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Executive Summary
The growth of solar-generated electricity continues to accelerate in the United States. Renewable energy 
electricity generation is forecasted to increase 26% in 2024, with two-thirds attributed to new photovoltaic 
(PV) solar developments, and, in many areas globally, PV solar has become the least expensive form of 
electricity. The shift towards renewable energy, including large-scale photovoltaic solar (also referred to as 
utility-scale), supports efforts to reduce global carbon emissions and lessen future climate change impacts 
on wildlife, their habitats, and the ecosystems on which wildlife depends. As utility-scale PV solar  facilities 
become more commonplace within the landscape, solar-wildlife stakeholders including the industry, gov-
ernment, academics, and the conservation/science community are leading efforts to understand these 
facilities’ adverse and beneficial effects on wildlife and other natural resources.

The Renewable Energy Wildlife Institute (REWI) is developing a solar-wildlife program. To guide this Pro-
gram, we have developed this National Solar Wildlife Research Plan (Plan) outlining REWI’s strategic 
priorities and approach to solar-wildlife challenges and opportunities. The conceptual basis of our Plan is 
that solar facilities represent ecosystems with altered ecological (biotic) and environmental (abiotic) pro-
cesses, both adversely and, in some instances, beneficially. With this view, we have concluded that focusing 
attention solely on describing the adverse impacts, such as direct impacts (on birds, large game, or desert 
tortoises) or loss of habitat at the species level, will limit our full understanding of the complex ecological 
and environmental challenges and benefits associated with these facilities.

The Plan aims to identify and prioritize key areas where additional, strategically targeted research invest-
ments will advance our understanding of these environmental challenges and benefits. We first summa-
rize the state of the science on selected topics based on a literature review, outline specific topics where 
research is needed, and highlight REWI’s focus and the anticipated outcomes over the next three to five 
years. These topics are selected to target key scientific research priorities that are appropriate to the pace 
and scale of utility-scale solar deployment over the next 10-20 years, and ultimately to advance research 
that maximizes beneficial effects and minimizes wildlife and ecosystem impacts.

Priority research questions outlined in this Plan focus on topics related to habitat and landscape challenges, 
risks to wildlife, ecosystem-level benefits, and mitigationa and enhancing benefits where: 1) sufficient 
interest exists regarding the levels of impact and benefit but corroborating data are needed; 2) Data are 
needed to address siting and permitting issues; 3) Research can be structured to promote data pooling to 
address patterns and mechanisms and increase the rate at which results are incorporated into best prac-
tices; and 4) Substantial progress can be made in three to five years with current resources.

REWI’s specific priorities leverage REWI’s expertise, resources, and extensive network of partnerships, and 
will support research on impacts and identify and evaluate management practices resulting in improved 
siting and minimization strategies.

a  USFWS (2023) defines mitigation to include avoiding the impact altogether by not taking a certain action or parts of an action; 
minimizing impacts by limiting the degree or magnitude of the action and its implementation; rectifying the impact by repairing, 
rehabilitating, or restoring the affected environment; reducing or eliminating the impact over time by preservation and mainte-
nance operations during the life of the action; and compensating for the impact by replacing or providing substitute resources or 
environments. (Link)

https://www.fws.gov/sites/default/files/policy/pdfs/FWS-Mitigation-Policy.pdf
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Introduction
The rapidly changing climate is a major threat to biodiversity, ecosystems, and our communities, people, 
and economy.1 As atmospheric carbon dioxide (CO

2
) and other greenhouse gases continue to increase as 

the result of human activities, our planet’s climate is experiencing warmer temperatures, more intense and 
frequent prolonged droughts and rainstorm events, and rising sea-levels, which will affect humans and 
many wildlife species.1

The challenge in mitigating climate change is meeting electricity generation demands and reducing CO
2
 

emissions simultaneously. National energy electricity consumption grew by 3% in 2022 and is predicted to 
remain stable in 2023 and grow by 3% in 2024.2 The Biden-Harris administration has set ambitious goals 
for carbon reduction in the United States energy sector, targeting 50-52% reduction in greenhouse gas 
emissions by 2030 and reaching net-zero emissions by 2050.3 Renewable energy, in particular solar energy, 
is a key part of the strategy to achieve this national goal.4

Solar energy production is poised to increase significantly due to progressive energy policies and standards 
set by federal and state governments, incentives, and higher efficiencies and price reductions of solar tech-
nology. In the United States, renewable energy electricity generation is forecasted to increase 26% in 2024, 
with two-thirds attributed to new photovoltaic (PV) solar developments,2 and, in many areas globally, PV 
solar has become the least expensive form of electricity.4

Over the past two decades, the solar energy industry has largely deployed new PV solar facilities instead 
of concentrating solar-thermal power (CSP),5 and by 2014, PV solar represented approximately 90% of the 
installed solar capacity in the United States.6 Although other forms of PV solar (e.g., residential and com-
mercial rooftops, and community-scale) will undoubtedly contribute to the United States’ solar capacity to 
meet net-zero emissions by 2050, over 80% of the solar capacity is anticipated to be utility-scale facilities.b,4 
Utility-scale PV solar-generated electricity is a leading component of the national strategy for reducing the 
impacts of climate change on wildlife and their habitat.

