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The design and management of reserve networks are driving forces in 

conservation biology and landscape ecology.  Reserve design principles and methods are 

continually being developed and applied worldwide.  Designing functionally integrated 

reserve networks is now considered essential to conserve biodiversity, ecological 

functions, and evolutionary processes effectively.   

The state of Florida has been a leader in adopting systematic, landscape-based 

reserve design, and thus provides an excellent opportunity to explore regional landscape 

assessments and reserve design strategies for effective protection of biodiversity.  In this 

study, I develop and compare three such approaches: 

�� Identify a connected statewide network of intact landscapes and landscape linkages 
called the Florida Ecological Network.  

 
�� Identify important habitat blocks and connectivity options for the Florida black bear, 

Ursus americanus floridanus, which may serve as an umbrella species for many other 
biodiversity components. 

 xvii



 
�� Develop ecoregional plans for the Florida peninsula that integrate fine filter, coarse 

filter, and landscape approaches for designing reserve networks.   
 

The Florida Ecological Network incorporates 9.3 million ha of large, connected 

landscapes, over half of which lie within existing conservation lands and public domain 

waterways.  Over 5 million ha were identified as potentially high quality black bear 

habitat, with an additional 680,000 ha identified as landscape linkages to facilitate 

connectivity.  The Florida Peninsula Ecoregion site portfolio contains 3.4 million 

hectares (51% within public domain lands and water) and the Tropical Florida Ecoregion 

site portfolio contains 2 million hectares (89% in public domain lands and waters). 

Collectively, 85% of the bear habitat and landscape linkages were within the Florida 

Ecological Network, which also overlaps with 84% and 90% of the Florida Peninsula and 

Tropical Florida Ecoregions, respectively.   

The results suggest the following: 

�� Even given Florida's rapid urbanization, opportunities remain to protect a statewide 
reserve network that could protect most biodiversity effectively. 

 
�� Each approach I developed identifies some unique areas for protection not found in 

the other two analyses. 
 
�� Collectively, the assessments address the primary steps of reserve design including 

representation analysis, focal species analysis, incorporation of special resource 
elements, and considerations for maintaining or restoring ecological and evolutionary 
processes. 
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CHAPTER 1 
INTRODUCTION 

 
 

If a chance process of reserve selection continues, it may produce a network . . .  
in which all but a few species adapted to urban life become extinct. . . .The 
challenge remains to integrate the existing distribution of national parks and 
wilderness areas with a plan that will ensure the functional integrity of the 
world’s ecosystems while land use for human purposes increases. (Sullivan and 
Shaffer 1975, p. 13) 

 
Since the science of conserving biological diversity gained significant momentum 

with the discussions prompted by popularization of island biogeography theory (Preston 

1962; MacArthur and Wilson 1963; MacArthur and Wilson 1967; Wilson and Willis 

1975), the design and management of reserve networks have been primary driving forces 

behind conservation biology, and cornerstones of landscape ecology.  The importance of 

analysis and planning at the regional landscape scale for effective conservation has been 

a central theme in reserve design over the last two decades (Harris 1984; Noss and Harris 

1986; Thomas et al. 1990; Wilcove and Murphy 1991; Noss and Cooperrider 1994; 

Forman 1995; Harris et al. 1996b; Soulé and Terborgh 1999; Margules and Pressey 2000; 

Poiani et al. 2000).  Principles guiding reserve design are in continual development, and 

application of these principles is occurring in various regions to identify areas needed to 

conserve biodiversity.  The state of Florida is a leader in conducting detailed species 

assessments and the identification of large, intact landscapes needed to protect 

connectivity and ecological processes.  Reserve design efforts continue to evolve, and 

1 
 



 2 
 

 
 

Florida provides an excellent opportunity to explore regional landscape assessments and 

reserve design strategies for effectively protecting biodiversity.      

Awareness of the significance of habitat patch size and isolation on the viability 

of species and ecological dynamics began as early as the nineteenth century.   A French 

scientist, de Candolle (1855), recognized the importance of patch and sample effects on 

species richness, and Wallace (1880) wrote about the influence of islands and other 

geographical factors on speciation (Browne 1983).   

Development of a national parks system in the United States resulted in 

observations and research about national parks as viable, natural landscapes.  Well before 

popularization of island biogeography theory, wildlife biologists were noticing that 

national parks were not of sufficient size to maintain many animal species, especially 

ones that are wide-ranging (Wright et al. 1933; Wright and Thompson 1934).  Additional 

studies over the next several decades (Shelford 1936, Cahalane 1947, Leopold et al. 

1963) demonstrated the inadequacy of what was thought to be extremely large reserves 

such as Yellowstone National Park.  Early suggestions for improving this situation 

included creation of buffer zones around reserves to provide more space to meet seasonal 

habitat requirements or to support viable populations (Wright and Thompson 1934; 

Shelford 1936).   

However, despite these early recommendations to adopt landscape-scale 

conservation strategies, most protected areas have become more insularized and impacted 

by land use changes beyond their boundaries (Leopold et al. 1963; Freemuth 1991).  

Studies during the last few decades confirm the loss of many species from protected 

lands, both in Africa and North America, with such losses presumed to be caused by 
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insufficient size of protected areas, their increasing isolation, and negative edge and 

boundary effects due to the intensification of land uses outside park boundaries (Miller 

and Harris 1977; Soulé et al. 1979; Newmark 1985, 1987, 1995; Schonewald-Cox 1988; 

Freemuth 1991). 

Articulation of island biogeography theory has also had a significant role in the 

evolving science of designing reserve networks (Preston 1962; McArthur and Wilson 

1967; Wilson and Willis 1975; Browne 1983; Harris 1984; Shafer 1990; Noss and 

Cooperrider 1994; Soulé and Terborgh 1999).  When island biogeography was 

popularized by McArthur and Wilson in the 1960s, its influence over the nascent 

discipline of conservation biology was particularly strong.  Island biogeography theory 

helped spur much discussion about the relevance of insularity to habitat fragments in 

continental landscapes through the 1970s and early 1980s (Wilson and Willis 1975; 

Harris 1984; Shafer 1990).   

During the 1970s, reserve design rules based on the principles of island 

biogeography were proposed (Sullivan and Shaffer 1975; Terborgh 1975; Diamond 1975; 

Wilson and Willis 1975; Diamond 1976; Diamond and May 1976; Terborgh 1976; 

Wilcox 1980).  Such rules included the importance of reserve size, avoidance of habitat 

fragmentation effects, and the need for functional connectivity among reserves.  Debates 

regarding the rationale and applicability of island biogeography to conservation raged in 

the scientific literature throughout the late 1970s and into the mid 1980s (Shafer 1990), 

but they included what are now considered to be fallacious arguments such as SLOSS 

(Single Large Or Several Small reserves) (Soulé and Simberloff 1986; Noss and 

Cooperrider 1994).   
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Conservation biologists and ecologists now generally agree that it will be 

necessary to have many large and strategically located reserves to conserve biodiversity 

effectively (Wilcox and Murphy 1985; Soulé and Simberloff 1986; Noss and Cooperrider 

1994; Harris et al. 1996b; Soulé and Terborgh 1999).  The solidity and importance of 

reserve design guidelines increased with the development of conservation biology and 

additional research on habitat fragmentation effects on population viability and genetic 

integrity (Soulé 1986; Meffe and Carroll 1997).  Furthermore, both the emerging 

disciplines of conservation biology and landscape ecology tended to substantiate many of 

the reserve design principles proposed initially through application of island 

biogeography and provided new principles as well (Harris 1984; Forman and Godron 

1986; Noss and Cooperrider 1994; Forman 1995). 

Effective protection of biodiversity and ecological integrity is dependent on 

research and planning efforts at a variety of scales (Poiani et al. 2000).  This includes 

research on species, natural communities, and landscapes.  Effective conservation 

requires analysis and planning at large scales in order to understand functional relations 

between landscapes and to integrate efforts.  One of the primary lessons of landscape 

ecology is that spatial context matters (Harris 1984; Harris et al. 1996a), and natural 

resource conservation and land use planning must consider the effects of actions within 

their largest spatial and temporal perspectives (Forman 1987).  Within both landscape 

ecology and conservation biology, habitat loss and fragmentation are the primary threats 

to biodiversity and functional ecological processes and services (Wilcox and Murphy 

1985; Harris and Silva-Lopez 1992).  Strategies are needed that help to protect and 

restore natural levels of spatial and temporal heterogeneity that are necessary for 
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maintaining intact ecosystems and biodiversity while minimizing the effects of 

fragmentation (Harris et al. 1996a). 

The need for regional landscape approaches to conservation has resulted in 

increasing attention to the design of reserve networks that incorporate landscapes 

apportioned into reserves, multiple-use buffer zones, and landscape linkages (Harris 

1984; Noss and Harris 1986; Noss and Cooperrider 1994; Harris et al. 1996b; Soulé and 

Terborgh 1999; Margules and Pressey 2000).  Buffers provide protection to core 

reserves, provide additional habitat, and can potentially link reserves (Harris 1984; Noss 

and Harris 1986; Noss and Cooperrider 1994).  Reserve networks that are functionally 

connected by buffers, landscape linkages, and corridors are more likely to maintain 

viable populations, functional ecological processes, and flexibility to respond to 

environmental changes (Harris 1984; Noss and Harris 1986; Williams 1986; Harris and 

Scheck 1991; Noss and Cooperrider 1994; Forman 1995; Harris et al. 1996b; Noss et al. 

1996).   The overarching goals for such systems include those described by Noss (1996, 

p. 95-96): 

1) Represent, in a system of protected areas, all native ecosystem types and seral 
stages; 2) Maintain viable populations of all native species in natural patterns of 
abundance and distribution; 3) Maintain ecological and evolutionary processes, 
such as disturbance regimes, hydrological processes, nutrient cycles, and biotic 
interactions; 4) Design and manage the system to be responsive to short-term and 
long-term environmental change and to maintain the evolutionary potential of 
lineages. 

 
Along with these 4 goals, there are 4 primary components of a comprehensive reserve 

design process: identification of special elements such as roadless areas and high quality 

natural community sites; representation analysis to identify biodiversity elements 

(especially natural communities) that are not well protected; focal species habitat 
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assessments; and consideration of functional ecological and evolutionary processes (Noss 

and Cooperrider 1994; Harris et al. 1996a; Noss 1996; Margules and Pressey 2000; 

Sanderson and Harris 2002). 

By the late 1980s and early 1990s, reserve design principles, or guidelines, for 

conserving biodiversity were generally accepted in conservation biology and were being 

applied to cases such as the Spotted Owl (Strix occidentalis) (Wilcove and Murphy 

1991).  The most commonly accepted "rules of thumb" for reserve design include the 

following (Harris 1984; Thomas et al. 1990; Soulé 1991; Noss and Cooperrider 1994; 

Noss et al. 1997): 

�� Large reserves (or blocks or habitat) are preferable to smaller reserves.  Such reserves 
will tend to have larger blocks of habitat and larger populations, more potential for 
supporting various ecological communities and therefore more diversity, are more 
likely to be both resistant and resilient to disturbances and potentially support natural, 
functional disturbance regimes and other ecological processes, and will be better 
insulated from incompatible land uses outside the reserve (Harris 1984; Soulé and 
Simberloff 1986; Thomas et al. 1990; Soulé 1991; Noss and Cooperrider 1994; Noss 
et al. 1997). 

 
�� Functionally interconnected reserves are generally preferable over isolated reserves.  

Depending on the situation and species, connectivity can be provided by establishing 
corridors or landscape linkages or through compatibly managed multiple-use 
landscapes surrounding and connecting reserves.  Reserves that are close together 
may also provide functional connectivity for species that are either able to fly or 
traverse the matrix surrounding the reserves (Harris 1984; Noss and Harris 1986; 
Harris and Scheck 1991; Soulé 1991; Noss 1993; Noss and Cooperrider 1994; Noss 
et al. 1996; Noss et al. 1997; Beier and Noss 1998; Soulé and Terborgh 1999).   

 
�� Reserves in contiguous or consolidated blocks are preferable over fragmented blocks.  

Examples of fragmentation within reserves include roads, inholdings with 
incompatible land uses, or clear cuts (Harris and Silva-Lopez 1992; Noss and 
Cooperrider 1994; Noss et al. 1997). 

 
�� Reserves that are roadless and less accessible to human disturbance are preferable to 

areas with high road density and access (Noss and Cooperrider 1994; Noss et al. 
1996).  This principle is born out of the established relation between areas of high 
road density and avoidance of such areas by a number of wide-ranging species 
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sensitive to humans in general or vulnerable to hunting, poaching, and roadkills 
including grizzly bear (Ursus arctos) (Mattson et al. 1987; McLellan and Shackleton 
1988), wolf (Canis lupus) (Thiel 1985; Mech et al. 1988; Mladenoff 1995), elk 
(Cervus elaphus) (Lyon 1983), cougar (Puma concolor) (Van Dyke et al. 1986), and 
black bear (Ursus americanus) (Brody 1984; Brody and Pelton 1989). 

