar facilities across the Midwest, drawing on multiple 
years of monitoring from the “Inspire” project in Minnesota and the “Phase” project across 
Illinois, Indiana, Michigan, and Wisconsin. Sites vary in size from 3 to 100 MW, and in the 
proportion of pollinator habitat, ranging from 5 to100% pollinator seed mixes. We wanted 
to learn whether pollinator abundance and diversity increases over time with 
establishment of habitat at solar facilities, and whether insect abundance, richness, and 
diversity differ by vegetation treatment. 
 
Using standardized Xerces Society transect surveys, we quantify pollinator abundance and 
diversity relative to habitat quality. Earlier analyses showed strong increases in pollinator 
abundance (fivefold for native bees and threefold overall) during the first four years 
post-planting. Including two more years of data shows that these gains plateau but remain 
significant. 
 
We assess floral quality using the Floristic Quality Index (FQI), vegetation height, and 
flower abundance. All of these metrics correlate with pollinator abundance, and floral 
quality increases with time since planting, though note that we have only conducted these 
surveys over the last 3 years.  
 
Across habitat types, native prairie supports the highest pollinator abundance, followed by 
high-diversity solar plantings. However, even lower-diversity mixes dominated by grasses 
and clovers provide meaningful pollinator support, and solar-site plantings outperform 
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agricultural controls such as soy fields. Excessive midsummer mowing reduces habitat 
function, and effective invasive-species management is essential. 
 
Ongoing monitoring through 2026 will further clarify how restored vegetation at solar 
facilities contributes to regional pollinator conservation and ecosystem function.  

Bethanne Bruninga-Socolar – Western Ecosystems Technology, Inc.: Pollinator habitat in 
solar facilities has potential to support high diversity of bee species  

I am going to discuss how pollinator habitat can support a high diversity of bees, building 
directly on the work Heidi just presented. It is important to understand which bee species 
are doing well at solar facilities, but species-specific bee diversity data is expensive and 
time consuming. A major goal when we think about pollinator habitat is to support 
pollination services both at the solar facility and across the landscape. I explore which bee 
species benefit from pollinator habitat at solar facilities and how species-level information 
can inform goals around pollination services, biodiversity, and conservation. While 
increases in native bee abundance at restored solar sites are well documented, we often 
lack data on which species are thriving. This is critical for understanding functional 
pollination, redundancy, and potential interactions with threatened species. 
 
Pollination effectiveness depends heavily on species composition, not just abundance. 
Most bee communities consist of a few common species and many rare ones, and the 
number of species needed to maintain pollination rises over multiple years due to 
fluctuations in bee populations. Spatially, different sites only miles apart can rely on 
distinct sets of bee species for pollination, underscoring the importance of species-rich 
communities. 
 
To estimate how many bee species solar plantings might support, I conducted a modeling 
analysis using 14 focal plant species known to establish reliably in Upper Midwest solar 
facilities. Using a large Minnesota bee/plant interaction dataset and a bee-richness 
function I developed in earlier work, I found that these 14 plant species alone could 
support 122 bee species, or about 24% of Minnesota’s native bee fauna, including 11 
bumblebee species. 
 
These data show that even a limited but well-chosen set of native plants can sustain 
substantial bee diversity. However, advancing solar-habitat design will require clear goals 
from the solar industry regarding pollination services. We will need more species-specific 
data, longer-term studies, and we should continue leveraging lessons from restoration 
ecology and pollination science. 

Dan Salas –University of Illinois Chicago Energy Resources Center: Finding the bee line: 
pollinator conservation in a changing policy landscape 

Many solar development and wildlife stakeholders want pollinators to thrive at solar 
facilities. As habitat loss intensifies and species face growing extinction risk, the solar 
energy industry is under pressure to support biodiversity while navigating complex and 
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uncertain regulatory landscapes. On the ground, this can include emerging state-level 
authority over insects and pending federal ESA (Endangered Species Act) listings for 
species such as the monarch butterfly and some bumblebee species. The industry faces 
major challenges: federal actions are restricting agency coordination, reduced agency and 
industry capacity, court-mandated deadlines are driving species reviews, and proposed 
changes to the ESA. This changing environment increases approval delays, litigation risk, 
and uncertainty for developers and investors. How do we plan for current and future 
decisions in this environment? Like bees adapting to their changing landscape, we have to 
find the beeline: the optimal path that is resilient to change. 
 
To do that, I encourage proactive, flexible strategies. At the site level, this may include 
minimizing regulatory triggers that can simplify permitting and avoid delays. Adapting 
vegetation plans can reduce risk, but must balance ecological value with operational 
constraints. At the company level, partnerships are essential. Investment in research and 
implementation with researchers, conservation groups, and state and federal agencies 
collaboration builds credibility, adds capacity, and supports long-term goals. Section 10 
conservation plans, such as Habitat Conservation Plans (HCPs), Conservation Benefit 
Agreements (CBAs), and emerging ideas like Section 7(a)(1) cooperative programs, offer 
pathways to landscape-scale conservation. Conservation programs like the Monarch 
CCAA and forthcoming Bumble Bee CBA provide easy-to-adopt solutions and provide 
regulatory predictability while advancing habitat goals. 
 
Our current social and political climate necessitates reconsideration of how we approach 
conservation under the ESA. We must emphasize programmatic solutions over individual 
plans or permits and explore alternatives. We should consider industry-scale programs, a 
general-permit-style approach for take permits, where appropriate, and build other 
creative solutions. The current barriers create opportunities to strengthen partnerships 
and prepare for future changes. In working together in partnership, we can “find the 
beeline”: the most effective path through uncertainty toward durable conservation 
outcomes.  

Audience Questions & Speaker Response/Discussion 

(for Yudi Li) Did you experience challenges with vegetation establishment or fire risk? 

Yudi Li: Yes. Early establishment was difficult, especially because the site, owned by UC 
Davis, banned herbicides, limiting control of noxious weeds. Mowing and grazing were not 
effective. At larger scales, we now rely on mowing three times per year with some targeted 
weed-whacking, though this is costly. We continue working to balance cost, biodiversity, 
and regulatory needs. Fire risk is a concern in the western U.S., but our native vegetation 
tends to be lower-growing and more adapted to microclimates than tall, aggressive weeds, 
which may help reduce fire risk. 
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(for Stephanie Murray) Is anyone testing bird diets through droppings to see how they affect 
vegetation communities? 

Stephanie Murray: I’m not aware of anyone studying bird fecal samples in solar arrays. It’s 
an interesting idea. Birds perching on solar panels often deposit seeds, which can lead to 
woody species encroachment and increased fire risk. Studying this would be useful. 
Similar questions apply to what insects are eating. We haven’t explored that yet. 

(for Yudi Li) Are there tradeoffs between native vegetation and panel soiling? 

Yudi Li: A European study suggested that some flowers with sticky surfaces can adhere to 
panels, raising interesting questions about tradeoffs between native vegetation benefits 
and potential soiling impacts. 

(for Heidi Hartmann) Is there a relationship between the proportion of pollinator habitat at 
solar facilities and insect abundance or diversity? 

Heidi Hartmann: Our research doesn’t quantify the percentage needed. We studied 
vegetation types present and assume that higher-diversity habitat would support greater 
insect abundance and diversity. But we don’t yet know how much is required. Designing an 
experiment to test this would be valuable. 

(for Bethanne Bruninga-Socolar) To what extent do native bees support crop pollination, and 
what is the value to farms? 

Bethanne Bruninga-Socolar: Increased pollinator abundance near crops generally boosts 
crop pollination, but we don’t have research quantifying the degree of spillover from solar 
sites. It’s a promising area for future PhD work.  

(for Dan Salas) Is there existing data on pollination services for crops? 

Dan Salas: Yes, data on soybeans shows about a 6% increase in yield and bean size due to 
pollinator services. But much more research is needed.      

(for Everyone) Thinking back to yesterday’s panel on state-level guidelines, should insects 
require different guidelines or considerations compared to other taxa? Are there risks of 
attracting threatened or endangered species? 

Dan Salas: In general, once vegetation is established, many insects will come regardless. 
For most pollinators (unless they are highly specialized), it’s difficult to tailor vegetation to 
exclude them. Tools exist (e.g., like USFWS guidance) to help determine when species 
presence is “reasonably certain.” Concerns like avoiding milkweed to prevent monarch 
attraction are understandable but complicated, because species will often use sites 
anyway.      
 
Bethanne Bruninga-Soclar: For declining generalist pollinators like bumblebees, habitat is 
the biggest factor. They can thrive even in degraded areas. Pollinator habitat in solar 
facilities is clearly beneficial. The worst outcome would be not planting habitat due to 
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regulatory fear. Regulatory approaches should evolve to support, not inhibit, habitat 
creation.      
 
Heidi Hartmann: There should be mechanisms to reward habitat creation for at-risk 
species.   
    
Stephanie Murray: Guidelines should ensure successful establishment. Nesting habitat 
matters. Landscape context matters, such as whether arrays are surrounded by forests, 
public lands, or monocultures. This needs more research.      
 
Yudi Li: I’ve reviewed many vegetation management plans. Seed mixes, microclimates, 
perimeter habitat, and stormwater basins should be considered. Most developers want 
one seed mix, but multiple mixes would be better. Some plant hedges for screening, 
though woody vegetation can increase fire risk and cost. Long-term monitoring is often 
insufficient. Honeybee hives can also compete with native pollinators. 

(for Everyone) What is your favorite insect found at solar facilities? 

Yudi Li: I’m a generalist, I love them all. 
 
Stephanie Murray: Dogbane beetles (Chrysochus auratus): beautiful, especially in 
native-grass arrays. 
 
Heidi Hartmann: Hoverflies (Syrphidae): tiny but incredibly useful. 
 
Bethanne Bruninga-Socolar: Melissodes maculatus (two-spotted long-horned bee): a 
small, all-black, gorgeous bee with fuzzy legs and white edging. 
 
Dan Salas: Bombus species (bumblebees), and monarch butterflies. I love watching 
bumblebees forage; they’re big, burly, and fun to observe.      
 
Heidi Hartmann: We often focus on solar benefits to ecosystems, but there may also be 
negative impacts. Soil-emergent arthropods may be harmed by soil compaction, and 
raptors may not be able to use facilities effectively. These areas need more research. 
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Session 6: Engagement and Local Policy-making 

As utility-scale solar continues its rapid expansion into new geographies and project sizes 
grow ever larger, communities are increasingly raising questions about how solar 
development might impact wildlife. In this session, speakers will discuss tools and policies 
being developed to help identify both potential and actual wildlife impacts, which can be 
incorporated into community engagement. Speakers will also discuss how wildlife 
concerns are manifesting in local policies. 
 
Moderator: Sarah Mills – Director, Center for EmPowering Communities, University of 
Michigan 
 
Speakers: 

• Sarah Mills – Director, Center for EmPowering Communities, University of Michigan 
• Claire Burch – Scientist, Olsson  
• Kelly Biscoglia – Graduate Student, University of Michigan. 
• Liz Kalies – Lead Renewable Energy Scientist, North America Region, The Nature 

Conservancy 

Sarah Mills –University of Michigan: The curious case of deer and solar fencing 

Today, we’ll discuss the curious case of deer (Odocoileus sp.) and solar fencing, or why 
community engagement and wildlife research are so important to policymaking. 
Michigan’s Wildlife Conservation Order restricts continuous fencing higher than 52 inches 
unless the land is zoned as industrial or considered a dangerous facility. Solar energy is 
usually on agricultural land, so most solar farms technically violate these limits, but it only 
becomes a real issue when deer enter the facility and cannot leave. Deer can be a 
developer’s nightmare: under state rules, deer are a public-trust resource, and 
“entrapment” (i.e., when a deer gets stuck inside a solar facility) triggers both legal liability 
and the need to physically remove the animal, often with sharpshooters. 
 
This issue surfaces frequently in local policy debates. Hunters want fencing that allows 
deer movement; residents worry about increased vehicle collisions if fences redirect deer 
toward roads; and farmers fear more crop damage if deer are excluded from solar arrays. 
Public preferences are inconsistent: some people want aesthetically pleasing fencing, 
others want minimal fencing, and many advocate for wildlife corridors without clear 
evidence that deer would use such corridors. 
 