In this National Solar Research Plan (Plan), the Renewable Energy Wildlife Institute (REWIc) describes a 
strategy for evaluating interactions between utility-scale PV solar projects and wildlifed by considering solar 
energy developments and operations as ecosystems within a larger landscape (Box 1). In this construct, we 
evaluate the effects (positive and negative) of PV solar facilities on the ecological community (e.g., bio-
diversity, species interactions, behavior, movements, and population-level effects), habitat loss and frag-
mentation, and ecosystem function, including soil function, nutrient and water cycles, and other ecosystem 
services, on-site and within the surrounding landscape. All this information will inform responsible siting on 
how best to avoid and minimize effects on wildlife, their habitatse, and the ecosystem, and also highlight 
beneficial opportunities for biodiversity and ecosystems enhancements on-site.

Studying PV facility’s effects (positive and negative) on ecosystem function, many of these functions form 
the base of the food web and influence primary productivity, is important in understanding on-site habitat 
impacts and beneficial opportunities for wildlife. REWI believes it is necessary to study these aspects to fully 
understand solar-wildlife interactions, particularly bottom-up and indirect effects that will influence higher 
trophic levels (i.e., wildlife). By ignoring soil health and other ecosystem functions, our understanding of 
mechanistic drivers responsible for habitat quality would be incomplete.

This framework aligns with broader ecological concepts within population (demography and 

b  According to DOE’s Solar Futures Study, “Utility-scale renewable energy projects are typically defined as those 10 megawatts or 
larger.” (Link)

c  In 2022, the American Wind Wildlife Institute (AWWI) rebranded as the Renewable Energy Wildlife Institute (REWI).

d  The Wildlife Society (TWS) and United States Code defines “wildlife” as any member of the animal kingdom (Link 1, Link 2)

e  REWI refers to “habitat” as being specific to species and not related to land cover or ecological communities (e.g., grassland 
habitat)

https://www.energy.gov/eere/slsc/renewable-energy-utility-scale-policies-and-programs
https://wildlife.onlinelibrary.wiley.com/pb-assets/assets/19372817/TWS%20Guidelines%20January%202023-1673869292303.pdf
https://www.govinfo.gov/content/pkg/USCODE-2021-title16/pdf/USCODE-2021-title16-chap35-sec1532.pdf
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What is an ecosystem?

Tansley (1935) coined the term “ecosystem” and developed the concept. An ecosystem is defined as a 
dynamic system of biotic communities and their abiotic environment “interacting as a functional unit” 
(United Nations Convention on Biological Diversity (CBD 1992)). Over the years, how to delineate individ-
ual ecosystems has been debated (Blew 1996; Fitzsimmons 1996). Ecological boundaries, including those 
of ecosystems, are fundamentally defined by humans as conceptual or tangible constructs, and defined 
based on numerous attributes, such as origin, maintenance, spatial structure, function, and change over 
time (Strayer et al. 2003). The ecosystem concept is applied at various spatial scales (e.g., from patches to 
ecoregions to the biosphere) if the spatial extent is explicit and the biotic and abiotic components interact 
within the boundaries (Pickett and Cadenasso 2002). 

Justification for the ecosystem approach

REWI is viewing PV solar within an ecosystem framework for various reasons. First, we argue that PV solar 
facilities satisfy most ecosystem attributes described by Strayer et al. (2003), and boundaries can be explic-
itly defined at different spatial scales. True to the original definition of an ecosystem, these facilities have 
biotic and abiotic components interacting within a defined boundary, such as the facilities’ footprint or 
broader. These facilities, through construction activities and the presence of infrastructure, will modify biotic 
and abiotic conditions within the footprint and depend upon pre-construction land use (see main text). 
Moreover, PV solar facilities will interact with the surrounding landscape to influence biotic (e.g., migra-
tory big game; Sawyer et al. 2022) and abiotic conditions (e.g., heat or cool islands; Barron-Gafford et al. 
2016; Guoqing et al. 2021). Second, the ecosystem concept is already applied in other anthropogenically 
disturbed systems, such as urban systems, and the influence of humans on the natural environment was 
deliberately mentioned in the original ecosystem definition (Tansley 1935; Pickett and Cadenasso 2002). 
Third, PV solar facilities are already viewed within the ecosystem concept, in terms of ecosystem function 
and services (see Armstrong et al. 2016; Walston et al. 2021; Grodsky and Hernandez 2020).

An ecosystem framework provides a heuristic approach to unite research and priorities related to solar-nat-
ural resource challenges, such as fatalities, habitat loss, and interactions, with an interest in ecosystem 
function and service and biodiversity enhancements.

metapopulation), community (species interactions), landscape, and ecosystem ecology (biotic and abiotic 
interactions) and includes studying ecological processes within and adjacent to solar facilities (i.e., ecotones 
and edge effects in a larger landscape). We propose this conceptual basis as an alternative to applying 
the paradigm guiding wind energy-wildlife research, such as evaluating avian and bat collision fatalities or 
habitat loss and fragmentation as a feature solely of the technology and in isolation from the surrounding 
landscape. We reinterpret the wildlife impacts of PV solar facilities as demographic processes (e.g., births, 
deaths, immigration, and emigration) within and in lands surrounding PV solar facilities while recognizing 
that these impacts have implications for the permitting, compliance, and regulatory processes for develop-
ing PV facilities and direct on-site management applications. REWI’s research interests reflect these consid-
erations and will include evaluating how to mitigate (avoid, minimize and/or compensate) adverse impacts 
to further the sustainable development of renewable energy on the landscape.