 
�� Reserves that include native carnivores especially, and wide ranging species 

generally, are preferred to reserves without these guilds (Terborgh 1988; Bolger et al. 
1991; Soulé 1991; Noss et al. 1996; Soulé and Terborgh 1999).  There are sound 
ecological reasons for maintaining and restoring such species.  Carnivores are often 
keystone species that effect the structure of entire communities ranging from genetics 
to species abundance.   Keystone functions of carnivores include: controlling tree 
seed predators in tropical forests (Terborgh 1988), controlling herbivore and 
neotropical migrant bird abundance in the Greater Yellowstone Ecosystem  (Berger et 
al. 2001a; Berger et al. 2001b), or meso-mammals in southern California chaparral 
fragments that benefits native ground/shrub dwelling and nesting bird species (Bolger 
et al. 1991; Soulé 1991); and wolves providing carrion for other species in 
Yellowstone including grizzly bears, eagles, and other species (MacNulty et al. 
2001).  Carnivores can also be important for maintaining functional evolutionary 
relations between predator and prey (Maehr et al. 2001b). 

 
�� Reserves that are well distributed across the native range of a species provide a better 

opportunity to maintain genetic variation and adaptive responses to local conditions 
and temporal environmental changes (Thomas et al. 1990; Wilcove and Murphy 
1991; Harris 1992; Noss and Cooperrider 1994; Noss et al. 1997). 

 
Although exceptions are always possible and options must be weighed carefully when 

addressing specific situations (Noss et al. 1997), these guidelines have played an 

important role in the development of conservation science and planning. 

Regional landscape analysis and reserve design are now part of a new natural 

resource management strategy that can be termed “regional conservation planning."  The 

goal of such efforts is to conduct research and planning at sufficiently large spatial scales 

to account for the interactions of competing land uses and protect and restore landscapes 

that will effectively conserve biological diversity while providing important ecological 

services and other natural resources needed to sustain healthy human communities.  

Efforts to involve local people in conservation efforts are also a critical part of regional 
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conservation planning (Jacobson 1995; Meffe and Carroll 1997; Benedict 2000).  By 

identifying a large scale, regional conservation framework, it is possible to provide a 

foundation on which protection of the important ecological properties and processes can 

be optimized for multiple benefits at local to regional scales (Noss 1996; Hoctor et al. 

2002).   

Various efforts to design reserve or ecological networks began in the United 

States in the 1990s.  The state of Maryland has developed a green infrastructure 

assessment to identify areas of highest conservation significance and opportunities to 

maintain and restore ecological connectivity (Maryland Greenways Commission 2000; 

Weber and Wolf 2000; Weber 2001).  The Wildlands Project (Soulé and Terborgh 1999) 

is engaged in various regional reserve design projects with special focus on wide-ranging 

species.  Defenders of Wildlife recently completed an analysis of areas most significant 

for conserving Oregon’s biodiversity and developed policy strategies and incentives to 

effect protection (Heagerty et al. 1998).  The Nature Conservancy, which until the late 

1980s (Noss 1987a) embraced site-specific strategies for conserving biological diversity, 

has begun an ambitious biodiversity planning effort called ecoregional planning (Groves 

et al. 2000; Groves et al. 2002).  All of these projects are based on the fact that regional 

landscape assessment is essential to protect biodiversity and ecological integrity.  

However, such efforts had already gained momentum in Florida in the 1980s in 

response to rapid human population growth and habitat fragmentation (Harris 1984; 

Harris 1985; Noss and Harris 1986; Noss 1987b; Harris and Gallagher 1989; Harris and 

Scheck 1991; Harris and Atkins 1991).  Since then, Florida has completed several 

statewide assessments to identify strategic habitats and landscapes that can be integrated 
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into an integrated reserve network that effectively protects biodiversity and ecological 

processes (Millsap et al. 1990; Cox et al. 1994; Florida Greenways Commission report 

1994; Cox and Kautz 2000).   

Although reserve design has become an important part of conservation practice, 

methods for conducting analyses to identify areas of ecological significance and design 

reserve networks at regional scales are still in their early stages of development.  

Strategies and methods are constrained by funding, time, data availability, data quality, 

and software limitations.  Because Florida remains at the forefront of applying regional 

landscape assessments for identifying and conserving biodiversity, it provides an 

excellent opportunity to explore developments and issues in designing reserve networks.   

This dissertation develops three comparative and potentially complementary 

approaches to regional landscape analysis and reserve design to conserve Florida’s 

biodiversity effectively.  They include identification of a connected statewide network of 

intact landscapes and landscape linkages called the Florida Ecological Network; 

identification of connectivity options and important habitat blocks for the Florida black 

bear (Ursus americanus floridanus), which may serve as an umbrella species for many 

other biodiversity components; and development of ecoregional plans for the Florida 

peninsula that integrate fine filter, coarse filter, and landscape approaches for designing 

reserve networks.  Collectively the three approaches address the four goals and primary 

components of reserve design (Noss and Copperrider 1994; Noss 1996; Noss et al. 1999; 

Margules and Pressey 2000).  The three approaches are discussed in detail to compare 

their relative advantages and develop recommendations for additional steps in the 
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biodiversity reserve design process in Florida and beyond.  Policy considerations for 

protecting regional ecological networks are also discussed. 

Study Area 

Florida is an ecologically diverse region ranging in climate and biota from the 

temperate to tropical.  It is relatively flat with a maximum elevation in the north of 

approximately 100 m, and much of the state below elevations of 30 m.  There are 

approximately 14 million ha in the state with approximately two-thirds of that area 

occurring as a long peninsula.    

Northern Florida is within the southern temperate zone and harbors broad alluvial 

riparian habitats, and upland flats and modest "ridges" once dominated by longleaf pine 

(Pinus palustris) communities.  The central peninsula consisted (until recent 

development) of broad flatlands dominated by longleaf and slash pine (Pinus elliottii), 

dry and wet prairies, and sandy ridges with scrub and sandhill communities harboring 

numerous rare and endemic species (Myers 1990).   The southern tip of the peninsula, 

though heavily modified by development, still contains tropically-influenced hammocks, 

swamps, rocklands, and marshes of the Big Cypress Swamp, Everglades, and the Florida 

Keys.   

Rivers originating in the southern Appalachians and Piedmont are an important 

ecological component in north Florida that harbor increasingly rare mollusk and fish 

species.  Lakes are very common in the Florida peninsula, and Lake Okeechobee in south 

Florida is one of the largest lakes in North America.  Numerous springs are also 

characteristic of the vast limestone regions of north and central Florida.  Springs and 

limestone caves and sinks also support many rare aquatic invertebrates (Deyrup and 
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Franz 1994).  Estuarine ecosystems include productive saltmarsh communities 

dominating the northern half of the state and mangrove and seagrass dominating the 

southern half of the peninsula.  

The extensive Gulf of Mexico and Atlantic coastlines of Florida significantly 

influence a climate that is generally warm and humid.  Summer thunderstorms are 

frequent, and lightning-caused fires have been an extremely important ecological process 

shaping many upland and wetland communities across the state for millennia (Myers and 

Ewel 1990).  Rains vary from highly seasonal patterns in south Florida with heavy rains 

occurring mainly in the summer to more even rainfall year round in northern Florida due 

to more frequent precipitation in winter from continental frontal systems (Chen and 

Gerber 1990).  Freezes occur every year in north Florida but are extremely rare in south 

Florida.  Freeze events have a strong influence on the range of tropical species up the 

Florida peninsula, with such species typically found further north along the coasts, which 

are better buffered from freeze events than interior areas because of the warm waters of 

the Atlantic and Gulf of Mexico  (Harris and Cropper 1992).   

Florida's biota is a mixture of southern temperate, neotropical, and even 

southwestern species.  Sea level rise and fall have been a dominating biogeographic force 

controlling the evolution of Florida's biota.  The Florida Scrub-Jay (Aphelocoma 

coerulescens), eastern diamondback rattlesnake (Crotalus adamanteus), and gopher 

tortoise (Gopherus polyphemus) are all closely related to species found in southwestern 

U. S. biomes, which were directly connected to Florida during the much lower sea levels 

of Pleistocene glacial periods (Webb 1990).  Tropical species have colonized by flying 

across the Gulf of Mexico or by riding Gulf Stream currents and include numerous 
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plants, wading bird species, Snail Kite (Rostrhamus sociabilis plumbeus), and Short-

tailed Hawk (Buteo brachyurus) (Rodgers et al. 1996).  In fact, Florida is a premier 

birding destination due to the various tropical species that can only be seen or are best 

seen in Florida within the United States (Kale and Maehr 1990).  Temperate species 

include the Red-cockaded Woodpecker (Picoides borealis), and various amphibians, fish, 

and mollusk species (Gilbert 1992; Moler 1992; Deyrup and Franz 1994; Rodgers et al. 

1996).   

Characteristic vertebrate species that has been either extirpated or have gone 

extinct since the arrival of Europeans in Florida include the red wolf (Canis rufus), monk 

seal (Monachus tropicalis), bison (Bos bison), Ivory-billed Woodpecker (Campephilus 

principalis), Carolina Parakeet (Conuropsis carolinensis), Passenger Pigeon (Ectopistes 

migratorius), and Bachman's Warbler (Vermivora bachmanii).  Extant megafauna 

include the Florida panther (Puma concolor coryi), Florida black bear, West Indian 

manatee (Trichechus manatus), American alligator (Alligator mississippiensis), and 

American crocodile (Crocodylus acutus).      

Urgency is the key word for Florida conservation planning.  The state is rapidly 

developing with a human population of over 16 million and approximately 250,000 

additional residents each year (U. S. Bureau of the Census 1996).  As a state Florida has 

the fourth largest human population in the United States, but its population density is 

approximately double that of the largest state, California.  Vast urban areas including 

southeast Florida, Orlando, Tampa, and Jacksonville continue to incorporate more area at 

a rapid rate supported by a dense network of highways with extensive planned 

expansions.  The rate of rural land loss is approximately 60,000 ha per year, which 
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represents approximately 1% of the unprotected rural land remaining (Reynolds 1999).  

In addition, habitat fragmentation due to expanding urban areas and rapid growth along 

major highways threatens to disrupt ecological connectivity and landscape function even 

more rapidly in the very near future.   

Based on the rate of habitat fragmentation and ever-increasing land costs, the 

future of Florida's biodiversity will likely be determined by the conservation planning 

conducted and policies enacted over the next ten to twenty years.  However, with more 

than 20% of the state in public conservation land and large wetland, timberland, and 

rangeland tracts still remaining in private ownership, conservation efforts still have the 

potential to effectively protect much of Florida's natural heritage.   Land acquisition and 

conservation easement programs at the federal, state, and local levels will be an essential 

component to protect the lands identified in reserve design assessments, and effective 

means to manage public and private lands in ways that are compatible with biodiversity 

conservation will be an additional challenge. 

General Geographic Information System Methods 

A Geographic Information System (GIS) consists of integrated hardware and 

software that captures, stores, retrieves, analyzes, and displays spatially explicit data.  

Geographic data are generally stored in layers, each representing a particular theme, such 

as land use, roads or hydrology.  Data layers are overlain spatially for analysis of 

overlapping features, such as finding residential areas within 100-year floodplains.  

Geographic information systems are increasingly being used to assist in analysis and 

synthesis of information in environmental planning and design.   
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GIS applications include conservation as well as other forms of land use planning.  

The Florida Fish and Wildlife Conservation Commission (FWC) used GIS to identify 

Strategic Habitat Conservation Areas for selected species and communities of 

conservation interest (Cox et al. 1994).  The federal Gap Analysis Program (GAP) 

methodology is dependent on GIS to analyze vegetative communities and identify 

potential habitat for all selected species  (Scott et al. 1993).  Although GIS is now 

considered to be extremely useful or even essential for conservation or land use planning, 

there have been impediments to its wider application: thematic data accuracy, data 

handling and management issues, positional accuracy, lack of data and unwieldy 

software.  These are gradually being eliminated, ensuring increased future application of 

GIS to reserve design and regional conservation planning.     

There are two main types of geographic information systems data, vector and 

raster.  The primary difference between the two types is the way in which geographic 

information (features and attributes) is stored.  In vector GIS, features are always 

represented with either points, lines, or polygons, and associated attributes (information 

about the features) are stored with each feature.   

