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Abstract
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The objective of this research was to study the impacts of large USSE facilities on wildlife 

movement corridors and habitat connectivity in Florida to identify important habitat 

patches and movement corridors significant for potential Florida panther (Puma concolor 

coryi) dispersal, conservation, and recovery. Large carnivores (such as Florida panther) 

have often been examined as conservation umbrellas for large-scale connectivity planning 

due to their extensive spatial requirements (Beier et al., 2006, Thorne et al., 2006).  In 

addition, Florida panther is relatively well-studied species that have been listed as 

endangered under the US Endangered Species Act for over 40 years, due to habitat 

fragmentation and reduction. Habitat suitability was compared before and after the 

installation of the USSE facilities using RandomForest model developed by Frakes and 

Knight (in prep). The connectivity study focused on comparing current density and 

effective resistance (resistance distance) before and after the installations of USSE 

facilities and was conducted using Circuitscape 4.0. The
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impacts on habitat connectivity were the most substantial in the areas where the USSE 

facilities were installed on or around wildlife corridors, near focal areas, and in large 

clusters. The study has identified important linkages and new pathways that animals may 

try to take in order to bypass the facilities. The study has also shown that installation of 

USSE facilities in areas not suitable as habitat for Florida panthers, but still permeable or 

semi-permeable (e.g., agricultural lands), can substantially impact connectivity between 

focal areas.
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Introduction

Over the last few decades, the solar energy industry experienced significant growth. This 

renewable, sustainable energy source is primed to become a critical component of electric 

power systems in the United States and around the world for a number of reasons, such as 

advances in new installation technologies, improved energy collection and storage 

methods, decreases in price, and a renewable status that is an important requirement for 

future sustainable energy systems.  

Solar energy systems can be categorized based on their size and location into two types: 

small-scale solar energy systems (SSSE) (also called distributed solar energy systems), and 

utility-scale solar energy systems (USSE).  SSSE systems have low capacity (<1 MW), can 

function off-grid, and are often installed on, or integrated into, the built environment (e.g., 

solar panels on residential and commercial rooftops, solar water heating systems, etc.) 

(Hernandez et al. 2014). Thus, SSSE systems reduce the infrastructure needed for the 

provision of generated power without requiring additional land (Dale et al. 2011). Utility-

scale solar energy (USSE) enterprises, on the other hand, have relatively larger economies 

of scale, are higher capacity (>1 MW), and are often installed in centralized locations at 

considerable distances from their consumers (Hernandez et al. 2014). USSEs therefore 

require large land areas to be developed not only for the facilities themselves, but also for 

the infrastructure that accompanies them, such as transmission lines to transport electricity 

to consumers. 
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In recent years in the US, both SSSE and USSE systems have undergone significant 

growth. According to the Energy Information Administration (EIA) Solar Energy 

Consumption Report (2018), in the last decade (2007-2017) solar energy consumption has 

increased for distributed solar energy (combined capacity less than 1 MW) from 59 trillion 

Btu in 2007 to 284 trillion Btu in 2017, and for USSE from 65 trillion Btu to 774 trillion 

Btu. In the last few years, this growth has been even more impressive. For example, in just 

the first quarter of 2017, the U.S. solar market added 2.5 GW of solar systems, representing 

annual growth of 13 percent (SEIA 2018). 

Florida has lagged behind other states in application of solar energy technologies. 

However, since 2016 there has been a dramatic increase in the installation of solar energy 

systems, especially large USSE.  As of Q4 2019, the total installed solar capacity in Florida 

was 3,690 MW, which constituted 1.87% of the State’s electricity (SEIA, Florida Solar 

2020). According to the Solar Energy Industries Association (SEIA), the forecasted growth 

in solar capacity over the next five years equals to 8,962 MW (SEIA, Florida Solar 2020). 

There were substantial differences in installation of small-scale (residential) capacity 

compared to utility-scale solar energy capacity (Figure 1). For example, the total installed 

residential SSSE capacity in 2017 was approximately 60 MW, while USSE facility 

capacity constituted almost 700 MW (Figure 1). 
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Figure 1. Florida Annual Solar Installations. SEIA (2020). Florida Solar, Mar 2020. 

Retrieved from https://www.seia.org/sites/default/files/2020-03/Florida.pdf 

 

The trend of major electric power companies in Florida rapidly implementing solar 

technologies by installing a substantial number of large USSE facilities will become even 

more prevalent given the announcements and plans of these companies. In January 2019, 

Florida Power and Light Company (FPL) announced its plans to install 30 million solar 

panels by 2030 (FPL Newsroom, Heroux Pounds 2019). Duke Energy plans to install 14 

universal solar power plants totaling 718 MW by 2023 (Duke Energy). Tampa Electric 

plans to add 6 million solar panels for a total capacity of 600 MW by 2021 (Tampa 

Electric). Such a significant expansion of USSE capacity throughout the state requires 

thousands of acres of land to be developed, and underscores the urgency of understanding 

possible environmental costs that accompany these facilities (Hernandez et al. 2014). 

Comprehensive planning and consideration of the location and characteristics are 

necessary for USSE facilities, along with active monitoring of the areas where the facilities 

become operational.   

The growing population of the state will require more and more energy. Florida is currently 

the third most populous state (after California and Texas) and experiences continuous 
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substantial population growth (EDR 2018). The Florida Legislature Office of Economic 

and Demographic Research (EDR) (2018) forecasts that Florida’s population will increase 

by 26.41%, from 20,840,568 in 2018 to 26,343,525 in 2040 (Figure 2). Such significant 

population growth will be accompanied by growing energy demands that in turn will 

require increases in the number and capacity of electric facilities (including solar power 

facilities) to provide this energy.  

 
Figure 2. Figure 2. Florida Population Growth (EDR 2018).Retrieved from 

http://edr.state.fl.us/Content/presentations/economic/FlEconomicOverview_12-26-18.pdf 
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Solar Technologies 

Solar technologies continue to advance and diversify, and include photovoltaic (PV) 

modules, concentrating solar power (CSP) systems, electrical energy storage (EES), and 

cooling systems for CSP systems.  A brief description of these technologies is given in the 

following sections. 

Photovoltaic (PV) solar power consists of semiconductor elements known as PV cells 

that convert sunlight energy into electrical energy by absorbing photons from the light. 

Absorbed photons cause electrons to move from the lower orbit to higher orbit, and finally 

leave the parent atoms (Aman et al. 2015).  

There are three main photovoltaic technologies today: monocrystalline silicon cells, 

polycrystalline silicon cells, and thin-film PV (Sendy 2017). The efficiency of these 

technologies ranges from 5% to 25% (Özkaymak et al. 2017). The cells in a mono-

crystalline module are made from a single silicon crystal while polycrystalline modules are 

made from cells containing a large number of small silicon crystals (Aman et al., 2015). 

This difference makes polycrystalline modules slightly less efficient than monocrystalline 

modules (Rathore and Kothari 2015). However, because polycrystalline modules have 

lower production costs, this technology looks very appealing to both residential and utility-

scale markets (Sendy 2017). Thin-film PV are produced from different materials such as 

cadmium telluride (CdTe), copper indium gallium selenide (CIGS), and amorphous silicon 

(a-Si); these materials are generally less expensive to produce than crystalline silicon (c-

Si) but have lower conversion efficiencies, and thus require much more space (Mendelsohn 

et al. 2012). However, this technology has its advantages, such as better performance in 

low light conditions, when there is partial shading of the system, or in extreme heat (Sendy 
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2017). There are also other emerging PV technologies, such as concentrating photovoltaic 

(CPV) and organic solar cells (Aman et al., 2015).  

Concentrating solar power (CSP) systems use reflective surfaces to focus sunlight into a 

beam that heats a receiver containing a working fluid, which in-turn heats water to generate 

steam.  The steam produced is used to drive a turbine and generate power (Aman et al. 

2015). CSP systems are currently represented by four technologies – CSP trough, CSP 

tower, parabolic dish, and linear Fresnel reflector (Pelay et al. 2017). Among them, only 

the CSP trough and CSP tower systems are currently being used in utility-scale 

development in the U.S. (Mendelsohn et al. 2012). CSP trough systems use curved mirrors 

to focus the sun’s energy onto a receiver tube that runs down the center of a trough. In the 

receiver tube, a high-temperature heat transfer fluid (such as a synthetic oil) absorbs the 

sun’s heat energy, reaching temperatures of 750°F or even higher, and passes through a 

heat exchanger to heat water and produce steam (SEIA, CSP).  The steam then drives a 

conventional steam turbine power system to generate electricity (SEIA, CSP). CSP tower 

systems, often referred to as “power towers” or “central receivers,” use a field of mirrors 

called heliostats that individually track the sun on two axes and redirect sunlight to a 

receiver at the top of a tower (Mendelsohn et al. 2012). When compared to other CSP 

systems, central receiver systems have significant advantages - they are able to work at the 

highest temperatures and to achieve higher efficiencies in electricity production (Ortega et 

al. 2008). 
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Environmental Impacts of large USSE Facilities 

Renewable energy sources in general, and solar energy in particular, are often perceived to 

be “green” and “clean,” without creating any significant environmental impacts, especially 

in comparison to fossil fuel and nuclear energy. Because solar energy can play a vital role 

in the lowering of carbon emissions and global climate change mitigation, it is primed to 

become an important part of meeting our future energy needs. However, energy production 

always comes at some cost to the environment and human health, and USSE systems are 

no exception. With the recent increase in the number of large USSE facilities being 

installed around the world, and particularly throughout Florida, it is important to study the 

impacts of these facilities in order to develop a strategic approach to their placement that 

would reduce their environmental impacts. 

Solar energy is a relatively new technology and USSE facilities have not been widespread 

until recently, so research into the environmental impacts of these facilities is lacking. 

However, there have been attempts to classify environmental impacts based on operational 

phases of a USSE facility (such as installation, operation, decommissioning) (Turney and 

Fthenakis 2011), spatial distribution of impacts (local or regional) (Hernandez et al. 2014), 

etc. In general, “environmental impacts of USSE systems may occur at differential rates 

and magnitudes throughout their lifespan (i.e., manufacturing, construction, operation, and 

decommission)” (Hernandez et al. 2014), and can have local and regional impacts that may 

include impacts on biodiversity, water use and consumption, soils and dust, human health 

and air quality, land use, and land cover change, etc. (Turney and Fthenakis 2011, 

Hernandez et al. 2014, Lovich and Ennen 2011, Gibson et al. 2017). Roads and 

transmission lines that accompany such developments also create significant impact on the 
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environment (Biasotto and Kindel 2018, Gibson et al. 2017). For example, it was estimated 

that in the US, 22.8 million birds are killed annually by powerline collisions (Loss et al. 

2015) 

Impacts on wildlife and biodiversity. In spite of the increasing growth of solar facility 

installations, their impacts on wildlife have not been thoroughly studied (Lovich and Ennen 

2011). Large USSE facilities are often installed far from population centers where the 

energy is consumed, and on private lands that are not the best fit for residential 

development. This means the facilities may be built in areas that are frequented by a variety 

of wildlife, further exacerbating habitat fragmentation, and creating connectivity barriers 

(Saunders et al. 1991, Hernandez et al. 2014). Habitat fragmentation is usually defined as 

a process during which “a large expanse of habitat is transformed into a number of smaller 

patches of smaller total area, isolated from each other by a matrix of habitats unlike the 

original” (Wilcove et al. 1986). The landscape connectivity concept is based on two 

fundamental parts: structural and functional connectivity (Correa Ayram et al. 2015). 

Structural connectivity can be described as “spatial relationships (continuity and 

adjacency) between the structural elements of the landscape” and is independent of species’ 

ecological characteristics (Correa Ayram et al. 2015, Taylor et al. 2006, Tischendorf and 

Fahrig 2000). Functional connectivity evaluates landscape features from the point of view 

of facilitation or impediment of species movement (Taylor et al. 1993, Taylor et al. 2006, 

Correa Ayram et al 2015). Understanding the impacts of USSE installations on functional 

connectivity is especially important in Florida due to significant existing and forecasted 

increases in residential development, expanding road network, continuous habitat 

reduction, sea level rise, etc. This research will study the impacts of USSE facilities on 
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functional landscape connectivity using dispersal of the Florida panther as an umbrella 

species. 

Additional infrastructure that accompanies large USSE, such as roads and transmission line 

networks, create a number of environmental concerns on their own. New roads that are 

built, or existing roads that are used more intensively during the process of USSE 

installation and operation, create a variety of negative impacts on wildlife, such as creating 

barriers to wildlife connectivity and increasing mortality (Lovich and Ennen 2011). 

Transmission line networks also create both long- and short-term ecological effects, and 

may cause significant impacts on the environment during both the construction and 

operational phases (Andrews 1990, Bagli et al. 2011, Schreiber & Graves 1980, Loss et al. 

2015). The right of way, a zone below the cables where vegetation is cleared and managed, 

creates a disturbance to the area that is limited in width but may extend for hundreds of 

kilometers (Biasotto and Kindel 2018, Cardoso Junior et al., 2014). In general, the 

environmental impacts of roads and transmission line networks might include displacement 

and mortality of wildlife, removal of vegetative cover, degradation of habitat quality, soil 

erosion, etc. (Andrews 1990, Loss et al. 2015).  

Since USSE facilities are usually enclosed by a tall chain-link fence, span hundreds of 

acres, and are built in areas that could be used as a habitat or a corridor by wildlife, careful 

consideration of the site location is necessary in order to avoid adverse impacts such as 

habitat fragmentation and decreased connectivity. It is important to select locations for 

USSE facilities where impacts to biodiversity are relatively small in order to meet both 

renewable energy and conservation goals (Fluri 2009). For example, Fluri (2009) showed 

that the strategic placement of USSE facilities and infrastructure in South Africa would 
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create a nominal capacity of 548 GW of solar power while avoiding impacts to habitat that 

supports endangered and vulnerable vegetation. 