In applying the ecosystem framework, we identify research opportunities to determine how the presence 
of the PV facility alters ecological and environmental processes at various spatial and temporal scales and 
trophic levels. PV facilities affect biotic (e.g., wildlife) and abiotic (e.g., microclimates) components and their 
interactions (e.g., soil-plant interactions) within the footprint7,8,9, and other associated infrastructure (e.g., 
fencing and linear features, such as electrical lines) change how species use and traverse the landscape.10 
Much remains unknown about the wildlife interactions, species’ demography (e.g., reproduction and 

Box 1
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mortality patterns and mechanisms), wildlife habitats, and ecosystem function within the facility and as it 
relates to the larger landscape surrounding the PV facility.

An estimated 10.3 million acres of solar facilities are needed to meet the decarbonization goals of the 
United States;4 however, the actual land conversion of natural habitats is likely smaller due to siting and per-
mitting constraints, and some level of development in degraded or agricultural lands. Still, the conversion 
of large amounts of land to accommodate solar energy may bring solar-wildlife challenges to the forefront 
of conservation concerns including siting, evaluating and mitigating impacts on wildlife and their habitat, 
population-level dynamics, land management and wildlife compatibility, water resource management, and 
solar life cycle and natural resource considerations. For example, avoidance through proper siting is critical 
in protecting lands with important natural resources, sensitive species and plant communities, and natural 
lands needed for climate solutions and carbon sequestration.11

Vegetation management and restoration within PV facilities may provide ecosystem-level enhancements 
(e.g., biodiversity, pollinator supply, carbon storage, and soil and water retention) and provide wildlife hab-
itat relative to the surrounding landscape (i.e., agrarian landscapes) and pre-construction land use (e.g., 
brownfields). These potential ecosystem enhancements may be achieved primarily through siting solar 
facilities on already disturbed, degraded, and marginal agricultural lands with the accompanying on-site 
vegetation restoration resulting in enhanced carbon storage potential and sediment and water retention.12 
Also, biodiversity enhancement may be achieved as various wildlife species are reported occupying facil-
ities,13,14 and much effort has also focused on evaluating the benefits to pollinator biodiversity. However, 
most native vegetation restoration (e.g., solar-pollinator habitat) is restricted to small PV facilities (e.g., less 
than 5 MW). The scaling feasibility of on-site native vegetation restoration activities to large, utility-scale PV 
facilities remains unknown, especially with concerns about native seed availability.15

To prepare this Plan, REWI used the surveys and interviews of solar-wildlife stakeholders conducted an 
exhaustive literature search available in REWI’s Solar Resource Library.16 In 2022, REWI surveyed and inter-
viewed industry, government, academic, and nonprofit stakeholders to further our understanding of 
the concern regarding solar energy’s potential impacts and benefits to wildlife and ecosystem func-
tion. Additionally, REWI hosted the 2021 Solar Power and Wildlife/Natural Resources Symposium,17 which 
provided a platform for a diverse range of experts to share the state of the science on important topics and 
identify key areas of research to address wildlife and environmental challenges and benefits. This endeavor 
was supported by REWI’s conservation science and industry partners. Building upon the symposium, REWI 
has prepared this Plan to support the timely and responsible growth of utility-scale solar energy develop-
ment while protecting wildlife and ecosystem function, and to understand the status of efforts to avoid, 
minimize, and compensate when appropriate (defined as mitigation from this point forward). Because of 
the potentially rapid growth of utility-scale PV solar, the goal of REWI’s Plan is to identify and prioritize key 
areas where additional, strategically targeted research investments are needed to advance:

•   Our understanding of land conversion trends and impacts, and cumulative impacts to wildlife habitat 
and movement.

•   Our understanding of how wildlife interacts, including demographic, metapopulation, and wildlife 
community considerations, within PV facilities and identifying changes to these interactions and miti-
gation opportunities at various scales.

•   Our understanding of how ecosystem functions are affected within PV facilities across regions. 
•   The development and evaluation of strategies to avoid, minimize, and compensate for adverse 

impacts when necessary to conserve healthy wildlife populations and ecosystems.
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Solar Energy State of the Science Summary
The following summary is a synopsis of REWI’s “Solar Energy Interactions with Wildlife and Their Habitats,” 
which is available online (Link). This report highlights the paucity of scientific research, which impedes our 
understanding of impacts and the decision-making needed to mitigate solar-wildlife conflicts. Compared 
to wind-wildlife interactions, the information on wildlife impacts by solar developments and operations is 
nascent but poised to increase dramatically over the next decade due to the projected increases in solar 
development. Studies are emerging or just underway, including projects funded by the Department of 
Energy16 and the Renewable Energy Wildlife Research Fund (REWRF17), that evaluate potential effects on 
wildlife and wildlife habitat while also examining potential effects on ecosystem services. A more detailed 
summary of the state of knowledge of solar energy-wildlife interactions is included in Appendix A.

To date, the solar-wildlife community’s approach to understanding solar-wildlife impacts has reflected what 
REWI describes as the wind-wildlife paradigm, which focuses on impacts to individual species or groups 
of species. Fatality estimates are the primary metric to determine wind impacts on wildlife, and all bird 
remains (e.g., carcasses or spot feathers) are assumed related to wind-energy production. For example, 
the discovery of bird carcasses at solar facilities has resulted in substantial efforts to estimate fatalities, in 
a manner analogous to bird collision fatalities at wind facilities, and then asking whether bats die at solar 
facilities. Recent papers provide estimates on a per megawatt (MW) basis and extrapolate to regional 
fatality estimates.18,19,20 We describe elsewhere in this plan why we think this approach is limiting and possi-
bly misplaced without landscape context.