Raster-based GIS is a way of storing geographic information in a matrix that is 

divided into a grid of equally sized cells.  Grid cells are most typically square.  Each cell 

represents an area on the Earth's surface, for example a cell could represent 1 m2, or 10 

m2, or any other convenient multiple.  In raster GIS, attribute information is stored with 

each cell.  Each cell is assigned a value that corresponds to what it contains on the 

ground.  Cell size is defined by the user and corresponds to the length of one side of one 

grid cell.   
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The cell size determines the grid's resolution, or the finest level of detail that can 

be depicted by the data layer.  For example, if a cell size of 10 m is chosen, then the 

finest level of detail for that map will be 10 m in width and height, and 100 m2 in area.  

Features smaller than the cell size can be shown, but they will be represented larger than 

their actual size.  For example, a road that is approximately 5 m wide (actual width) can 

be represented on a 10 m grid, but its width will appear as 10 m.  Smaller cell sizes 

correspond to higher resolutions.  

When working with raster-based GIS, choosing an appropriate cell size is an 

important issue that involves consideration of the features being represented/modeled, the 

geographic extent of the area of interest, and any existing input data that are already in 

raster format.  Cell size is important because it determines the level of accuracy in the 

features represented (resolution) and dictates (along with study area extent) the computer 

processing time needed to run analyses.  Of course, the computer hardware being used 

also dictates the processing time, but cell size is critical.  Furthermore, when choosing a 

cell size for a raster GIS analysis, it is important to consider any existing raster data sets 

to be used.  The cell size chosen would ideally be compatible with, if not equal to the cell 

size of existing raster data sets.    

Depending on the geographic area and subject of interest, data can be abundant or 

scarce.  Data can be from various sources, including state and federal agencies, research 

institutions, and Data Clearing House websites that compile and organize data for 

distribution.  In any GIS-based project or analysis, the first step is to frame the question, 

develop goals, and create a list of necessary data.   Florida is blessed with a large quantity 

of detailed GIS information, much of which is stored at the University of Florida's 
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GeoPlan Center, a primary GIS data repository for the state.  The second step involves 

taking an inventory of existing data.  Thereafter, data gaps can be evaluated and decisions 

can be made as to whether there is time or resources to create primary data that may be 

necessary, or whether there is a surrogate data source available.  Data availability is often 

the limiting factor in GIS-based research projects, and sometimes less than ideal data 

must be used in order to complete an analysis.  However, the availability of GIS data is 

increasing, as it has quickly become a popular tool for various planning and management 

applications.  

Environmental Systems Research Institute's Arc-Info 7.2 and ArcView 3.2 

software packages were used to do all of the analysis and modeling for this dissertation.  

Although some vector analysis was conducted, the majority of the work used raster 

analytical tools in ESRI’s Grid module in the Arc-Info software package.  Grid utilizes a 

map-algebra spatial language that is particularly useful both for conditional combinations 

of multiple GIS data layers and conducting quantitative spatial modeling.       

 

 

 

 

 

 

  

 
 

 
 
 



 

 

 

CHAPTER 2 
THE FLORIDA ECOLOGICAL NETWORK 

 
Introduction 

The protection of an integrated reserve system has been proposed in Florida since 

the 1980s (Harris 1984; Harris 1985; Noss and Harris 1986; Noss 1987b; Harris and 

Gallagher 1989; Harris and Scheck 1991; Harris and Atkins 1991).  These proposals 

provided critical momentum for the importance of landscape-level planning.  They 

helped establish that effective biodiversity conservation requires spatial considerations at 

large scales to ensure the restoration and maintenance of functional ecological and 

evolutionary processes (Harris et al. 1996a; Sanderson and Harris 2002).  Included in this 

process was a Florida reserve design proposal by Noss (1987b; Noss and Cooperrider 

1994) and the results of a mapping workshop coordinated by The Nature Conservancy 

that involved a variety of experts to identify conservation priorities and areas of 

conservation interest (Figure 2-1).  

Building on these proposals, the Conservation Fund and 1000 Friends of Florida 

began the Florida Greenways Program in 1991 with the goal of public endorsement and 

adoption of a greenways initiative.  Next, the Florida Greenways Commission was 

appointed by the Governor to explore the utility of creating a statewide greenways 

program.  It recommended (Florida Greenways Commission 1994) the development and 

protection of a statewide greenways system that would include an ecological network 

functionally connecting existing conservation lands and other large areas of ecological  
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 Figure 2-1.   Results of 1991 mapping workshop (charrette) coordinated by The Nature  

Conservancy.   The charrette identified conservation priority areas and areas 
of conservation interest with some emphasis on ecological connectivity.  
Natural resource and biodiversity conservation experts from state, federal, 
regional agencies, universities, and NGOs participated to identify the 
priorities for the Preservation 2000 state land acquisition program that began 
in 1990. 
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significance.  These recommendations were adopted by the state legislature, and the 

Florida Department of Environmental Protection was chosen as the lead state agency to 

develop an implementation plan. 

    Identification of the best opportunities for protecting a Florida ecological greenways 

network was the first step in the implementation process.  I conducted a statewide GIS-

based analysis to identify large areas of ecological significance and landscape linkages to 

serve as the ecological component of the Florida greenways program.  Florida has a good 

foundation of GIS data on species habitats, land uses, hydrology, roads, etc. that are all 

relevant for developing landscape-based reserve design analyses to delineate a statewide 

ecological network.  This chapter covers the methodology developed to conduct the GIS 

assessment, the significance of the identified ecological network for conserving Florida’s 

biodiversity, and some policy considerations for protecting the ecological network.  The 

goal of this reserve design analysis was to use a regional landscape-based approach to 

design a statewide reserve network that accomplishes the following:  

�� Conserves critical elements of Florida’s native ecosystems and landscapes  
 
�� Restores and maintains essential connectivity among diverse native ecological 

systems and processes  
 

�� Facilitates the ability of these ecosystems and landscapes to function as dynamic 
systems  
 

�� Maintains the evolutionary potential of the biota of these ecosystems and landscapes 
to adapt to future environmental changes (Florida Greenways Commission 1994) 

 
Such a network would result in the protection of an integrated reserve system 

protecting ecological processes and biodiversity that would not necessarily be achieved 

by individual reserves (Harris 1984; Noss 1992).  Identification of the reserve network 
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was accomplished by incorporating assays of ecological significance, such as locations of 

rare and listed species, intact ecological communities, habitat areas needed to maintain 

viable populations of sensitive species, and land use data, into a reserve design process 

that integrates them.  The result is the first iteration of an interconnected Florida reserve 

system called the Ecological Network (based on the definition by Forman 1995).     

Methods 

Review Process 

Numerous assumptions and decisions about specific parameters and the step 

sequence had to be made because of the complexity of the modeling process and the 

breadth of goals and objectives.  To ensure appropriateness of the assumptions and 

modeling decisions and to seek input on the use and application of available statewide 

data, technical input was obtained from 1995 through 1997 from the Florida Greenways 

Commission, the Florida Greenways Coordinating Council, scientists, university 

personnel, conservation groups, planners and others in federal, state, and regional 

environmental agencies, and the general public in more than 20 meetings.  Those 

attending these sessions reviewed the progress of the modeling process and provided 

input on the relevant data and thresholds for identifying areas of ecological significance 

and landscape linkages. 

Analysis Used to Identify the Florida Ecological Network 

The GIS decision support model used consisted of four steps (Figure 2-2).  The 

cell, or pixel, size for the analysis was 180 x 180 m (approximately 3 ha).  Use of 180 x 

180 m cell size resulted from the necessity to reduce data storage requirements and model 

simulation speed.  Three ha cells provided enough resolution to identify large connected  
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 Figure 2-2.  Major steps in the Florida Ecological Network modeling process 
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landscapes while allowing reasonable computing times on the hardware available when 

this analysis was conducted.   

Step 1, identification of areas of ecological significance, derived from queries and 

re-classification of various GIS data layers including Strategic Habitat Conservation 

Areas; priority natural communities; existing conservation lands; roadless areas; and 

information on significant aquatic ecosystems.  Each of the layers was evaluated to 

identify areas with ecological significance, and then all areas with the highest ecological 

significance were combined into a single layer called Priority Ecological Areas (PEAs).  

The data and thresholds used to identify PEAs are contained in Table 2-1.  An area was 

included if it met one of the criteria, and no special significance was ascribed to areas 

meeting multiple criteria.  These areas represented the primary building blocks of the 

linked reserve network. 

 Step 2, selection of hubs, involved the identification of potential core areas for 

protection of biological diversity and ecological processes.  This process began with the 

PEAs layer (Step 1), then identified the areas with the highest ecological integrity 

potential through the application of a five part process: 

�� Intensive land uses ranging from improved pastures and croplands to residential, 
commercial, and industrial lands were excluded from consideration.  This helped to 
rectify potential inconsistencies or errors in data used to determine areas of ecological 
priority.  Land use data created by each of Florida’s 5 water management districts 
(WMD) based on both satellite imagery and aerial photography ranging from 1988-
1994 were used for this purpose.  Data on the most intensive land uses (urban) were 
also updated by using SPOT imagery from 1995-1996 to ensure exclusion of areas 
that were no longer suitable. 
 

�� Areas of high road density (> 3km/km2) that greatly exceed general road density 
standards for protecting sensitive species were excluded from consideration (Noss 
1992). 
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�� Areas with the greatest potential for negative edge effects, which were modeled 
coarsely as areas within 180 m of urban land uses, were excluded from consideration.  
This distance was the minimum edge effect that could be modeled given our cell size 
and it was selected as a minimal estimate for the most intensive potential negative 
edge effects (Meffe et al. 1997). 
 

�� Priority Ecological Areas that remained after this exclusion process that were > 2,000 
contiguous ha were selected as Hubs.  Reviewers recommended this size threshold 
during model development.  Such areas are potentially large enough to support many 
species and ecological processes while still capturing most areas of ecological 
significance (Forman 1995).  
  

�� Resulting hubs were consolidated by smoothing edges and filling in internal gaps by 
adding lower priority native habitat and potentially compatible land uses such as pine 
plantations and rangelands, which were identified by using a combination of the FWC 
land cover and WMD land use data. 

 
Step 3, identification of linkages, was the most complicated portion of the GIS 

modeling.  First, the National Wetlands Inventory classification system (Cowardin et al. 

1979) was used as the starting point for deriving three native landscape units or type 

(Table 2-2):  

�� Upland dominated  

�� Riverine and large wetland basins 

�� Coastal.    

These landscape units served as a logical, broad basis for identifying various potential 

landscape linkage types.  The landscape units were used to partition hubs into the three 

general landscape classes and to develop linkage types. 

Next, five linkage types for hubs partitioned into the three landscape types were 

identified, including coastal to coastal, riverine to riverine, upland to upland, riverine to 

coastal, and cross-basin hub to hub.  Linkages between hubs of like types were modeled 

before linkages between hubs of different types.  The last linkage type, cross-basin (or  
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Table 2-1.  Criteria for selecting Priority Ecological Areas for the Florida Ecological 
Network 

Data layer Priority area  
criterion 

Explanation 

FWCa Strategic  
Habitat  
Conservation Area
(SHCA) 

All SHCAs Includes lands outside existing protected 
areas needed to maintain or restore  
minimally viable populations of 30 focal
vertebrate species, rare natural  
community types, important wetlands  
for wading birds, and globally rare plant
species (Cox et al. 1994; Kautz and Cox
2001).  Many focal species used in this 
analysis are umbrella species, whose 
conservation requirements meet the  
needs of other species.  The natural 
communities identified represent a  
coarse filter approach to protect suites  
of species. 

 
FWCa Hotspots Areas containing 

potential habitat for
7 or more focal  
species 

Areas containing potential habitat for 7  
or more of the focal species analyzed in 
the identification of SHCAs.  FWC staff
recommended the threshold of 7. 

FWCa Wetland 
Hotspots 

Areas containing 
potential habitat for
7 or more wetland-
dependent species 
or 4 or more  
species requiring 
both wetland and 
upland habitat 

Areas represent wetlands in Florida  
with habitat to support additional  
wetland-dependent and partially  
wetland- dependent vertebrate species. 
FWC staff recommended the thresholds.

FNAIb Areas of 
Conservation  
Interest  (ACIs) 

All ACIs ACIs were identified outside existing 
public lands using aerial photos, natural 
heritage data, and expert knowledge.  
ACIs are high-quality, relatively pristine
sites that contain occurrences of rare 
species. 

FNAIb Potential 
Natural Areas 
(PNAs) 

All PNAs except  
those receiving the 
lowest rank due to 
significant  
disturbance 

Includes most of the remaining sites 
available to conserve native ecosystems 
in Florida, though some disturbance may
be present and status of tracked species 
may not be completely known.  
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Table 2-1. Continued 
Data layer Priority area  

criterion 
Explanation  

Rare and priority 
natural community
types based on  
FWC habitat data  
and rankings by  
Florida Natural  
Areas Inventory  
(FNAI) 

All community  
types ranked S2 or 
higher that could be 
identified using the 
22 class FWC 
landcover map that 
included coastal  
strand, dry prairie,  
sand pine and oak 
scrub, sandhill,  
tropical hardwood 
hammocks,  
freshwater marsh,  
and wet prairie 

FNAI "S" ranks are state ranks based  
on The Nature Conservancy's global 
rankings (G1 – G5, 1 being most 
imperiled).  The FWC landcover data 
are classified LANDSAT TM imagery
from 1985-1989, but due to the coarse 
scale of the classification, some S1 
communities were not identified in thi
data set.  However, these communities
were represented in the SHCA, ACI 
and PNA analyses. 