To help local governments, we need solid research on how deer interact with solar 
facilities and fencing. How does fence height and design affect deer behavior? Are deer 
inside solar arrays truly “entrapped” or just lingering? Would Best Management Practices 
(e.g., taller fences, escape ramps, or modified code requirements) reduce conflicts? How 
would communities perceive various fencing solutions? There is almost no empirical 
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research on deer and solar fencing because deer are not a conservation-priority species. 
Without better information, local governments are left guessing when writing zoning 
ordinances. My goal is to clarify the questions that need research so policy can be 
grounded in real wildlife and community behavior.  

Claire Burch – Olsson: County concerns in writing: how perceived environmental impacts of 
solar energy translate to county requirements and restrictions 

Environmental concerns are a leading cause of delays and cancellations of renewable 
projects. I reviewed 421 counties across Iowa, Kansas, Nebraska, Minnesota, and Illinois 
to identify trends in environmental requirements in local solar ordinances. Of those, 177 
counties have a solar ordinance, and 109 include environmental provisions, though their 
specificity varies widely. These ordinances range from 2013 to recent months, and updates 
are inconsistent. Seventeen counties currently have a moratorium on solar energy 
development. 
 
Setbacks are the most common requirement, especially from conservation lands, 
wetlands, rivers, and unique local habitats. Minnesota prioritizes setbacks from wetlands 
due to state protections; Kansas prioritizes prairie and grassland ecosystems like the Flint 
Hills; Iowa and Illinois often incorporate recommendations from state agencies or NRCS. 
Soil provisions focus primarily on topsoil protection and erosion control rather than soil 
health for vegetation. Illinois counties sometimes require pre-construction soil borings, a 
provision that spread widely to ordinances of other jurisdictions through copy and pasting. 
Vegetation rules tend to emphasize native seeds, pollinator habitat (especially in IL and 
MN), limits on tree removal, and/or prairie restoration (especially in KS). 
 
Wildlife requirements are surprisingly minimal. Most counties defer to state agency 
consultation, occasionally requiring wildlife monitoring or mitigation plans, or avian 
studies. Only a few require mortality monitoring or natural resource inventories. 
Wildlife-friendly fencing appears infrequently despite regional concerns about deer. 
Decommissioning language is generic and is usually focused on restoring soils and 
vegetation. 
 
Newer ordinances are usually more specific. Provisions often proliferate to new counties 
through the practice of copying and pasting language from the state or neighboring 
counties into local ordinances. This copy-paste dynamic means good information can 
spread quickly, but so can ambiguous or outdated requirements. Ensuring counties have 
access to accurate, science-based guidance is critical because their ordinances shape 
regional expectations and project feasibility. 

Kelly Biscoglia – University of Michigan: Leveraging policy and community engagement to 
promote deployment of utility-scale solar on disturbed lands 

Our team studies the responsible deployment of utility-scale solar, with a particular focus 
on brownfield siting opportunities. This project is a collaboration between six University of 
Michigan master's students and the National Wildlife Federation. Research draws on a 
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literature review including state-by-state policy comparisons, expert interviews with 
specialists in policy, ecology, development, and community engagement, and 11 case 
studies spanning diverse regions, states, and land types. 
 
Across all three research streams, one theme emerges consistently: a significant 
perception gap between environmental groups and solar developers around brownfield 
feasibility. 
 
Environmental groups tend to view brownfields as ideal for solar development; sites where 
energy infrastructure can be built without sacrificing farmland or intact habitat. They 
prioritize avoiding impacts to sensitive species and habitat corridors and see brownfield 
redevelopment as an obvious win. Solar developers, however, often avoid brownfields due 
to technical and social factors. Most brownfield sites are small (averaging 5–15 acres), 
making it difficult to achieve the economies of scale commercial solar requires. 
Transmission access is frequently limited or mismatched to project needs. Cleanup 
requirements and liability concerns add cost and legal risk, and most developers are either 
unaware of existing liability protection programs or find them too cumbersome to use. This 
disconnect produces conflict, delays, and wasted resources on both sides.  
 
Four approaches can help close this gap. First, early and authentic communication 
between developers and environmental groups during the design process allows each side 
to understand the other's constraints and identify workable solutions. Second, state 
programs that prioritize renewable energy in brownfield cleanup can remove early-stage 
hurdles; New York's Build-Ready program and Michigan Department of Environment, Great 
Lakes, and Energy's Brownfield Renewable Energy Pilot Program offer interesting models. 
Third, assembling clusters of smaller brownfields, whether for combined solar arrays or 
paired solar and battery storage, can help developers reach the economies of scale 
needed for grid connection. Fourth, expanding the definition of eligible sites to include 
other degraded lands (such as PFAS-contaminated (per- and polyfluoroalkyl substances) 
farmland, salt-contaminated agricultural areas, and water-scarce regions) can broaden 
the pool of feasible options. 
 
Bridging this perception gap stands to reduce litigation, enable more coordinated 
brownfield development strategies, and build more productive collaboration between 
stakeholders who ultimately share the same environmental goals. 

Liz Kalies – The Nature Conservancy: Site Renewables Right: refreshing siting guidance for 
renewable energy deployment 

I present an advance look at the upcoming expansion of The Nature Conservancy’s 
renewable energy screening tool (currently named Site Renewables Right tool 14), which is 

 
14 Site Renewables Right tool: https://www.nature.org/en-us/what-we-do/our-priorities/tackle-climate-
change/climate-change-stories/site-wind-right/  

https://www.nature.org/en-us/what-we-do/our-priorities/tackle-climate-change/climate-change-stories/site-wind-right/
https://www.nature.org/en-us/what-we-do/our-priorities/tackle-climate-change/climate-change-stories/site-wind-right/
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scheduled for release in mid-2026. We’re moving from a Midwest wind/solar map to a 
nationwide (all lower 48 states) platform incorporating conservation, climate, and 
community data (the “three Cs”) framework for a clean, green, equitable transition. The 
tool is designed as an early screening resource to identify potential conflicts for renewable 
energy development before they cause costly delays. 
 
The conservation data provided supports projects that seek to go beyond compliance. The 
tool will retain its familiar layers, such as protected lands, sensitive habitats, and species 
concerns, but it will add clearer categories for highly versus moderately sensitive areas. 
We’re also integrating degraded land opportunities by identifying potential development 
sites on brownfields, former mine lands, and abandoned agricultural land. These layers are 
not ground-truthed and don’t guarantee feasibility but highlight areas likely to pose fewer 
ecological conflicts. 
 
We’re adding new technology considerations, including floating solar and potentially 
exploratory work on geothermal siting and lithium recovery opportunities. 
 
Another new addition is the community component. We have worked directly with 
community experts and Indigenous-owned consultants to help us determine what 
information should be shown and how. This information may include data on energy 
burdens, pollution exposure, or other indicators that help developers understand the 
community context. We will also be providing information about best practices for 
engaging communities and Tribes and sharing benefits equitably. In addition, we are 
working with WattTime and the University of Illinois to develop a new tool that will allow 
users to see how a hypothetical wind or solar project could offset emissions and improve 
air quality-related health outcomes. 
 
The overarching goal is not to be prescriptive about where to build renewable energy, but 
rather to surface potential conflicts early, support transparent discussions, and help 
industry, state, and local decision-makers, and communities make better-informed 
decisions, all with the intention of accelerating the deployment of renewable energy. 

Audience Questions & Speaker Response/Discussion 

(for Claire Burch) How many counties relied on feedback from state wildlife or environmental 
agencies? 

Claire Burch: I don’t know. I only reviewed the ordinances themselves, not public-hearing 
records or communications. Some ordinances do build state-agency consultation into the 
process, but I can’t quantify how often it occurred. 
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(for Liz) Do solar developers actually use Site Renewables Right? Was there industry input? 

Liz Kalies: Yes. Developers use it and even asked us to expand it across the lower 48 
states. I can’t provide usage statistics, but we’ve seen siting trends improve in regions 
where the tool is available, and we consistently hear from people who rely on it. 

(for Kelly Biscoglia) How do you factor in wildlife or ecological function that might exist on 
brownfields? 

Kelly Biscoglia: We’re absolutely considering that. One of our sites had an at-risk species 
living on a landfill, and the developer and community negotiated a conservation easement 
nearby. Even abandoned mines or landfills can have sensitive ecological value, so 
brownfields aren’t automatically low-impact.      

(for Everyone) Do other industries face this level of ordinance complexity, or are communities 
singling out solar? 

Claire Burch: Other industries face similar pushback. In Nebraska, feedlots triggered 
widespread controversy and led to many county ordinances. We’re seeing similar trends 
with data centers. It may feel targeted, but renewable energy isn’t alone.   
 
Sarah Mills: Local governments often borrow ideas, like wildlife corridors, from rules 
applied to other land uses. But with solar being the “big” issue now, communities 
sometimes pile on extra protections. I encourage consistency across industries.      

(for Everyone) How do you distinguish legitimate wildlife concerns from attempts to block a 
project? 

Kelly Biscoglia: Through collaboration and listening. Take time to understand what people 
actually care about.      
 
Claire Burch: Get to know the local landscape and connect with community leaders, 
churches, environmental groups, and active residents. They help you read the room. 
Unexpected new concerns may signal something else is going on, but don’t assume any 
concern is insincere. Use local knowledge. 

(for Everyone) How do you manage technical jargon when speaking to communities? 

Sarah Mills: I test my explanations on my own family. If my dad’s eyes glaze over, I know 
I’ve gone too technical. Most people don’t understand p-values or risk percentages, so 
speak in real-world language. Be honest when uncertainty exists; most answers aren’t 
absolute. Every energy option has trade-offs, so frame discussions around what matters 
most to the community. 
 
Liz Kalies: This is exactly why we build visual tools! Maps make scientific information 
accessible. 
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Claire Burch: If you don’t feel equipped to translate technical information, it’s fine to bring 
in someone who can. You don’t have to be the translator yourself.    

(for Liz) How does the 3Cs effort overlap with the REPP standard? 

Liz Kalies: REPP provides procurement guidance that aligns with the 3Cs. There is definite 
overlap. We want our guidance to be consistent so the industry can adopt and codify these 
principles.      

(for Everyone) Does wildlife risk factor into tools that incorporate Tribal partnerships or 
Traditional Ecological Knowledge? 

Liz Kalies: We considered adding human-resilience risks like flood or fire, but since this 
isn’t a regulatory tool, we’re not planning to go that direction right now.    
   
Claire Burch: Tribal engagement is essential. In Oklahoma, for example, the Alliance for 
Tribal Clean Energy provides excellent resources and plays a major role in the siting 
conversation.      

(for Claire Burch) What data gaps most limit informed local decision-making? 

Claire Burch: There are strong organizations such as Siting Clean Collaborative and 
GreenLight America, working directly on project siting. Developers and researchers should 
check in with them more often; they know what information communities need. One of the 
biggest gaps is simply getting the right research into the hands of county officials. Counties 
need reliable, accessible information, and more engagement with groups like the National 
Association of Counties would help bridge that gap.  
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Session 7: From the Ground Up: Soil Stabilization 
following Buildout 

Building large, ground-mounted PV solar facilities can require significant land conversion, 
impacting existing soil and vegetation. In this session, speakers shared research on both 
vegetative and non-vegetative soil stabilization methods across the country and discussed 
lessons learned from various stabilization practices. 
 
Moderator: Brian Scott – Postdoctoral Scholar, Arizona State University 
 
Speakers: 
  

• Brian Scott – Postdoctoral Scholar, Arizona State University 
• Ed Kavazanjian – Regents Professor, Arizona State University  
• Ana Heredia Velasquez – PhD Student, Arizona State University 
• Matt Bowker – Professor, Northern Arizona University 
• Noah Krasner – PhD Candidate, University of California Davis 
• Tiffany Pereira – Associate Research Scientist, Desert Research Institute  
• Claire Karban – Research Ecologist, U.S. Geological Survey 

Brian Scott – Arizona State University: Opening remarks 

A central challenge for utility-scale solar facilities is that stormwater management is 
fundamentally different from managing runoff in urban environments, yet we continue 
applying urban best management practices (e.g., detention basins, diversion channels, 
engineered drainage) to landscapes where those tools create significant unintended 
erosion impacts. Solar sites in drylands can be vast, they are often cleared or heavily 
disturbed during construction, and frequently treated as if the panels themselves are 
impervious surfaces. These approaches force runoff into artificial channels that rapidly 
become erosional hotspots. When we cut channels into unconsolidated desert soils, we 
inadvertently create low-elevation pathways that trigger head-cutting: erosional fronts that 
march upstream, destabilizing land far beyond the engineered footprint. 
 