Remains of various wildlife species have been found at PV solar facilities. Most studies focus on avian spe-
cies in the desert southwest,20,21,22,21 but the remains of bats, rabbits, rodents, snakes, lizards, medium-sized 
mammals, and frogs also have been found on-site of these facilities.22 The causes of fatalities at PV facilities 
are largely unknown for wildlife, but studies have generally found that the combination of other less prom-
inent infrastructure (e.g., fencing and overhead lines) were associated with more fatalities than apparent 
panel collisions.20 One explanation for avian remains detected at PV facilities, especially water-associated 
and -obligate species, is the Lake Effect hypothesis, which posits certain avian species are attracted to PV 
facilities due to some species perceiving facilities as bodies of water. There is little published evidence sup-
porting the Lake Effect hypothesis as a significant fatality mechanism in birds;21 though preliminary experi-
mental results suggest birds may perceive PV panels as water bodies due to emitted polarized light and are 
attracted to them in some ecological contexts (e.g., arid deserts), potentially increasing mortality above 
background rates.16 Although there is limited published literature, stakeholder groups are making progress 
in understanding mechanism(s) (e.g., sensory and behavioral) and population-level impacts as it relates to 
avian fatalities.

Few studies have investigated population-level or cumulative effects of PV facilities on wildlife. Evidence 
suggests potential adverse population-level and cumulative impacts could occur for some avian species22,22 
if all solar technologies (i.e., concentrated solar power and PV) and other anthropogenic causes of fatalities 
combined increases direct avian mortality above background levels or through habitat loss (e.g., eliminat-
ing breeding, foraging, shelter, and migratory habitats).

Also of concern is whether and to what extent PV solar facilities contribute to habitat loss but also whether 
and to what extent they provide on-site wildlife habitat and support ecosystem services. PV solar build-out 
could affect wildlife habitat at various spatial scales (e.g., site-specific and landscape). At the landscape 
level, several studies report direct habitat loss,10 modeled habitat loss,23,24,25 and habitat fragmentation10,26 
associated with solar facility developments. It remains unknown if species will exhibit avoidance behaviors 
towards PV facility footprints,10 but greater sage-grouse, a species known for avoiding energy infrastruc-
ture, has been observed within a PV facility,27 suggesting potential habitat value (e.g., shade, especially in 
arid environments) on-site as well. Little is known about the energetic costs related to avoidance behavior 
from habitat loss and disturbance from PV facilities and associated infrastructure on wildlife, especially big 
game.

 https://rewi.org/resources/solar-energy-interactions-with-wildlife-and-their-habitats/?utm_source=pdf&utm_medium=plan 
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At the local scale, PV facilities alter vegetation, soil, and microclimate, which can influence habitat qual-
ity and ecosystem function28 and shift species-specific responses to the environment.7,8,9 Various wildlife 
species (e.g., mammals, birds, insects, and reptiles) appear to inhabit PV facilities suggesting some degree 
of habitat value (i.e., suitable habitat) within these facilities, especially within facilities with established veg-
etation. What remains to be understood is if these facilities are ecological sources or sinks (i.e., ecological 
trap) by creating and maintaining wildlife habitats within these facilities through time.

Solar developments may also provide potential enhancements to ecosystem function following the con-
version of degraded lands accompanied by on-site vegetation restoration and management.12,29 These 
benefits (e.g., carbon storage, pollinator supply, biodiversity enhancements, and soil and water retention) 
may vary regionally and are likely less pronounced or non-existent in desert ecosystems (e.g., harsh environ-
mental conditions).30 We know little beyond these studies, especially regarding the impacts on ecosystem 
function from converting natural or restored vegetative habitats (e.g., forested, shrublands, or grasslands) 
into PV facilities.31 Further, very few studies have quantified the effects of PV facilities on water resources. 
Studies suggest both potential adverse (e.g., disruption of surface hydrology)31,32,33,34 and beneficial effects35 
on water resources. The latter study is a computer simulation demonstrating the benefits of on-site vegeta-
tion with the retention and infiltration of water thus benefiting stormwater management. However, much 
remains unknown and long-term studies on the ecosystem function impacts of utility-scale solar operations 
are lacking.

There is no evidence of a significant contamination risk (i.e., heavy metal leachate) for wildlife or their 
habitat (i.e., soil, air, and groundwater)36,37 by damaged panels from deconstruction, decommissioning, 
or extreme weather events (e.g., hail). However, little data are available on the decommissioning of PV 
facilities. 

The ability to effectively mitigate solar-wildlife adverse impacts is currently limited by our lack of under-
standing of the wildlife, habitat, and landscape impacts of PV facilities and associated infrastructure. How-
ever, many siting resources are available to avoid sensitive species and habitats, including Mojave fringe-
toed lizards, tortoises, Mojave ground squirrels, grassland birds, and bats to name a few,38 and co-location 
on abandoned, degraded, and marginal agricultural lands is a common strategy to spare undisturbed or 
natural habitats.39,40,41 To our knowledge, there is no study assessing the effectiveness of mitigation mea-
sures or identifying what fatality mitigation measures at PV facilities are warranted. Most of our mitiga-
tion understanding is focused on establishing on-site vegetation (i.e., pollinator habitat, turfgrasses, or a 
combination of both) and comparing outcomes to the preconstruction land use (largely agricultural lands). 
Other mitigation strategies, such as mitigation-driven translocation and the effectiveness of compensatory 
mitigation, are still in need of studies. For example, some studies report high mortality rates associated with 
translocation for some long-lived species.42 