 

The Florida Panther (Puma concolor coryi) 

The Florida panther (Puma concolor coryi) is a subspecies of puma. The puma once ranged 

throughout North and South America (Frakes et al. 2015). Now, the Florida panther is the 

only puma subspecies remaining in the eastern United States, and has been listed as 

endangered under the US Endangered Species Act for over 40 years (USFWS 2008). The 

Florida panther is a relatively well studied species and it is well established that the most 

important threats to panthers include limited habitat area and continued habitat 

degradation, fragmentation, and habitat loss (Frakes et al. 2015, Schwab and Zandbergen 

2011, Belden et al. 1988). Because of these threats, the only breeding population of Florida 

panther is restricted to a small area in South Florida that constitutes less than 5% of its 

historic range (USFWS 2008). 

 

Prey 

When it comes to habitat selection, Florida Panther Recovery Plan underscores the 

important role that prey availability plays, stating that panthers select “habitats that make 

prey vulnerable to stalking and capturing” (USFWS 2008). The primary prey species of 

the Florida panther are white-tailed deer (Odocoileus virginiana), wild hogs (Sus scrofa), 

marsh rabbits (Sylvilagus palustris) and raccoons (Procyon lotor) (Belden et al. 1988, 

Dalrymple and Bass 1996). The importance of these prey species in the panther’s diet 

varies significantly in different areas of existing habitat. For example, Dalrymple and Bass 
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(1996) compared the diet of panthers in Everglades National Park (ENP) to that of 

southwestern Florida and discovered that the estimated consumed biomass of white-tailed 

deer in ENP was nearly identical to the combined consumed biomass of deer and feral hogs 

from southwestern Florida. This can be explained by the prevalence of wild hogs in 

southwestern Florida, while they are rare in the ENP (Smith and Bass 1994, Cammauf 

2017).  

The white-tailed deer is an “edge species” and the amount of forest edge affects their 

presence and quality (Severinghaus and Cheatum 1969, Labisky et al. 1995). Holmes and 

Laundré (2006) and Laundré and Loxterman (2007) suggested that forest edges provide 

the necessary structural components for successful hunting, while Laundré and Hernández 

(2003) concluded that use of edge areas allows puma to observe deer out in the open and 

to ambush deer as they move between open and forest patches. Onorato et al. (2011) 

suggested that edge might be an important factor in panther habitat selection and reported 

that panther kills often occur in forests adjacent to more open habitats.  

Florida has one of the most abundant populations of feral (wild) hogs in the United States 

(Chatfield et al. 2013). Some of the highest hog population densities in Florida can be 

found north and west of Lake Okeechobee in areas with large forested tracts, dense 

understory vegetation, and limited public access (Giuliano 2010). The variety of habitat 

types used by wild hogs in Florida include flatwoods, upland pine and bottomland 

hardwood forests to coastal areas, marshes, swamps, and more open agricultural lands, but 

their preferred habitats are forested areas with abundant food, particularly acorns, 

interspersed with marshes, hammocks, ponds, and with wet areas suitable for wallowing 

(Giuliano 2010).  
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Habitat.  

Numerous studies have been conducted in recent decades concerning Florida panther 

habitat preferences. Maehr et al. (1991) identified hardwood hammock habitat as the most 

important community type for Florida panthers. Maehr and Cox (1995) studied the 

telemetry data and asserted that panther radio-locations occurred in hardwood hammocks, 

mixed hardwood swamp, and cypress swamp in greater proportion than in randomly 

positioned points (with 60% of all panther radio telemetry locations occurring in these three 

cover types, collectively), and less frequently in agricultural, barren, shrub and brush land 

cover. Maehr and Cox (1995) concluded that large and contiguous forest patches of 20,816 

ha constitutes the average preferred forest patch size. Kautz et al. (2006) analyzed available 

and preferred habitat for Florida panther range throughout South and Southwest Florida.  

They discovered that “not only are forest cover types important to panthers, but forest 

patches of all sizes appear to be important components of the landscapes inhabited by 

Florida panthers.” Frakes et al. (2015) conducted landscape analysis of adult Florida 

panther habitat and determined that the amount of forest and forest edge, hydrology, and 

density of human populations were the most important factors in determining presence or 

absence of panthers. Benson et al. (2008) studied habitat types used as natal den sites by 

Florida panthers, and discovered that these dens were located in close proximity to upland 

hardwoods, pinelands, and mixed wet forests, but were farther from freshwater marsh or 

wet prairie. They suggested that the use of upland forests for denning may be a behavioral 

mechanism to maximize offspring survival in the flood-prone landscape of south Florida 

(Benson et al., 2008). However, panthers also selected mixed wet forests as den sites, did 

not avoid cypress swamps, and some even denned in freshwater marsh (Belden et al. 1988, 
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Benson et al. 2008, Kautz et al. 2006, Cox et al. 2006). Kautz et al. (2006) suggested that 

heterogeneous landscapes composed of a variety of habitat types are beneficial to panthers. 

Frakes et al. (2015) concluded that “the importance of upland forest in panther habitat 

selection remains unclear, but it is obvious that forest cover in general is an essential 

element of panther habitat.” 

 

Dispersal. 

Dispersal can be described as a directional movement of an organism away from a natal 

home range to a place where an animal reproduces or would have reproduced had it 

survived and/or found a mate (Howard 1960, Greenwood 1980, Croate et al 2018). In 

cougar (Puma concolor) populations, dispersal generally occurs between the ages of 10–

33 months, and is typically male-biased (Greenwood 1980, Hemker et al. 1984). Cougars 

are capable of dispersing long distances (Logan and Sweanor 2001, Thompson and Jenks 

2005, LaRue and Nielsen 2008). The fitness benefits of dispersal include avoidance of 

competition or inbreeding and can result in improved gene flow, recolonization of vacant 

habitat, and recovery of sink populations (Stoner et al. 2006, 2013). 

Some scientists believe that the existing Florida panther habitat in Big Cypress Preserve 

and in Everglades National Park has reached its carrying capacity, thus young panthers 

need to disperse in search of new areas to establish territory (Kautz, R. et al. 2006). Several 

ideas have been discussed with regard to possibilities of Florida panther dispersal. For 

example, Belden et al. (1988) suggested reintroduction of panthers into vacant habitats in 

North Florida. The Florida Panther Recovery Plan suggests expanding the breeding 

population north of the Caloosahatchee River, expanding the panther population into South 
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Central Florida, and reintroducing at least two additional viable populations within the 

historic range outside of south and south-central Florida (USFWS 2008). Kautz et al. 

(2006) also estimated that it is important to achieve three viable self-sustaining populations 

within the historic range in order to achieve species recovery. Kautz et al. (2006) created a 

model of Florida panther habitat that consists of three zones (Primary, Secondary, and 

Dispersal) capable of supporting 80–94 panthers, a population likely to persist and remain 

stable for 100 years, but that would be subject to continued genetic problems (Kautz et al. 

2006). According to the model of Kautz et al. (2006), the Primary Zone is an area 

consistently occupied by panthers for 20 years, the Secondary Zone consists of areas 

adjacent to the Primary Zone that would most likely be occupied by an expanding panther 

population, and the Dispersal Zone includes areas that can best facilitate dispersal north of 

the Caloosahatchee River. Frakes et al. (2015) created a landscape model that was, in 

general, consistent with the boundaries of the Primary Zone identified by Kautz et al. 

(2006). However, they estimated that the Secondary Zone was of little value to adult, 

breeding-age panthers in its current state, though still important as a refuge for transient, 

non-breeding panthers since it provides crucial connectivity to unoccupied areas, and has 

the potential to be restored to more productive habitat (Frakes et al. 2015).  

 

Connectivity Modeling 

McRae et al. (2008) state that to understand the broadscale ecological processes that 

depend on permeability and connectivity it is critical to “quantify how connectivity is 

affected by landscape features”. In order to determine the impacts of USSE facilities on 

wildlife connectivity, habitat fragmentation, and possible dispersal, it is important to assess 
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landscape connectivity before and after the installation of USSE facilities. As of today, a 

number of approaches and tools have been developed that relate landscape composition 

and pattern to connectivity for ecological processes (McRae et al. 2008). Among them, the 

derivation of landscape pattern indices (Shumaker 1996), least-cost theory (Keitt et al. 

1997, Urban and Keitt 2001), individual-based movement simulations (Shumaker 1998), 

and graph theory (shortest path theory) (St. John et al. 2018). These models are very 

popular and have been used in different connectivity studies. However, they have their 

limitations. For example, the least-cost theory assumes that there is only one (or few) 

potential paths an animal can take (Smith et al. 2019), and that the animal has complete 

knowledge of the area it passes (McRae et al. 2008), ignoring the instances when carnivores 

take suboptimal paths and tolerate moderate levels of human disturbance (Smith et al. 

2019). A circuit theory, on the other hand, is based on random walk theory and provides 

the possibility to evaluate contributions of multiple dispersal pathways (McRae et al. 

2008). This theory allows the prediction of movement patterns and probabilities of 

successful dispersal or mortality of random walkers moving across complex landscapes; it 

also generates measures of connectivity or isolation of habitat patches, populations, or 

protected areas, that can be used to identify important connective elements (e.g. corridors) 

for conservation planning (McRae et al. 2008). This model is particularly applicable to 

study USSE impacts on wildlife corridors and connectivity, as it permits the identification 

of a number of available alternative pathways that an animal can take. The more alternative 

pathways there are, the lower the resistance and higher the permeability score of the area. 

The circuit theory also allows identification of landscape corridors and points of particular 

importance (nodes) through which panthers will most likely have to pass in their dispersal 
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attempts. Identifying those corridors and nodes is necessary to understand the impacts of 

USSE facilities on connectivity and dispersal, and to avoid excessive negative impacts on 

connectivity caused by future USSE installations. 

 

 

Objectives 

USSE facilities installed throughout Florida in recent years have converted and enclosed 

extensive areas of often semi-developed and undeveloped land, and may decrease the 

permeability of these areas to wildlife.  The objective of this research is to study the impacts 

of these large USSE facilities on wildlife movement corridors and habitat connectivity to 

identify important habitat patches and movement corridors significant for potential Florida 

panther dispersal, conservation, and recovery.  

  The specific research questions include: 

1. Do USSE facilities encroach on suitable panther habitat where population 

establishment or dispersal could occur? 

2. Do USSE facilities contribute to the degradation of Florida panther habitat 

connectivity and dispersal corridors? 

This large-scale landscape connectivity study focuses on the possible impacts of installed 

and proposed USSE facilities on wildlife dispersal and connectivity using the circuit theory 

to model dispersal and habitat connectivity for the Florida panther. The Florida panther has 

extensive home ranges (the range for Florida panther females is up to 100 km2, while males 

cover as much as 500 km2 (Maehr et al., 1991), and exhibit large dispersal distances 

(Crooks et al., 2011, Dobson et al., 2006). Due to these extensive spatial requirements, 
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large carnivores (such as Florida panther) have often been examined as conservation 

umbrellas for large-scale connectivity planning (Beier et al., 2006, Thorne et al., 2006).   

USSE facilities are often built far from population centers, in exurban areas with little 

commercial or residential value and low population density, but which may be vital to 

habitat connectivity if they serve as a permeable or semi-permeable matrix, and which may 

allow for some animal movement despite not maintaining full movement potential (Sawyer 

et al. 2013, Smith et al., 2019). Additionally, installing USSE facilities in low-density areas 

can be a stepping-stone toward increasing human population density and road penetration 

into these areas, which reduces their functional permeability until they are no longer viable 

areas for animal movement. Given that a growing number of USSE facilities have been 

installed in recent years, and many more are planned to be installed in the next few years, 

comprehensive land-use planning is crucial for preservation of habitat permeability, and in 

turn, wildlife connectivity and dispersal. 
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Methodology 

Study Area 

This study encompassed the entire state of Florida and focused on forty-five large USSE 

facilities. In order to analyze pre- and post-installation scenarios, two sets of USSE 

facilities were created.  The first set included twelve large USSE plants (74.5 -75 MW 

capacity) that were installed and operating in Florida as of January 1, 2019 (listed in Table 

1 and on Figure 3 below) and referred to hereafter as the First Set (FPL Solar Energy 

Centers 2018, SEIA Major Solar Projects List 2019). 