I show site examples where stormwater channels designed to “control” runoff ended up 
carving deep incisions, forming gullies, and requiring repeated gravel or concrete 
reinforcement that still failed to address root causes. The issue isn’t poor implementation, 
it’s that we’re using the wrong toolbox. Solar facilities aren’t cities. If we want ecological 
outcomes, we cannot treat them like asphalt landscapes. 
 
My goal is to push us toward new approaches that work with soil, vegetation, and native 
hydrology rather than against them. The panel that follows introduces emerging tools: 
biogeotechnical stabilization, bio-crust restoration, and ecological solar design, that move 
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us away from perpetual erosion management and toward long-term, low-impact 
resilience. 

Ed Kavazanjian – Arizona State University: Biogeotechnical erosion control 

Biogeotechnical erosion control is an emerging field in geotechnical engineering. This is 
part of a trend in which geotechnical engineers are looking to biology and nature for 
innovative solutions to the problems we face. We have developed a biogeotechnical 
method to rapidly stabilize granular soil surfaces using enzyme-induced carbonate 
precipitation (EICP). By harnessing the urease enzyme, which is extracted from jack bean 
(Canavalia ensiformis) and other vegetation, we trigger urea hydrolysis, generating 
carbonate ions that combine with available calcium ions to form calcium carbonate, which 
then precipitates. This creates a durable crust that mimics natural soil cementation but 
forms within 24 hours. 
 
Unlike microbe-based approaches (e.g., microbially induced carbonate precipitation, or 
MICP), which require that large microbial cells penetrate the soil, EICP uses enzymes 
small enough to infiltrate fine sands and coarse silts. The method is simple: spray a 
solution of urea, calcium chloride, urease, and a bit of powdered milk (which boosts 
precipitation) onto the soil. One application of this solution produces immediate wind 
erosion resistance. 
 
There is no real quantitative standard for how much dust generation is acceptable, but 
since the best available technology is keeping the soil wet using a water truck (typically 
using potable water), we tested EICP against that standard. Wind tunnel and field tests 
show that EICP reduces dust emissions to levels equal to or superior to fully wetted soils, 
which is a typical regulatory benchmark. We have conducted tests at several large-scale 
projects so far, including landfills, mine tailings, and solar field-adjacent test plots. We 
have demonstrated the durability of the crust for at least 180 days, even under light vehicle 
traffic. The thickness of the crust varies and depends on how the treatment solution moves 
through the soil, but is usually at least several millimeters thick. One drawback is that it 
costs more than a single application of water with a hose or water truck, but the treatment 
lasts much longer. The main environmental concern is ammonium chloride, a salt by-
product that is toxic to vegetation in high concentrations, but rainfall and other flushing 
events (e.g., morning mist) remove it rapidly. 
 
This approach drastically reduces the need for potable water and the associated water 
trucks, minimizes dust, and protects disturbed soils at solar sites without major 
infrastructure. It offers a new, fast-acting tool for erosion control suitable for large‐scale 
renewable energy development.  

Ana Heredia Velasquez – Arizona State University: Biocrusts as an ecosystem-based 
approach for erosion control in newly constructed solar farms. 

Biological soil crusts, made of cyanobacteria, mosses, and lichens, are important for 
fragile ecosystems to stabilize soil, increase soil carbon, and other nutrients. These 
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microorganisms inhabit the top layer of dryland soils and can form waving structures that 
bind soil particles together or secrete exopolysaccharides that act as glue. Biocrusts are 
fragile and can be degraded or destroyed by grazing, off-road driving, hiking, agriculture, or 
solar construction. However, we have observed that biocrusts can actually thrive under 
solar panels, possibly because the shade moderates fluctuations in temperature and 
moisture. Crustivoltaics is the use of a solar field as a nursery to make biocrust that we can 
then harvest and use to inoculate degraded areas.  
 
At a solar facility in Mesa, Arizona, we tested whether the microclimate created by solar 
panels facilitates growth of biocrust. We found significantly higher biocrust cover and 
chlorophyll content in biocrust under solar panels compared to exposed areas. A single 
square meter of cultivated crust can be reinoculated while producing enough biomass to 
restore much larger areas. 
 
Partnering with Longroad Energy, we built an Arizona Statue University class, where 
students grew biocrust, designed erosion-control plans, and delivered proposals directly 
to industry. As Ella explains, this course filled a vital training gap, helping students 
integrate research, consulting, and communication skills to link renewable energy 
operations with ecological restoration. Our work demonstrates that solar sites can 
become active restoration hubs, generating living crust that stabilizes soils both within and 
beyond project boundaries. 

Matt Bowker – Northern Arizona University: Weed-blocking biocrust sods for soil stabilization 

We want to have life under solar panels, they should not be barren. We also want 
ecovoltaics in the Desert Southwest. Having life under solar panels could provide better 
operational efficiency by protecting panels from erosion and dust, primes sites for 
ecological recovery, and improves the carbon footprint. Biocrust could be a way to get 
there, providing a living skin on the soil to hold in carbon, nutrients, water, and habitat.  
I present “biocrust sod,” a method for mass-producing living biocrust mats that can be 
rolled out like turf. Each sod unit is built on layered fabric (including a biodegradable weed 
barrier), covered with a thin soil layer, inoculated with biocrust organisms, and irrigated 
under shade cloth to encourage growth. After several months, these sods form dense 
cyanobacterial–moss–lichen communities that can be cut, rolled, transported, and 
installed immediately at degraded sites, including solar arrays. Once installed, biocrust 
sods immediately reduce dust, suppress invasive grasses, and enhance soil stability, 
microfaunal habitat, and nutrient cycling. Our tests show sods persist for at least 2 years 
(so far) in Arizona and over 6 years in Utah. Remarkably, sods do not burn under wildfire 
conditions, and so may have the potential to break grass fire cycles. 
 
You need some biocrust to seed the sod, and there are two ways to get it. You can salvage 
natural biocrust prior to a planned disturbance or cultivate a stock of biolota in a lab. 
Herbicide exposure trials show commonly used chemicals do not damage biocrust sods 
but effectively suppress invasive annuals, suggesting compatibility with solar-site 
vegetation management. 
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We are already testing sods under photovoltaic panels, and results to date confirm viability 
and performance of biocrust sods. In the future, solar farms themselves could produce 
biocrust sod at scale, turning renewable energy infrastructure into ecological restoration 
factories.  

Noah Krasner – University of California Davis: Inventorying baseline soil carbon for grassland 
ecovoltaics restoration in California’s Central Valley 

Ecovoltaics may help mitigate the impacts from solar development. I present preliminary 
results (data collection is ongoing) from one of the most detailed soil-carbon inventories 
conducted to date at a solar facility in the United States, at UC Davis’s 16-MW ecovoltaic 
research site. We are testing diverse native-grassland seed mixes to evaluate how 
restoration affects soil carbon and nitrogen over time. We are testing the soil carbon 
related to four soil treatments implemented in late 2024: a control, two different 
multifunctional grassland seed mixes, and an adjacent wheat field. Total soil carbon is 
difficult to interpret, so we use density fractionation to separate the particulate organic 
matter (POM-C) fraction from the mineral-associated organic matter (MAOM-C), the 
longer-term storage pool. POM-C represents roughly 1% of soil mass but approximately 
25% of soil carbon, so tracking it is essential. Permanganate oxidizable carbon (POXC) is 
cheaper and easier to measure, making it key for accessibility in recommendations.  
We sampled shaded and interrow microsites at multiple depths down to 30 cm. Early 
results (six months post-seeding) show no major treatment differences yet for carbon or 
nitrogen. This is to be expected given the short timeframe, but we expect to develop strong 
differentiation between carbon fractions and depths.  
 
The low-cost, high-throughput proxy method (POXC, “the purple protocol”) strongly 
correlates with POM measurements. This suggests a practical, accessible way for solar 
developers and land managers to monitor soil-carbon dynamics without expensive 
fractionation. This data provides fantastic baseline data for carbon and nitrogen stocks. 
These baselines will allow detection of carbon gains, vegetation effects, and 
ecosystem-service changes as restoration proceeds over the coming years, helping to 
validate ecovoltaics as a carbon-positive land-use strategy. 

Tiffany Peirera and Claire Karban – Desert Research Institute and U.S. Geological Survey: Soil 
erosion, vegetation, and rare plant management at a novel utility-scale solar energy facility 

Demand for solar energy is expected to increase in the Mojave Desert. We report on the 
results of ecological monitoring from the Gemini Solar Project (Gemini), a 7,000-acre 
utility-scale facility in Nevada, implementing low-disturbance construction methods, such 
as overland travel and drive-and-crush instead of conventional blade-and-grade methods. 
Gemini sits on previously undisturbed Mojave Desert habitat, including for species of 
concern such as the desert tortoise (Gopherus agassizii) and three-corner milkvetch 
(Astragalus geyeri triquetrus). 
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Our focus is whether these novel methods reduce erosion and support vegetation 
persistence. We monitored wind erosion using passive sediment flux samplers throughout 
construction and operation at Gemini and at another nearby facility constructed with 
conventional blade-and-grade methods. At the conventional blade-and-grade comparison 
site, sediment flux reached approximately 200 times control levels. Low-impact 
construction methods at Gemini minimized disturbance leaving some vegetation and soils 
intact. In these areas, sediment flux increased only about 5 to10 times. This is dramatically 
lower erosion compared to blade-and-grade, indicating that minimizing soil and vegetation 
disturbance significantly limits dust production, in addition to other benefits like providing 
habitat. 
 
Vegetation and rare-plant responses were equally striking. Short-term impacts of 
construction varied by plant community and soil type, with the largest impacts to silty soils 
and low plant cover. Three-corner milkvetch persisted in the seedbank, increasing from 12 
individuals pre-construction to 93 individuals post-construction. Plants on-site were 
larger, emerged earlier, and were more fecund than those off-site. Most individuals 
occurred in the interrow spaces and not under the panels, suggesting advantageous 
moisture-retention patterns but also cautioning that under-panel areas and driplines may 
constitute a loss of suitable habitat over time. 
 
Our study demonstrates that alternative construction approaches can substantially 
reduce wind erosion and support vegetation, including sensitive species within an 
operational solar facility, offering a promising model for future utility-scale development in 
arid ecosystems.  

Audience Questions & Speaker Response/Discussion 

(for Ed Kavazanjian) Is your technology available, and what does it cost? 

Ed Kavazanjian: The methods are fully published, and anyone can read the papers. We 
missed the window to patent it. We’ve completed life-cycle sustainability analyses 
comparing EICP to magnesium chloride and to water-trucking. If you need erosion control 
for more than a week, EICP becomes cheaper than continuous watering. 

(for Ed Kavazanjian) What other impacts does the treatment have? 

Ed Kavazanjian: Very few, but I defer to Brian for ecological details. We do generate 
ammonium chloride, so we need to evaluate site-specific risk. One of my PhD students is 
modeling ammonium transport. We’re also exploring inhibitors to slow the reaction and 
optimize crust formation. 
 
Brian Scott: EICP will kill biocrust initially, but rainfall quickly flushes out the toxicity. After 
that, biocrusts grow back well, and many people are interested in combining biocrust work 
with EICP.      
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(for Ana Heredia-Velasquez and Matt Bowker) How effective are your methods for restoring 
biocrust beyond solar-panel shade zones? 

Matt Bowker: Reasonably effective at small scales. Three ingredients determine success: 
1) inoculation (adding biocrust organisms), 2) retention (preventing them from blowing or 
washing away), and 3) amelioration (removing stressors and improving resources). If you 
do those, biocrust establishes. If not, results range from partial success to total failure. 
 
Ana Heredia-Velasquez: Small-scale restoration is exactly how “Crustivoltaics” began. 
You harvest inoculum from areas slated for disturbance, grow it in a lab or nursery, and use 
it to restore degraded sites. We’re working to scale up this infrastructure.      

(for Everyone) What is the recovery period, and how long does biocrust take to grow? 

Ana Heredia-Velasquez: Under solar panels, recovery can be quick because conditions are 
cooler and wetter. With good rainfall, natural recovery can take 5–8 years; with inoculation, 
1–2 years.      
 
Matt Bowker: It depends on the method. Fragmented biocrust takes longer. We’re 
developing faster techniques: biocrust-infused pellets, “crust cloth,” moss grown on 
fabric, to accelerate establishment from decades to just a few years.      