National Solar-Wildlife Research Priorities —  
REWI’s Focus
The priorities described below are where REWI will focus over the next three to five years. These areas of 
research have been selected to target scientific research priorities that are appropriate to the pace and 
scale of solar development over the next 10-20 years. For each research area and specific topic, we iden-
tify additional, focused research investments needed to fill knowledge gaps and highlight REWI’s research 
focus and the anticipated outcomes. In addition, REWI will examine the uncertainties surrounding the 
impacts and benefits due to data deficiencies. Priorities could shift in the event of unforeseen impacts as 
utility-scale solar energy expands, including the implications of cumulative impacts related to solar in com-
bination with other anthropogenic impacts on the landscape.

As described above, we conducted a review of the existing literature, reviewed the results of recent prior-
ity-setting exercises of various stakeholders, and through a third party, asked solar-energy stakeholders 
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from state and federal agencies, the solar industry, academia, and non-governmental organizations about 
the solar-wildlife challenges of greatest concern and potential benefits of PV solar facilities to wildlife and 
the environment. For each challenge, we asked how well we understand its relative significance for species 
persistence, the underlying risk factors, and ways to avoid or minimize the challenges. For each benefit, 
we further asked about the extrapolation to other regions of the United States and the importance of the 
benefit. The common themes that arose from all the stakeholder reviews, surveys, and interview processes 
included challenges focused on wildlife fatalities, habitat and landscape processes, mitigation, and ecosys-
tem function.

Research on these priorities will involve collaboration with our solar-wildlife partners, including state and 
federal agencies, conservation and science organizations, academic scientists, and the solar industry. By 
leveraging these relationships, REWI will accomplish our national research objectives, which, in turn, may be 
used to transform research results into sound policies and practices to inform decision-makers and achieve 
a balance between mitigating climate change impacts while simultaneously minimizing adverse impacts 
and maximizing benefits to wildlife, their habitats, and ecosystems from PV facilities in the United States.

In developing our list of research priorities, we applied the following guidelines:

•   Research supported by REWI should focus on the ecosystem approach and investigate topics where:
 o   Sufficient interest exists regarding the levels of impact and benefit, but corroborating data are 

needed
 o   Data are needed to address siting and permitting issues 
•   Substantial progress can be made on a research topic in three to five years and with the resources 

available to REWI and its collaborating organizations
•   Research can be structured to promote data pooling to:
 o   Increase the rate at which results are incorporated into best practices
 o   Address patterns and mechanisms related to impacts and benefits

Approach

REWI research priorities are based on an ecosystem approach to investigate species interactions with infra-
structure, identify the potential for on-site wildlife habitat provided by the solar facility, evaluate the risks 
associated with species occupying these mesohabitats within the footprint of the facility, and understand 
the effects of facilities within the landscape. Furthermore, REWI’s priorities investigate patterns of habitat 
value and ecosystem function provided by various vegetation management strategies across regions with 
the recognition that each region may have a different set of environmental challenges and benefits. Some 
priorities listed below might be most appropriately led by organizations other than REWI, although we 
would welcome the opportunity to contribute to these efforts as appropriate. Many of these topics will be 
supported through collaboration with a variety of stakeholders including the REWRF.

Ecological Interactions

Challenge: There is a need to increase our understanding of how PV facilities interact with wildlife within 
the footprint of the facility and the surrounding landscape, as well as how they influence occupancy, 
demography (births, deaths, immigration, and emigration), behavior (e.g., avoidance and sensory), eco-
logical interactions (i.e., competition and predator-prey dynamics), and habitat loss and fragmentation 
(i.e., movement ecology). For example, the presence of a PV facility and other associated infrastructure is 
assumed to cause habitat loss and reduce permeability for wildlife, especially big game and other wild-
life of concern (e.g., desert and gopher tortoises and grassland birds) within the landscape. Vegetation 
management and restoration (e.g., non-native, native, or a combination of vegetation types) within these 
facilities can create wildlife habitat that attracts wildlife from various trophic levels. A paradox exists 
between creating wildlife habitat within a facility with the potential risks of wildlife occupying PV facilities 
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(i.e., ecological trap). Future research should focus on the risks and benefits of occupying PV facilities, how 
species and communities interact with the on-site wildlife habitats, microclimates, and infrastructure within 
the footprint, and how wildlife interact with the PV facility in the larger landscape context. Our increased 
understanding of the solar-wildlife interactions and outcomes will inform future mitigation measures, espe-
cially avoidance through proper siting.