More facilities were either formally planned and/or applied for permitting, and some 

became operational after the January 1, 2019 cutoff date described previously. In order to 

better understand the possible impacts of these new planned and operational plants on 

habitat suitability and wildlife connectivity, a second set (hereafter referred to as the 

Second Set) was created adding thirty-one large USSE plants that were operational, under 

construction, or under development as of November 1, 2019, and two USSE plants, Ghost 

Orchid and Southern (unnamed) Site, proposed for installation in the Primary and 

Secondary Panther Focus Zones (Table 2).  For simplicity, the 33 facilities that were added 

to the First Set of 12 facilities to create the Second Set (Fig. 4), will be referred to as 33 

Planned USSE Facilities, although some of them became operational during or before this 

study. The capacity of these 33 Planned USSE Facilities varies between 35 and 75 MW. 
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Figure 3. The First Set of 12 facilities that were installed and operating  

as of January 1, 2019 
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Table 1. The First Set of USSE facilities that were installed and operating as of January 

1, 2019 (FPL Solar Energy Centers 2018) 

 

Facility Name Capacity 

Solar 

Technology 

Stated 

Area, 

Acres 

Actual 

Area, 

Acres 

Plant 

Location 

Year of 

Operation Owner 

1. Babcock Ranch 

FPL Solar Energy 

Center 

74.5 MW PV 440 388.9 Charlotte 

County 

2016 FPL 

2. Barefoot Bay 

Solar Energy 

Center 

74.5 MW PV 462 376 Brevard County 2018 FPL 

3. Blue Cypress 

Solar Energy 

Center 

74.5 MW PV 432 416.5 Indian River 

County 

2018 FPL 

4. Citrus Solar 

Energy Center 

74.5 MW PV 841 581.8 DeSoto County 2016 FPL 

5. Coral Farms Solar 

Energy Center 

74.5 MW PV 587 538.9 Putnam County 2018 FPL 

6. Hammock Solar 

Energy Center 

74.5 MW PV 957 408.7 Hendry County 2018 FPL 

7. Horizon Solar 

Energy Center 

74.5 MW PV 684 551 Alachua and 

Putnam 

Counties 

2018 FPL 

8. Indian River 

Solar Energy 

Center 

74.5 MW PV 695 389.6 Indian River 

County 

2018 FPL 



 

21 

9. Loggerhead Solar 

Energy Center 

74.5 MW PV 565 407.6 St. Lucie County 2018 FPL 

10. Manatee Solar 

Energy Center 

74.5 MW PV 762 429.6 Manatee county 2016 FPL 

11. Martin Next 

Generation Solar 

Energy Center 

75 MW Parabolic-

trough CSP 

500 539.3 Martin county 2010 FPL 

12. Wildflower Solar 

Energy Center 

74.5MW PV 721 435.4 DeSoto County 2018 FPL 

 

 

 

The total actual area of the First Set of USSE facilities included in this study equals 5,463.3 

acres, approximately 22 square kilometers. The actual area of each USSE facility varies 

between 376 and 581.8 acres, and the average area of a USSE plant is equal to 455.3 acres, 

or approximately 1.8 km2. 
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Figure 4. The Second Set of 45 USSE facilities (numbers in red show the First Set of 12 

USSE facilities, numbers in black show 33 Planned USSE Facilities added to create the 

Second Set) 
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Table 2.  33 Planned USSE Facilities (USSE facilities that were operational, under 

development, or construction as of November 1, 2019), including two proposed sites in 

the Primary and Secondary Panther Zones (FPL Solar Energy Centers 2018, FPL Ten 

Year P 

 

Facility Name Capacity 

Solar 

Technology 

Stated 

Site 

Area, 

Acres 

Actual 

Area, 

Acres 

Plant 

Location, 

County 

Project Status (as of 

November 20th, 2019) Owner 

13. Alafia Solar SEC 50 MW PV +477 2038 Polk 2018 Tampa Electric 

14. Babcock Preserve 

SEC 

74.5 MW PV 430 437.7 Lee Under construction FPL 

15. Balm SPP 74 MW PV 541.5 494.9 Hillsborough Construction is 

complete 

Tampa Electric 

16. Blue Heron SEC 74.5 MW PV 628 633.8 Hendry Under construction FPL 

17. Bonnie Mine SPP 34.5 MW PV +352 381 Polk Construction is 

complete 

Tampa Electric 

18. Cattle Ranch 

SEC 

74.5 MW PV 1,050 900.7 DeSoto Under construction FPL 

19. Citrus Ridge SEC 

(FL Solar 5) 

52 MW PV 270 429.9 Orange Operating Walt Disney 

World (Origis 

Energy) 

20. Columbia SEC 75 MW PV 580 818.8 Columbia Under development Duke Energy 

21. DeBary SPP 75 MW PV 445 448.4 Volusia Under development Duke Energy 

22. Echo River SEC 74.5 MW PV 802 559.5 Suwanee Under construction FPL 
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23. Ghost Orchid  PV 2470 2470 Hendry Proposed FPL 

24. Grange Hall SPP 61 MW PV 450 308.2 Hillsborough Construction is 

complete 

Tampa Electric 

25. Hamilton SEC 74.5 MW PV 440 546.3 Hamilton Under development FPL 

26. Hibiscus SEC 74.5MW PV 402 400.7 Palm Beach Under construction FPL 

27. Interstate SEC 75 MW PV 413 412.7 Saint Lucie Construction is 

completed 

FPL 

28. Lake Hancock 

SPP 

50 MW PV 324 324 Polk Under development Tampa Electric 

29. Lake Placid SPP 45 MW PV 380 635.5 Highlands Under development Duke Energy 

30. Lithia SEC 74.5 MW PV 597 452.5 Hillsborough Construction is 

complete 

Tampa Electric 

31. Little Manatee 

River Solar 

75 MW PV 451 451 Hillsborough Under construction Tampa Electric 

32. Miami Dade SEC 75 MW PV 463 463.1 Miami-Dade Under development FPL 

33. Mountain View 

SEC 

55 MW PV +345 285.8 Pasco Under construction Tampa Electric 

34. Northern 

Preserve SEC 

74.5 MW PV 558 562.4 Baker Under construction FPL 

35. Okeechobee SEC 74.5 MW PV 471 546.1 Okeechobee Under construction FPL 
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36. Payne Creek SEC 70 MW PV 417 416.7 Polk Construction is 

complete 

Tampa Electric 

37. Peace Creek SEC 56 MW PV 321 320.5 Polk Construction is 

complete 

Tampa Electric 

38. Pioneer Trail 

SEC 

75 MW PV 511 510.6 Volusia Under development FPL 

39. Southern 

(unnamed) site 

 PV 2179 2179 Hendry Proposed FPL 

40. Southfork SEC 74.5 MW PV 548 549.7 Manatee Under construction FPL 

41. Sunshine 

Gateway SEC 

75 MW PV 953 507.3 Columbia Under development FPL 

42. Sweetbay SEC 74.5 MW PV 566 559.1 Martin Under construction FPL 

43. Trenton SPP 75 MW PV 580 815 Gilchrist Under development Duke Energy 

Florida 

44. Twin Lakes SEC 74.5 MW PV 873 848.2 Putnam Under construction FPL 

45. Wimauma SEC 74.5 MW PV +500 516.3 Hillsborough Expected to be 

complete in 

December 2019 

Tampa Electric 

 

The actual area of each of the 33 Planned USSE Facilities varies between 285.8 and 2,470 

acres, and the average area of a USSE plant is equal to 673.4 acres, or approximately 2.73 

km2. The total actual area of the Second Set of 45 USSE facilities equals 22,223.4 + 5,463.3 

= 27,686.7 acres (around 112 km2). 
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Most of the USSE facility sites that are included in this study are surrounded by 6-ft tall 

chain link fences, topped with additional barbed wire on top of them (Appendix C). Barbed 

wire can entangle legs and result in a torn ligament, strain leg or lacerations and infection 

if an animal is able to pull free (Paige 2012). Some facilities use wildlife-friendly woven 

6-ft fences with wider mesh and wooden posts (e.g., Blue Heron SEC) or short intervals of 

woven 4-ft fences with wider mesh and wooden posts (e.g. Hammock SEC). Such wildlife-

friendly fences are more permeable to adult deer and some small mammals that constitute 

the panther’s prey but may block animals that are too large to slip through (Paige 2012). 

For the purposes of the connectivity study, it was assumed that when large carnivores 

encounter a fence along their dispersal route, they would likely elect to avoid unfamiliar 

habitat by traveling around a USSE facility rather than jumping over the fence to traverse 

it. Comparatively, fencing has been employed as an effective measure of controlling 

panther movement (and reducing panther mortality rates) along roadways such as SR 29 

and I-75/Alligator Alley in the primary breeding habitat. In addition, some of these shorter 

fences were installed along canals (Hammock SEC), i.e., the wildlife-friendly fence was 

adjacent to a second potential barrier to dispersal. 

In order to determine the potential changes in the large-scale landscape permeability 

resulting from USSE facility installation, this research encompassed the entire state of 

Florida, represented by five water management districts (South Florida, Southwest Florida, 

St. Johns River, Suwannee River, and Northwest Water Management Districts (WMDs)). 

The only existing breeding panther population is located within the South Florida Water 

Management District boundary, in the protected areas in south Florida such as Big Cypress 

Preserve, Everglades National Park, Florida Panther National Wildlife Refuge, other 
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adjacent preserves and public lands, and with about 25% of the panther’s population 

located on private lands (Dr. R. Frakes, personal communication). However, panther 

mortality and telemetry data, as well as human-panther interaction data indicate dispersal 

attempts at locations throughout almost the entire peninsula (FFWCC 2019) (Figure 5). In 

addition, lack of telemetry points in some areas does not necessarily indicate the absence 

of panthers; merely that FWC did not focus sampling in these areas (Goff 2017). 
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Figure 5. Florida Panther Mortality, Telemetry, and Confirmed Human-Florida Panther 

Interaction Points 
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Habitat suitability 

 

In order to study the impacts of USSE facilities on habitat suitability, connectivity, and 

fragmentation, this research evaluated three data sets that represent one pre-USSE 

installation and two post-USSE installation scenarios. To represent pre-installation 

conditions, a statewide panther habitat suitability map developed by Frakes and Knight 

(in prep.) was used. This map was created based on analysis of habitat characteristics in 

1-km2 grid cells using the RandomForest package in R, which allowed prediction of the 

probability of panther presence (P) in each cell (Frakes and Knight in prep.). 

The analysis conducted by Frakes and Knight was based on data collected prior to 2016 

(panther locations from 2004-2014, land cover from the five WMDs 2010, and human 

population density using 2010 U.S. Census data, etc.) (Frakes et al 2015). Since the 

construction and installation for 44 out of 45 USSE plants started beginning in 2016, and 

only one plant (the Martin Next Generation Solar Energy Center) was installed in 2010, 

the aforementioned Randomforest model prediction reflects suitability and functional 

connectivity of the landscape before the USSE installations.  

The variables used in the RandomForest model included:  

1.Land cover dataset created by merging land use/land cover data from five 

WMDs, and further consolidated into seven major land cover categories as 

described in Frakes and Knight (in prep.), Table 3. 

2.Forest edge (to account for primary prey species – white-tailed deer) that was 

identified as a line between the forest polygons and other natural cover types, 

excluding urban and agricultural land cover. 
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3.Wetness index – derived from the National Wetlands Inventory (NWI) water 

regime data. Values ranged from 0 (upland) to 7 (permanently inundated).  

4.Human population density using the 2010 U.S. Census. 

5.Total length of the roads in each cell based on 2011 TIGER/Line shapefile 

Florida roads (excluding four-wheel drive roads, bike and pedestrian trails) 

 

Table 3. Land cover categories (Frakes and Knight in prep) 

Land cover  

category 

   Description 

Open  Freshwater marsh, sawgrass, wet prairies, pasture, dry prairies 

Forest Pine flatwoods, upland hardwood forest, and hardwood-coniferous mixed forest, as well as cypress 

strands and domes, hydric pine flatwoods, cypress-mixed hardwoods, bay swamps, 

mixed wetland hardwoods, cypress-pine-cabbage palm, and wet melaleuca 

Agriculture Croplands including row crops, field crops, sugar cane, citrus groves, ornamentals 

Salt water wetland Mangrove swamps, saltwater marshes, and tidal flats 

Shrub Shrub and brushland, palmetto prairies, mixed rangeland, and mixed wetland shrubs 

Urban Residential, developed, industrial, commercial, or disturbed lands 

Open water Lakes, reservoirs, rivers, bays, canals 

 

Model-predicted probabilities of presence (P) were used to classify each grid cell as present 

(suitable habitat for panther breeding population) or absent (non-habitat). Probabilities of 

panther presence for each grid cell predicted by the model were plotted on the map of the 

study area to identify the areas of suitable habitat (Fig.6). A grid cell was classified as 

“present” when the model-predicted probability of presence was ≥0.338, because at this 

cutoff point model sensitivity and specificity were equal (Frakes et al. 2015). 



 

31 

Figure 6. Potential Florida panther habitat (Frakes and Knight in prep.) 
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In order to analyze change in probability of presence, two post-installation maps were 

created, the first one depicts the changes after installation of the First Set (Table 1, Fig. 3) 

and the second one after installation of the Second Set of USSE facilities (Table 1, 2, Fig. 

4). A USSE layer was created by hand digitizing all 12 USSE facilities on World Imagery 

basemap in ArcMap 10.6.1 (following the fence line around the facility) (Appendix A).  

The World Imagery basemap provided 0.3 m resolution imagery in the continental United 

States from DigitalGlobe, or 1 m or better resolution NAIP imagery (World Imagery 

(WGS84) 2019). Using the Intersect tool in ArcGIS, the statewide panther habitat 

suitability map developed by Frakes and Knight (in prep.) (pre-installation dataset) was 

overlaid with the USSE layer containing data for 12 installed USSE facilities. The 12 USSE 

facilities affected 85 1-km2 grid cells in the study area. The second layer of USSE facilities 

was created by digitizing the 33 Planned USSE Facilities, based on FPL Ten Year Power 

Plant Site 2019, Tampa Electric Ten Year Plan 2018, Duke Energy Ten Year Plan 2018, 

and Origis Energy website data.  These 33 Planned USSE Facilities affected 272 1-km2 

grid cells. Thus, as a result of installations of 45 USSE facilities (the Second Set), land 

cover in a total of 352 1-km2 grid cells was impacted. In the affected cells, the pre-

installation type of land cover was replaced by USSE facilities. According to Frakes and 

Knight’s classification (Table 3), USSE facilities fall into the urban category. 

Forest edge is another important variable in the RandomForest model developed by Frakes 

et al (2015) and Frakes and Knight (in prep.), because forest edges provide the necessary 

structural components that allow Florida panther to observe deer out in the open and to 

ambush deer as they move between open and forest patches, thus facilitating successful 
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hunting (Holmes and Laundré 2006, Laundré and Loxterman 2007). Forest edge was 

recalculated for the impacted cells following Frakes et al. (2015) methodology. 

  

Connectivity Modelling 

Pre-installation and two post-installation Random Forest model predictions (depicting 

respective probability of presence before and after the First and Second Set installations) 

were used for determining cells’ resistance/conductivity for the circuit model (Circuitscape 

4.0 for ArcGIS) and possible impacts of USSE facility installations on connectivity 

between patches of suitable habitat. Circuitscape is an open-source program based on 

circuit theory to predict connectivity in heterogeneous landscapes for individual 

movement, gene flow, and conservation planning (McRae and Shah 2011). In Circuitscape, 

landscapes are represented as resistance/conductive surfaces, with low resistances (high 

conductances) assigned to the most permeable habitats (McRae and Shah 2011). Thus, the 

resistance value of each single cell shows the resistance (or vice versa as conductance) of 

the variety of habitat types within a cell to the movement of organisms (McRae et al. 2008, 

McRae et al. 2013). Grid cells that have lower probability of presence P permit less 

movement, and thus have higher resistance R (and lower conductance C). 