(for Matt Bowker) Do you have a cost estimate for biocrust sod? 

Matt Bowker: Not yet, but we’re getting close. We did compare costs for weed control: 
hand-weeding costs about 10 times more than herbicide. But as a research lab and not a 
contractor, we haven’t completed a formal sod-cost analysis (though we should).  

(for Everyone) Solar arrays are huge, but erosion happens in very specific ecotones: under 
panels, outside panels, along drip lines. Can we scale treatments or do targeted applications? 

Ed Kavazanjian: With EICP, yes. Although we focus on large-area stabilization, spot 
treatment is entirely possible. 
 
Ana Heredia-Velasquez: For biocrust, begin with the areas that naturally support it (i.e., 
under the panels) rather than the drip line, where crusts struggle. 
 
Matt Bowker: You can absolutely target biocrust placement: treat the zones where crust 
will grow best or where erosion risk is highest. 
 
Noah Krasner: Seeding can also be targeted. Our students even hand-planted milkweed as 
a volunteer project that was small scale but had high community value. 
 
Tiffany Peirera: We’ll be running exactly these tests, seeing whether rare plants like 
three-corner milkvetch can establish under panels and whether those results generalize to 
other species.      
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(for Tiffany Peirera and Claire Karban) How much native seedbank do we need around a site 
for natural regeneration? 

Claire Karban: At Gemini, we had a big flush of native annuals after a wet winter in 2024. 
We didn’t reseed; everything came from the seedbank that survived construction.      
 
Tiffany Peirera: Desert seedbanks can remain viable for decades. Washes remained intact, 
and seedlings were abundant without artificial seeding.      

(for Everyone) Regarding carbon sequestration, how does carbon storage inside solar arrays 
compare to outside? Do biocrusts sequester more or less carbon than plants? 

Noah Krasner: It depends on where plants establish successfully. In California, panels 
create rain shadows, so plants may thrive more in sunny interspaces. Long-term carbon 
studies require 10+ years of data, which we don’t yet have.          
 
Matt Bowker: Per unit cover, plants fix far more carbon. But in arid regions, plant cover is 
sparse, while biocrust can cover 50% of the ground. So, total sequestration could become 
more comparable at the landscape scale, though data are limited. 
 
Ana Heredia-Velasquez: We don’t yet have clear numbers. 
 
Brian Scott: We asked Noah Krasner to address this because carbon markets could be a 
motivation for ecovoltaics. 
 
Noah Krasner: My candid view is that soil-carbon crediting at solar sites is scientifically 
difficult and risky. More importantly, ecovoltaics produce many other meaningful 
co-benefits, such as wildlife habitat, pollinators, community relationships, and Tribal 
engagement. Soil carbon is a useful ecological metric, but probably not a reliable cash 
incentive. 

(for Ella Shulte, a student present on stage for the panel) What was the coolest part of the 
class? (And it better be biocrust)? 

Ella Shulte: It actually was the biocrust! Seeing it “green up” under the microscope and 
watching the filaments move. As a geochemist, that was completely new and very cool.      
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Workshops and Lunch & Learns 

Workshop Title: Definition of success: discussions on agrivoltaics and ecovoltaics 
definitions 

Organized by: James McCall, National Renewable Energy Laboratory  
Abstract: Many US and international researchers, policy makers, NGOs, and industry 
associations are working to develop definitions for agrivoltaics and 
ecovoltaics. Sometimes these definitions overlap and sometimes they disagree regarding 
what is in bounds and out of bounds for each definition. This workshop will gather a diverse 
group of individuals to discuss merits, issues, and the next steps to inform these ongoing 
processes. 
 

Workshop Title: Ecosystem Team Science: integrating disciplinary perspectives leading to 
innovative research frameworks 

Organized by: Troy Hartley, Renewable Energy Wildlife Institute  
Abstract: The “Science of Team Science”, an emerging social science field that studies 
multi-, inter-, and trans-disciplinary research, aims to improve the integration of diverse 
disciplines and perspectives to drive innovation and solve complex societal challenges. By 
convening a variety of experts with deep knowledge in their fields and integrating their 
knowledge, effective team science leads to innovative, integrated breakthroughs and 
solutions that transcend individual disciplines. Understanding the solar farm-ecosystem 
interaction is a complex challenge, demanding perspectives from multiple disciplines. 
We will practice team science tactics, refined through funding from the National Science 
Foundation (NSF), to develop an integrated theoretical/conceptual framework for how an 
ecosystem responds and functions with the introduction of a solar farm. This workshop 
will: 

1. Introduce Team Science, including the barriers and tactics to integration 
knowledge, and apply the concepts to ecosystem convergence research. 

2. Practice visualization tactics to facilitate the integration of diverse disciplinary 
perspectives. 

3. Apply these visualization tactics to solar case studies in breakout groups. 

Workshop Title: Solar Synergy: assessing biodiversity monitoring protocols at solar 
facilities to promote data standardization 

Organized by: Andrew Wilk, Renewable Energy Wildlife Institute  
Abstract: The solar synergy workshop will bring experts and practitioners of biodiversity 
monitoring on solar facilities together to share and discuss the methods that are being 
used. This workshop will use breakout groups to generate a list of methods and tools 
currently in use for monitoring different taxonomic groups. These methods will then be 
evaluated for their practicality and scientific rigor. Finally, the workshop will have 
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participants design monitoring plans for theoretical facilities with different restrictions and 
goals. 

Workshop Title: Strategies for reducing the impact of energy development on Desert 
Thrashers and an in-depth review of the Thrasher clearance protocol 

Organized by: Chris McCreedy, American Bird Conservancy  
Abstract: The Bendire's thrasher (Toxostoma bendirei) and LeConte's thrasher 
(Toxostoma lecontei) are species of conservation concern for both state and federal 
agencies across their ranges. Recently, Bendire's thrasher has been proposed for listing 
under the Endangered Species Act. This workshop aims to provide insights into these 
species and share the Desert Thrasher Working Group's (DTWG) regional survey and 
research efforts over the past 15 years. Additionally, the workshop will discuss strategies 
to minimize the impact of energy development, review conservation management 
guidelines, and offer training on survey methods for pre-clearance assessments at 
renewable energy sites 

Lunch & Learn Title: Evolution of solar research through the Renewable Energy Wildlife 
Research Fund 

Organized by: Audrey Neubauer, Renewable Energy Wildlife Institute  
Abstract: In 2022, the Wind Wildlife Research Fund expanded into solar and rebranded as 
the Renewable Energy Wildlife Research Fund (REWRF, or the Fund). This marked the 
beginning of research into the relationships between utility-scale photovoltaic (PV) solar 
power installations and wildlife sponsored by the Fund. Four projects have been 
successfully funded and implemented. More research is on the way in 2026 and beyond 
under a new research prioritization approach that incorporates methodology from the 
Theory of Change model. Join a panel discussion to learn about the history of REWRF’s 
solar research, current research projects, and the future direction of the solar research 
program  

Lunch & Learn Title: Interactive Omni-Dynamic stewardship for wildlife conservation 
associated with solar energy projects 

Organized by: Billy Cordasco and Erin Glen, Babbitt Ranches  
Abstract: This Lunch & Learn Session introduces Omni-Dynamics, a new stewardship 
paradigm transcending traditional adaptive management by leveraging artificial 
intelligence and real-time ecological monitoring technologies. Current management 
approaches struggle to address dynamic ecological conditions effectively and are out of 
step with advances in data gathering and analysis. Babbitt Ranches, Clēnera, and regional 
stakeholders will showcase Omni-Dynamics through the 1.2 GW CO Bar Solar Project in 
Northern Arizona. Attendees will be informed on innovative concepts including "Data-
scaping," "Ecological Insight Zones (EIZs)," and "Future Impact Awareness Values (FIAVs)." 
Through engaging presentations, storytelling, and moderated discussions, attendees will 
learn about and contribute critical insights to refine this new and promising approach. This 
Lunch & Learn Session emphasizes immediate responsiveness, flexible strategies, and 
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active human participation in landscape-scale stewardship, tailored for solar developers, 
land managers, wildlife biologists, and policymakers interested in pioneering sustainable 
ecological management in solar energy projects.   
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In-Person Posters 

Abstract Number 9: When solar meets water: anticipating metal contamination risks 
from floating photovoltaics 

Presenting Author: Moreen Akomea-Ampeh  
Session/Format: In-Person Poster Presentation 
Additional Authors: Eliot Atekwana, Elliott Steele, Alex Cagle: University of California, 
Davis; Wild Energy Center; Alona Armstrong, Lancaster University; Stephen Thackeray, UK 
Centre for Ecology & Hydrology; Steven Sadro, University of California Davis; Olusola 
Ololade, University of the Free State, Bloemfontein; Fasipe Olatubosun, University of 
California Berkeley; Rebecca Hernandez, University of California, Davis; Wild Energy 
Center 
 
Abstract: Fossil fuels dominate the world’s energy sector, driving greenhouse gas 
emissions and undermining global climate change mitigation efforts. Photovoltaics (PVs) 
generate clean energy and help mitigate climate change. Typically installed on land, PVs 
often compete with agriculture and urban development due to their significant space 
requirements. Floating photovoltaics (FPVs) provide an alternative by generating clean 
energy on existing water bodies, reducing land-use conflicts. However, some FPV 
components contain metals, raising concerns about water quality risks. FPV installation is 
expected to grow rapidly worldwide, yet metal contamination at active FPV sites remains 
understudied. Given the known toxicity of metals to humans and wildlife, understanding 
whether FPVs contribute to metal contamination is critical for protecting vulnerable water 
sources. 
 
To address this knowledge gap, we examined metal concentrations in water bodies 
containing FPV infrastructure. We hypothesized that FPV host basins would exhibit higher 
metal concentrations than nearby water bodies without FPVs. We also expected these 
metal concentrations to remain within drinking water limits, as determined by the Heavy 
Metal Evaluation Index (HEI). 
 
We conducted a pilot study at two active FPV sites (SITE 1 and SITE 2) in the United States 
during summer 2022. We collected n = 15 water samples from three locations: directly 
beneath the FPV infrastructure (FPV node), more than 10 meters away from the FPV (Open 
node), and from a nearby pond without FPV (Control node). Using standardized methods, 
we analyzed the water samples for cadmium, chromium, iron, manganese, lead, and tin, 
and applied the HEI to assess overall metal contamination at these FPV sites. 
 
Iron and manganese were the most abundant metals detected at both FPV sites. At SITE 1, 
the average total metal concentration from the combined FPV and Open nodes (59.92 ppb) 
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was lower than that of the Control node (76.43 ppb). We found no consistent differences in 
metal concentrations between the FPV and Open nodes at either site. HEI values remained 
below the threshold for low metal pollution. 
 
To our knowledge, this is the first pilot study to assess baseline metal contamination at 
operational FPV sites. Key findings from this study include (1) a low likelihood of metal 
contamination from FPV components, (2) elevated metal concentrations at a non-FPV 
pond, indicating other metal sources, (3) uncertainty about factors such as water body 
morphology, hydrodynamic circulation, sediment composition, and water chemistry 
influencing metal distribution at FPV sites, and (4) the need for systematic research to 
better understand FPV-related metal contamination. Our findings informed an 
experimental framework and research roadmap to support systematic water quality 
monitoring at FPV sites. Ultimately, a thorough metal risk assessment and source 
attribution are essential for building high confidence that FPV siting does not compromise 
water quality, supporting the global expansion of FPV while safeguarding water resources. 

Abstract Number 10: Assessing biodiversity conservation planning and large-scale 
wind and solar energy development in the United States 

Presenting Author: Daphne Condon, UC Davis Wild Energy Center  
Session/Format: In-Person Poster Presentation 
Additional Authors: Nikunj Bhartia, Benjamin Narwold, Freya Robinson, Rebecca 
Hernandez: UC Davis Wild Energy Center 
 
Abstract: The accelerating expansion of large-scale wind and photovoltaic solar energy 
(LSWS) infrastructure in the United States is central to national climate goals but presents 
growing risks to biodiversity. State Wildlife Action Plans (SWAPs) are the primary state-
level instruments for biodiversity planning, outlining conservation strategies and priorities. 
Because states determine the prioritization of SWAP content, planning approaches vary 
widely. We hypothesize that this variation leads to uneven preparedness for addressing 
LSWS-related biodiversity threats and opportunities to align planning efforts. With over 40 
SWAPs due for major updates in 2025, reviewing their alignment with emerging land-use 
pressures is timely and essential. 
 