Existing public 
conservation lands
and private  
preserves (e.g., 
Audubon,  
The Nature 
Conservancy) 

All such lands Approximately 20% of the state are  
now contained in conservation lands. 
Though management practices vary 
widely, all sites are potentially 
significant building blocks for a 
statewide reserve system. 

Proposed public 
conservation lands
and easements 

All such lands Approximately 6% of the state have  
been identified for purchase through 
Florida’s aggressive conservation land
acquisition program. These parcels 
were selected based on the presence  
of high quality natural communities, 
habitat for rare species, opportunities 
to protect connectivity, or other 
conditions supportive of conservation 
objectives. 

Lands identified as 
part of the Coastal 
Barrier Resources  
Act 

All such lands These areas are typically coastal barrier
islands identified by the federal 
government as undeveloped. Such  
sites are significant for conserving 
coastal ecosystems. 
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Table 2-1. Continued 
Data layer Priority area  

criterion 
Explanation  

Roadless areas Areas 2,000 ha or  
larger containing no
roads of any kind 

Roadless areas are important to species 
sensitive to humans, are typically 
buffered from disturbance and provide 
connectivity for species isolated by  
roads.  A 2,000 ha area was used based 
on federal roadless standards, average 
home range size for the Florida black 
bear (Ursus americanus floridanus),  
and recommendations by reviewers. 

Roadless areas 
without major 
roads 

Areas 40,000 ha or 
larger containing no
major roadways  
such as interstate, 
federal, or state 
highways, and large
capacity county  
roads 

Large areas containing no high-volume 
roads may be critical for maintaining  
many sensitive species especially  
wide-ranging animals such as the  
Florida black bear and the Florida  
panther (Puma concolor coryi).  The 
threshold is consistent with the FWC’s 
objective to prevent major road 
construction in areas greater than  
40,000 ha currently without major 
roads. 

State Aquatic 
Preserves,  
National Estuarine
Research Reserves
Outstanding  
Florida Waters, 
Shellfish  
Harvesting Waters
Wild and Scenic 
Rivers 

All such designated 
aquatic ecosystems

The greatest dearth in information  
about Florida’s natural communities  
and species is in aquatic ecosystems. In

     the absence of such data, these  
designated aquatic areas, all indicating 
a level of quality that could support 
functional aquatic ecosystems, were  
used as a surrogate for a more 
comprehensive identification of  
significant aquatic features. 
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Table 2-1. Continued 
Data layer Priority area  

criterion 
Explanation  

Overlap Criteria Moderately ranked 
FWC focal species, 
FWC wetland 
species hotspots,  
and lower ranked  
FNAI PNAs, 
smaller roadless 
areas (1000 ha or 
greater and 20,000 
ha or greater 
respectively) that 
overlap with  100 
year floodplains or 
areas  of significant 
aquifer recharge 

Moderately ranked habitat areas and 
roadless areas that overlap with areas 
significant for maintaining aquatic 
ecosystems and processes are also 
significant conservation features. 

a The Florida Fish and Wildlife Conservation Commission was previously named the 
Florida Game and Fresh Water Fish Commission. 
b Florida Natural Areas Inventory  
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Table 2-2.  Landscape unit classification used in landscape linkage identification for the 
Florida Ecological Network 

Landscape Unit Ecosystems 
 

Coastal 
open coastal waters; 

coastal strand; 
coastal salt marsh; 
mangrove 

 

inshore marine habitats;  
all other native habitats within
contiguous 100-year coastal 
flood zone 

 
 

Riverine and  
large wetland  
basins 

Open waters of major Florida rivers (FREAC 1990), plus the  
following when contiguous to major rivers or � 400 ha: 
bottomland hardwood forest                     
mixed hardwood swamp 
cypress swamp                                         
shrub swamp 
freshwater marsh and wet prairie             
freshwater aquatic habitats 
bay swamp                                               
open lake waters 

 
 
Upland  

dominated 

dry prairie; flatwoods; 
xeric scrub; sandill; 
mixed hardwood-pine 
forest 

hardwood forest; tree 
plantations; wetland/isolated 
aquatic habitats when less than
400 ha 
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general hub to hub), was a broad category that permitted exploration of linkage feasibility 

between, for example, an upland ridge system and a neighboring river corridor or through 

agricultural landscapes where some restoration may be needed to restore connectivity. 

 An algorithmic function called least cost path was used to identify landscape 

linkages.  Suitability surfaces (cost surfaces in Arc-Info parlance) were created to 

represent the relative suitability of each cell for potential inclusion in a linkage.  Five 

different suitability surfaces were created with one for each linkage type.  The value 

assigned to each cell was inversely proportional to its relative suitability for that linkage 

type, (e.g., a cell with the value of 1 is most suitable, 2 next, etc.) (Figure 2-3, Table 2-3, 

Table 2-4).  The function also allows for identification of unsuitable cells where a 

potential linkage cannot be located.  The relative suitability of each cell was determined 

by querying original data layers and data layers derived in Steps 1 and 2.  Suitability 

surfaces ranged from simple for the same type linkages such as riverine to riverine (Table 

2-3) to complex for the general hub linkages that required a much broader range of 

suitability values to discriminate between highly suitable and much less suitable areas 

(Table 2-4).   

The least cost path function was then run to find the optimal path for selected hub 

pairs for each linkage type.   Accepted paths were widened to include all contiguous cells 

of native habitat or lower intensity land uses, up to 25% of the linkage length.  Such 

landscape linkages are more likely provide functional movement corridors, maintain 

habitat gradients from aquatic to upland ecosystems, and buffer aquatic ecosystems in 

riverine and coastal landscapes (Harris and Scheck 1991; Noss 1993; Forman 1995).  
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Table 2-3.  Riverine suitability surface values for the Florida Ecological Network 
Category Value 
Criteria for highly suitable areas  

 
Open water associated with major Florida rivers classified as Priority 

Ecological Area (PEA) 

 
    1a 

 
Freshwater wetland ecosystems classified as PEAs 

 
    1 

 
Open water associated with major Florida rivers classified as SEAb 

 
    2 

 
Freshwater wetland ecosystems classified as SEAb 

 
    2 

Criteria for moderately suitable areas  
 

Open water associated with major Florida rivers not classified as  

PEA or SEAb 

 
    3 

 
Freshwater wetland ecosystems not classified as PEAs or SEAsb 

 
    3 

Open water and areas with high road density or negative edge effect      4 
Areas with high road density or negative edge effect that meet the 

riverine open water or freshwater wetland criteria for this linkage  
type 

    4 

Criteria for unsuitable areas  
 

Intensive agriculture and urban lands 
 
 No value 

 
All other cells 

 
 No value 

a The lower the value the higher the suitability.  
b SEA or Significant Ecological Area, was an area meeting criteria for moderate 
significance such as moderately ranked FWC hotspots and FNAI Potential Natural Areas. 
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Table 2-4.  Hub-to-hub suitability surface values for the Florida Ecological Network  
 

Category 
 
Value 

 
Priority Ecological Areas (PEAs) that meet all but the 2,000 hectare size 

criteria for hubs and are contiguous to significant coastal and/or inland 
aquatic features 

 
         1a

 
Other PEAs that meet the 2,000 hectare size filter  

 
         2

 
SEAsb that are contiguous to significant coastal and/or inland aquatic  

features 

 
         2

 
Native habitat contiguous to significant coastal and/or inland  

aquatic features  

 
         3

 
All remaining SEAsb 

 
         3

 
All other native habitat 

 
         4

 
Low intensity land use/land cover contiguous to significant coastal  

and/or inland aquatic features  

 
         4

 
All other low intensity land use/land cover  

 
         5

 
Native habitat lands with areas of negative edge effects or areas of high road 

density 

 
     600

 
Lands with low intensity use and areas of negative edge effects or areas of  

high road density 

 
     700

 
Improved pasture contiguous to significant coastal and/or inland aquatic  

features 

 
  7,000

 
Cropland contiguous to significant coastal and/or inland aquatic features 

 
  8,000

 
All other lands in moderate intensity use, contiguous to significant coastal  

and/or inland aquatic features 

 
  9,000

 
Improved pasture  

 
70,000

 
Cropland  

 
80,000

 
All other lands with moderate intensity use 

 
90,000
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Table 2-4.  Continued 

 
Category 

 
 Value 

 
Open water 100,000 

 
Urban lands 

 
No value

 
All other cells  No value

a The lower the value the higher the suitability. 
b SEA or Significant Ecological Area, was an area meeting criteria for moderate 
significance such as moderately ranked FWC hotspots and FNAI Potential Natural Areas. 
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 Figure 2-3.  Riverine cost surface example.  This example from south central Florida and  

the Kissimmee River basin (headwaters of the Everglades) of a suitability 
surface used for identifying potential riverine and large wetland basin 
landscape linkages and corridors where only wetlands and fresh water 
ecosystems are considered suitable and are valued based on their resource 
significance.
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Step 4, creation of the Ecological Network, was achieved by combining the 

identified hubs and linkages.   

Results 

Florida still supports large areas of intact native ecological systems and 

potentially compatible land uses that can serve as a connected statewide reserve system.  

The Ecological Network links the larger public conservation lands, while also 

incorporating other important landscape features of each region (Figure 2-4).  In the 

Florida Panhandle, the numerous rivers that flow north to south (such as the 

Apalachicola) form a network from the Blackwater River State Forest and Eglin Air 

Force Base to the Apalachicola National Forest.   North-central Florida is dominated by 

the Suwannee River corridor, which links the lowlands of the Big Bend on the Gulf Coast 

to the Osceola National Forest--Pinhook Swamp--Okefenokee National Wildlife Refuge 

complex, and a large landscape linkage parallel to the western shore of the St. Johns 

River that connects the Ocala and Osceola National Forests.   In central Florida, river and 

swamp basins including the Kissimmee, Peace, St. Johns, Myakka, and Withlacoochee 

Rivers join the sandhills and scrub of the Lake Wales Ridge and Brooksville Ridge and 

provide the primary elements of a network that includes the Ocala National Forest, Green 

Swamp, Three Lakes Wildlife Management Area, and Avon Park Bombing Range.  

Southern Florida is dominated by the Everglades National Park--Big Cypress National 

Preserve complex.  This complex is linked to landscapes in central Florida via 

Okaloacoochee Slough and Fisheating Creek west of Lake Okeechobee, and via the 

Corbett Wildlife  
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 Figure 2-4.  Florida Ecological Network model results.  The results include existing and 

proposed conservation lands within the ecological network.  Existing 
conservation includes all public lands with some conservation management 
and private preserves.  Proposed conservation lands include all projects 
within official federal, state, regional and local land acquisition/protection 
programs.  Although the ecological network includes water within all of the 
major rivers and most intact estuarine systems, these features have not been 
differentiated from other areas of open water in this figure. 
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Management Area and ranchlands containing flatwoods, prairies, and sloughs northeast 

of Lake Okeechobee.   

 Of the approximately 9.3 million ha (57.5% of the state) incorporated into the 

Ecological Network, 4.8 million ha (52.2% of the network) are within existing public 

conservation lands of various federal, state, regional, and local designations, private 

preserves (such as those owned by The Nature Conservancy), or open water (considered 

public domain by Florida statute).  Thus, less than half of the identified Ecological 

Network occurs on private land that may need protection (Table 2-5).  Of the private land 

included in the Ecological Network, more than 50% occurs within an existing 

conservation project, wetlands, or in 100-year floodplains.  Although these areas may be 

more easily protected than the 2 million ha of uplands occurring in private ownership, 

approximately 4.5 million ha of private land is still identified in the model results. 

Comparisons to Other Ecological Inventories 

For Florida, good analyses and data indicate priority areas for conserving 

biological diversity.  Two key analyses used in the ecological model are the Strategic 

Habitat Conservation Areas identified by the Florida Fish and Wildlife Conservation 

Commission (FWC) (Cox et al. 1994; Kautz and Cox 2001) and Florida Natural Areas 

Inventory’s (FNAI) Areas of Conservation Interest and Potential Natural Areas (FNAI 

2001) (Table 2-1).  Although many other data were used in this study, the FWC and 

FNAI data were integral to identifying a connected statewide reserve system.  Because of 

the details and sequence of the modeling process, not all areas contained within the FWC 

or FNAI data were included in the Ecological Network.   For example:  
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�� The lowest ranking FNAI Potential Natural Areas were not automatically included 
because of the level of disturbance found on lower priority sites.  