Circuitscape conductance and resistance are represented in intervals from 1 to 100, and RF 

probability of presence from 0 to 1, thus conductance was calculated as the probability of 

presence P multiplied by 100: 

                                                              C= 100P 

Resistance R is reciprocal to conductance:  

R =100 – C 
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 where  

 C= conductance 

 R = resistance, and 

 P = probability of presence. 

Since there were no installed or planned USSE facilities in the Northwestern WMD, i.e. 

the Florida Panhandle, in order to improve computational efficiency the model was run 

only within four WMDs: SFWMD, SWFWMD, SRWMD and SJRWMD. This modeled 

area will be hereinafter referred to as Peninsular Florida. Further, based on the habitat 

suitability map developed by Frakes and Knight (in prep), seven focal areas of contiguous 

high suitability were selected (Fig. 7). They included: current breeding habitat of Florida 

panther (Big Cypress Preserve and surrounding private and public lands), as well as other 

patches that could be important for possible dispersal, such as Osceola National Forest and 

Wildlife Management Area (adjacent to Okefenokee National Wildlife Refuge in Georgia, 

which could allow further dispersal outside of the state), the Big Bend area, Babcock-Webb 

WMA and Fisheating Creek (could possibly be the first colonized if Florida panther 

dispersal north of the Caloosahatchee River is successful), Ocala National Forest, JW 

Corbett WMA, Richloam WMA and Green Swamp Wilderness Preserve. Apalachicola 

National Forest was also identified by the RF model (Frakes and Knight, in prep) as 

suitable habitat for Florida panthers and was originally considered as one of the focal areas. 

However, because it is located in the NFWMD, it wasn’t included in this analysis. 

The Circuitscape model was run in pairwise mode (meaning that connectivity was 

calculated between all possible pairs of seven focal areas described above). In this mode, 
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Figure 7. Focal Areas 
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for each pair of focal areas, one area is arbitrarily connected to a 1-amp current source, 

while the other is connected to ground (McRae and Shah 2011). The calculation option was 

set to connect eight neighboring cells (e.g., eight closest cells) and raster cell size was set 

to 1 km2. 

Current value of each cell represents the probability of each random walker passing through 

the cell on its way from the source to the destination focal area. Higher current densities 

indicate ‘pinch points’ in wildlife corridors, where a number of potential paths congregate 

to pass through a narrow area (McClure et al. 2016). In order to compare change in current 

densities between the three scenarios, three current density maps were compared by 

subtracting cell values depicting cumulative current density using the raster calculator in 

ArcGIS. Raster cell values depicting pre-installation current density were subtracted from 

cells depicting current density after the installation of the First Set to determine change in 

current density of each raster cell after the first 12 USSE facilities were installed. Then, 

cell values depicting pre-installation current density were subtracted from raster cell values 

after the installation of the Second Set to determine change in current density of each raster 

cell after the installation of 45 USSE facilities. Thus, positive values mean that the current 

density increased for the particular cells in question, and negative values showed that 

current densities decreased for the particular cells in question. Cells with values that fall in 

the interval between 0.001 and -0.001 indicate very minor changes (no impacts). Percent 

change was calculated by dividing the difference by pre-installation current density and 

multiplying the result by 100.  

Effective resistance (the resistance between two focal areas separated by a network of 

resistors) or, in ecological terms, resistance distance (a measure of isolation between pairs 
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of focal areas based on multiple pathways) (McRae et al. 2008) was calculated for each 

pair of focal areas and compared before and after the USSE installations. In addition to 

being a distance measure it also measures redundancy in connections between focal areas 

(Shah and McRae 2008). Thus, while comparing current densities before and after 

installations shows local impacts on connectivity in the area where the facility was installed 

and in close proximity to it, effective resistance shows larger scale impacts as it allows us 

to identify whether or not the connectivity decreased between focal areas or for the 

peninsula in general as a result of installations.  
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Results 

Habitat suitability modelling 

The change of land cover after the installation of the First Set of USSE facilities was 

calculated to determine the area of each land cover category within the facility boundary 

pre-installation that was replaced by each USSE facility (Table 4). The most impacted land 

cover category was Agricultural (Table 5).  

Table 4. Land Cover Change and Total Forest Edge Loss after the Installation of the 

First Set 

 Name of the  

Facility 

Land Cover Category before  

the Installation 

Land Cover 

Area,  

Acres 

Land Cover  

Category after  

the Installation 

Urban Area after 

the Installation,  

Acres 

Total forest 

edge lost, 

km 

1 Babcock Ranch  

SEC 

Agricultural 

Shrub (Upland Shrub) 

388.95 

0.003 

Urban 388.9 0.00 

2 Barefoot SEC Agricultural 376 Urban 376 0.00 

3 Blue Cypress SEC Agricultural 

Open (Grassland, Open FW  

Wetland) 

Forest (Wetland Forest) 

Shrub (Wet Shrub) 

241.96 

165.88 

 

7.73 

0.88 

Urban 416.5 0.00 

4 Citrus SEC Open (Grassland, Open FW  

Wetland) 

Water 

581.42 

 

0.38 

Urban 581.8 0.00 
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5 Coral Farms SEC Agricultural 

Open (Grassland)  

Forest (Upland and Wetland  

Forest) 

519.24 

18.02 

1.65 

Urban 538.9 0.00 

6 Hammock SEC Agricultural 408.7 Urban 408.7 0.00 

7 Horizon SEC Open (Grassland, Open FW  

Wetland)  

Forest (Upland and Wetland  

Forest)  

Shrub (Wet Shrub)  

507.80 

 

41.7 

 

1.47 

Urban 551 3.34 

 

8 Indian River SEC Agricultural 389.6 Urban 389.6 0.00 

9 Loggerhead SEC Agricultural 

Urban 

407.55 

0.028 

Urban 407.6 0.00 

10 Manatee SEC Agricultural 

Open (Grassland, Open FW  

Wetland) 

Forest (Upland and Wetland  

forest) 

Shrub (Upland Shrub) 

398 

3.85 

 

26.69 

 

1.11 

Urban 429.6 0.35 

 

11 Martin SEC Shrub (Upland Shrub) 

Forest (Upland and Wetland )  

Open (Grassland, Open FW  

Wetland)  

Urban 

Water 

220.8 

187.45 

108.35 

 

22.51 

0.19 

Urban 539.3 14.39 

 

12 Wildflower SEC Open (Grassland, Open FW  

Wetland) 

434.57 

 

Urban 435.4 0.00 
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Water 

Shrub (Upland Shrub) 

0.49 

0.35 

 

Table 5. Land Cover Categories Replaced by the First Set of USSE facilities 

Land Cover Category Area (Acres) 

Agriculture  3130 

Open 1820 

Forest 265.2 

Shrub 224.6 

Urban 22.54 

Water 1.06 

Salt water wetland 0 

Total 5463.39 

 

Spatial analysis in ArcGIS indicated that forest patches were present in 20 1-km2 grid cells 

before the facilities were installed. Indian River, Barefoot Bay, Loggerhead, Wildflower, 

Citrus, Babcock Ranch, and Hammock SEC did not have forest patches displaced by these 

facilities. Within the perimeter of Horizon, Coral Farms, Manatee, Blue Cypress, and 

Martin SEC forest patches were present before the solar panels were installed, and forest 

edge was lost within Manatee, Martin, and Horizon SEC boundaries (Table 4). Due to the 

installation of solar facilities, 18.08 km of forest edge were lost. 

The change of land cover after the 33 Planned USSE facility installations was calculated 

to determine the area of each land cover category within the facility boundary pre-

installation that was replaced by each USSE facility (Table 6). The most impacted land 
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cover category was Open (10,840 acres), which includes freshwater marsh, sawgrass, wet 

prairies, pasture, and dry prairies (Table 7).  
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Table 6. Land Cover Change after the Installation of the Planned Facilities of the Second 

Set 

 Name of  

the Facility 

Land Cover Category before  

the Installation 

Land 

Cover 

Area,  

Acres 

Land Cover  

Category after  

the 

Installation 

Urban Area  

after the  

Installation,  

Acres 

Total 

forest 

edge lost, 

km 

13. Alafia Solar Open (Grassland, Open FW 

Wetland) 

Water 

Forest (Upland Forest) 

Urban 

Agricultural 

1484 

 

502.3 

37.27 

12.13 

1.88 

Urban 2038 0.77 

 

14. Babcock Preserve  

SEC 

Agricultural  

Shrub (Upland Shrub) 

Open (Grassland) 

Forest (Upland Forest) 

168.5 

148.2 

90.45 

30.62 

Urban 437.7 2.89 

 

15. Balm Solar Agricultural 

Open (Grassland, Open FW 

Wetland) 

Water 

Forest (Wetland Forest),  

Urban 

Shrub (Upland Shrub) 

471.6 

10.81 

 

5.29 

3.71 

2.49 

0.99 

Urban 494.9 0.70 

 

16. Blue Heron SEC Agricultural 

Shrub (Upland and Wet Shrub) 

Forest (Upland Forest) 

Open (Grassland) 

580.7 

51.32 

1.65 

0.07 

Urban 633.8 0.31 

 



 

43 

17. Bonnie Mine 

Solar 

Urban 381 Urban 381 0.00 

18. Cattle Ranch SEC Open (Grassland, Open FW 

Wetland)  

Agricultural 

Shrub (Upland Shrub) 

Forest (Upland and Wetland 

Forest) 

Water 

734.3 

 

95.41 

60.42 

9.72 

 

0.79 

Urban 900.7 2.31 

 

19. Citrus Ridge  

(FL Solar 5) 

Forest (Upland and Wetland 

Forest) 

Open (Grassland) 

Urban 

Shrub (Upland and Wet Shrub) 

Water 

Agricultural 

246.3 

 

79.49 

73.09 

28.56 

1.631 

0.888 

Urban 429.9 10.98 

 

20. Columbia SEC Open (Grassland) 

Forest (Upland Forest) 

Urban 

790.9 

15.16 

12.76 

Urban 818.8 4.33 

 

21. DeBary SEC Forest (Upland and Wetland 

Forest) 

Urban 

Shrub (Wet Shrub) 

Open (Open FW Wetland) 

Water  

415.5 

 

13.95 

9.085 

7.386 

2.524 

Urban 448.4 3.17 

 

22. Echo River SEC Forest (Upland and Wetland 

Forest) 

493.5 

 

Urban 559.5 3.44 
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Agricultural 

Open (Grassland, Open FW 

Wetland) 

Shrub (Upland Shrub, Wet Shrub) 

Urban 

32.39 

20.40 

 

6.58 

6.57 

23. Ghost Orchid 

SEC 

Open (Grassland, Open FW 

Wetland),  

Agricultural, 

Forest (Upland and Wetland 

forest),  

Shrub (Wet Shrub) 

1548 

 

888.7 

26.29 

 

7.02 

Urban 2470 3.00 

 

24. Grange Hall SEC Open (Grassland, Open FW 

Wetland)  

Agricultural 

Urban 

Water 

Forest (Wetland Forest) 

272.5 

 

26.17 

6.91 

1.85 

0.76 

Urban 308.2 0.29 

 

25. Hamilton SEC Forest (Upland Forest) 

Agricultural 

Open (Grassland) 

285.5 

253.1 

7.75 

Urban 546.3 0.94 

 

26. Hibiscus SEC Agricultural 

Open (Grassland) 

245.3 

155.4 

Urban 400.7 0.00 

27. Interstate SEC Open (Grassland, Open FW 

Wetland) 

Agricultural 

Forest (Upland and Wetland 

Forest) 

228.1 

 

115.4 

61.16 

 

Urban 412.7 1.33 
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Water 

Urban 

5.7 

2.35 

28. Lake Hancock  

Solar 

Agricultural 

Open (Grassland) 

Forest (Upland Forest) 

Urban 

Water 

221.2 

81.89 

11.71 

7.83 

1.37 

Urban 324 1.93 

 

29. Lake Placid Solar Agricultural 

Water 

Forest (Wetland Forest) 

Open (Grassland, Open FW 

Wetland) 

Urban 

625.7 

3.21 

3.2 

2.19 

 

1.26 

Urban 635.5 0.00 

30. Lithia Solar Agricultural 

Open (Grassland) 

Forest (Wetland Forest), 

Urban 

412.3 

39.84 

0.37 

0.01 

Urban 452.5 0.00 

31. Little Manatee  

River Solar 

Open (Grassland), 

Agricultural, 

Forest (Upland and Wetland 

Forest), 

Urban, 

Shrub (Upland Shrub) 

300.5 

145.7 

4.35 

 

0.40 

0.05 

Urban 451 0.20 

 

32. Miami-Dade SEC Agricultural 

Open (Grassland) 

462.9 

0.2 

Urban 463.1 0.00 

33. Mountain View Open (Grassland, Open FW 

Wetland) 

205.06 

 

Urban 285.8 0.33 
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Agricultural 

Forest (Upland Forest) 

Urban 

77.57 

3.19 

0.01 

34. Northern Preserve  

SEC 

Open (Grassland, Open FW 

Wetland) 

Forest (Upland and Wetland 

Forest) 

Agricultural 

Water 

 

410.66 

 

103.70 

 

47.49 

0.51 

 

Urban 562.4 7.73 

 

35. Okeechobee SEC Open (Grassland, Open FW 

Wetland) 

Agricultural 

Forest (Upland and Wetland 

Forest) 

Shrub (Upland and Wet Shrub) 

367.68 

 

156.5 

12.47 

 

9.44 

Urban 546.1 0.36 

 

36. Payne Creek 

Solar 

Open (Grassland) 416.7 Urban 416.7 0.00 

37. Peace Creek 

Solar 

Open (Grassland, Open FW 

Wetland) 

Shrub (Upland Shrub) 