This study evaluates how SWAPs address LSWS-related ecological risks and quantifies 
spatial relationships between Conservation Opportunity Areas (COAs)—designated 
conservation priority zones within SWAPs—and LSWS development. We first conducted a 
structured content analysis of 55 SWAPs to classify perceived biodiversity threats from 
LSWS and opportunities to align planning. Next, we developed a spatial model in ArcGIS 
Pro to assess COA–LSWS overlap and proximity under five LSWS deployment scenarios: 
current (2025) and projected (2035, 2045) buildout using base and constrained land-use 
assumptions from the Net-Zero America “E+” scenario. Both scenarios exclude protected 
areas, while the constrained case also avoids prime farmland and intact landscapes—two 
key LSWS siting considerations. 
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Our results show that while over 75% of SWAPs identify at least one LSWS-related 
biodiversity threat, nearly one-third lack any conservation strategies, limiting proactive 
planning. The most frequently cited threats include bird and bat mortality, habitat loss, and 
fragmentation (n = 40, 25, 21), though 18% of plans did not mention any threats. Similarly, 
30% of SWAPs omitted planning opportunities entirely; where present, they most often 
called for additional research (n = 23), best management practices (n = 19), and low-
impact siting (n = 18). Spatial analysis reveals that LSWS already overlaps with 9,655 km² 
of COA land as of 2025, with substantial increases projected. In the 2045 base case, Iowa, 
Montana, and Illinois show the largest absolute increases in LSWS–COA overlap, while 
Michigan and West Virginia stand out as high-risk states due to significant exposure and 
limited conservation planning in their SWAPs. Notably, national LSWS–COA overlap 
expands by 10,476 km² in 2035 and 5,524 km² in 2045 under land-use constraints that 
avoid prime farmland and intact landscapes—highlighting key trade-offs for planning at the 
intersection of renewable energy development, biodiversity conservation, and agricultural 
protection. 
 
While preliminary, our findings offer critical insights for the 2025 SWAP revision cycle and 
for policymakers, conservation practitioners, and energy developers seeking to reduce 
conflict and maximize co-benefits during the energy transition. Drawing from strategies 
employed by states with strong LSWS–biodiversity planning engagement—such as 
California—we provide recommendations to enhance planning in states facing high LSWS 
growth and low SWAP readiness. Our spatial model also offers a flexible, open-access 
platform for states to evaluate LSWS overlap with biodiversity priorities using local data. 
Our findings underscore the urgent need to integrate biodiversity considerations into 
renewable energy planning, supporting decarbonization efforts that enhance long-term 
ecological resilience. 

Abstract Number 13: Evaluating the impact of solar energy development on Uma exsul 
and Uta stansburiana 

Presenting Author: Fransisco Puente, Universidad Autónoma de Nuevo León  
Session/Format: In-Person Poster Presentation 
Additional Authors: Antonio Guzman Velasco, Jose Ignacio Gonzalez Rojas: Universidad 
Autónoma de Nuevo León 
 
Abstract:  
Research motivations and objectives, including hypotheses being tested 
The rapid expansion of utility-scale solar energy projects into arid ecosystems raises 
important questions about their ecological compatibility with native desert species. This 
study aims to evaluate the responses of Uma exsul (dune lizard) and Uta 
stansburiana (side-blotched lizard) to solar infrastructure in the Chihuahuan Desert of 
northern Mexico. Uma exsul is a habitat specialist and regional endemic, whereas Uta 
stansburiana is a generalist. We hypothesize that solar energy infrastructure alters local 
habitat structure and thermal conditions, which may affect lizard distribution, activity 
patterns, and population densities—particularly in U. exsul. 
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Research setting and timeframe 
The study was conducted throughout 2023 in the municipality of Viesca, Coahuila, Mexico. 
Four sites were surveyed: Villanueva Solar (VNS), Villanueva Tres (VNT), and their 
respective expansion areas (VNSExp and VNTExp). Each site includes photovoltaic 
infrastructure surrounded by native desert vegetation. The nearby Dunas de Bilbao served 
as a reference site, representing conserved desert habitat. 
 
Methodology 
Visual encounter surveys were conducted along 38 to 42 transects within each solar 
facility and 44 transects in the reference site (Villa de Bilbao), totaling 79 to 86 transects 
per monitoring unit. Each transect ranged from 100 to 800 meters and was walked at a 
constant pace during optimal reptile activity hours. Lizards were captured using noose-
pole techniques, temporarily marked with non-toxic dorsal paint, and released after 
recording morphometric, reproductive, and habitat data. Distance sampling was used to 
estimate population densities, and diurnal activity patterns were analyzed using circular 
statistics and kernel density estimation in R (packages distance, circular, and overlap). 
 
Summary of results, indicating whether they are preliminary or final, and scope of inference 
Between 80 and 250 individuals were recorded per site, with Uma exsul comprising 70–
85% of all observations. Seasonal variation in abundance was observed, peaking in 
autumn and winter. In some sites—particularly VNTExp—U. exsul densities were 
significantly lower than those in the reference site, suggesting reduced presence or 
detectability. Activity analysis showed unimodal patterns, with peak movements during 
late morning hours. Uta stansburiana, although less abundant, displayed broader activity 
periods and similar habitat use. These results are preliminary, representing the first full 
year of monitoring, and provide a robust baseline for future long-term assessments. 
 
Management implications of the findings 
Our findings emphasize the importance of incorporating biodiversity considerations into 
the design and operation of solar energy projects. The sensitivity of Uma exsul to 
microhabitat alteration highlights the value of preserving natural vegetation buffers and 
undisturbed dune patches within solar developments. Seasonal trends in activity and 
abundance suggest that adaptive management strategies should account for temporal 
variation in species behavior. Long-term monitoring will be essential to evaluate 
cumulative impacts and inform mitigation strategies that support the persistence of native 
reptiles in transforming desert ecosystems. 

Abstract Number 23: Optimizing dual-use solar to increase ecosystem services 
(ecovoltaics): benefits and best management practices 

Presenting Author: Lee Walston, Argonne National Laboratory 
Session/Format: In-Person Poster Presentation 
Additional Authors: Jordan Martin, National Renewable Energy Laboratory; Cait Rottler, 
Western EcoSystems Technology, Inc.; Bethanne Bruninga-Socolar, Western EcoSystems 
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Technology, Inc.; Heidi Hartmann, Argonne National Laboratory; Michael P. Ricketts, 
Argonne National Laboratory; James McCall, National Renewable Energy Laboratory; Laura 
Fox, Argonne National Laboratory; Yuki Hamada, Argonne National Laboratory; Katherine 
Szoldatits, Argonne National Laboratory; Jordan Macknick, National Renewable Energy 
Laboratory 
 
Abstract: Novel dual land use designs for solar energy developments have the potential to 
synergize renewable energy generation with a variety of ecosystem services. Among these 
designs are efforts to benefit biodiversity, soil health, and agricultural services through the 
intentional planting and management of vegetation at solar sites that could provide habitat 
to insect pollinators and other wildlife (broadly termed ecovoltaics). In the relatively short 
time since habitat-focused ecovtoltaic energy designs were first conceptualized, the 
industry has seen tremendous growth and diversity in this practice, opening the door for 
research and demonstration projects aimed to develop science-based best practices that 
maximize the habitat value of solar facilities. Argonne, the National Renewable Energy Lab, 
and a variety of other solar energy research partners have spent the past 6 years examining 
the performance of different seed mixes and vegetation management methods at several 
ecovoltaic solar sites in the Midwestern U.S.. In this poster, we will highlight research 
findings, science-based best management practices, and lessons learned from years of 
habitat management at solar facilities. If done correctly, habitat-focused ecovoltaic solar 
energy projects can be an impactful nature-based solution to simultaneously achieve 
climate, clean energy, and biodiversity goals. 

Abstract Number 25: Mission transmission - routing solar energy facilitates to the grid 

Presenting Author: Alex Brazeal, HDR 
Session/Format: In-Person Poster Presentation 
Additional Authors: Lucas Wandrie, Monica Peterson, Jeff Shamas: HDR 
 
Abstract:  

• Consistent and transparent talking points – the importance of strategic 
communication 

• Early and often engagement with agencies and stakeholders 
• Participating vs. nonparticipating landowner benefits; local communities want to 

know need and benefits 
• Focus on interconnection to grid from facility 
• Permitting and biological and ecological resources – dynamics between the public, 

local, state, and federal agencies. Early attention to the alternatives analysis is 
critical 

• Establishing a technology plan and research the area resources. 
 
Routing a high voltage transmission interconnection line has, at many times, a unique, and 
sometimes frustrating process. In this poster presentation, Monica Peterson, 
Environmental Project Manager at HDR, alongside her colleagues, Jeff Shamas, New 
England Renewables Environmental Lead, and Alex Brazeal, North Dakota Environmental 
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Lead, will highlight the lessons learned and key takeaways for minimizing environmental 
and ecological impacts, increasing routing opportunities, and considerations when going 
from generation to transmission for connecting solar facilities to the grid. 
 
Depending on the scale of the transmission interconnection line, routing can include a 
complex interplay of environmental, land use, regulatory, technical, and societal 
considerations. Diverse regulatory landscapes and public perceptions coupled with the 
need for renewable energy have important differences in decision making. The sometimes-
contradictory nature with the public and between various agencies can result in 
misunderstandings, difficult decision-making, costs, and delays. Friction between 
different agencies, stakeholders, landowners, and the public due to conflicting points of 
view with respect to routing considerations and differing interests between parties can be 
unavoidable but with strategic public and agency communication plans, potential conflicts 
can be managed and mitigated. 
 
We will outline many of the challenges and strategies for the routing of new transmission 
interconnection lines, especially in the face of new technologies, utilizing project examples 
and highlighting best practices, successes, and lessons learned from multiple 
perspectives. This poster contributes to the broader discourse on energy infrastructure 
planning and serves to inform industry stakeholders to expand our nation’s solar presence. 

Abstract Number 27: Mitigation strategies for solar projects 

Presenting Author: Harris Frampton, SWCA Environmental Consultants 
Session/Format: In-Person Poster Presentation 
 
Abstract: As we see an increase in utility scale solar projects, mitigation strategies and 
best management practices (BMP’s) are becoming more important to implement at an 
early stage in the development process. There are many factors to evaluate that include, 
but not limited to wildlife, community engagement, water and soil management, and 
aquatic resources. 
 
Mitigation strategies for wildlife can include siting panels to avoid sensitive habitats, 
utilizing fencing that allows wildlife to pass through, timing of construction regarding 
habitat clearing, and monitoring and adaptive management to track wildlife activity and 
adjust as needed. 
 
Community engagement is an effective strategy for solar development. It is important to 
get local shareholders involved early in the process, which can reduce project delays, 
builds trust and support, and local input can inform the project proponent of potential 
environmental constraints. 
 
Water and soil conservation are important factors to keep solar development sustainable 
and environmentally friendly. Several mitigation strategies and BMP’s for water that can be 
implemented include stormwater management, vegetative buffers, use of native plants, 
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and water recycling. Strategies for soil can include erosion control, vegetation cover, and 
reducing land disturbance. 
 
Mitigation strategies for aquatic resources are important for the environment as well as the 
project schedule. Avoidance of all aquatic features, including jurisdictional features, can 
save time by not having to coordinate with the U.S. Army Corps of Engineers to obtain 
permits. Buffers and setbacks from aquatic resources can also help maintain the quality of 
streams and wetlands. 
 
This poster evaluates the effectiveness of key mitigation strategies and BMP’s aimed at 
reducing the ecological and social impacts of solar projects. Mitigation strategies show the 
importance of proactive planning, agency and community collaboration, and regulatory 
incentives in achieving both renewable energy goals and environmental stewardship. 