 
�� Areas of intensive land use identified from data sources more current than the FNAI 

and FWC data were excluded from consideration.  
 
�� Any area included in FNAI and/or FWC results that did not occur within a hub 

totaling at least 2000 ha was not included in the Ecological Network unless it was 
incorporated within landscape linkages selected to connect hubs. 

 
  Comparison between the FWC and FNAI data and the Ecological Network is a 

useful measures of the significance of the model results for conservation of focal species 

and natural communities.  Over 80% of the Strategic Habitat Conservation Areas and 

over 68% of the Areas of Conservation Interest and Potential Natural Areas are contained 

in the Network (Table 2-6).  Most of the Strategic Habitat Conservation Areas that did 

not overlap with the Ecological Network are either isolated wetlands and scrub or areas 

recommended to conserve the Crested Caracara in south-central Florida that often 

overlapped with improved pastures that were excluded from consideration in the hub 

identification process.   Moreover, 80% of the Network is at least one of the following: 

�� Existing or proposed conservation lands  

�� Inland or coastal waters  

�� Strategic Habitat Conservation Areas  

�� Areas of Conservation Interest and Potential Natural Areas.   

This suggests that the remaining 20% of the Network contains other suitable areas that 

integrate these primary ecological features spatially into a statewide ecological network 

(Figure 2-5). 

  
 



 38 
 

Table 2-5.  Area of land in various land ownership categories within Florida’s Ecological 
Network 

 
Land Use 

 
Hectares 

Percentage of 
state area 

Percentage  
of model 
results 

Public ownership 3,239,476    20.0        34.8 
Open water (outside existing 

conservation areas) 
1,613,418    10.0        17.4 

Proposed public conservation lands    985,936      6.1        10.6 
Private ownership in wetlandsa    701,650      4.3          7.5 
Private ownership in 100 yr. 

Floodplainab 
   656,691      4.1          7.1 

Private ownership in uplandsa  2,101,559    13.0        22.6 
Totals  9,298,742    57.5      100.0 
a Ha of private ownership in wetlands, 100 yr. flood plain and uplands is calculated as if 
all proposed public acquisitions are/will be completed. 
b Floodplain data were not available for Bradford, Columbia, Dixie, Gilchrist, Hamilton, 
Jefferson, Lafayette, Madison, Okeechobee, Taylor, and Union Counties, so the statistics 
shown above underestimate total floodplain. 
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Table 2-6. Comparison of the Florida Ecological Network, other ecological resource 
inventories, and existing and proposed conservation lands 

Comparison 
categories 

Area of 
category 
within  
model 
results (ha)

Percent 
of model 
results 

Percent of 
category 
within the 
model  
results 

Area of 
category in 
study area  
(ha) 

Percent  
of state 

State N/A N/A N/A 16,175,928 100.0 

Ecological 
Network model 
results 
 

    9,298,742 100.0 N/A   9,298,742   57.5 

FWCa Strategic 
Habitat 
Conservation 
Areas (SHCAs) 
 

1,586,567   17.1 80.6   1,968,587   12.2 

FNAIb Areas  
of Conservation 
Interest and 
Potential  
Natural Areas 
(ACIs) 
 

1,521,085   16.4 68.7   2,214,813   13.7 
 
 
 
 

Existing or 
proposed 
conservation 
lands; open  
water; SHCAs;  
or ACIs 

7,539,052    81.1 81.4   9,259,270   57.2 

a Florida Game and Fresh Water Fish Commission (renamed Florida Fish and Wildlife 
Conservation Commission in 1999) 
b Florida Natural Areas Inventory 
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Figure 2-5.   Comparison of the Ecological Network other statewide ecological resource  

inventories.  Though the overlap of the Florida Ecological Network with the 
Florida Fish and Wildlife Conservation Commission’s Strategic Habitat 
Conservation Areas and the Florida Natural Area Inventory’s Areas of 
Conservation Interest and Potential Natural Areas is high, the Florida 
Ecological Network identifies additional lands that would help integrate all 
lands into an integrated network. 
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Landscape Comparisons 

Since the Florida Ecological Network is almost three times as large as the total 

area within existing conservation lands (9.3 million ha versus 3.2 million ha), a logical 

conclusion or hypothesis is that the Ecological Network would better protect large 

landscapes.  These large landscapes should have a better opportunity to protect functional 

ecological processes (such as the interplay of flooding and fire in intact landscapes of the 

southeastern United States) and viable populations of wide-ranging species and most 

other species of conservation interest (Harris et al. 1996a).  Several landscape-level 

comparisons between existing conservation lands and the Ecological Network help to 

bring specificity to this conclusion. 

Wetland-upland adjacencies 

In Florida, wetland-upland adjacency or juxtaposition is a critical landscape 

feature that mediates important ecological processes and is essential for providing habitat 

for many species of conservation interest (Harris 1988; Echternacht and Harris 1993; 

Harris et al. 1996a).  In this comparison, areas containing natural and semi-natural upland 

patches (all natural upland communities and pine plantation) of 400 ha or larger adjacent 

to all wetlands 40 ha or larger were identified.  Of these areas containing adjacencies of 

large uplands and wetlands, existing conservation lands contained 32% of the area, 

whereas the Florida Ecological Network contained 88% of the area.  Although this 

analysis does not include information regarding the intactness of these wetland-upland 

complexes, degree of interspersion, or other potential measures of significance, it does 

suggest that the Ecological Network greatly enhances the representation of landscapes 

containing functional blocks of large wetlands and uplands. 
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Small or ephemeral wetland complexes 

Another critical component of landscapes in Florida is the presence of small, 

often ephemeral, wetlands.  Such wetlands provide seasonally important foraging habitat 

for many species, including various wading birds such as the federally-listed Wood Stork 

(Mycteria americana); and essential breeding habitat for various, increasingly rare, 

amphibian and reptile species (Moler 1992; Cox et al. 1994; Burke and Gibbons 1995; 

Dodd and Cade 1998; Gibbs 1998; Haig et al. 1998; Semlitsch 2000; Snodgrass et al. 

2000; Joly et al. 2001; Joyal et al. 2001).  To identify landscapes containing significant 

complexes of isolated wetlands, I conducted a neighborhood or shifting window analysis 

to identify all areas containing natural and semi-natural uplands that were also comprised 

of 5% or more isolated wetlands (defined as all wetlands 2 ha or smaller) within a 2 km2 

window.   Such areas are more likely to support functional metapopulations of ephemeral 

pond breeding species and important foraging habitat for many other species (Cox et al. 

1994; Dodd and Cade 1998; Semlitsch 2000; Snodgrass et al. 2000; Joyal et al. 2001).  

Existing conservation lands contain only 18% of such areas, whereas the Ecological 

Network contains 61%. 

Wetland biodiversity in general, and ephemeral pond breeding amphibians in 

particular, are very sensitive to impacts associated with roads and increasing road 

densities (Gibbs 1998; Findlay and Bourdages 2000).  Therefore, I also identified 

landscapes containing 5% or more isolated wetlands (as identified above) that were 

within 400 ha or larger roadless blocks (defined as areas containing no paved roads).  

Existing conservation lands encompass 23% of such areas, whereas the Ecological 

Network contains 78%.  Although more specific analysis is needed regarding landscape 
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integrity (such as differentiating areas with well-managed upland forests from low 

integrity forests), this comparison suggests that the Ecological Network provides much 

greater opportunity for protecting functional complexes of small wetlands. 

Roadless areas 

The importance of roadless areas for conserving landscapes with high integrity 

cannot be overstated.  Roads have a myriad of impacts including fragmentation, isolation, 

mortality, disturbance effects, and pollution that can severely impact biodiversity (Noss 

and Cooperrider 1994; Reed et al. 1996; Reijnen et al. 1997; Findlay and Bourdages 

2000; Jones et al. 2000; Trombulak and Frissell 2000; Develice and Martin 2001; 

Strittholt and Dellasala 2001; Heilman et al. 2002).  Another important comparison 

between existing conservation lands and the Florida Ecological Network is the number of 

roadless areas with each.  I identified roadless areas using different subsets of Florida’s 

roads system and different roadless area sizes.  In all cases, the Florida Ecological 

Network contains substantially more roadless areas and total roadless area than contained 

in existing conservation lands (Table 2-7). 

Representation 

Representation analysis involves comparing features of ecological significance 

(usually natural communities or species) with existing protected areas to determine which 

features require greater protection (Scott et al. 1993; Noss 1996).  I conducted a coarse 

analysis of habitat representation by comparing total existing ha of major natural 

communities (Cox et al. 1994) with the amount found in existing conservation areas and 

the Ecological Network.   Although some important elements are not included in the 

Ecological Network, it is clear that the identified Ecological Network enhances the 
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Table 2-7.  Comparison of roadless areas found in existing conservation lands and the 
those included in the Ecological Network.   Comparisons include the total 
number of roadless patches and total roadless areas for two road class types 
(major roads versus all roads) and various roadless patch sizes. 

Roadless area  
type 

  
  

Existing 
conservation 
lands 
number of 
patches  

Florida 
Ecological 
Network 
number of 
patches 

Existing 
conservation 
lands 
total area (ha) 

Florida 
Ecological 
Network 
total area 
(ha) 

Intrastate  
Highway System 
(contains all major 
paved roads)   
40,000 ha or larger 25 52 2,597,989 5,479,562 
20,000 ha or larger 37 100 2,919,142 6,832,500 
4,000 ha or larger 130 274 3,777,137 8,551,438 
          

All Roads  
(including unpaved)         
40,000 ha or larger 8 15 1,230,823 1,887,800 
20,000 ha or larger 15 26 1,417,061 2,175,800 
4,000 ha or larger 104 190 2,099,166 3,394,887 
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protection of each community type (Table 2-8). The increases for sand pine scrub, xeric 

oak scrub, and longleaf pine sandhill are of particular significance.  These community 

types are endangered globally; and provide habitat for many endangered, threatened, and 

endemic species, as well as a host of species that are candidates for listing (Myers 1990; 

Noss et al. 1995; Platt 1998).  

Conserving most of the intact natural and semi-natural landscapes in Florida may 

prove to be an effective coarse filter strategy (Noss 1996) for protecting most of Florida’s 

biological diversity, but this strategy must be complemented by more focused analyses 

for specific rare natural communities and species that may not be well represented by 

focal species analyses (Caro and O’Doherty 1999) or coarse habitat classifications (Noss 

1996).  I compared the Ecological Network to element occurrence information for natural 

communities and rare species from the Florida Natural Areas Inventory (FNAI 1997).   

Of 69 natural communities contained in the FNAI data, all 69 had at least one occurrence 

in the Ecological Network, and only 4 had less than 50% of their occurrences within the 

Ecological Network.  Analysis of rare species occurrences showed there are 32 species 

(mostly plants) not known to be found on existing conservation lands or within the 

Ecological Network.  These taxa represent only 6% of the species and subspecies 

analyzed.  Therefore, most rare natural communities and species are represented in 

existing conservation areas and the Ecological Network, but more work needs to be done 

to assess whether this representation is sufficient and to identify other areas needed to 

viably protect those that are not adequately protected. 
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Table 2-8.  Comparison of the total land area of existing ecological community types 
(habitats) in the state of Florida with area of habitat types found in existing 
conservation lands and the amount included in the Ecological Network. 

Ecological 
community  
type 

Total  
area (ha) 

Area in  
existing 
conservation 
lands (ha) 

Total habitat 
in existing 
conservation   
lands (ha) 

Area in 
Ecological 
Network  
(ha) 

Habitat 
 in  
Ecological 
Network 
 (ha) 

Increase 
 in 
protected 
area (ha) 

Percent 
increase 
in  
protected 
area 

Coastal strand        4,281     3,145 73.4     3,475 81.2       330   7.7 
Dry prairie    519,895 133,334 25.6 422,050 81.2 288,716 55.5 
Pinelands 1,651,235 413,066 25.0  1,076,578 65.2 663,512 40.2 
Sand pine scrub    131,708 105,501 80.1 117,500 89.2   11,999   9.1 
Sandhill    390,056 146,250 37.5 248,888 63.8 102,638 26.3 
Xeric oak scrub      52,628   22,272 42.3   38,967 74.0   16,695 31.7 
Mixed 

 hardwood-pine 
forests 

   387,889   46,532 12.0 197,300 50.9 150,767 38.9 

Hardwood forest    818,030 185,651 22.7 530,194 64.8 344,544 42.1 
Tropical  

hardwood forest 
       5,872     3,313 56.4     4,210 71.7        897 15.3 

Saltmarsh     195,710 121,584 62.1 182,616 93.3   61,032 31.2 
Freshwater 

marsh/wet prairie 
1,153,285 778,923 67.5  1,023,724 88.8 244,801 21.2 

Cypress    621,504 253,454 40.8 546,964 88.0 293,509 47.2 
Mixed hardwood 
swamp 

1,076,484 276,915 25.7 864,698 80.3 587,783 54.6 

Bay swamp      57,968   16,763 28.9   47,102 81.3   30,339 52.3 
Shrub swamp    252,327 152,976 60.6 222,950 88.4   69,974 27.7 
Mangrove  

swamp 
   229,012 198,100 86.5 221,703 96.8   23,603 10.3 

Bottomland 
hardwoods 

     40,033   23,532 58.8   39,926 99.7   16,394 41.0 
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Discussion 

The Florida Ecological Network, identified as part of the Florida Statewide 

Greenways planning process, is another significant step toward protecting an integrated 

state reserve system for biodiversity conservation.  Harris (1985), Noss (1987b), and The 

Nature Conservancy recommended connected reserve systems through intuitive 

representations of networks and mapping charrettes.  The Strategic Habitat Conservation 

Area analysis by the Florida Fish and Wildlife Conservation Commission and the natural 

areas identification by the Florida Natural Areas Inventory provided systematic assays to 

identify priority areas for conservation (Mann 1995).  The progress represented by the 

design and execution of the Ecological Network delineation process was the combination 

of a systematic landscape analysis of ecological significance; and the identification of 

critical landscape linkages; in a way that can be replicated, enhanced with new data, or 

applied at different scales.   