Forest (Upland Forest) 

296 

 

12.69 

11.89 

Urban 320.5 2.54 

 

38. Pioneer Trail 

SEC 

Agricultural 

Open (Grassland, Open FW 

Wetland) 

Urban 

Shrub (Upland and Wet Shrub) 

454 

44.97 

 

7.7 

2.39 

Urban 510.6 0.09 
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Forest (Upland and Wetland 

Forest) 

Water 

1.075 

 

0.45 

39. Southern  

(unnamed) 

Site 

Open (Grassland, Open FW 

Wetland) 

Agricultural 

Forest (Upland and Wetland 

Forest) 

Shrub (Upland and Wet Shrub) 

1808 

 

292.9 

55.73 

 

22.16 

Urban 2179 7.08 

 

40. Southfork SEC Agricultural 

Open (Grassland, Open FW 

Wetland) 

Forest (Upland and Wetland 

Forest) 

Urban 

Shrub (Upland Shrub) 

464.9 

56.16 

 

23.63 

 

3.32 

1.69 

Urban 549.7 1.10 

 

41. Sunshine 

Gateway 

SEC 

Open (Grassland, Open FW 

Wetland) 

Forest (Upland Forest) 

Agricultural 

Urban 

363.6 

 

139.5 

2.58 

1.63 

Urban 507.3 7.68 

 

42. Sweetbay SEC Open (Grassland, Open FW 

Wetland) 

Forest (Wetland Forest) 

Shrub (Upland and Wet Shrub) 

Water 

531.6 

 

14.08 

10.39 

3.043 

Urban 559.1 2.12 

 

43. Trenton SPP Forest (Upland Forest) 555 Urban 815 0.84 
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Open (Grassland, Open FW 

Wetland) 

Agricultural 

Urban 

Shrub (Upland Shrub) 

148.5 

 

86.87 

14.02 

10.58 

 

44. Twin Lakes Forest (Upland and Wetland 

Forest) 

Open (Grassland, Open FW 

Wetland) 

Shrub (Upland and Wet Shrub) 

825.4 

 

20.51 

 

2.227 

Urban 848.2 12.20 

 

45. Wimauma Solar Open (Grassland, Open FW 

Wetland) 

Agricultural 

Urban 

Forest (Upland Forest) 

Water 

312.2 

 

193.7 

9.16 

0.93 

0.31 

Urban 516.3 0.37 

 

 

Table 7. Land Cover Categories Replaced by the Planned 33 Solar Facilities of the 

Second Set 

Land Cover Category Area (Acres) 

Open  10840 

Agriculture 6524 

Forest 3393 

Urban 556.6 

Open water 529 

Shrub 383.8 

Salt water wetland 0 

Total 22226.4 
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Spatial analysis indicated that installation of 33 Planned USSE Facilities would impact 

forest edge in 113 1-km2 cells (Table 6), which will result in loss of 79.02 km of forest 

edge. The total amount of forest edge lost due to installation of the Second Set of USSE 

facilities, i.e. the 45 total facilities, equals 97.1 km. Thus, as a result of USSE installations, 

forest edge decreases from 682.89 km to 585.79 km. 

Based on these data, and in order to compare pre-and post-installation probability of 

presence (P), the RF model developed by Frakes and Knight (in prep) was used to predict 

the 85 cells impacted by the installation of the First Set of USSE facilities (see Appendix 

2 for an R script sample). The results showed that installation of 12 USSE facilities 

decreased mean P in the impacted cells by 0.03. The 352 cells impacted by the Second Set 

were predicted with the same process. The results showed that the installation of 45 USSE 

facilities decreases the mean P in the impacted cells by 0.03.  

Table 8 describes the average probability of presence per facility (averaged across all cells 

impacted by the facility) based on these RF predictions. The largest average probability of 

presence was predicted for Citrus Ridge (0.520), Martin Next Generation SEC (0.407), 

Echo River (0.384), and Babcock Preserve (0.36). The mean P of panther home ranges 

falls between 0.35 and 0.96 (Frakes and Knight in prep). This means that these four 

facilities were installed in potential breeding habitat. The greatest reduction in average 

probability of presence, as a result of USSE facility installations, was predicted for 

Hamilton SEC (-0.163), Citrus Ridge (-0.140), and Martin Next Generation (-0.134).  
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Table 8. Average Probability of Presence P per Facility. 

 

Facility Name 

Average Probability of 

Presence P before the 

Installation 

Average Probability of 

Presence P after the 

Installation 

Average Change of 

Probability of 

Presence P 

1. Babcock Ranch SEC 0.284 0.293 0.008 

2. Barefoot SEC 0.102 0.081 -0.021 

3. Blue Cypress SEC 0.114 0.117 0.003 

4. Citrus SEC 0.13 0.104 -0.026 

5. Coral Farms SEC 0.171 0.161 -0.009 

6. Hammock SEC 0.065 0.067 0.002 

7. Horizon SEC 0.095 0.086 -0.009 

8. Indian River SEC 0.044 0.013 -0.031 

9. Loggerhead SEC 0.236 0.186 -0.05 

10. Manatee SEC 0.302 0.269 -0.033 

11. Martin Next 

Generation SEC 

0.407 0.273 -0.134 

12. Wildflower SEC 0.183 0.152 -0.031 

13. Alafia Solar SEC 0.073 0.071 -0.002 
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14. Babcock Preserve 

SEC 

0.36 0.352 -0.008 

15. Balm SPP 0.079 0.068 -0.011 

16. Blue Heron SEC 0.089 0.1 0.011 

17. Bonnie Mine SPP 0.064 0.064 0.000 

18. Cattle Ranch SEC 0.162 0.135 -0.027 

19. Citrus Ridge SEC (FL 

Solar 5) 

0.520 0.379 -0.140 

20. Columbia SEC 0.08 0.089 0.009 

21. DeBary SPP 0.118 0.105 -0.013 

22. Echo River SEC   0.384 0.264 -0.12 

23. Ghost Orchid 0.069 0.08 0.011 

24. Grange Hall SPP 0.234 0.266 0.032 

25. Hamilton SEC 0.319 0.157 -0.163 

26. Hibiscus SEC 0.035 0.023 -0.012 

27. Interstate SEC 0.131 0.099 -0.033 

28. Lake Hancock SPP 0.052 0.06 0.009 

29. Lake Placid SPP 0.142 0.110 -0.031 
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30. Lithia SEC 0.272 0.243 -0.029 

31. Little Manatee River 

Solar 

0.179 0.148 -0.031 

32. Miami Dade SEC 0.06 0.006 0.054 

33. Mountain View SEC 0.075 0.078 0.003 

34. Northern Preserve SEC 0.19 0.193 0.003 

35. Okeechobee SEC 0.270 0.236 -0.034 

36. Payne Creek SEC 0.239 0.131 -0.107 

37. Peace Creek SEC 0.170 0.156 -0.014 

38. Pioneer Trail SEC 0.306 0.238 -0.068 

39. Southern (unnamed) 

site 

0.210 0.247 0.036 

40. Southfork SEC 0.245 0.255 0.01 

41. Sunshine Gateway 

SEC 

0.217 0.165 -0.053 

42. Sweetbay SEC 0.129 0.072 -0.056 

43. Trenton SPP 0.301 0.204 -0.097 

44. Twin Lakes SEC 0.344 0.253 -0.091 
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45. Wimauma Solar 0.137 0.139 0.002 

 

Further analysis showed that three facilities were, or planned to be, installed within the 

Focal Area boundaries. These facilities include the Southern (unnamed) site in the current 

breeding habitat, Babcock Ranch SEC and Babcock Preserve SEC in the Babcock-Webb 

WMA, covering a total area of 3,005.6 acres. Three facilities are installed, or planned to 

be installed, within 5 km distance from Focal areas: Ghost Orchid SEC (neighboring 

current breeding habitat), Twin Lakes SEC near Ocala National Forest, and Northern 

Preserve SEC near Osceola WMA, covering a total area of 3,880.6 acres.  

Mean probability of presence P for seven focal areas was calculated using the Summary 

Statistics tool in ArcGIS (Table 9). Osceola NF and WMA, Big Bend Area, and JW 

Corbett WMA exhibited higher mean probability of presence P than the area occupied by 

the current breeding population. 

Table 9. Mean P for Focal Areas 

 Focal Area Mean P 

1. Osceola NF and WMA 0.75 

2. Big Bend Area 0.72 

3. JW Corbett WMA 0.71 

4. Current Breeding Population 0.63 

5. Richloam WMA and Green Swamp Wilderness Preserve 0.62 

6. Ocala NF 0.50 

7. Babcock-Webb WMA and Fisheating Creek 0.42 
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Connectivity modelling 

Three current density maps were created by running the Circuitscape connectivity model 

for the three different scenarios (before the installations, after the First Set, and after the 

Second Set installation) (Figs. 8, 9, and 16). The results showed changes in current 

densities within potential dispersal corridors for Florida panthers and in effective 

resistances between pairs of focal areas, even though the area covered by the facilities is 

relatively small when compared to the total area of Peninsular Florida. The total area of 

Peninsular Florida covers approximately 29 million acres, while the First Set covers 5,463 

acres (0.02% of Peninsular Florida) and the Second Set covers 27,687 acres (0.1% of 

Peninsular Florida). 
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Figure 8. Current Density before Installations of USSE Plants 
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The First Set. 

Current density values for both pre-installation and post-installation sets ranged between 0 

to 1.17 (Figure 8, 9). The difference in current density in each raster cell before the 

installation and after the twelve facilities were installed ranged from -0.073 to 0.068, 

meaning that while current density decreased in some of the cells, it increased in others as 

current adjusted to find alternative routes. Mean background current density change was 

0.000002 std dev 0.000726.  Thus, the 95% confidence interval around the mean and 

statistically significant change (outside 1.96 standard deviations on a normal distribution) 

was calculated as -0.0014 to 0.0014. Subtracting pre-installation effective resistance from 

post-installation effective resistance showed an increase in total resistance of 0.02% after 

the First Set was installed (Table 11). Among twelve facilities, one (Babcock Ranch SEC), 

is located within a Focal Area (Babcock Webb Area) and therefore was excluded from 

further examination of connectivity among Focal Areas.  

Current density analysis indicated that in most cases connectivity was impacted both within 

the boundary of the facility and within its vicinity (Table 10). Percent change in current 

density in raster cells showed degradation of the pre-installation connectivity when 

compared to post-installation conditions. 

Table 10. Largest decreases in current density per USSE facility 

 

Facility Name 

Largest Decrease in Current 

Density among the Cells 

Intersected  

by the Facility 

 

% decrease 

Largest Decrease in 

Current Density  

within 5 km radius  

of the Facility 

 

% decrease 

1. 

 

Babcock Ranch 

 SEC Excluded - Excluded - 

2. Barefoot Bay SEC No decrease - No decrease - 
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indicated indicated 

3. Blue Cypress SEC - 0.01 -17.9% - 0.007 -9.57% 

4. Citrus SEC - 0.012 -22.7% - 0.028 -49.4% 

5. Coral Farms SEC - 0.011 -10.5% - 0.019 -29.3% 

6. Hammock SEC - 0.03 -21.8% - 0.028 -5.7% 

7. Horizon SEC - 0.014 -9.3% - 0.019 -20.4% 

8. Indian River SEC - 0.005 -36.8% - 0.007 -75.5% 

9. Loggerhead SEC - 0.014 -9.6% - 0.010 -15.9% 

10. 

Manatee SEC - 0.001 -10.1% 

No decrease 

indicated 

-  

11. Martin Next 

Generation SEC 

-  0.072 -22.1% - 0.030 -8.7% 

12. Wildflower SEC - 0.028 -49.4% - 0.015 -35.7% 
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 Figure 9. Current Density after the First Set of USSE Facility Installations   
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Figure 10. Current Density Change after the First Set (yellow color (-0.001 to 0.001) 

shows no substantial change) 
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Table 11. Effective Resistances 

 

 

Focal Zone pairs 

Effective 

resistance 

before 

USSE 

facilities 

installed 

Effective 

resistance 

after 12 

facilities 

were 

installed 

Differen

ce after 

12 

facilitie

s were 

installed 

% 

change 

Effective 

resistance 

after 45 

facilities 

were 

installed 

Difference 

after 45 

facilities 

were 

installed 

% 

change 

Babcock Webb - 

Ocala NF 

0.063311 

 

0.063323 

 

0.00001 

 

0.02% 

 

0.063376 

 

0.00007 

 

0.10% 

 

Babcock Webb – 

Richloam/Green 

Swamp 

0.055336 

 

0.055350 

 

0.00001 

 

0.03% 

 

0.055394 

 

0.00006 

 

0.11% 

 

Babcock Webb – 

Current Breeding 

Population 

0.025276 

 

0.025223 

 

-

0.00005 

 

-0.21% 

 

0.025208 

 

-0.00007 

 

-0.27% 

 

Babcock Webb – 

JW Corbett 

0.039225 

 

0.039249 

 

0.00002 

 

0.06% 

 

0.039260 

 

0.00003 

 

0.09% 

 

Babcock Webb – 

Big Bend Area 

0.078466 

 

0.078480 

 

0.00001 

 

0.02% 

 

0.078532 

 

0.00007 

 

0.08% 

 

Babcock Webb – 

Osceola NF and 

WMA 

0.079900 

 

0.079914 

 

0.00001 

 

0.02% 

 

0.079968 

 

0.00007 

 

0.09% 

 

Ocala NF – 

Richloam/Green 

Swamp 

0.032614 

 

0.032614 

 

0.00000 

 

0.00% 

 

0.032625 

 

0.00001 

 

0.03% 

 

Ocala NF – 

Current Breeding 

Population 

0.091079 

 

0.091049 

 

-

0.00003 

 

-0.03% 

 

0.091085 

 

0.00001 

 

0.01% 

 

Ocala NF – JW 

Corbett 

0.083775 

 

0.083844 

 

0.00007 

 

0.08% 

 

0.083917 

 