Abstract Number 30: Small scale best management practices for species avoidance 
and minimization can net large results 

Presenting Author: Ryan Blankenship, Environmental Consulting & Technology, Inc.  
Session/Format: In-Person Poster Presentation 
 
Abstract: This presentation will explore a series of species-specific case-studies for the 
implementation of small-scale best management practices. These strategies inform 
greenfield development constraints analysis to further minimize and avoid risk to imperiled 
species for the micrositing of utility scale renewable energy generation and battery energy 
storage facilities. Species of interest will include the federally proposed endangered 
tricolored bat (Perimyotis subflavus), federally proposed endangered Texas kangaroo rat 
(Dipodomys elator), federally endangered Houston toad (Anaxyrus houstonensis), and 
nesting migratory birds pursuant to the Migratory Bird Treaty Act of 1918. Successful 
strategies, their approach, and encountered challenges include 1) use of LiDAR and 
targeted tree stand assessments to determine early set back considerations for roosting 
bats and photovoltaic (PV) panel shading analysis, 2) culvert and bridge inspections for 
roosting bats as part of County Road Use Agreements associated with construction access 
of energy generation facilities, 3) habitat suitability mapping and the value of predictive 
model field verification for consideration of the fossorial Texas kangaroo rat, 4) use of 
acoustic recording devices and predictive habitat modeling over multiyear baseline 
sampling to inform presence/absence of the cryptic Houston Toad, and 5) use of remote 
wildlife game cameras for bio-monitoring migratory bird nesting activities. 

Abstract Number 33: Floating solar expansion and wildlife: developing a machine-
learning platform to monitor waterbird community dynamics 

Presenting Author: Elliott Steele  
Session/Format: In-Person Poster Presentation 
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Additional Authors: Olcay Kursun, ScienceDocs Inc; Liz Kalies, The Nature Conservancy; 
Tara Conkling, Todd Katzner: U.S. Geological Survey; Rebecca Hernandez, University of 
California Davis, Wild Energy Center 
 
Abstract: Floating photovoltaic (FPV) technology is rapidly emerging as a key contributor to 
global renewable energy goals, offering dual benefits of low-carbon energy generation and 
land-use conservation by using artificial waterbodies. Despite this expansion, very few 
studies have examined FPV–wildlife interactions. Previous research shows FPVs can alter 
aquatic conditions, reducing irradiance, temperature, oxygen, and phytoplankton. 
However, the broader ecological impacts, particularly for higher trophic levels such as 
waterbirds, remain poorly understood, creating challenges for sustainable FPV expansion. 
We will evaluate the effect of an FPV on waterbirds using a Before–After Control–Impact 
(BACI) design at two irrigation ponds (3.56 and 3.16 acres). In September 2024, four 
cameras were installed at each pond to record one-minute time-lapse imagery from 
sunrise to sunset. In fall 2025, a 136 kWp FPV array will be installed on the larger pond, 
while the smaller pond will remain FPV-free as a control, and both ponds will be monitored 
for two additional years. 
 
This experiment is designed to test four non-mutually exclusive hypotheses: that FPVs 
increase (H1) overall waterbird abundance by creating new water-locked surfaces; (H2) 
functional evenness by supporting the co-occurrence of multiple feeding guilds such as 
wading and diving species; (H3) the frequency of maintenance behaviors (resting, 
preening, drying) and terrestrial foraging behaviors (stalking, gleaning); and (H4) spatial 
clustering of waterbirds on and around the array. 
 
Imagery will be processed with an automated vision pipeline. A pretrained YOLO detector 
flags bird candidates, and a semi-supervised clustering workflow refines species 
identifications, yielding estimates of abundance, diversity, behavior, and spatial 
distribution. Preliminary outputs demonstrate that the platform distinguishes taxa, 
accurately counts individuals, and resolves temporal dynamics at scales useful for 
assessing FPV effects. Analyses show the system achieves >92 % precision across ten 
focal taxa and captures diel abundance peaks such as dawn and midday foraging bouts. 
Continual iterative training will expand taxonomic coverage, tag detections with behavior 
and location, and refine abundance estimates by cross-referencing detections across all 
cameras to minimize double-counting. 
 
The project will deliver a robust machine-learning platform that detects, counts, and maps 
waterbirds, providing insight into waterbird dynamics at FPV sites. Because the platform is 
designed to process large datasets of continuous, daylight-length monitoring, it can be 
broadly useful for researchers, NGOs, regulators, policy makers, and industry. After three 
years of BACI fieldwork and analysis, we will quantify how FPV affects waterbird 
composition and behavior. Ultimately, these findings can help inform adaptive 
management, identify practical conservation concessions, and support more sustainable 
FPV expansion. 
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Abstract Number 37: Siting a solar project in the endangered Ord's kangaroo rat range 
in Alberta, Canada 

Presenting Author: Josh Sullivan, Western EcoSystems Technology, Inc. 
Session/Format: In-Person Poster Presentation 
Additional Authors: Kirsten Pearson-Sullivan, Emily Sobkowiak: Western EcoSystems 
Technology, Inc. 
 
Abstract: Ord’s kangaroo rats are small and nocturnal fossorial mammals occupying sand 
dune habitat across the western United States and Canada. In Canada, Ord's kangaroo 
rats occupy the northern extreme of their range and are geographically isolated from 
adjacent populations in Montana. Federally listed as Endangered, around 1,000 individuals 
remain in Canada, approximately half of which occur in the sand dune region of 
southeastern Alberta. This region also boasts some of the highest solar resources and 
photovoltaic potential in the province and has been increasingly explored for solar 
development. 
 
In Alberta, proposed utility-scale solar projects must align with the Wildlife Directive for 
Alberta Solar Energy Projects. Based on their Endangered status, the Directive stipulates 
that solar infrastructure must not be sited within 250 metres of an Ord’s kangaroo rat den. 
Based on this, and the presence of Ord’s kangaroo rat dens in areas suitable for solar 
development, siting a solar project can pose a serious challenge. In this presentation, we 
review a case study and discuss regulatory and species-specific considerations as well as 
lessons learned for permitting a utility-scale photovoltaic solar projects in the range of an 
endangered fossorial mammal. 

Abstract Number 39: Evaluating the impact of solar infrastructure on wintering raptors 
in New York State 

Presenting Author: Michael Newhouse, WSP USA 
Session/Format: In-Person Poster Presentation 
 
Abstract: Grassland raptors play a vital role in ecosystem balance, yet their populations 
continue to decline due to habitat loss and shifting environmental conditions. In support of 
responsible renewable energy development, WSP conducted a two-year post-construction 
monitoring study on behalf of Lower Road II, LLC and Lower Road III, LLC, to evaluate the 
impacts of solar infrastructure on wintering raptors, particularly the New York State-listed 
endangered Short-eared Owl (Asio flammeus) and state-listed threatened Northern Harrier 
(Circus hudsonius). 
 
The study conducted from Nov 27, 2023, to March 16, 2024, and Nov 20, 2024, to March 
18, 2025, in the town of Warwick, Orange County, New York, adhered to New York State 
Department of Environmental Conservation’s 2021 Survey Protocol for State-listed 
Wintering Grassland Raptors. A controlled study design compared two sites: an 
experimental site (S1) where solar panels were integrated into a grassland setting, and a 
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non-disturbed control site (S2). To offset potential habitat impacts at S1, 31.2 acres of 
adjacent habitat were preserved, and perching structures were installed. During the study, 
species abundance and raptor behavior were evaluated across two winter seasons. 
Short-eared Owl detections were notably higher at the experimental site (S1), where a total 
of 17 individuals were recorded across two winter seasons, compared to three individuals 
observed at the control site (S2). In contrast, Northern Harrier detections were relatively 
consistent between sites, with 30 individuals observed at S1 and 38 at S2 across both 
seasons. Overall, both species were observed using perches and engaging in successful 
hunting behavior at the experimental site, indicating active habitat use. These findings 
indicate a species-specific response to habitat modification, highlighting the potential for 
solar developments, when paired with strategic conservation measures such as the 
establishment of an adjacent mitigation area, to support overwintering grassland raptor 
populations. 
 
Findings from this study indicate that solar development can be successfully paired with 
habitat preservation and provides a model that can be applied to future projects with 
similar environmental challenges. 

Abstract Number 43: Solar soil: standardizing methods and sharing data 

Presenting Author: Heidi Hartmann, Argonne National Laboratory 
Session/Format: In-Person Poster Presentation 
Additional Authors: Kelsey Jensen, Jack Ivers: The Soil Inventory Project; Michael Ricketts, 
Lee Walston: Argonne National Laboratory 
 
Abstract: The ongoing development of utility-scale solar energy facilities in the United 
States and elsewhere presents an important opportunity for widespread improvement of 
soil health and removal of atmospheric CO2 via soil carbon sequestration. Active 
vegetation management, in conjunction with the altered microclimate affected by PV 
panels, has the potential to increase soil organic carbon content leading to increased soil 
carbon storage and overall improved soil health [Krasner et al. 2024; Hernandez et al. 
2019]. However, data evaluating the effects of utility-scale solar panel infrastructure on the 
soil environment across different ecosystems and climates are lacking. 
 
To address the lack of soil characterization data from solar facilities, this 3-year project 
entitled “Ground-mounted solar and soil ecosystem services” has developed standardized 
methods to collect, measure, and harmonize soil data (including soil organic carbon, 
nutrients, pesticides, and metal concentrations). Solar facility partners have begun to 
share their soil data in the national Solar Soil Database hosted by The Soil Inventory Project 
(TSIP.org). The current focus of the project is on refining the database interface to optimize 
its use in future research, and on facilitating data sharing by the solar industry. This 
presentation will look at challenges being addressed such as balancing required and 
optional data inputs against ease of use, as well as appropriate levels of data 
anonymization. We will also discuss facilitation of ongoing industry data sharing to obtain 
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the critical data needed to assess the impacts of utility-scale solar development on soil at 
scale. 
 
References: 
Krasner, N.Z., J. Fox, A. Armstrong, K. Ave, F. Carvalho, Y. Li, L.J. Walston, M.P. Ricketts, 
S.M. Jordaan, M.A. Najm. H.M. Hartmann, R. Lybrand, and R.R. Hernandez. 2025. Impacts 
of photovoltaic solar energy on soil carbon: A global systematic review and Framework. 
Renewable and Sustainable Energy Review 208:115032. 
Hernandez, R.R., A. Armstrong, J. Burney, G. Ryan, K. Morre-O-Leary, I. Diedhiou, S. 
Grodsky, L. Saul-Gershenz, R. Davis, J. Macknick, D. Mulvaney, G. Health, S.B. Easter, M.K. 
Hoffacker, M.F. Allen, and D.M. Kammen. 2019. Techno-ecological synergies of solar 
energy for global sustainability. Nature Sustainability 2:560. 

Abstract Number 44: Understanding and anticipating the overlap between wetlands 
and solar energy generation 

Presenting Author: Thomas Huebler, University of California Davis, Wild Energy Center 
Session/Format: In-Person Poster Presentation 
Additional Authors: Elliott Steele, Rebecca Hernandez: University of California Davis, Wild 
Energy Center 
 
Abstract: Wetlands are among the planet's most valuable and threatened ecosystems, 
facing risks and opportunities from land-use change, including renewable energy (RE) 
development. Large, ground-mounted photovoltaic projects (GPVs) are often sited in 
farmland and natural ecosystems, including in or near protected areas. Wetlands are often 
restricted from development for their multifarious services, but may overlap with or lie 
adjacent to GPVs. The direction and magnitude of wetland-GPV ecological outcomes have 
yet to be explored. 
 
We used California as a model system to examine relationships between solar energy 
generation and wetlands, a state undergoing rapid RE development and where over 91% of 
wetlands have been lost. Our objectives were to (1) quantify spatial overlap between GPVs 
and wetlands, (2) identify wetland-associated and special-status species distributed near 
GPVs, (3) assess potential ecological risks and benefits, and (4) identify decision pathways 
that align RE expansion with wetland conservation. 
 
To test for potential overlap between solar energy generation footprints and wetlands we 
utilized spatial datasets from Wiki-Solar and the California Aquatic Resources Inventory to 
perform geospatial overlays in ArcGIS Pro (3.4). Next, to determine the potential degree of 
impact that GPVs may have on wetland taxa we applied 1 and 3 km buffers (near vs. far) 
around GPVs. Within these buffers, we quantified critical habitat and wetland-associated 
species using citizen science observations (eBird, iNaturalist, CalFlora) and state 
biodiversity records (California Natural Diversity Database). Lastly, we categorized known 
GPV impacts and ranked their relative potential risk and benefits towards wetland 
habitats. 
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We identified 945 PV operating units in CA spanning a total of 707.75 km2. A total of 3.42 
km2 from 84 unique PV operating units overlaps directly with wetlands, roughly 0.5% of 
currently developed solar infrastructure. Results indicate that four wetland types (1) pond 
and associated vegetation, (2) lake reservoir and associated vegetation, (3) vernal pool, 
and (4) fluvial channel have the highest area of intersection with current solar 
infrastructure in California. A total of 7651 taxa were observed within far solar generation 
impact buffers (3 km). Within 1 km GPV buffers, we documented 1367 taxa, including 143 
wetland-associated species; within 3 km buffers, we found 7651 taxa, of which 651 were 
wetland-associated. Across both buffers, 18 wetland taxa are state or federally listed as 
Threatened or Endangered. 
 