The Ecological Network connects and integrates existing conservation areas and 

unprotected areas of high ecological significance.  The network can be used in concert 

with other information on conservation priorities to develop a more integrated landscape 

protection strategy.  Such an integrated reserve network will more thoroughly protect 

important ecological functions, community and landscape juxtapositions, and biotic 

connectivity than the present collection of isolated conservation areas (Noss and Harris 

1986; Harris et al. 1996a; Harris et al. 1996b).  The Ecological Network also includes 

most of the intact natural communities and most known occurrences of species tracked by 

FNAI.   These factors suggest that the Ecological Network will be integral to efforts to 

conserve Florida’s biological diversity.  
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    Although the Ecological Network model represents an important step in Florida’s 

conservation strategy, many issues and questions still need to be addressed.  Among these 

is the need for a more thorough analysis of the relation between the model results and 

specific conservation needs for sensitive species and all communities.   In the process of 

identifying potentially viable reserve networks, Noss (1996) recommended three primary 

steps: special element mapping, representation analysis, and area-dependent species 

analysis.  Although these steps were incorporated in the Ecological Network delineation 

process, there are still gaps in the analysis.  The model benefited from previous analyses 

of habitat needed to protect potentially viable populations of 30 focal species.  Cox et al. 

(1994) however, limited the strategic habitat conservation area recommendations for the 

Florida panther to within or near the area currently occupied by the known breeding 

population in southwest Florida.  Their recommendations for the Florida black bear were 

limited to expanding the habitat base for the five largest populations left in the state.   

These recommendations are essential, but a large connected reserve network in Florida 

will significantly enhance survival prospects for these umbrella species, as well as the 

ecological integrity of the landscapes they would occupy (Harris et al. 1996b; Maehr 

1997b; Maehr et al. 2001a; Maehr et al. 2001b; Maehr et al. 2002b).   

Although the Ecological Network model has identified connected landscapes that 

may provide functional connectivity and promote the re-establishment of statewide 

populations, species-specific analyses should be conducted for both the Florida panther 

and black bear to establish this possibility better.  Broad landscape analyses of 

connectedness are useful, but species-specific analyses are essential for determining 

potential for connectivity of particular populations and identifying minimal viable areas 
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for metapopulations (Beier 1995; Maehr and Cox 1995; Beier 1996; Beier and Noss 

1998).   

One of the most discussed issues in the model development process was 

determination of minimum hub size.  Several reviewers felt that areas at least as small as 

400 ha should also be considered because areas need not be 2,000 ha or larger to be 

ecologically significant and because the completed Ecological Network could draw 

attention away from the conservation significance of smaller, isolated tracts.  Isolated 

sites can contain critical elements of biodiversity that should be protected as part of a 

statewide reserve system (Shafer 1995).  

One of the most important steps within a reserve design process is a thorough 

representation of all native ecological communities and species (Noss and Cooperrider 

1994).  Not all important sites and species are contained within the model: results did not 

include globally imperiled pine rocklands in southeast Florida (Snyder et al. 1990) and 

oak scrub tracts along the Lake Wales Ridge that support many rare and endemic species.  

More work is required to assess the needs of specific rare species and natural 

communities, especially in aquatic systems (Hoehn 1998).     

    Another important consideration in a reserve design process is identification of 

potential core areas, corridors, and buffers (Harris 1984; Noss and Harris 1986; Noss and 

Cooperrider 1994; Soulé and Terborgh 1999).  In the Ecological Network delineation 

process, hubs were used as destinations, but they cannot typically be considered 

equivalent to core areas, where core areas are defined as reserves managed exclusively or 

primarily for conserving biological diversity (Scott et al. 1993; Noss and Cooperrider 

1994).  The few managed areas in Florida that might meet this definition include The 
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Nature Conservancy and National Audubon Society preserves, some designated 

wilderness areas, national parks, and state preserves.  Yet, many of these areas allow uses 

contradictory to core area ideals; or suffer from external threats or disruption of natural 

ecological processes (including fire suppression) and changes in hydrologic regimes 

(such as in Everglades National Park).   

There is a need to identify other areas within the Florida reserve system that might 

also be managed with greater emphasis on biodiversity.  Much of the land identified in 

the Ecological Network is managed for multiple uses.  Except in south Florida, much of 

public land area in Florida is within National Forests and military reservations where 

biodiversity is only one of many management objectives (Noss and Cooperrider 1994).  

Although strides have been made under the rubric of ecosystem management on military 

reservations (Gordon et al. 1997) and to some extent within the National Forest system 

(Salwasser et al. 1996).   

    Even though there are extremely important and high quality natural communities 

found on private lands, much has been converted to conifer plantations or rangelands 

(Kautz 1993).   These areas may be the buffer areas of a future Florida conservation 

reserve system, but the model did not include the specific identification of buffer areas.  

In some cases, there may be a need to identify buffers for narrower corridors and potential 

bottlenecks especially around network components in central and south-central Florida 

(Figure 2-4).  Although these network elements are primarily surrounded by low intensity 

agriculture currently, their function could be endangered if land uses intensify.  

    Identification of core areas and buffers will be an important part of the reserve 

design process in Florida.  However, the focus for now should be on prioritizing lands for 
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protection from conversion to more intensive uses because of rapid human population 

growth and the consequent habitat loss and fragmentation.  This raises questions about 

how much land must be protected to meet biodiversity conservation objectives (Noss 

1996; Soulé and Sanjayan 1998).  Furthermore, guidelines are needed so that the most 

critical lands are protected first.  Although Florida has committed at least $300 million 

per year since 1990 for land acquisition and related conservation efforts, the 

approximately 4.4 million ha within the Ecological Network might require at least 3 to 4 

decades to protect at current funding levels.       

Such a need for setting priorities also involves the debate about the importance of 

protecting corridors versus protecting core areas of high-quality habitat (Simberloff and 

Cox 1987; Noss 1987c; Simberloff et al. 1992; Hobbs 1993; Beier and Noss 1998).  How 

are state conservation decision-makers to choose between these alternative strategies?  

The Florida Greenways Project provides some insight.  First, these approaches are not 

mutually exclusive.  Prioritization of land protection can include both considerations.  

Landscape linkages that also contain high quality habitats needed to maintain viable 

populations of sensitive species can be identified.   

The high degree of overlap among the ecological greenways network model 

results, Strategic Habitat Conservation Areas, and priority sites identified by the Florida 

Natural Areas Inventory suggests that this will occur frequently (Figure 2-7).  Then, 

landscape linkages most significant for facilitating connectivity for wide-ranging species 

and isolated sites containing critical elements of biodiversity should also be identified as 

priorities.  Though additional debate about landscape linkage and corridor projects is 

likely, connectivity has been accepted as a critical reserve design principle (Harris et al. 
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1996b; Beier and Noss 1998).  Because natural landscapes are generally connected, the 

burden of proof for not including connectivity should be on those remaining skeptical 

about the need to protect landscape linkages and corridors and not vice versa (Noss 

1987c: Noss 1991; Beier 1996; Beier and Noss 1998).  There would always be the option 

to sever linkages in the future if deemed necessary, but the opportunity to protect existing 

landscape linkages or to restore them will diminish rapidly as Florida’s human population 

continues to grow. 

    Another challenge is to retrofit the existing highway system in Florida and to plan 

future road projects to be as compatible as possible with the protection of a statewide 

reserve system.  The Florida Department of Transportation has made significant progress, 

including construction of a comprehensive system of underpasses where Interstate 75 

crosses the Big Cypress National Preserve that is allowing Florida panthers and many 

other species to cross under the highway safely (Foster and Humphrey 1992).  One 

underpass has been constructed at a black bear roadkill hotspot in central Florida; and 

more are planned (Roof and Wooding 1996).  A comprehensive assessment of all 

potential interfaces between major roads and priority ecological conservation areas for 

future mitigation (e.g., lengthening existing bridges and culverts, constructing new 

wildlife underpasses) coordinated with the Ecological Network modeling process has also 

recently been completed (Smith 1999).  However, there is still a need to avoid major new 

road projects, several of which now threaten important elements of the Ecological 

Network. 

 Reserve design is an iterative process that must continually consider new 

information. Work on refining and enhancing a Florida reserve network is progressing in 
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several projects and scales.  Florida’s federal GAP analysis project was just recently 

completed, and the Florida Fish and Wildlife Conservation Commission continues to 

analyze additional species.  These and other projects likely will identify priorities that 

should be addressed in future iterations of a state reserve system plan, and, as always, 

field assessments of priority sites need to be done as part of the protection process.  As 

land development continues, loss of habitat must be monitored and conservation plans 

adjusted as necessary.  Finally, considering Forman’s “ethics of isolation” (1987), work at 

the next scale is being conducted with Region 4 of the U.S. Environmental Protection 

Agency to identify a regional ecological conservation network for the southeastern United 

States (Hoctor et al. 2002), which could lead to coordination with other efforts to identify 

and protect reserve networks in North America (Soulé and Terborgh 1999).   
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CHAPTER 3 
LANDSCAPE CONNECTIVITY FOR THE FLORIDA BLACK BEAR 

 
Introduction 

 The Florida black bear is the most common of four documented wide-ranging 

species found in Florida at the time of European exploration and settlement of North 

America.  The bison and red wolf disappeared from Florida before the early 1900s  

primarily because of persecution (Humphrey 1992).  The only breeding population of the 

Florida panther is now relegated to extreme southwestern Florida in a small population 

that is threatened by habitat loss and fragmentation caused by residential, commercial, 

industrial, and agricultural development (Maehr 1997b; Maehr et al. 2001a; Maehr et al. 

2001b; Maehr et al. 2002a).  In contrast, the Florida black bear remains in five larger and 

several smaller sub-populations across Florida, southern Georgia, and Alabama (Brady 

and Maehr 1985).  Although its range has also been drastically reduced, a regional 

landscape approach to Florida black bear conservation could result in the protection of a 

statewide metapopulation with a strong likelihood of survival into the future.  Further, it 

can serve as a flagship and umbrella species for landscape-level conservation in Florida 

that may greatly enhance the protection and restoration of native biodiversity. 

Landscape ecology has lead to a significant broadening in the focus of 

conservation research, planning, and management (Forman 1987; Turner 1989; Forman 

1995; Pickett et al. 1997).  Coupled with the growth of this discipline is an increasing 

awareness of the spatial needs and landscape considerations involved in protecting viable 

populations of large carnivores and other wide-ranging species (Schoen 1990; Noss et al. 
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1996; Samson and Huot 1998).  Landscape ecology is increasingly necessary due to the 

importance of habitat heterogeneity and the large spatial scales needed to maintain many 

species.  Effective conservation of wide-ranging species depends on a landscape focus 

that incorporates natural levels of spatial and temporal heterogeneity, while minimizing 

the negative effects of artificial edges and barriers (Harris et al. 1996a).  Wide-ranging 

species such as the Florida black bear require large areas to support functional 

demographics (Maehr et al. 2001b).    

Black bear are species of the landscape because of their large home ranges and 

typical dependence on more than one vegetation association or ecological community 

type (Harris and Kangas 1988; Schoen 1990; Maehr 1997a; Samson and Huot 1998).  

Schoen (1990, p. 146) explicitly linked bear management to landscape ecology:   

In fact, a narrow concept of habitat may be inapplicable for bears, which are 
wide-ranging creatures of landscapes rather than habitat types per se. . . . Clearly, 
the normal movements of bears are so extensive that bear habitat must be 
evaluated and managed on a landscape scale often exceeding thousands of square 
kilometers. . . . Even in large areas, managers should be as concerned about the 
composition and status of the surrounding habitat as they are about the area they 
wish to conserve. 