Ecological Interactions Objectives Outcomes

Conduct long-term monitoring to 
understand interactions among wildlife 
and facilities design, infrastructure, and 
vegetation management strategies

1.  Improved understanding of the long-term, population, 
and cumulative effects, if any, of wildlife occupying PV 
facilities at the local and regional scale

2.  Improved understanding of the effects of microclimate, 
soil-plant interaction alterations, and vegetation 
management strategies on wildlife and their habitats

3.  Improve understanding of effects of stormwater and 
erosion control measures on wildlife and their habitats 
onsite and within the surrounding landscape

Develop standardized data collection 
of wildlife occupancy and demography 
at PV facilities and the surrounding 
landscape

1.  Improved understanding of what wildlife is living and 
dying within PV facilities and the mechanisms among 
sites and regions

2.  Improved understanding of habitat and ecological value 
within PV facilities

Evaluate the movement and behavioral 
ecology of wildlife within the PV facilities 
and the surrounding landscape

1.  Improved understanding of landscape permeability for 
wildlife movements (e.g., big game) and avoidance in 
context of PV facilities siting and designs (e.g., corridors)

2.  Identification of species sensitive to habitat loss and 
fragmentation caused by PV facilities in various regions 
and landscapes

3.  Understanding of what wildlife use the area within and 
around the footprint of PV facilities and factors affecting 
the permeability of PV solar in different landscapes

Ecosystem Function

Challenge: There is a need to understand site-level ecosystem function as it relates to the effect of various 
on-site vegetation management strategies (e.g., turfgrasses, native vegetation, combination of native and 
non-native vegetation, or lack of vegetation, and grazing versus mechanical mowing) and construction 
activities compared to natural, agricultural, and degraded landscapes (e.g., brownfields and brightfields). 
These ecosystem functions include carbon storage and sequestration, water and soil retention, and a vari-
ety of functions provided by soil-plant interactions. Many of these functions may have implications for the 
quality and use of wildlife habitats. Some effects also correspond with the solar industry’s requirements for 
stormwater management and erosion control plans. 
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Ecological Functions Objectives Outcomes

Conduct studies, including BACI studies, 
investigating the effects of on-site and 
landscape factors related to ecosystem 
services and function in various regions 
of the United States

1.  Improved understanding of on-site microclimates and 
management decisions (e.g., vegetation and stormwater) 
that affects, if any, ecosystem function on-site and within 
the surrounding landscape across regions

2.  Improved understanding of solar facility effects in the 
context of the landscape, native vegetative communities, 
and regional factors

Develop standardized approaches in 
collecting abiotic and biotic variables to 
assess variation in impacts and benefits 
on ecosystem function across regions

Improved data sharing across sites and regions to elucidate 
broad patterns of ecosystem benefits and impacts

Mitigation

Challenge: Mitigation includes avoiding, minimizing, and compensating, and all are of interest to all stake-
holders working on renewable energy and wildlife. Appropriate project siting is the most effective strategy 
to avoid or minimize impacts to wildlife, their habitat, and ecosystem function. The lack of understanding 
and the high level of uncertainty related to adverse impact to wildlife, their habitats, and ecosystems at 
PV facilities inhibit the development and evaluation of mitigation measures, including avoidance through 
improved siting. Future research should focus on technologies that monitor wildlife interactions within PV 
facilities that will inform mitigation measures. With more information, effective mitigation strategies can be 
implemented and tested, such as wildlife translocations and compensatory actions.

Mitigation Objective Outcomes

Support the development and evaluate 
measures to mitigate wildlife risks at PV 
facilities

1.  Improve understanding of various mitigation measures to 
reduce risk and offsetting impacts to wildlife inhabiting PV 
facilities, facility-wildlife interactions within the landscape, 
wildlife habitats, and ecosystems

2.  Improve understanding of where and how compensatory 
mitigation is necessary and effective

Synthesis

Challenge: The solar industry is facing permitting challenges that may delay the development of proposed 
facilities. The rapid pace of development needed over the next decade will require access to the best avail-
able information about risks to wildlife, natural resources, and ecosystems. Future efforts should focus on 
effective ways to share, disseminate, and synthesize data collected at PV solar facilities to enhance collabo-
ration across regions, assist decision-makers on proper siting, and streamline permitting.
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Synthesis Objectives Outcomes

Create a solar-wildlife database that 
incorporates natural resource data 
driven by stakeholder engagement and 
needs

1.  Improve data-sharing among stakeholders to elucidate 
larger patterns and mechanisms related to solar-wildlife 
challenges and benefits

Plan and facilitate two future solar sym-
posia (2023 and 2025)

1.  Proceedings of the symposia that advance our under-
standing and address key challenges informed by a plan-
ning committee of utility-scale PV solar on the landscape 

2.  Exchange of ideas among stakeholders that advance 
research, policy, and best practices at PV solar facilities

Conclusion
This Plan outlines REWI’s solar-wildlife strategy and priorities over the next three to five years. In general, 
our understanding of the impacts on wildlife associated with PV solar development is limited — both taxo-
nomically and geographically. These limitations prevent us from making broad generalizations of patterns 
and mechanisms related to risks and benefits, and thus underscore the need for more research and funding 
of all priorities. Our progress in addressing this Plan’s suite of priorities will increase our understanding and 
provide a catalyst for synthesis and collaboration to overcome the challenges associated with the rapid 
deployment of PV solar across the United States.

In this Plan, we have described a strategy for evaluating utility-scale PV solar facilities as an ecosystem 
with biotic and abiotic conditions interacting to affect wildlife and wildlife habitat, both negatively and 
positively, and not primarily as a source of increased wildlife mortality. This approach differs from the 
species-focused paradigm and is needed to understand the complex ecological and environmental interac-
tions associated with these facilities at various spatial scales.