We identified possible GPV-associated risks to wetland biodiversity, water quality, and 
hydrological function. To align RE goals with wetland conservation, long-term field data are 
needed to distinguish perceived from actual impacts. Our work also explores the feasibility 
of co-locating wetland restoration with GPV infrastructure in areas where wetlands have 
been historically extirpated, offering stacked ecological benefits in support of a 
sustainable RE transition. 
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Abstract Number 45: Landscape factors predict bird occupancy of photovoltaic solar 
energy facilities in the Northeastern United States – preliminary results 

Presenting Author: Amanda Klehr, DNVGL 
Session/Format: In-Person Poster Presentation 
Additional Authors: David King, USFS Northern Research Station; Kimberly Peters, Orsted 
 
Abstract: As photovoltaic (PV) installations expand across the northeastern United States, 
conversion of farmland and early-successional habitats may alter breeding bird 
communities. To our knowledge, no published studies have assessed habitat-related 
outcomes at northeastern solar facilities. To address this knowledge gap, we conducted 
breeding-season point count surveys at operational PV sites (≤ 10 MW) and paired 
reference sites in New York and Massachusetts from 2021–2022. In 2021, surveys 
occurred at nine PV and nine control sites and in 2022, at thirteen PV and thirteen control 
sites. Using ortho imagery in ArcMap 10.8.1, we calculated the total acreage of the solar 
panel arrays within the solar sites and defined other herbaceous land cover and bare 
ground. We also calculated land cover within a one-kilometer radius of each of the point 
count locations of the solar sites using the U.S. Geological Survey National Land Cover 
Database (NLCD). Fourteen species detected in ≥ 10% of points were modeled for 
occupancy (ψ) using single-season, detection-corrected models. We fit models separately 
for each year due to the addition of four sites in 2022 and included temporal, observer, and 
weather covariates.  
 
Preliminary occupancy estimates for 2021 showed that song sparrow (Melospiza melodia) 
occupancy was higher in the solar sites compared to the paired controls, whereas 
common yellowthroat (Geothlypis trichas) exhibited the opposite. In 2022, tree swallow 
(Tachycineta bicolor) occupancy was markedly greater at the PV solar sites compared to 
the paired controls, whereas the occupancy estimates for two grassland specialists, 
bobolink (Dolichonyx oryzivorus) and savannah sparrow (Passerculus sandwichensis), was 
lower in the solar sites compared to the paired controls. Most other species exhibited no 
statistically significant differences, though some showed consistent directional trends 
across years. Notably, species like house finch (Haemorhous mexicanus), American robin 
(Turdus migratorius), and red-winged blackbird (Agelaius phoeniceus) showed higher 
occupancy at solar sites in both years; however, the estimates were not statistically 
significant and had wide confidence intervals, indicating a high degree of uncertainty. 
Some species had a positive response to the digitized PV arrays; however, they were found 
to be insignificant predictors of occupancy for 9 of the 14 species. Whereas, some species 
showed a positive response to solar sites that had open, herbaceous land cover within the 
fenced boundaries of the PV solar sites. Unsurprisingly, forest land cover within one 
kilometer of the solar sites was a significant predictor for forest-associated species, as 
was developed land cover for urban-adapted species. 
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These initial findings suggest that solar developments can provide habitat benefits for 
habitat generalists, urban-adapted species, and some aerial insectivores, yet may 
displace grassland-dependent species. Management strategies that optimize array layout 
could enhance habitat value while minimizing impacts on sensitive taxa. Ongoing 
monitoring and expanded sampling of larger (> 50 MW) facilities are needed to provide 
further evidence of bird response to PV solar sites and ensure that new solar energy 
developments align with regional bird-conservation priorities. 

Abstract Number 47: Avoiding, minimizing, and mitigating natural resource impacts 
from  renewable energy development through new york’s regulatory process. 

Presenting Author: Marcelo del Puerto, New York State Department of Public Service  
Session/Format: In-Person Poster Presentation 
 
Abstract: The siting of utility-scale wind and solar renewable energy generation In New 
York is permitted and regulated by the Department of Public Service’s Office of Renewable 
Energy Siting and Electric Transmission (the Office). 
 
Applicants for renewable energy siting permits take the first step towards avoiding or 
minimizing wildlife impacts by completing a Wildlife Site Characterization to identify 
natural resources, including listed wildlife species, ecological communities, and wetlands, 
that may be present at a site. The Wildlife Site Characterization will help determine what 
kinds of wildlife or habitat surveys may be recommended. Surveys must be conducted 
following the phenology of the target species and the approved survey protocols. Office 
staff then review the results of these surveys to prepare a preliminary occupied habitat 
map to indicate, in general, the areas that may be occupied by listed species. Applicants 
for a major renewable energy siting permit use these maps when designing projects, often 
avoiding those areas most important to listed species. 
 
Once applicants have submitted their project design to the Office, an impact 
determination can be made. The Office and the applicant come to an agreement on the 
impacts. As part of the permitting process, applicants mitigate any unavoidable impacts to 
listed species by developing and submitting a net conservation benefit plan for Office 
review and approval. 
 
Grassland birds utilize large, open, grass-dominated areas of primarily agricultural origin 
for breeding and overwintering and are the most-commonly affected species. Because of 
the ephemeral nature of grasslands and the documented loss of grassland bird habitat 
from ecological succession, applicants are able to offset the loss of grassland bird habitat 
by securing and maintaining high quality grassland bird habitat through multiple ecological 
cycles. Managing this habitat through both the breeding and wintering season over the 30-
year life of the project provides a net conservation benefit for the affected species. Through 
this presentation, we will work through a fictional case study based on a typical solar panel 
facility application and see how this logical and orderly process functions to avoid, 
minimize, or mitigate impacts to natural resources. 



3rd Solar Wildlife & Ecosystems Research Meeting Proceedings 75 

Abstract Number 50: Conservation advocacy guiding responsible renewable energy 
siting in Washington State 

Presenting Author: Jordan Ryckman, Conservation Northwest 
Session/Format: In-Person Poster Presentation 
Additional Authors: Nadine Nadow, Conservation Northwest 
 
Abstract: The siting of utility-scale wind and solar renewable energy generation In New 
York is permitted and regulated by the Department of Public Service’s Office of Renewable 
Energy Siting and Electric Transmission (the Office). 
Applicants for renewable energy siting permits take the first step towards avoiding or 
minimizing wildlife impacts by completing a Wildlife Site Characterization to identify 
natural resources, including listed wildlife species, ecological communities, and wetlands, 
that may be present at a site. The Wildlife Site Characterization will help determine what 
kinds of wildlife or habitat surveys may be recommended. Surveys must be conducted 
following the phenology of the target species and the approved survey protocols. Office 
staff then review the results of these surveys to prepare a preliminary occupied habitat 
map to indicate, in general, the areas that may be occupied by listed species. Applicants 
for a major renewable energy siting permit use these maps when designing projects, often 
avoiding those areas most important to listed species. 
 
Once applicants have submitted their project design to the Office, an impact 
determination can be made. The Office and the applicant come to an agreement on the 
impacts. As part of the permitting process, applicants mitigate any unavoidable impacts to 
listed species by developing and submitting a net conservation benefit plan for Office 
review and approval. 
 
Grassland birds utilize large, open, grass-dominated areas of primarily agricultural origin 
for breeding and overwintering and are the most-commonly affected species. Because of 
the ephemeral nature of grasslands and the documented loss of grassland bird habitat 
from ecological succession, applicants are able to offset the loss of grassland bird habitat 
by securing and maintaining high quality grassland bird habitat through multiple ecological 
cycles. Managing this habitat through both the breeding and wintering season over the 30-
year life of the project provides a net conservation benefit for the affected species. Through 
this presentation, we will work through a fictional case study based on a typical solar panel 
facility application and see how this logical and orderly process functions to avoid, 
minimize, or mitigate impacts to natural resources. 

Abstract Number 55: Pronghorn passages: quantifying rates of movement between 
individually fenced solar arrays for pronghorn in New Mexico 

Presenting Author: Kevin Smith, Wildlands Network 
Session/Format: In-Person Poster Presentation 
Additional Authors: Michael Dax, Aaron Facka: Wildlands Network 
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Abstract: As development of Utility-Scale Solar Energy (USSE) increases across North 
America and the American West, large swaths of land valuable to wildlife are likely to be 
altered through conversion to photovoltaic panels or made inaccessible due to fencing and 
road building. Among the potential effects that solar construction may have on wildlife, 
especially pronghorn (Antilocapra americana), is the alteration or blocking of their daily or 
seasonal movements. All large-scale solar installations must, by law, be fenced, creating 
barriers impermeable to most large wildlife like pronghorn, deer, and elk. Corridors, or 
passages, through individually fenced arrays have been hypothesized to facilitate wildlife 
movement, but their effectiveness has remained largely untested. Though conceptually 
straightforward, quantifying movements through passages can be challenging because 
individual animals may spend little time directly within such passages, and even high-
resolution Global Position System (GPS) tracking may be insufficient to demonstrate 
passage rates or avoidance. In most instances, estimating the path traveled may be 
preferable to using only individual locations to accurately quantify use and make 
comparisons among different passages. 
 
We developed a novel method using Delaunay triangulation to estimate shortest paths 
between GPS point pairs for individual pronghorn in areas around solar facility fencing. We 
hypothesized that point data would be a reasonable proxy for time spent in a passage, but 
would overestimate rates of successful passage or underestimate failure to navigate 
passages. Since March 2024, we deployed GPS collars on 40 female pronghorns within 13 
km of the San Juan Solar Facility, a 445-hectare facility located in northwestern New 
Mexico. To date, we have collected more than 45,000 total locations from 26 individual 
pronghorn within 500 m of the facility and documented use of 10 passages between 
fenced arrays. Passages vary in total area (0.007 – 0.3 km2), length (98 - 1,280 m), width 
(28-550 m), and in their proximity to roads, steep terrain, and food resources. We 
documented 3,397 pronghorn locations within defined passages. Using our path 
estimation approach we estimated 1,848 unique paths that interacted with passages. Of 
these interactions, we quantified 1468 (79%) as successful passes and 21% as partial or 
failed passes. 
 
Analyses from GPS locations alone indicated that 90% of locations collected in passages 
occurred at the largest passage, whereas only 26% of individual paths were estimated to 
use this passage. Path analyses were important for demonstrating passage rates at the 
shortest passages, where we had only 25 GPS points within a passage but 285 estimated 
passages. In general, point analyses indicate stronger linear relationships between 
passage area (R2 = 0.94) than did path analyses (R2 = 0.05). Such considerations are 
important when quantifying animal movements and evaluating or creating solar facility 
designs that accommodate animal movement. 

Abstract Number 60: Predicting soil quality prior to project siting to ensure vegetation 
productivity post-construction using multispectral satellite, LiDAR, and NRCS data in 
a decision support tool 

Presenting Author: Gunnar Malek-Madani, Olsson 
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Session/Format: In-Person Poster Presentation 
Additional Authors: Freddie Mayer, Olsson 
 
Abstract: Maintaining healthy soils through the construction process and establishing 
desirable vegetation are a primary concern in the development of a solar facility. Current 
practices, however, typically do not consider soils until after the array has been designed 
and its location has been determined. This can lead to difficult soils management 
practices, or it could cause the developer to go through the time and expense of redesign. 
To better inform siting decisions for utility scale solar energy generation, it is imperative 
that decision makers have a clear picture of soil and land cover conditions present within 
the project area before the design phase begins. Olsson scientists have developed a tool 
that uses freely available desktop level data as variables to inform a spatial scoring 
methodology at a 10-meter spatial resolution. Classifications using LiDAR derived digital 
elevation models (DEMs) and Sentinel 2 multispectral satellite imagery are used to 
determine percent slope and percent vegetative cover respectively. These classified 
outputs are considered in conjunction with tabular NRCS data within a scoring matrix. The 
resulting scores from the matrix are then joined to NRCS soil map unit spatial data. The soil 
map units are then converted to raster and added to the classified outputs with the final 
output being a heat map of the project area that continuously depicts soil values binned 
into three categories for the entirety project area. This tool has been highly useful in 
determining expected soil and vegetation management intensity and has been 
successfully implemented into the planning process of a solar facility in the Midwest 
region of the United States. Further development will result in versions that highlight the 
specific soil concerns developers may have within their regions by varying the inputs or 
weighting in the scoring matrix to better highlight these concerns. The implementation of 
this tool will save developers time and money by providing them spatial information on 
potential soil issues early in the siting process. 