 
Habitat loss and fragmentation is another key reason for landscape-level 

management (Wilcox and Murphy 1985; Wilcove et al. 1986; Harris and Silva-Lopez 

1992).  Essentially all bear species have been impacted by habitat loss and fragmentation 

that has resulted in range contractions, smaller populations, and populations that are more 

isolated from one another (Schoen 1990; Mattson 1990; Noss et al 1996).     

 The direct impact that the outright loss of habitat on black bears is obvious: less 

habitat means fewer bears.  However, the effects of fragmentation are more subtle, yet 

pernicious.  As habitat patches become smaller, bear populations also are reduced in size, 

and populations become more isolated or often completely separated.  This can lead to 
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several processes adversely affecting the survivability of small populations: demographic 

stochasticity, inbreeding, negative edge effects, and catastrophic events (Harris and Silva-

Lopez 1992).  Even if a small population does persist, it will probably lose genetic 

diversity through genetic drift, and, therefore, have a reduced ability to survive future 

environmental changes. 

 Habitat loss and fragmentation have resulted in vast reductions in the area 

occupied by the black bear.  It used to be found throughout North America where 

sufficient forest cover existed (Maehr 1984b; Pelton 1986).  As forests have been cleared 

for development, occupied black bear range has receded into more remote, inaccessible 

areas such as mountains, boreal forests, and large swamps.  In the eastern United States 

and especially the southeast, black bear habitat is quickly being relegated to only 

scattered, large public lands (Pelton 1986). 

The range of the Florida black bear shows the same trend of contraction and 

fragmentation (Hellgren and Maehr 1992; Cox et al. 1994).  The Florida black bear is 

now restricted to approximately 27% of its former range in seven "more-or-less separate" 

populations (Kasbohm and Bentzien 1998) including those in southeast Georgia and 

southwest Alabama.  In Florida, the bulk of the former and existing range of the black 

bear, large forests are being whittled away and fragmented.  Although approximately 

40% of bear habitat in Florida is in public ownership, habitat on private lands are under 

ever-increasing development pressure as human populations continue to grow.  Kasbohm 

and Bentzien (1998) suggest that four of the existing populations (Apalachicola, Osceola-

Okefenokee, Ocala, and Southwest Florida) are viable, though they acknowledge that at 

least two of these (Ocala and Southwest Florida) will suffer habitat loss and population 

reductions due to continued rapid habitat loss and fragmentation.   
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Land development trends near Jacksonville and in the panhandle (such as new St. 

Joe Company residential development) suggest that Kasbohm and Bentzien 

underestimate the future loss of habitat in the other two populations.  Florida currently 

has 16 million human residents and is projected to add 3 million more by 2010.  In 

addition, the comprehensive growth management plans for the entire state would allow 

approximately 100 million people and at the current growth rate Florida could 

theoretically reach a human population of 455 million by 2099 (Nicolas and Steiner 

2000).  Though Florida likely cannot attain such a population, the threat of habitat loss 

and fragmentation over the coming decades is severe.  Based on land use trends, the 

approximate rate of annual deforestation has been estimated as high as 60,000 ha per year 

(Harris and Scheck 1991).  More recent estimates of rural land loss (including both 

agricultural lands and natural communities) using aerial photography and satellite 

imagery indicate that approximately 52,000 ha are being destroyed each year through 

conversion to residential, commercial, and industrial development (Reynolds 1999, 

Florida Division of Forestry 2001).  At this rate, at least 25% of remaining private rural 

lands (over 2.4 million ha) will be converted to intensive development in the next 50 

years.     

In addition, the pattern of loss is as important as the actual amount lost.  For 

instance, depending on where habitat loss actually occurs, the smaller bear populations 

that now exist may become completely isolated and potentially extirpated.  New 

development can sever areas that now serve as links between various bear populations or 

subpopulations including the Chassahowitzka, Highlands, St. Johns, Eglin, and 

Southwestern Alabama populations.     
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Regardless of the opinion of Kasbohm and Bentzien regarding population 

viability (1998), Cox et al. (1994) determined that a long-term, minimally viable 

population of Florida black bear requires at least approximately 200,000 to 400,000 ha of 

suitable habitat.  Only the Apalachicola, Okefenokee, and Southwest Florida populations 

currently have protected habitat exceeding the lower end of this threshold.  Furthermore, 

these estimates of viability are based on minimum populations of 200 bears.  Other 

estimates indicate that once widespread species may need effective populations of at least 

500 to 5000 to maintain long-term viability and evolutionary potential (Franklin 1980; 

Lande 1995; Noss et al. 1997).  Clearly, no existing contiguous complex of existing 

protected areas is large enough to support Florida black bear populations of this size.    

The need for regional landscape approaches to conservation has resulted in 

increasing attention to the design and protection of reserve networks that incorporate 

landscapes apportioned into functional networks of reserves, multiple-use buffer zones, 

and landscape linkages (Harris 1984; Noss and Harris 1986; Noss and Cooperrider 1994; 

Harris et al. 1996b; Soulé and Terborgh 1999).  Although the primary goal of such 

reserve systems is conserving all biological diversity, landscape ecology and regional 

conservation strategies are especially relevant to conservation of carnivores and other 

wide-ranging species.  In a study focused on conservation strategies for carnivores in the 

Rocky Mountains, Noss et al. (1996, p. 955-956) elucidate the importance of regional 

conservation approaches: 

The overwhelming message from population viability studies of large carnivores 
is that conservation planning must be undertaken at vast spatial scales and must 
consider connectivity. . . If maintaining viable populations of species that have 
large home ranges and are vulnerable to human activities is an objective, then the 
conservation planner must grapple with the design and management of entire 
landscapes.  Thus a zoning approach has come to dominate conservation 



 

 

59

 
 

strategies for large carnivores.  Zoned landscapes should include refugia that are 
strictly protected, but they will often be dominated by multiple-use lands. 

 
These principles are directly applicable to conservation and management efforts 

for the Florida black bear.  One of the primary goals for its conservation should be 

maintenance and restoration of functional connections among bear populations across the 

state.  In this chapter, the best opportunities to maintain or restore such connectivity were 

explored using a GIS function called least cost path (LCP).  These methods are similar to 

those to delineate the Florida Ecological Network, but in this case were specifically 

designed to test potential landscape connectivity for the Florida black bear.  Different 

methods for conducting LCP analyses are also assessed.   These analyses are then used to 

identify the highest quality habitat and the best opportunities to maintain and restore 

connectivity among populations within Florida. 

Florida Black Bear Ecology 

Taxonomy and physical characteristics 

Merriam described the Florida black bear as a full species, Ursus floridanus 

(1896).  It is now considered to be a subspecies, Ursus americanus floridanus (Hall 

1981).  There is some question about the validity of the Florida black bear's taxonomic 

status as a subspecies.  However, recent investigations by the U.S. Fish and Wildlife 

Service regarding the validity of the Louisiana black bear, which included comparisons to 

the Florida black bear, reinforced its subspecies status (Federal Register 1990). 

The Florida black bear is almost always black and sometimes has a whitish chest 

patch.  Florida black bears are an apparent exception to Bergmann's rule with females 

weighing an average of about 82 kg and males weighing an average of about 113 kg 

(Maehr and Wooding 1992).  Florida males occasionally obtain masses up to 300 kg 
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(Maehr and Wooding 1992).  Both the averages and maximum masses are on the upper 

ends of masses for all North American black bears reported by Pelton (1982). 

 Habitat use and food habits 

 The Florida black bear uses a wide variety of forest types such as pine flatwoods, 

hardwood and mixed swamps, cabbage palm forests, sand pine scrub, hardwood 

hammocks, and even mangroves (Maehr and Wooding 1992; Maehr 1997a).  Open 

sandhills are only used occasionally (Wooding and Hardisky 1988). 

 Denning sites are typically ground nests found in areas of dense shrubs such as 

saw palmetto thickets or within swampy areas on higher ground (Wooding and Hardisky 

1992).  Tree cavities are important denning sites in other regions and may also be used by 

Florida bears, although past and present timber practices have greatly reduced the 

availability of such trees (Pelton 1982; Weaver et al. 1990; Maehr and Wooding 1992).    

 The Florida black bear is omnivorous, but plant matter dominates as a food 

source.  Black bears typically follow the phenology of plants in selecting food items 

seasonally (Amstrup and Beecham 1976; Landers et al. 1979; Pelton 1982; Pelton 1986).  

In spring the major food item is usually new green leaves and shoots of various plant 

species.  Soft mast such as berries and other fruits are the major food items during 

summer; and hard mast such as acorns usually dominate fall/winter diets.  The Florida 

black bear exhibits similar trends, but the typically mild climate results in soft mast being 

available over longer periods of time (Maehr and Brady 1984a; Maehr and Wooding 

1992; Stratman 1998; Scheick 1999; Stratman and Pelton 1999).  Saw palmetto (Seronoa 

repens) fruits are heavily used in late summer and fall; with cabbage palm (Sabal 

palmetto) hearts, tupelo (Nyssa spp.) fruits, acorns (Quercus spp.), blueberries 

(Vaccinium spp.), blackberries (Rubus spp.), and gallberry (Ilex glabra) also important 
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(Maehr and Brady 1984a; Maehr and Brady 1984b; Maehr and Wooding 1992).  Animal 

matter makes up a smaller, but regular, part of the diet and includes wasps (Vespula spp.), 

bees (Apis mellifera), ants (Campanotus abdominalis floridanus), and vertebrates such as 

armadillos (Dasypus novemcinctus) and feral pigs (Sus scrofa) in Florida.   

Social structure and home ranges 

 The black bear is usually solitary except during courtship/mating and when 

females are with cubs.  Depending on the region, season, sex, and food availability, home 

ranges of individual bears can be fairly exclusive (Young and Ruff; Rogers 1987), but in 

most situations there is often a great degree of overlap (Reynolds and Beecham 1977; 

Garshelis and Pelton 1981; Wharburton and Powell 1985; Klenner 1987; Mollohan and 

Lecount 1989).  Data collected on the Florida black bear indicate extensive overlap of 

home ranges in the Ocala and Osceola National Forests and southwest Florida (Wooding 

and Hardisky 1988; Maehr 1997a). 

 Home ranges for adult males are considerably larger than for adult females, and 

male territories will overlap the ranges of several females (Pelton 1982).  Over the black 

bear's continental distribution, home ranges vary widely likely in relation to habitat 

quality (Pelton 1982).  Home range size for Florida black bear are average compared to 

other regions: average adult male and female home range size were calculated in recent 

studies to be 170 km2 and 28 km2 (Wooding and Hardisky 1988) and 283 km2 and 54 

km2 (Maehr 1997a) respectively. 

Reproduction 

 The black bear, like other bear species, has one of the lowest reproductive rates 

known among terrestrial mammals (Jonkel and Cowan 1971; Bunnell and Tate 1981; 

Eiler et al. 1989).  Sexual maturity is reached at about 3 to 5 years of age, although first 
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reproduction  can be as late as 7 to 8 years (Bunnell and Tait 1981; Pelton 1982).  Florida 

black bear females usually produce their first cubs at 3 or 4 years (Maehr and Wooding 

1992). 

 Breeding usually peaks in June and July, although in some areas it may begin as 

early as May or last through early September (Pelton 1982; Eiler et al. 1989; Maehr 

1997a).  Females are induced ovulators; and implantation is delayed until late fall (Pelton 

1982).  Parturition occurs in the den during winter.  Typical cub production is usually 2, 

although litters of 3 and 4 also occur (Pelton 1982; Maehr 1997a).  Females normally 

produce young every other year, although seasonal mast failures may eliminate 

reproduction in some years (Rogers 1987).           

Seasonal movements, dispersal, and connectivity 

 Seasonal movements and dispersal are the most important considerations for a 

landscape-based approach to conserving the Florida black bear.  After winter denning and 

throughout the fall, black bears steadily increase in activity, and home ranges usually 

expand accordingly (Rogers 1987).  In some areas, this can include complete shifts in 

home ranges as food availability shifts spatially (Garshelis and Pelton 1981; Klenner 

1987; Mollohan and Lecount 1989; Maehr 1997a).  Florida black bear in the Ocala 

National Forest usually shift from pine flatwoods during winter and spring to sand pine 

scrub in the summer and fall; whereas bears in Osceola National Forest mainly utilize 

swamps (Wooding and Hardisky 1988). 