Our priorities are ambitious but necessary to inform the rapid deployment of PV solar energy to mitigate 
the effects of climate change and promote conservation of ecosystems. REWI recognizes that successful 
implementation of these priorities can only be achieved through considerable investment of financial and 
human resources and the continued collaboration with our partners in the solar industry, state and fed-
eral government agencies, researchers, and conservation and science organizations. Utility-scale PV solar 
is a necessity in decarbonizing the electric grid to mitigate climate change, and this Plan’s priorities will, 
ultimately, facilitate timely and responsible solar deployment on the landscape while protecting natural 
resources.
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Appendix A: State of the Science on Utility-Scale 
Solar-Wildlife Adverse and Beneficial Impacts
Although significant amounts of research are being conducted currently,16,18,19 the adverse ecological 
consequences and potential benefits of utility-scale solar developments remain relatively unknown and 
understudied, and few before-after-control-impact studies have been conducted.43 This Plan broadly 
groups solar-wildlife impacts into habitat and landscape and fatalities effects and how to mitigate these 
effects. We discuss ecosystem function within habitat and landscape effects because it is intrinsically linked 
to biodiversity (e.g., wildlife and habitat quality) through soil-plant interactions, nutrient cycles, and the 
hydrologic cycle. The state of the science largely focuses on utility-scale PV solar (i.e., greater or equal to 10 
MW); however, much of the information related to agrivoltaics, including solar-pollinator habitat and other 
native vegetation restoration, is limited to smaller, community and distributed PV facilities. For more details 
on each of the following impacts and benefits, we refer the reader to REWI’s Solar Energy Interactions with 
Wildlife and Their Habitats (Link).

Habitat and Landscape Processes

PV facilities, if built to capacity to meet United States’ energy goals, will transform millions of acres of 
agricultural, degraded, abandoned lands, and natural habitats.44 Several studies have investigated habitat 
loss associated with PV facilities10,22,25,26,27 and potential population-level impacts to wildlife is a concern.22 
Assuming PV facilities will provide no habitat value and a total loss of breeding habitat, one study esti-
mated the combined impact of bird fatalities and on-site habitat loss (in terms of bird nesting densities 
reported in the literature) might adversely affect some bird species populations (e.g., burrowing owls22). 
PV facilities are thought to, albeit with little published evidence, alter on-site biotic and abiotic conditions, 
cause habitat loss, fragmentation, and disturbances, and may provide habitat and ecosystem service 
benefits in certain landscape settings. Much remains unknown, and what we have learned is taxonomically 
and geographically limited. Thus, any broad generalizations of trends are inappropriate at this time. We 
organize this habitat and landscape impacts section into three categories related to fragmentation and 
disturbances, on-site habitat, and general habitat concerns.

Fragmentation and Disturbance. — PV facilities’ infrastructure (including perimeter fencing) and asso-
ciated linear features (e.g., roads, transmission lines, and utility corridors) have the potential to decrease 
landscape permeability and inhibit wildlife movement10,28 that may impede or alter daily or seasonal migra-
tion patterns. Although anthropogenic disturbances can cause wildlife avoidance, much remains unknown 
about the avoidance behavior of ungulates10 and wildlife, in general, towards PV facilities. For example, PV 
facilities with restored native vegetation may provide usable habitat for greater sage-grouse29 — a species 
known for avoiding anthropogenic structures. On-site and adjacent vegetative management decisions 
and spacing of solar panel arrays could maintain landscape permeability for ungulates and other sensitive 
species at PV facilities.13,14

On-site Habitat. — PV facilities represent a modified ecosystems relative to more natural habitats due to 
construction and infrastructure altering vegetation and microclimate.7,8,9,30,41,45 Soil disturbance can degrade 
soil properties and vegetative communities for extended periods30,35 and adversely affect insects.46 Much 
remains unknown about the influence of PV facilities’ altered microclimates on species-specific responses, 
population-level consequences, ecological interactions, and ecosystem function, and what is known is 
geographically restricted to the Western United States.7,8,9,35,47,47,48 There is interest in evaluating potential 
ecosystem function benefits linked to on-site restoration efforts and pre-construction land use that include 
pollinator supply, carbon storage and cycle, and sediment and water retention (nutrient cycling).12,31,37

Habitat Concerns. — Various habitat concerns were expressed by stakeholders, including hazardous mate-
rial contamination risk, water resources, and habitat quality. There are no studies investigating contamina-
tion risk to wildlife or wildlife habitat from damaged or decommissioned panels, and the risk to humans is 

 https://rewi.org/resources/solar-energy-interactions-with-wildlife-and-their-habitats/?utm_source=pdf&utm_medium=plan 
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low.38,39 Few studies have quantified the effects of PV facilities on water resources, including aquatic organ-
isms. At the landscape level, modifications to non-protected intermittent water features in the southwest 
United States could cause cumulative impacts on hydrology and watersheds.36 In a simulated study of a PV 
facility, panels influenced hydrologic responses very little compared to on-site ground cover.37 Vegetative 
ground cover, relative to gravel, pavement, and bare ground, reduces peak discharge and erosion and 
increases water infiltration.37 Various wildlife species have been documented within PV facilities suggesting 
some on-site habitat value.13,14,20,21,22,23,49,50 Given fatality risks and concerns (see below), wildlife occupation 
might be maladaptive and create a negative feedback loop (i.e., ecological trap) affecting population level 
dynamics. However, it remains to be seen whether these facilities are meta-population sources or sinks.

Wildlife Fatalities

The discovery of bird remains in utility scale PV solar facilities has led to the concern that these facilities and 
their associated infrastructure pose a fatality risk to wildlife, although the fatality mechanisms for individ-
ual species are unclear,20,21,51 and we lack the data to evaluate the extent of risk beyond the southwestern 
United States.20,21,22,23 We organize this fatality section into three categories related to species, mechanisms, 
and population-level impacts.