Abstract Number 64: Identifying high-value conservation area shifts and potential 
solar energy conflicts in the Continental U.S. 

Presenting Author: Kylee Fleckenstein, Arizona State University 
Session/Format: In-Person Poster Presentation 
Additional Authors: Fábio Albuquerque, Adam Stein, Heather Batemen: Arizona State 
University 
 
Abstract: The growing climate crisis makes the transition towards renewable energy 
essential in combating the impacts of climate change. Although renewable energy is 
considered environmentally favorable compared to fossil fuels, it still poses potential 
conflicts with biodiversity conservation, particularly in regions where high solar potential 
overlaps with High-Value Conservation Areas (HVCA). This concern was highlighted in 
earlier studies that focused on the arid Southwest. To build on these findings, we have 
expanded our study scope to encompass the entire continental United States. To achieve 
this, we conducted a coarse site suitability analysis to identify areas suitable for solar 
energy development (SED), considering factors such as global horizontal irradiance, slope, 
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land cover, and proximity to existing infrastructure. To identify HVCAs, we have utilized a 
biodiversity assessment based on rarity-weighted richness (RWR), derived from the IUCN 
Red List and BirdLife International species range maps, across four taxonomic groups: 
Mammals, Birds, Amphibians, and Reptiles. We observed that the spatial overlap between 
areas suitable for SED and HVCAs varied by taxonomic group and climate scenario, 
ranging from an estimated 15.1% to 38.5%. By assessing the potential overlap between 
SED and HVCAs both under current conditions and future climate change projections, our 
results provide insights into areas where renewable energy goals can still be met with 
minimal ecological disruption. 

Abstract Number 65: Analyzing the impacts of utility-scale solar energy on ecosystem 
respiration 

Presenting Author: Gracie Harada, California Polytechnic State University 
Session/Format: In-Person Poster Presentation 
Additional Authors: Seeta Sistla, California Polytechnic State University 
 
Abstract: Renewable energy sources such as utility-scale solar energy (USSE) are rapidly 
expanding globally. USSE can help mitigate the consequences of using fossil fuels by 
reducing greenhouse gas emissions from energy generation. However, there are concerns 
about how the presence of USSE arrays will affect the ecosystems they are set within. 
Shading created by the panels can reduce plant water stress and increase plant 
productivity in arid and semiarid regions relative to the native landscape; however, the 
effect of this novel shading on soil microbial decomposers (who are key regulators of 
terrestrial carbon storage) is less clear. USSE arrays will likely impact the storage and 
cycling of soil carbon—the largest terrestrial pool of carbon in many ecosystems—both 
through increased plant inputs and altered microbial decomposer activity. However, the 
response of soil carbon pools to the changes solar array presence—which depends on 
interconnected plant and soil microbial responses to shading— remains poorly 
understood. 
 
To assess the impacts of USSE placement on fallowed farmland that is managed by grazing 
on ecosystem carbon storage, a suite of environmental monitoring, soil biogeochemical, 
and plant assessments at two USSE farms in San Luis Obispo County, CA were conducted 
from 2024 - 2025. Our field soil respiration data suggests microbially driven respiration 
pulses following rain events—pulses that are typical in dryland systems because 
decomposers are stimulated by rainfall— are suppressed within the array footprint relative 
to an unshaded reference area. To further investigate this phenomenon, we measured the 
effects of different drought duration on microbial respiration and soil biogeochemical 
properties using a drought incubation experiment. We found that areas directly beneath 
the panels respired 30-60% less carbon compared to the reference area, and areas with 
the array panel alleys respired 60-75% less carbon. This study further supported our field 
observations that the soils within the arrays generally respire less carbon than the soils in 
the reference area following rain events in our semi-arid study region. Therefore, if 
executed properly, USSE farms may help sequester soil carbon, thus contributing to the 
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mitigation of climate change. With growing global demands for solar energy production, 
there are pressures from many different sectors to rapidly construct USSE arrays. This 
research will help to identify synergies and trade-offs between USSE energy generation and 
terrestrial conservation goals. 

Abstract Number 75: Developing a research roadmap for solar, wildlife, & ecosystems 
in the Southeastern United States 

Presenting Author: Isabel Gottlieb  
Session/Format: In-Person Poster Presentation 
Additional Authors: Josh Ennen, Eric  Schauber: Renewable Energy Wildlife Institute; 
Leigh Elkins, Julia Dietz: Carl Vinson Institute of Government, University of Georgia 
 
Abstract: The Southeast region of the United States (USFWS Region 4) is notable for its 
rich biodiversity, numerous threatened and endangered species, and, more recently, the 
rapid deployment of large, ground-mounted photovoltaic (PV) solar installations 
amounting to 51,476 hectares. The rapid expansion of PV solar installations raises 
concerns due to the lack of comprehensive scientific data on their effects on wildlife, their 
habitats, and ecosystems. This information gap presents challenges for stakeholders and 
decision-makers, who may inadvertently make poor management decisions that could 
negatively affect natural resources, impose financial burdens on solar developers, and 
hinder biodiversity initiatives. To address these challenges, the Renewable Energy and 
Wildlife Institute, in collaboration with the University of Georgia’s Carl Vinson Institute of 
Government, conducted a workshop series to identify and prioritize crucial research 
questions regarding PV solar development in the following topic areas: 1) Interactions 
between solar energy and wildlife at all spatial scales (“Wildlife Interactions”), 2) 
Effectiveness of specific design, construction, site-management, conservation, and 
mitigation practices (“Onsite Action & Mitigation”), and 3) Interactions between solar 
energy and the environment (vegetation, abiotic environment, ecosystems; “Environment 
& Ecosystem”). These workshops included a diverse group of experts from academia, 
government agencies, the solar industry, and non-governmental organizations, resulting in 
a preliminary prioritized list of research questions designed to inform better decision-
making. We have distributed a survey to the wider stakeholder community to collect 
additional data to further inform the prioritization of the research questions. The end 
product of this initiative will be a roadmap to help decision makers allocate limited funding 
toward the most impactful research projects, to promote effective management practices 
that support both renewable energy goals and biodiversity conservation, and to 
understand the multifaceted effects of PV solar facilities in the Southeast. 

Abstract Number 81: Sustainability trade-offs across modeled floating solar 
waterscapes of the Northeastern United States 

Presenting Author: Adam Gallaher, Central Michigan University 
Session/Format: In-Person Poster Presentation 
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Additional Authors: Liz Kalies, The Nature Conservancy; Steven Grodsky, U.S. Geological 
Survey 
 
Abstract: Meeting global climate targets requires rapid deployment of renewable energy, 
but a primary obstacle to accelerating renewable energy buildout is siting conflicts. 
Floating photovoltaic (FPV) solar energy is an emerging low-carbon technology with 
potential to shift utility-scale solar energy from terrestrial landscapes to waterscapes (i.e., 
land-sparing). Expansion of renewable energy technologies on water could provide low-
conflict climate mitigation solutions, yet the potential for FPV to reduce or produce siting 
conflicts has yet to be quantified. Furthermore, current pathways to achieving widespread 
decarbonization within energy systems tend to overlook inherent trade-offs between 
renewable energy systems and the ecosystems that host them. In this work, we estimate 
the technical potential of FPV across the Northeast (i.e., New England and Mid Atlantic) 
region of the United States. We developed a novel modeling approach to integrate 
sustainability trade-offs of floating solar in holistic scenarios for biodiversity and social 
benefit in conjunction with rapid renewable electricity deployment to mitigate climate 
change. Our results suggest potential for renewable electricity generation from FPV in the 
Northeast, with maximum FPV buildout providing nearly a quarter of regional utility-scale 
solar energy generation. Further, maximized FPV buildout could offset all land required for 
terrestrial, utility-scale solar energy needs by 2050 for the northeast due, in part, to the 
increased surface-area efficiency of FPV relative to ground-mounted solar. We 
demonstrate that a conservative FPV siting strategy, one which minimizes 
socioenvironmental trade-offs, can still play a meaningful role by contributing 5% to the 
region’s electricity generation. In short, FPV may provide a win-win opportunity wherein 
renewable electricity is generated, land is spared for others uses, and conflicts with 
biodiversity and social values are minimized, yet inherent sustainability trade-offs still 
exist. Overall, this research aims to bring to the forefront a theoretical approach for 
envisioning sustainability trade-offs while meeting necessary climate goals in a holistic 
modeling framework that embodies interdisciplinary inputs. 

On Demand Presentations 

Abstract Number 15: Tales of several animals: behavioral responses of birds and 
insects to solar infrastructure 

Presenter: Chelse Prather 
Session/Format: On-Demand Oral Presentation (virtual, pre-recorded) 
Authors: Chelse Prather, University of Dayton; Stphanie Murray, University of Dayton 
 
Abstract: As utility-scale solar power expands rapidly across the landscape, 
understanding its effects on animal behavior is critical—especially as land managers and 
stakeholders aim to make these sites suitable habitats for higher trophic levels. In this 
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study, we examine behavioral responses across multiple taxonomic groups, highlighting 
how birds and insects interact with photovoltaic (PV) arrays of varying designs. 
 
We first demonstrate that microhabitats beneath solar panels significantly influence ant 
thermal tolerance. Specifically, ants in environments with greater temperature variability 
exhibited broader ranges of thermal tolerance, suggesting that panel-induced 
microclimates may alter physiological limits. 
 
Next, we show that damselfly behavior changes depending on the type of surface below. 
Over PV panels—particularly flexible, black-backed ones—damselflies displayed more 
water-associated behaviors compared to control plots, indicating that certain panel types 
may mimic aquatic cues. 
 
Finally, we document shifts in nesting behavior among American Robins nesting under 
different panel configurations. Robins built taller nests under tracking arrays compared to 
fixed-tilt arrays, potentially responding to differences in exposure, movement, or structural 
support. 
 
Together, these findings underscore the diverse and sometimes unexpected ways that 
animals respond to solar infrastructure. As solar development accelerates, further 
behavioral studies are essential to predict how wildlife populations and community 
composition might shift in these novel habitats. 
 
 

Abstract Number 40: Bat use of a solar facility in Texas 

Presenter: Madison Nadler 
Session/Format: On-Demand Oral Presentation (virtual, pre-recorded) 
Authors: Madison Nadler, Texas State University; Sarah Fritts, Texas State University; 
Maria Ramirez, Texas State University; Emmily Stelling, Texas State University; Yuki 
Hamada, Argonne National Laboratory; Lee Walston, Argonne National Laboratory 
 
Abstract: Wildlife interactions with solar facilities are an important research topic as solar 
energy production becomes more widespread. Insects and birds have been the primary 
focus of wildlife-solar studies to date, leaving knowledge gaps regarding ways other taxa, 
such as bats, interact with solar energy facilities. There are growing concerns about the 
impacts of solar energy development on bat populations. Bats may be negatively affected 
by solar development through habitat loss if solar facilities are sited in areas previously 
used for foraging or roosting. Another concern is the possibility for bats to behave 
differently near solar facilities through a variety of possible underlying mechanisms (e.g., 
avoidance, attraction to onsite vegetation and insect prey, attraction to solar 
infrastructure, attraction to solar panels perceived as water). Some of these behavioral 
responses may have negative population effects (avoidance, collision mortality risk), while 
others may be positive (increased foraging activity). To better understand how bats interact 
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with solar panels, we deployed passive acoustic monitors at a solar facility and reference 
site in Texas for 12 weeks from March-June 2025. Monitors will be deployed for another 12 
weeks from August-November 2025. We will estimate rates of species or guild-specific bat 
activity and species richness at solar facilities and compare to the paired, random location 
under various environmental conditions. These are preliminary results from a larger project 
studying wildlife interactions at solar facilities across the United States that we hope will 
guide siting and management of solar facilities across Texas and in other U.S. regions. 
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