0.00014 

 

0.17% 

 

Ocala NF – Big 

Bend Area 

0.018536 

 

0.018538 

 

0.00000 

 

0.01% 

 

0.018543 

 

0.00001 

 

0.04% 

 

Ocala NF –

Osceola NF and 

WMA 

0.016475 

 

0.016478 

 

0.00000 

 

0.02% 

 

0.016482 

 

0.00001 

 

0.04% 

 

Richloam/Green 

Swamp – 

Current Breeding 

Population 

0.083237 

 

0.083209 

 

-

0.00003 

 

-0.03% 

 

0.083235 

 

0.00000 

 

0.00% 

 

Richloam/Green 

Swamp – JW 

Corbett 

0.077707 

 

0.077774 

 

0.00007 

 

0.09% 

 

0.077835 

 

0.00013 

 

0.16% 

 

Richloam/Green 

Swamp – Big 

Bend Area 

0.042466 

 

0.042467 

 

0.00000 

 

0.00% 

 

0.042476 

 

0.00001 

 

0.02% 

 

Richloam/Green 

Swamp – 

Osceola NF and 

WMA 

0.046352 

 

0.046353 

 

0.00000 

 

0.00% 

 

0.046365 

 

0.00001 

 

0.03% 

 

Current Breeding 

Population - JW 

Corbett 

0.017099 

 

0.017102 

 

0.00000 

 

0.02% 

 

0.017103 

 

0.00000 

 

0.03% 
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Current Breeding 

Population - Big 

Bend Area 

0.106259 

 

0.106230 

 

-

0.00003 

 

-0.03% 

 

0.106266 

 

0.00001 

 

0.01% 

 

Current Breeding 

Population - 

Osceola NF and 

WMA 

0.107682 

 

0.107654 

 

-

0.00003 

 

-

0.0000

3 

 

0.107691 

 

0.00001 

 

0.01% 

 

JW Corbett - Big 

Bend Area 

0.099322 

 

0.099391 

 

0.00007 

 

0.07% 

 

0.099463 

 

0.00014 

 

0.14% 

 

JW Corbett - 

Osceola NF and 

WMA 

0.100589 

 

0.100659 

 

0.00007 

 

0.07% 

 

0.100733 

 

0.00014 

 

0.14% 

 

Big Bend Area - 

Osceola NF and 

WMA 

 

  

0.010124 

 

0.010124 

 

0.00000 

 

0.00% 

 

0.010136 

 

0.00001 

 

0.12% 

 

Total 1.274830 

 

1.275025 

 

0.00019 

 

0.02% 

 

1.275691 

 

0.00086 

 

0.07% 
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Martin Next Generation and Loggerhead SECs. 

Martin Next Generation and Loggerhead SECs are located to the north of the JW Corbett 

WMA, approximately 9 km and 27 km from the Focal Area, respectively. Comparison of 

pre- and post-installation current density showed that it decreased in the north-south 

corridor running through the facilities (with the decrease in cell values varying between -

0.042 to -0.072), but increased on both sides, east and west, of Martin Next Generation and 

to the west of Loggerhead SEC as the current adjusted to find alternative routes (Fig. 11). 

The most substantial predicted increase was east of Martin Next Generation indicating 

creation of a pinch point in the wildlife corridor. The current density maps (Figs. 9, 10, 11) 

show that Martin Next Generation impacts the widest wildlife corridor connecting JW 

Corbett WMA with other focal areas.   

Figure 11. Martin Next Generation and Loggerhead SECs a.) Current density and 

corridors before installations; b.) Current density change after installations. Yellow color 

shows no substantial change (-0.001 to 0.001), blue shows increase, red shows decrease. 

a.)                                                               b.) 
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Hammock SEC. 

Hammock SEC is located between the Current Breeding Population and Babcock Webb 

Focal Areas, in close proximity to both, 6 km and 12 km distant, respectively (Fig. 9, 10). 

Current density change before and after the installation showed shifting current patterns 

after the installation. Decreased current density was predicted in the greater current density 

cells east and west of the facility (Fig. 12). Increases were predicted in the north-south 

corridor (Fig 12).  

Figure 12. Hammock SEC. a.) Current density and corridors before installation; b.) 

Current density change after installation. Yellow color shows no substantial change (-

0.001 to 0.001), blue shows increase, red shows decrease. 

a.)                                                                           b.) 

  
 

 

Citrus and Wildflower SECs 

Citrus and Wildflower SECs are located approximately 32 km north of Babcock Webb 

Focal Area.  

These facilities mostly replaced land cover that falls into the open category (Table 4, 

Appendix A, B). Analysis pre- and post-installation indicated that current density 
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decreased in the cells forming a corridor from northwest to southeast and increased on the 

eastern and western sides of the corridor as current density adjusted to find alternative 

routes (Fig. 13). The greatest loss in connectivity was detected in a cell almost completely 

covered by Wildflower SEC (- 0.028). 

 

Figure 13. Citrus and Wildflower SECs. a.) Current density and corridors before 

installations; b.) Current density change after installations. Yellow color shows no 

change (-0.001 to 0.001), blue shows increase, red shows decrease. 

a.)                                                                        b.) 

  
 

 

 

Coral Farms and Horizon SECs. 

Coral Farms and Horizon SECs are located in northern Florida between Ocala NF, Osceola 

NF and WMA, and Big Bend Focal Areas, with the shortest distance from Horizon SEC to 

the closest Focal area (Ocala NF) being approximately 17 km. Current density analysis 

pre- and post-installation predicted that current density decreased in a northeast to 

southwest trending corridor after Coral Farms SEC installation, with slight increases on 

the northern side of the facility.  Current density decreased on the eastern and western 
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boundaries of the Horizon SEC installation, impinging on a northwest to southeast trending 

corridor, with slight increases adjacent to the degraded corridor within the vicinity of the 

solar plant. The largest predicted decrease and increase were in the southeast corner of the 

Horizon SEC and equaled -0.019 and 0.017 respectively (Fig. 14).  

 

Figure 14. Coral Farms and Horizon SEC. a.) Current density and corridors before 

installations; b.) Current density change after installations, yellow color shows no 

change (-0.001 to 0.001), blue shows increase, red shows decrease. 

a.)                                                                          b.) 

  
 

 

 

Indian River, Blue Cypress, Barefoot Bay, and Manatee SECs. 

Circuitscape modelling did not detect substantial changes in current density caused by 

Barefoot Bay or Manatee SECs. This can be due to their location, far from Focal Areas and 

outside of relevant corridors connecting those Focal Areas (Fig. 15). Slight change was 

detected in current density after Indian River and Blue Cypress SEC were installed. 
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Figure 15. Indian River, Blue Cypress, Barefoot Bay and Manatee SECs; b.) Current 

density change after Indian River, Blue Cypress and Barefoot Bay SEC installations, 

yellow color shows no change (-0.001 to 0.001), blue shows increase, red shows 

decrease; c.) Current density and corridors before Manatee SEC installation; d.) Current 

density change after Manatee SEC installation 

 a.)                                                                  b.) 

   
c.)                                                                          d.) 
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The Second Set 

Among all forty-five facilities, three are located within Focal Areas: Southern (unnamed) 

site (in the current breeding habitat), Babcock Ranch and Babcock Preserve SEC (in the 

Babcock-Webb WMA). These three facilities were excluded from further examination of 

the connectivity between focal areas. 

Current density analysis predicted that connectivity was impacted both within the boundary 

of the facility and within its 5-km vicinity for most Second Set facilities (Table 12). Some 

facilities influenced change in current density well beyond the 5-km radius. Current density 

for both pre-installation and post-installation sets ranged between 0 to 1.17 (Figs. 8 and 

16). Current density change ranged between -0.078 and 0.068 (Fig. 17). Mean background 

current density change was 0.000008 std dev 0.000265. Thus, the 95% confidence interval 

around the mean and statistically significant change (outside 1.96 standard deviations from 

the mean) was calculated as -0.0005 to 0.0005. Subtracting pre-installation resistance from 

post-installation resistance showed an increase in total resistance of 0.07% after the Second 

Set was installed (Table 11). 

Table 12. Largest decreases in current density per USSE facility 

 

Facility Name 

Largest Decrease in 

Current Density among 

the Cells Intersected  

by the Facility 

 

% decrease 

 

 

Largest Decrease in 

Current Density  

within 5 km radius  

of the Facility 

 

% decrease 

 

 

13. Alafia Solar -0.014 -32.77% -0.005 -9.2% 

14. Babcock Preserve Excluded - Excluded - 

15. Balm Solar -0.009 -20.0% -0.005 -7.9% 

16. Blue Heron SEC -0.009 -5.63% -0.006 -11.76% 

17. Bonnie Mine Solar No decrease - No decrease - 
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indicated indicated 

18. Cattle Ranch SEC -0.05 -54% -0.06 -92.02% 

19. Citrus Ridge 

(FL Solar 5) 

-0.045 -18.69% -0.022 -6.78% 

20. Columbia SEC -0.004 -5.98% -0.005 -15.42% 

21. DeBarry SEC -0.006 -66.9% -0.001 -5.84% 

22. Echo River SEC -0.026 -50.1% -0.007 -9.5% 

23. Ghost Orchid SEC -0.025 -54.8% -0.015 -54.8% 

24. Grange Hall SEC -0.004 -6.72% -0.005 -5.78% 

25. Hamilton SEC -0.041 -46.1% -0.009 -13.24% 

26. 

Hibiscus SEC -0.002 -36.63% 

No decrease 

indicated 

- 

27.  Interstate SEC -0.006 -8.8% -0.003 -5.87% 

28. Lake Hancock Solar -0.028 -100% -0.014 -24% 

29. Lake Placid Solar -0.026 -34% -0.014 -15.1% 

30. Lithia Solar -0.017 -13.9% -0.003 -2.9% 

31. 

Little Manatee River Solar -0.003 -14.85% 

No decrease 

indicated 

- 

32. 

Miami-Dade SEC 

No decrease 

indicated 

- 

No decrease 

indicated 

- 

33. Mountain View -0.002 -4.2% -0.002 -4.3% 

34. Northern Preserve SEC -0.012 -23.9% -0.002 -3.7% 

35. Okeechobee SEC -0.052 -26.2% -0.02 -10.83% 

36. Payne Creek Solar -0.014 -29.3% -0.007 -10.55% 

37. Peace Creek Solar 0.013 -4.92% -0.01 -16.3% 

38. Pioneer Trail SEC -0.055 -11.1% -0.054 -11.8% 

39. Southfork SEC -0.001 1.91% -0.005 -9.23% 

40. Southern (unnamed) site Excluded - Excluded - 
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41. Sunshine Gateway SEC -0.021 -29.45% -0.003 -5.04% 

42. Sweetbay SEC -0.04 -35.5% -0.019 -15.55% 

43. Trenton SPP -0.01 -23.7% -0.004 -12.08% 

44. Twin Lakes -0.02 -17.4% -0.01 -9.23% 

45. Wimauma -0.01 -43.3% -0.001 -1.44% 
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Figure 16. Current Density after the Second Set Installation (see lists of the Second Set in 

Table 1 and 2)
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Figure 17. Current Density Change after the Second Set
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Ghost Orchid SEC 

Ghost Orchid SEC is the largest USSE facility in this study, with a total site area of ~2,470 

acres. It was proposed for installation in the Secondary Panther Focus Zone and in close 

proximity to the Primary Panther Focus Zone (identified by Kautz et al. 2006). Secondary 

Panther Focus Zone provides connectivity to unoccupied areas, and has the potential to be 

restored to more productive habitat (Frakes et al. 2015). The distance from the site to the 

current breeding habitat Focal Area is < 1 km.  

Circuitscape analysis predicted changes in current density once the facility is installed (Fig 

18), which reach beyond the 5-km radius that was selected as a measure to determine 

effects in the vicinity of USSE facilities. However, close proximity to the focal area allows 

a variety of alternative routes and the facility is not planned to be installed in wildlife 

corridors identified by Circuitscape. The most significant decrease in current density was 

predicted for the eastern boundary of the facility with two cells almost entirely within the 

boundary of the facility and two bordering. The greatest decrease in current density was 

predicted for the cell outside of the northeastern corner of the facility, and equaled -0.025. 

Circuitscape predicted an increase in the the southwest-northeast path, with the greatest 

increase (0.024) for a cell entirely covered by the facility. Increases in current density 

indicate increases in resistance of neighboring cells as a result of USSE installations. 
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Figure 18. Ghost Orchid SEC. a.) Current density and corridors before Ghost Orchid 

SEC installation; b.) Current density change after Ghost Orchid SEC installation, yellow 

color shows no change (-0.001 to 0.001), blue shows increase, red shows decrease. 

a.)                                                                         b.) 

   
 

 

 

 

Cattle Ranch SEC 

Cattle Ranch SEC was installed to the northeast of Citrus and Wildflower SECs (described 

in the First Set section). Adding another facility further degraded and widened the area 

impacting the southeast-northwest wildlife corridor (Fig. 19). Cells to the east of 

Wildflower SEC that showed increased current density in the First Set analysis showed a 

decrease after Cattle Farm SEC installation as some of them were covered by Cattle Ranch 

SEC. Cells to the east of Cattle Ranch SEC were predicted to increase in current density as 

the current adjusted to find alternative routes. The largest decreases were predicted for two 

cells entirely covered by Cattle Ranch and Wildflower SECs, -0.052 and -0.056 

respectively. Interestingly, before the Cattle Ranch installation, the decrease for the same 

cell within Wildflower SEC was equal only to -0.028 
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It is of note that there is another solar facility in this cluster, Desoto SEC. It was not 

included in this analysis because its capacity is only 25 MW.  

Figure 19. Citrus, Wildflower, and Cattle Ranch SECs. a.) Current density change after 

Citrus and Wildflower SECs installations, yellow color shows no change, blue shows 

increase, red shows decrease; b.) Current density change after Citrus, Wildflower, and 

Cattle Ranch SECs installations, yellow color shows no change, blue shows increase, red 

shows decrease   

a.)                                                                  b.) 