What species are dying? — A variety of wildlife species have been reported as dead at PV facilities in North 
America.20,21,22,23 These on-site fatalities include birds, bats, several rabbit species, rodents, snakes, lizards, 
medium-sized mammals, and frog species.22 Wildlife fatalities may occur from a variety of sources, includ-
ing panel and vehicle collisions, entanglement and entrapment (e.g., fencing and netting), drowning (e.g., 
retention ponds), electrocution, and predation events (e.g., background mortality).

What are the mechanisms? — The cause of death is largely unknown for wildlife, especially for birds and 
bats, at PV facilities, limiting our understanding of the mechanisms.20,21,22 There is little evidence supporting 
the Lake Effect hypothesis significantly driving bird fatalities,20,21 and other infrastructures (e.g., lines, fenc-
ing, and buildings) cause similar fatality rates as panels.20 Most non-volant fatalities were caused by vehicle 
collisions, accidental drownings, or were unknown.22 Other causes of non-volant fatalities were classified as 
abandoned, construction, entangled, exposure, probable predation, and starvation.

Are there population-level impacts? — Any population-level or cumulative impacts from fatalities and 
habitat loss remain understudied. No study has quantified population-level effects on wildlife due to PV 
facilities related fatalities, but one study has considered both solar technologies in combination with other 
anthropogenic sources of fatalities.24 Fatality estimates are limited to only a few studies from the desert 
southwest,20,21,22,23 and the lack of pre-construction data and information on the change in mortality associ-
ated with PV infrastructure relative to the landscape (i.e., background mortality) makes it difficult to assess 
population-level and cumulative effects for PV solar. 

In general, more research is needed to understand the impacts on populations and demographics in a 
variety of landscapes including potential population-level effects on wildlife species. Several issues impede 
robust assessments and predictions related to effects of PV facilities on mortality: 

•   There is a lack of standardization in data collection procedures and protocols across studies, which 
limits the ability to quantify or accurately assess changes to species’ mortality within or across solar 
facilities.22

•   Various data collection protocols and fatality estimates may yield different conclusions.20,21,22,23,52

•   Our understanding of causes of death of wildlife at PV facilities is low.20,21,22
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Mitigation, Enhancing Benefits, and On-site Management

Mitigation includes avoiding, minimizing, and compensating. Appropriate project siting is the most-ef-
fective strategy to avoid or minimize impacts to wildlife, their habitat, and ecosystem function. Many 
resources and tools exist to promote responsible siting relative to natural resources,40 and co-location of PV 
facilities on abandoned, degraded, or agricultural lands is an often-cited strategy to spare wildlife habitat 
conversion.41,42,43 Strategic siting could also involve micro-siting to avoid critical wildlife features, such as 
hibernacula, burrows and dens, roosting trees, and desert washes.13 Other design considerations, such as 
wildlife-friendly fencing and breaking up the facility’s footprint to accommodate ungulate migratory routes, 
wildlife movements, and water courses13,14,53 will additionally improve landscape permeability. However, all 
these strategies present unique challenges to the developer. It is important to understand that the siting 
process involves other considerations (e.g., distance to transmission lines, local permitting constraints 
and fees, Not-In-My-Backyard issues, interconnection costs, slope, available land for lease, and cultural 
resources) beyond wildlife. Additionally, developers must follow fencing regulations (i.e., PV facilities must 
have at least 2.1-meter fence) from the National Electrical Code and National Electrical Safety Code and 
also compliance with the local Authority Having Jurisdiction. Developers must balance these considerations 
(see above) and regulations (e.g., fencing) with avoidance and minimization measures to make the project 
financially feasible.

Before effective fatality minimization can occur, more research is needed to identify the degree and mag-
nitude of fatalities, specific mechanisms for wildlife fatalities, and in general, we lack tested minimization 
practices (i.e., physical, operational, and abatement controls) that reduce fatalities attributable to PV 
facilities. There are studies investigating possible mitigation measures for wildlife fatalities that could apply 
to PV facilities:

•   Ultrasonic and acoustic deterrents;22,54

•   Vehicle management plans;55

•   Micro-siting roads and infrastructure to avoid high-density wildlife areas;13

•   Various fencing modifications;56

•   Panel borders and coating;57,58,59

•   Enhancing exclusion and escape structures in ponds;60

•   Translocation;44,61,62 and
•   Soil ripping, composting, air spading or aeration, low-pressure tires for vehicles, and tracked vehicles 

to reduce soil compaction.63,64

If vegetation is present, regular vegetation maintenance is required regardless of vegetation type at PV 
facilities for safe and efficient operation of the PV facility. Our understanding of the wildlife implications 
of these various management options at PV facilities is limited, and much of our knowledge of wildlife 
responses is inferred from studies at non-solar facilities.31,65,66,67 Possible vegetation management measures 
that benefit wildlife include:31,68,69,70

•   Lower frequency and intensity of mechanical mowing/cutting;
•   Avoiding spring/summer mowing/cutting; 
•   Planting native vegetation and hedgerows in undeveloped areas (e.g., setback areas);
•   Replacing mowing/cutting with low intensity grazing.

Known benefits of livestock grazing include selective foraging, soil enrichment, and reduction of mechanical 
mowing and cutting.31 However, the intensity and timing of the grazing could have impacts on pollinators 
and habitats, and not all livestock are compatible with PV infrastructure for site grazing. For a more detailed 
discussion on agrivoltaics, including grazing, we refer the reader to review papers.71,72
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