   

 

Twin Lakes SEC 

Twin Lakes SEC is located approximately 2 km from the Ocala National Forest Focal Area 

boundary (Fig. 20).  Comparison pre- and post-installation predicted decreased current 

density in five 1-km2 cells within the boundary of the facility along with decreased current 

density in the north-south corridor.  

It is noteworthy that Twin Lakes SEC was installed in close proximity to two other 

facilities, Coral Farms and Horizon SECs, which were reviewed in the First Set. As a result 

of the additional installation, current density did not change substantially in the vicinity of 

Coral Farms and Horizon SECs (Fig. 21). 
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Figure 20. Twin Lakes SEC. a.) Current density and corridors before installation; b.) 

Current density change after installation, yellow color shows no change, blue shows 

increase, red shows decrease. 

a)                                                                        b.) 

  
 

Figure 21. Coral Farms, Horizon, and Twin Lakes  SECs. a.) Current density change 

after Coral Farms and Horizon SEC installations; b.) Current density change after Twin 

Lakes is added, yellow color shows no change (-0.001 to 0.001), blue shows increase, red 

shows decrease. 

a.)                                                                    b.) 
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Northern Preserve SEC 

Northern Preserve is located in close proximity to Osceola NF and WMA, with the 

approximate distance to this Focal Area boundary equal to 2 km. Current density analysis 

showed decreases and increases in current density as some pathways became less 

permeable and current adjusted to find alternative routes (Fig. 22).  

Figure 22. Northern Preserve SEC. a.) Current density and wildlife corridors before 

installation; b.) Current density change after installation, yellow color shows no 

change(-0.001 to 0.001), blue shows increase, red shows decrease. 

a.)                                                            b.) 
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Citrus Ridge (FL Solar 5) 

Citrus Ridge (FL Solar 5) was installed on the east side of Florida SR 429 in between 

reclamation basins (classified as urban land cover). FL Solar 5 is located near Richloam 

WMA and Green Swamp Preserve Focal Area with the approximate distance between the 

Focal Area and the USSE facility around 9 km. Comparison of pre- and post-installation 

current density predicted decreased current density in the northwest-southeast wildlife 

corridor that connects Richloam WMA and Green Swamp Preserve Focal Area with other 

Focal Areas in the southern part of Florida (Figs. 16, 17, and 23). The Circuitscape model 

also predicted increases in current density on the both sides of the facility as the current 

adjusted to find alternative routes (Fig. 21). The impacts on connectivity caused by this 

facility extend beyond the 5-km radius.  

Figure 23. Citrus Ridge (FL Solar 5). a.) Current density and corridors before 

installation; b.) Current density change after installation, yellow color shows no change 

(-0.001 to 0.001), blue shows increase, red shows decrease. 

a.)                                                                         b.) 
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Trenton SPP 

Trenton SPP is located in the northern part of Peninsular Florida in permeable habitat 

between two north-south corridors, with the approximate distance to the Big Bend focal 

area around 20 km.  Comparison of pre- and post-installation current density predicted 

decreases in current density in the northeast-southwest direction (Fig. 24). Increases were 

predicted for the cells to the northwest and southeast boundaries of the USSE facility.  

Figure 24. Trenton SPP. a.) Current density and corridors before Trenton SPP 

installation; b.) Current density change after Trenton SPP installation, yellow color 

shows no change (-0.001 to 0.001), blue shows increase, red shows decrease. 

a.)                                                              b.) 
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Sweetbay SEC 

Sweetbay SEC was installed to the west of Martin Next Generation and south of 

Loggerhead SEC, described in the First Set. Adding another facility created a cumulative 

effect, which further degraded and widened the area impacting the wildlife corridor (Fig. 

25). The largest increase was seen in the cells to the east of Martin Next Generation, and a 

slight increase was observed in the area north of JW Corbett WMA. Increases in current 

density occurring around the facilities identified the areas that most likely will be used as 

new corridors. However, these areas have subpar permeability in comparison to the 

previously existing corridors. 

Figure 25. Martin Next Generation, Loggerhead and Sweetbay SEC. a.) Current density 

change after Martin Next Generation and Loggerhead SEC installations, yellow color 

shows no change(-0.001 to 0.001), blue shows increase, red shows decrease; b.) Current 

density change after Martin Next Generation, Loggerhead and Sweetbay SEC 

installations, yellow color shows no change(-0.001 to 0.001), blue shows increase, red 

shows decrease  

a.)                                                                  b.)  
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Hibiscus SEC 

Hibiscus SEC is located south of the JW Corbett WMA Focal Area, with the approximate 

distance to the JW Corbett WMA around 6 km. Current density paths that head south from 

this Focal Area are narrow, and short. The facility was installed to the east of one such 

path. Comparison of pre- and post-installation current density has shown a slight decrease 

within the boundary of the facility (Fig. 26). 

Figure 26. Hibiscus SEC. a.) Current density and corridors before Hibiscus SEC 

installation; b.) Current density change after Hibiscus SEC installation, yellow color 

shows no change (-0.001 to 0.001), blue shows increase, red shows decrease. 

a.)                                                                              b.) 

   

 

  



 

81 

Blue Heron SEC 

Blue Heron SEC is located between two Focal Areas, Babcock Webb and the Current 

breeding population, with approximate distances 19 km and 13 km, respectively. 

Comparison of pre- and post-installation current density predicted decreases in current 

density on the east and west sides of the facility, and increases in the northeast-southwest 

corridor as the current adjusted to find alternative routes (Fig. 27).  

It is noteworthy that although Blue Heron SEC and Ghost Orchid SEC are not in close 

proximity to Hammock SEC, which was reviewed in the First Set (approximate distance 

between Blue Heron and Hammock SECs is 16 km, between Ghost Orchid and Hammock 

SEC is 37 km), connectivity for Hammock SEC and its surrounding areas was predicted to 

be impacted even further after adding these two facilities (Fig. 28). 
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Figure 27. Blue Heron SEC. a.) Current density and corridors before Blue Heron SEC 

installation; b.) Current density change after Blue Heron SEC installation, yellow color 

shows no change(-0.001-0.001), blue shows increase, red shows decrease. 

a.)                                                        b.) 

  
 

Figure 28. Hammock, Blue Heron and Ghost Orchid SECs. a.) Current density change 

after Hammock SEC installation; b.) Current density change after Blue Heron and Ghost 

Orchid SECs were added (yellow color shows no change (-0.001-0.001), blue shows 

increase, red shows decrease. 

a)                                                                    b.) 
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Okeechobee SEC 

Okeechobee SEC is located far from Focal Areas (the closest Focal Area, Babcock Webb 

is approximately 80 km away). However, it is installed in a highly permeable habitat in the 

middle of a wide north-south corridor. Comparison of pre- and post-installation current 

density predicted decreases in current density in the northwest-southeast corridor with the 

largest decrease in the cell that is slightly covered by the eastern boundary of the facility (-

0.052). Increases were predicted on both sides of the degraded path (Fig. 29) 

Figure 29. Okeechobee SEC. a.) Current density and corridors before installation; b.) 

Current density change after installation, yellow color shows no change (-0.001 to 

0.001), blue shows increase, red shows decrease.  

 

a.)                                                                  b.) 
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Interstate SEC 

Interstate SEC is located far from Focal Areas, the approximate distance to the closest 

Focal Area, JW Corbett WMA, equal to approximately 53 km. The north-south path that 

Interstate SEC was installed on is narrow and tenuous in some areas but gets wider to the 

north and south.  Comparison of pre- and post-installation current density predicted 

decreases and increases within the boundary of the facility and within 5 km radius (Fig 30). 

It is noteworthy that Interstate SEC and Okeechobee SECs were installed in close 

proximity to Blue Cypress, Indian River and Barefoot Bay SECs, reviewed in the First Set, 

that showed drastic changes in current density after Interstate and Okeechobee SECs were 

added (Fig. 30c, 30d). For example, the largest increase and decrease were predicted for 

cells partially covered by Blue Cypress SEC (0.014 and -0.009). After Interstate SEC and 

Okeechobee SEC were installed, values of these cells changed to 0.032 and -0.023. 

Figure 30. Interstate SEC. a.) Current density and corridors before installation; b.) 

Current density change after installation, yellow color shows no change (-0.001 to 

0.001), blue shows increase, red shows decrease; c.) Current density change after Blue 

Cypress, Indian River and Barefoot Bay SEC installations; d.) Current density change 

after Interstate SEC and Okeechobee SEC were added. 

a.)                                                                b.) 
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c.)                                                     d.)    
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Lake Placid SEC 

Lake Placid SEC is located north of Babcock Webb Focal Area, with the approximate 

distance between the USSE facility and Babcock Webb equal to 23 km.  The facility is 

located next to a northeast-southwest wildlife corridor. Comparison of pre- and post-

installation current density predicted decreases in the northeast-southwest corridor and 

increases in northwest-southeast wildlife corridor on the west side of the facility (Fig. 31). 

The largest decrease in current density was predicted for a cell partially covered by the 

facility (-0.026). 

Figure 31. Lake Placid SEC. a.) Current density and corridors before installation; b.) 

Current density change after installation, yellow color shows no change (-0.001 to 

0.001), blue shows increase, red shows decrease. 

a.)                                                                  b.) 
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Pioneer Trail SEC 

Pioneer Trail SEC is located approximately 25 km from the Ocala NF Focal Area. It was 

installed in the middle of northwest-southeast wildlife corridor in an area with predicted 

high current densities. Higher current densities indicate ‘pinch points’ in wildlife corridors, 

where a number of potential paths congregate to pass through a narrow area (McClure et 

al. 2016). The facility is divided into several parts that can potentially lower impacts on 

connectivity. Comparison of pre- and post-installation current density predicted decreases 

in current density in the northwest-southeast corridor and increases on both sides of the 

impacted area (Fig. 32). The largest decreases, -0.054, were predicted for cells between the 

parts of the facility. 

Figure 32. Pioneer Trail SEC. a.) Current density and corridors before installation; b.) 

Current density change after installation, yellow color shows no change (-0.001 to 

0.001), blue shows increase, red shows decrease. 

a.)                                                                 b.) 
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DeBary SPP 

DeBary SPP is located southeast of the Ocala NF Focal Area, with the approximate 

distance between the USSE facility and the Focal Area equal to around 14 km. It is installed 

to the east of corridors indicated by Circuitscape. Comparison of pre- and post-installation 

current density predicted decreases in current density in the row of cells east of the facility, 

most of which did not show high permeability before the installation. Small increases were 

predicted for the cells on the north and northwest side of the facility (Fig. 33) 

Figure 33. DeBary SPP. a.) Current density and corridors before installation; b.) 

Current density change after installation, yellow color shows no change (-0.001 to 

0.001), blue shows increase, red shows decrease. 

a.)                                                               b.) 
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Mountain View SPP 

Mountain View SPP is located in a highly permeable habitat west of the Richloam WMA 

and the Green Swamp Preserve Focal Area, with the approximate distance between this 

USSE facility and the Focal area equal to approximately 6 km. However, current density 

analysis showed slight changes in current density after the facility was installed (Fig. 34). 

This can be because corridors on the western side of the Richloam WMA and Green 

Swamp Preserve Focal Areas are not crucial to connectivity with other Focal Areas. 

Figure 34. Mountain View SPP. a.) Current density and corridors before installation; b.) 

Current density change after installation, yellow color shows no change (-0.001 to 

0.001), blue shows increase, red shows decrease. 

a.)                                                                         b.) 
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Columbia SEC 

Columbia SEC is located in a highly permeable area between the Big Bend Focal Area and 

Osceola NF and WMA Focal Area (26 km and 28 km, respectively). Comparison of pre- 

and post-installation current density predicted a slight decrease for two cells covered by 

the facility and an increase in the cells around the facility (Fig 35). Minor impacts on 

connectivity caused by this facility can be explained by robust availability of alternative 

routes. 

Figure 35. Columbia SEC. a.) Current density and corridors before installation; b.) 

Current density change after installation, yellow color shows no change (-0.001 to 

0.001), blue shows increase, red shows decrease. 

a.)                                                                            b.) 
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Hamilton SEC 

Hamilton SEC is installed between Big Bend and Osceola NF and WMA Focal Areas (at 

an approximate distance of 20 km and 24 km, respectively). The facility is located in a 

highly permeable habitat near a northeast-southwest wildlife corridor. Comparison of pre- 

and post-installation current density predicted decreases in current density in the northeast-

southwest derection, and increases on the both sides of the impacted path (Fig. 36). 

Figure 36. Hamilton SEC. a.) Current density and corridors before installation; b.) 

Current density change after installation, yellow color shows no change (-0.001 to 

0.001), blue shows increase, red shows decrease. 

a.)                                                                            b.) 
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Echo River and Sunshine Gateway SECs 

Echo River and Sunshine Gateway SECs are installed approximately 17 km from the 

Osceola NF and WMA Focal Area. Current density analysis pre- and post-installation 

predicted that current density decreased in the east-west corridor for the Sunshine Gateway 

and Echo River SECs, and increased on both sides of the facilities (Fig 37). 

Figure 37. Echo River and Sunshine Gateway SECs. a.) Current density and corridors 

before installations; b.) Current density change after installations, yellow color shows no 

change (-0.001 to 0.001), blue shows increase, red shows decrease. 

 a.)                                                                b.) 

  

 

  



 

93 

Miami-Dade SEC 

Miami-Dade SEC is located east of Miami-Fort Lauderdale Metropolitan Area, far from 

any Focal Areas (approximate distance between the USSE facility and the closest Focal 

Area of current breeding habitat is 37 km). The Circuitscape model showed that the USSE 

facility was not installed near or on wildlife corridors. (Fig. 38).  

Figure 38. Miami-Dade SEC. a.) Current density and corridors before installation; b.) 

Current density change after installation, yellow color shows no change (-0.001 to 

0.001), blue shows increase, red shows decrease. 

a.)                                                                         b.) 
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Alafia, Balm, Bonnie Mine, Grange Hall, Lake Hancock, Lithia, Little Manatee, 

Payne Creek, Peace Creek, Southfork and Wimauma USSE facilities 

These eleven facilities are located to the southeast of Tampa and were installed, or are 

planned to be installed, in a close proximity to each other. The closest focal area is 

Richloam WMA/Green Swamp Wilderness Preserve.  The distance between Richloam 

WMA/Green Swamp Wilderness Preserve and the nearest USSE facility (Lake Hancock 

SPP) is ~37 km. Current density paths that head south from this focal area get more narrow 

further south (Fig. 39a). Among the 11 USSE facilities, only one (Peace Creek, Fig. 39c) 

was installed directly on cells with greater current density, and three facilities were slightly 

encroaching cells exhibiting greater current density (Lake Hancock, Lithia Solar, and 

Wimauma). Comparison of current densities before and after the installation showed that 

the largest impact was predicted for Peace Creek and Lake Hancock (Fig. 39d).  
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Figure 39. Alafia, Balm,, Bonnie Mine, Grange Hall, Lake Hancock, Lithia, Little 

Manatee, Payne Creek,, Peace Creek, Southfork and Wimauma USSE facilities. a.) 

Current density and corridors before Alafia (13), Balm (15), Bonnie Mine (17), Grange 

Hall (24), Lake Hancock (28), Lithia (30), Little Manatee (31), Payne Creek (36), Peace 

Creek (37), Southfork (40) and Wimauma (45) USSE installations; b.) Current density 

change after Alafia, Balm, Grange Hall, Lithia, Little Manatee, Payne Creek, Southfork 

and Wimauma installations, yellow color shows no change, blue shows increase, red 

shows decrease ; c.)Current density and corridors before Peace Creek, Lake Hancock 

and Bonnie Mine installations; d.) Current density change after Peace Creek, Lake 

Hancock and Bonnie Mine installations 

a.)                                                                    b.) 

  

  c.)                                                                  d.)     
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Discussion 

Environmental impacts of USSE facilities on wildlife have been underappreciated and are 

not well studied due to the novelty of solar technologies. Furthermore, the most studied 

impacts of solar facility installations on fauna are related to CSP technologies and are 

primarily focused on their impacts on birds and insects (McCrary et al. 1986, Walston et 

al. 2015, Bošnjaković et al. 2019, Gasparatos 2017, Horvath et al 2009, Horvath et al 2010). 

The majority of the environmental impacts studied in the US were focused on large western 

installations on public lands (The Nature Conservancy 2019) which are not very applicable 

to the already heavily fragmented landscape in Florida. When it comes to habitat 

fragmentation and connectivity, several publications suggest that USSE facilities may 

cause further habitat fragmentation (Saunders et al. 1991, Hernandez et al. 2014). For 

example, Lovich and Ennen (2012) list habitat fragmentation and the creation of barriers 

to gene flow among the potential effects of USSE facilities on wildlife, with the caveat that 

peer-reviewed data that are currently available are “insufficient to allow a rigorous 

assessment of the impact of USSE on wildlife.” The Nature Conservancy recognizes the 

importance of habitat connectivity while selecting USSE site locations, yet points out that 

it is rarely considered, adding, “Little is known about the potential impact of solar facilities 

on wildlife movement” (2019). Recent review of peer-reviewed literature has shown that 

no studies have been published on how USSE facilities affect broad-scale connectivity and 

habitat suitability for large carnivores. 
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Understanding the urgency of studying the environmental impacts of USSE facilities due 

to rapid growth of USSE facility installations, this research was focused on the impacts of 

USSE facilities on landscape suitability and connectivity using the Florida panther as an 

umbrella species to determine how USSE facilities affect probability of presence, 

connectivity, and wildlife corridors. The habitat suitability study was conducted using the 

RF model (Frakes et al. 2015, Frakes and Knight, in prep.). The impacts of USSE facilities 

on habitat suitability varied between +0.054 (for heavily impacted agricultural and urban 

lands) to -0.163 (when natural forested areas, wetlands and scrub were replaced) per 

facility, and depended on the type of land cover and amount of forest edge replaced by 

solar arrays. Since the mean P of panther home ranges falls into the interval between 0.35 

and 0.96 (Frakes and Knight in prep), it was determined that four facilities (Citrus Ridge, 

Martin Next Generation SEC, Echo River, and Babcock Preserve) were installed in 

potential breeding habitat with respective pre-installation mean P equal to 0.520, 0.407, 

0.384 and 0.36; it was reduced to 0.379. 0.273, 0.264, and 0.352 after the facilities were 

installed. The greatest reduction in average probability of presence, as a result of USSE 

facility installations, was predicted for Hamilton SEC (-0.163), Citrus Ridge (-0.140), and 

Martin Next Generation (-0.134). 

Habitat connectivity was studied using Circuitscape modeling. USSE facilities span 

hundreds of acres, and are often installed in semi-permeable habitats that could have been 

used before as a corridor by wildlife. In addition, USSE facilities generally use tall fences 

that may act as barriers to large carnivores prompting them to walk around during dispersal 

attempts, rather than jump over the fence. Thus, dispersing and migrating large carnivores 
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must find alternative routes if a USSE facility impedes their pathway, which may lead to 

more intense usage of less suitable or less permeable areas (Osipova et al. 2018).  

This study demonstrates that the installation of USSE facilities on wildlife corridors and in 

close proximity to the wildlife corridors results in the most substantial impacts on 

connectivity (e.g. Pioneer Trail, Okeechobee SECs), particularly if alternative pathways 

are not available (e.g., Martin Next Generation, FL Solar 5). It has also shown substantial 

impacts on connectivity by the facilities that are installed (or planned to be installed) in 

close proximity to the Focal Areas (e.g., Ghost Orchid, Twin Lakes).  This research has 

also shown that even low-quality semipermeable habitat such as agricultural lands and 

pasture can serve as an important linkage between higher-quality habitats (e.g. Loggerhead 

SEC). For this reason, it is crucial during the permitting process to review the site from the 

connectivity point of view, in order to understand and prevent possible adverse impacts on 

landscape connectivity caused by USSE facility installations. 

USSE facilities are often built in clusters, as this practice decreases the amount of 

supporting infrastructure (such as roads and transmission lines) needed to access individual 

USSE facilities, as well as to promote a more centralized approach when it comes to 

maintenance of solar facilities. This study has shown that installing USSE facilities in 

clusters, without regard for wildlife corridors, creates a cumulative effect, substantially 

increasing the adverse impact on connectivity (e.g. Cattle Ranch, Wildflower, and Citrus 

SECs).  

Among the important findings of this study was the identification of new pathways that 

animals may try to take in order to bypass the facilities. It is important to ensure that these 

pathways are protected so that movement and dispersal are not further impeded. Pinch 
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points that are created as a result of USSE facility installations (e.g. Martin Next 

Generation) require even more attention in order to avoid bottleneck effects. Increases in 

current density around the facilities identified the areas that most likely will be used as new 

corridors. However, these areas have subpar permeability in comparison to the pre-

installation corridors (higher resistance) and extensive mitigation measures might be 

required in order to restore corridor functionality and gene flow.  In addition, recent 

research on genetic connectivity has shown that locations with a high probability of 

movement (high current density) were negatively associated with gene flow, meaning that 

pinch points do not necessarily indicate gene flow (Marrotte et al. 2017) 

Comparing connectivity after installation of 12 facilities with connectivity after installation 

of 45 facilities, indicated that adding more facilities near areas with impacted wildlife 

corridors created cumulative effects and further degraded the quality of these corridors. 

Thus, the ability of these corridors to serve as landscape linkages was even more impaired 

(e.g. Martin Next Generation, Loggerhead and Sweetbay SECs, Cattle Ranch, Wildflower, 

and Citrus SEC).  

While current density change identifies local impacts and pinch points, effective resistance 

demonstrates the total change in connectivity (resistance distance) between focal areas 

(McRae et al 2008). Among 21 pairs of Focal Areas, after the First Set was installed, 5 

pairs were predicted to have decrease, and 16 were predicted to have increase in effective 

resistance; after the Second Set was installed one pair showed decrease and 20 showed 

increase. Subtracting pre-installation effective resistance from post-installation effective 

resistance showed an increase in total resistance of 0.02% for Peninsular Florida after the 

First Set was installed, and 0.07% after the Second Set was installed. This is substantial 
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because the total area of the First Set is only 0.02% of Peninsular Florida and the total area 

of the Second Set is 0.10% of Peninsular Florida. However, in comparison to more 

substantial shifts in current density that demonstrates losses in connectivity on local level, 

effective resistance demonstrates that functional connectivity decreases slower on the state 

level.  

Comparing the results of this study with other habitat connectivity studies for Florida has 

shown both a high level of agreement between the modeled landscape connectivity 

corridors and wildlife corridors identified by other studies, and also expands the 

understanding on impacts to those corridors.  For example, overlaying Circuitscape 

modelling results with the Florida Ecological Greenways Network (FEGN) (“a statewide 

network of ecological hubs and linkages designed to maintain landscape-scale ecological 

functions and fragmentation sensitive biodiversity throughout the state” (Oetting, Hoctor, 

and Volk 2016), developed by the University of Florida GeoPlan and Center for Landscape 

Conservation Planning) shows that some of the crucial linkages identified by FEGN have 

also been identified by the pre-installation Circuitscape model, and were degraded as a 

result of USSE installations (Fig. 40). 
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Figure 40. Current density change map overlaid with FEGN (light green) indicates 

where the pinch point in the critical linkage would occur as a result of USSE facility 

installation, a.) Peace Creek; b.) Martin Next Generation 

a.)                                                       b.) 

  

The findings of this study show that landscape-level habitat connectivity impacts are 

evident beyond the footprint of the facilities, indicating that current permitting review 

methodologies resulting in USSE installation approval may be inadequate, and that USSE 

facility siting should consider impacts on landscape-level connectivity in addition to 

environmental impacts within USSE facility site limits. 
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Conclusion 

This large-scale connectivity study, while extensive, is not exhaustive. Since the RF model 

was built using a human population density based on the 2010 Census, land cover data 

from WMDs from 2010, road length data based on the 2011 TIGER/Line shapefile 

containing Florida roads, updating the model with 2020 Census data and more recent land 

cover and road length data will provide an even better understanding of habitat suitability 

and connectivity in Florida.  

Studying new approaches in USSE facility installations (different types of fencing, 

dividing the facility into smaller parts, etc.), as well as monitoring changes in the 

surrounding environment may result in better decision making when it comes to future 

USSE facility installations. 

Studying the impacts of USSE facilities on species such as black bears, gopher tortoises, 

etc. will help to further expand scientific knowledge and fill gaps in environmental 

protection policy when it comes to understanding both local and large-scale implications 

of installing large USSE facilities. In addition, some linkages and corridors highlighted in 

this study illustrate the need for deeper study, particularly those that were shown to be 

adversely impacted in this study. Protecting such linkages and corridors between focal 

areas at the landscape-scale will mitigate, or potentially ameliorate, the negative impacts 

already evident after the installation of some USSE facilities, and may prevent the 

foreseeable impacts that are likely to be caused by planned facilities. The restoration of 

animal movement and gene flow throughout peninsular Florida is critical to both the 



 

103 

Florida panther, its prey, and the ancillary species that would prevail throughout a 

connected Florida ecosystem.  This, in turn, will benefit biodiversity and species resiliency 

at the landscape scale.  

Given the exponential growth of the solar industry in Florida and around the world, it is 

crucial to provide land managers and conservation decision-makers with a substantial 

scientific research base on this new technology to ensure responsible development and 

permitting practices are established. When it comes to environmental cost, residential 

rooftop SSSE systems may be a better alternative 

Likewise, it is important to continue studying solar energy installations in order to establish 

a better-balanced application of renewable solar energy technologies in terms of informed 

land use, decreased environmental costs reflective of reduced impacts to endangered native 

species, and to provide a robust scientific understanding of the wider-reaching impacts 

correlated with solar installations.  
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Appendix A. LULC maps.  

1. Babcock Ranch SEC  
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2. Barefoot Bay SEC 
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3. Blue Cypress SEC 
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4.Citrus SEC and 12. Wildflower SEC 
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5. Coral Farms SEC  
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6. Hammock SEC  
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7. Horizon SEC  
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8. Indian River SEC  
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9. Loggerhead SEC  
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10.Manatee SEC
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11. Martin Next Generation SEC  
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13. Alafia Solar 
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14. Babcock Preserve SEC  
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15. Balm SPP 
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16.Blue Heron SEC  
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17.Bonnie Mine SPP  
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18.Cattle Ranch Solar Energy Center 

  



 

122 

19. Citrus Ridge SPP
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20. Columbia SEC  
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21. DeBary SPP
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22. Echo River Solar Energy Center 
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23. Ghost Orchid 

 

24. Grange Hall 
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24. Grange Hall SPP  
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25. Hamilton SEC 
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26. Hibiscus SEC

  



 

130 

27. Interstate SEC  
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28. Lake Hancock SPP  
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29.29. Lake Placid SPP  
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30. Lithia Solar 
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31.Little Manatee SEC 
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32. Miami- Dade SEC 
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33.Mountain View 
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34.Northern Preserve SEC  
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35. Okeechobee SEC  
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36. Payne Creek SPP 
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37. Peace Creek SPP  
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38. Pioneer Trail SEC 
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39. Southern (unnamed) site 
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40. Southfork SEC 
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41. Sunshine Gateway SEC 
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42. Sweetbay SEC 
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43. Trenton SPP 
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44. Twin Lakes SEC 
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45. Wimauma SPP 
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APPENDIX B. Aerial Maps. 
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APPENDIX C. USSE Facility Fencing 

1. 6-ft fence with barbed wire, Babcock Preserve SEC 
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2. 6-ft wildlife-friendly fence, Blue Heron SEC 
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3. 6-ft fence with barbed wire, Cattle Ranch SEC 
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APPENDIX D. R Script Sample 
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