 Seasonally increasing adult male activity patterns are likely related to both 

reproductive effort in the summer and foraging requirements in the fall.  The greater 

mobility of male black bears makes them much more susceptible to roadkill or hunting 

and poaching (Pelton 1982; Rogers 1987).  One adult male Florida black bear moved 35-



 

 

63

 
 

km out of its normal home range during the breeding season (Wooding and Hardisky 

1988).  Long distance movements by females are rarer, although one relocated adult 

female Florida black bear in the panhandle moved 77 km (Wooding et al. 1992).  In 

Minnesota, black bears (both males and females) moved considerable distances out of 

normal home ranges to use more abundant food resources in the late summer and fall 

(Rogers 1987).  Movements up to 83 km (with an average of 29.5 km) were recorded to 

reach one particular resource, and one adult male traveled 201 km in 13 weeks, which is 

the longest movement recorded for a non-dispersing bear (Rogers 1987).  

Dispersal usually refers to the movement of animals away from their area of 

origin (Brown and Gibson 1983).  Black bear dispersal usually occurs at 2 to 4 years of 

age (Pelton 1982; Rogers 1987).  Subadult females usually stay in the immediate area of 

their mother's home range; whereas subadult males may disperse widely, either in 

response to social pressure from resident adult males (Pelton 1982), or socially 

independent reasons (Rogers 1987).  In a sample of 51 subadults in Alaska, all male 

subadults dispersed, whereas only 3% of the subadult females dispersed (Schwartz and 

Franzmann 1992).  In Minnesota, dispersal distances ranged from 13 to 219 km and 

averaged 61 km (Rogers 1987).  There was also evidence of a dispersal event over 324- 

km (Rogers 1987).  In north-central Florida, the dispersal of 4 subadult males ranged 

from 22 to 56 km (Wooding and Hardisky 1988).  Another subadult male moved 140 km 

in southwest Florida (Maehr et al. 1988). The longest known dispersal distance of a 

subadult female in Florida covered 60 km in south Florida (Maehr 1997a). 

Dispersal is an important demographic factor that has a key role in population 

regulation (Kemp 1974; Bunnell and Tait 1981; Lecount 1982; Beecham 1983; Rogers 

1987).  In Alberta, 26 adult males were removed in an experimental study area, and a 
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large number of subadult males quickly moved in to take their territories (Kemp 1974).  

Other studies indicate that many transient sub-adult males routinely travel through 

occupied territories (Beecham 1983; Rogers 1987).  This wide-ranging behavior of sub-

adult males is a key factor in linking regional bear populations.  Such dispersal may 

currently link several populations of the Florida black bear.  Habitat protection, 

restoration, and population re-introduction in key areas could establish a statewide 

metapopulation. 

 Corridors and landscape linkages (areas that link larger core reserves) are a 

primary method for designing reserve networks to facilitate connectivity (Harris 1984; 

Harris and Scheck 1991; Noss and Cooperrider 1994; Harris et al. 1996b; Soulé and 

Terborgh 1999).  For the Florida black bear, these landscape features serve at least three 

purposes related to connectivity:  

�� To facilitate daily or seasonal movements 

�� To allow dispersal that might facilitate gene flow between populations, buffer small 
populations, or recolonize vacant areas 

 
�� To allow range shifts in response to vagaries of food supply, catastrophic events, or 

long-term environmental change (Noss 1993). 
 

Functional connectivity is more likely in corridors that not only support 

movement but home ranges as well (Harrison 1992; Noss and Cooperrider 1994; Noss et 

al. 1996). Based on the average home range requirements for a male Florida black bear, a 

corridor would have to be at least 13 km wide for a square home range or 9 km wide if 

the home range was twice as long as wide.  Landscape linkages could be much bigger.  

The best regional example of such a linkage is the Pinhook Swamp, which connects the 

Osceola National Forest and the Okefenokee National Wildlife Refuge.  Though forest 

and other primary habitat is preferred, landscape linkages for the Florida black bear can 
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include a mixture of habitats and low-intensity land uses (e.g., most types of agriculture) 

(Maehr et al. 1988; Maehr 1997a). 

Methods 

 The potential for protecting functional landscape linkages between bear 

populations and additional areas of habitat in Florida was assessed using the least cost 

path (LCP) function.   Least cost path results selected from 17 Cost Surfaces were then 

combined with a black bear habitat model (developed using multiple logistic regression 

and also used to create several Cost Surfaces) to identify the area with the potential to 

support a statewide metapopulation (Figure 3-1). 

 LCP function is a raster-based algorithm available in ESRI’s Arc-Info GRID, 

ArcView Spatial Analyst, or ArcGIS software.  It is an optimization function that seeks 

the least costly route between a source and a destination.  Typically this algorithm has 

been used to find the optimal path for linear infrastructure (including roads and 

transmission lines).  LCP analysis can also be applied to identifying landscape linkages 

between conservation areas to maintain or restore connectivity between wildlife 

populations.   

 Identifying LCPs first requires the development of a cost surface, which is a raster 

map in which every cell (or pixel) is ranked for its potential suitability for 

accommodating a particular function.  In the case of ecological connectivity, a cost 

surface ranks each cell based on its potential to support a functional ecological 

connection.  Cells within the study area can be ranked using as many variables as deemed 

relevant for determining connectivity potential.  These variables can include intrinsic 

qualities (such as the land use of the cell) or landscape or context values (such as whether 

the cell is part of a large forest block or near a large urban area).   
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Figure 3-1.   Process used to identify the land area with the potential to support a 

statewide black bear metapopulation 
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 There are several issues regarding the use of LCP for identifying landscape 

linkages to be discussed.  The LCP function minimizes the accumulated cost of traveling 

through cells.  Therefore, it attempts to minimize the distance traveled and the number of 

high cost cells that must be traveled through to get from the source to the destination.  

Hence, the range of values used in a cost surface may greatly affect the relative 

significance of distance versus cell cost or vice versa for determining the LCP.  For 

example, if a cost surface was constructed where all cells within the study area were 

given the same cost (e.g., a value of 1 which correlates to the lowest cost, and therefore, 

the most suitable cells), the function would return an LCP that was a straight line (the 

shortest distance) between the source and the destination.  In this case, cell suitability has 

no bearing on the resulting LCP; and therefore distance is the only factor considered.  

However, if a wider range of values is used to represent the differences among cells with 

high or low suitability, then cell suitability, or cost, becomes more important for 

determining the LCP.  Thus a primary question when developing cost surfaces is how to 

incorporate a range of input values that appropriately balances both cell cost and 

accumulated distance when determining LCPs.  Other questions for constructing cost 

surfaces include the following: 

�� How are features such as major roads and large water bodies best included within cost 
surfaces to represent their potential impedance to functional connectivity? 

 
�� Should cost surfaces include more variables that may be relevant to ecological 

connectivity; or can simpler surfaces including one or a few potentially critical 
variables result in useful assessments of potential connectivity? 

 
�� When multiple variables are used in cost surfaces, do different methods of weighting 

variables result in significant differences in LCPs? 
 

�� Could quantitative methods (rather than qualitative) methods create cost surfaces that 
enhance the statistical basis of the LCP algorithm? 
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To evaluate these questions and to explore options for creating cost surfaces for 

identifying opportunities for facilitating connectivity, seventeen cost surfaces were 

created and used to run the LCP function to identify the best potential linkages among the 

five largest Florida black bear populations across the state (Table 3-1).  I compared the 

relative performance of these cost surfaces.  Then three cost surfaces were selected to 

represent the best landscape linkage options for the five major populations.  I also used 

the three selected cost surfaces to analyze additional connectivity between the five largest 

populations, smaller populations, and other areas that could support bear populations in 

the future.  All least cost path and habitat analyses were conducted using the raster 

functions of ESRI's GIS software, and 90 m cell sizes were used because of the size of 

the study area and because of computing limitations with various neighborhood and 

regional analysis functions. 

I created four major categories of cost surfaces.  The first four cost surfaces 

combine multiple criteria where variables are ranked individually using the same scale, 

then combined to create one cost surface.  Different weighting schemes were also applied 

to create different versions of these multiple criteria cost surfaces.   

The next five cost surfaces (Cost Surfaces 5 to 9) were simplified to include only 

a few variables that were potentially most important for determining suitability for 

connectivity (landcover type, patch size, proximity to large developed areas, and 

proximity to roads). Variations include the following: 

�� Cost surfaces based primarily on forest  

�� All potential bear habitat  

�� Incorporation of major roads (highways) and open water bodies  
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�� Combinations of habitat patch size, distance from development, and distance from 
major roads. 

 
The next six cost surfaces (Cost Surfaces 10 to15) are modified versions of the 

first 9 cost surfaces, where the range of values was expanded to test the influence of cell 

suitability versus accumulated distance in determining LCPs.  The ranges of values were 

expanded by using various exponential functions. 

The final two cost surfaces (Cost Surfaces 16 and 17) were created by running a 

multiple logistic regression model to develop a statewide map of Florida black bear 

habitat quality statewide.  Black bear occurrences collected in radio telemetry studies of 

four of the major populations, and over sixty landscape variables were compared in the 

model.  The two cost surfaces were based on slightly different models using different sets 

of random locations in the multiple logistic regression analyses. 

Multiple Criteria-Based Cost Surfaces 

Multiple utility assignments (MUAs) are optimization surfaces that represent a 

combination of more than one single criteria or utility assignments.  Each single utility 

assignment (SUAs) ranks suitability for a particular function based on a single criterion 

on the same scale as all the other criteria.  In these cost surfaces, all SUAs were ranked 

on a scale from 1 to 10.  MUAs are then created by combining all of the SUAs either with 

or without weighting. 

Cost Surface 1: multiple utility assignment with major roads and large open water 
bodies   

 
Cost Surface1 was created using 11 variables relevant to black bear habitat quality 

and conservation to create an MUA with final ranks of 1 to 100.   Major roads (those 

within the Florida Intrastate Highway System) and large water bodies were included in 

this cost surface by assigning them specific high costs above the value range of 1 to 100  
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Table 3-1.    Seventeen cost surfaces used to assess landscape linkages for the Florida 
black bear 

Cost 
surface # 

Description Value range 

  1 Multiple Utility Assignment (MUA) using 11 bear 
habitat quality variables, major roads, large water 
bodies. 

1-200 

  2 Multiple Utility Assignment (MUA) using 11 bear 
habitat quality variables. 

1-100 

  3 Multiple Utility Assignment (MUA) using 11 bear 
habitat quality variables, major roads, large water 
bodies with a compressed value range. 

1-20 

  4 Multiple Utility Assignment (MUA) using 11 
weighted bear habitat quality variables, major 
roads, large water bodies with a compressed value 
range. 

1-20 

  5 Ranked forest cover and other land cover and land 
uses  

1-100 

  6 Forest cover ranked by size class with other land 
cover and land uses also ranked 

1-100 

  7 Black bear habitat ranked by size class with other 
land cover and land uses also ranked   

1-100 

  8 Bear habitat ranked based on patch size, distance 
from intensive development, and distance from 
major roads 

1-100 

  9 Bear habitat ranked based on patch size and distance 
from intensive development 

1-100 

10 Cost Surface 3 transformed using the ArcView 
exponential function  

        3-22026 

11 Cost Surface 4 transformed using the ArcView 
exponential function  

        3-22026 

12 Cost Surface 10 with major roads and large water 
bodies added 

        3-22026 

13 Cost Surface 11 with major roads and large water 
bodies added 

        3-22026 

14 Cost Surface 8 transformed by squaring the original 
values 

        1-10000 

15 Cost Surface 9 transformed by squaring the original 
values 

        1-10000 

16 Multiple logistic regression bear habitat model 1-100 
17 Alternative multiple logistic regression bear habitat 

model 
1-100 
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(200 and 150 respectively).  Each SUA is based on a factor considered significant to 

black bear habitat quality or more likely to provide a favorable design option for a 

landscape linkage.  For each SUA, every cell within the study area (the entire state) is 

given a value from 1 to 10, with 10 indicating that the cell has the highest or best value 

for that index and 1 indicating lowest value.  The eleven indices used were the same as 

those in Maehr et al. (1999), though minor modifications were made in the ranking of 

some of the indices.  The eleven indices used were as follows: 

Primary and secondary black bear habitat.  Using the Florida Fish and 

Wildlife Conservation Commission (FWC) landcover data (Cox et al. 1994), potential 

primary habitat was identified.   Primary habitat was defined as all patches of pineland, 

oak scrub, sand pine scrub, mixed hardwood, upland hardwood forest, cypress swamp, 

mixed hardwood swamp, bay swamp and bottomland hardwood swamp greater than 14.8 

ha (Mykytka and Pelton 1989; Cox et al. 1994).  To incorporate smaller patches of 

potential secondary habitat nearby, a one km buffer was created around primary habitat 

and additional habitat (smaller blocks of primary habitat as well as dry prairie, sandhill, 

shrub swamp, and shrub and brushland) located within the buffer were included (Cox et 

al. 1994).  In the index, primary habitat was ranked 10, secondary habitat was ranked 7, 

and all other cells (areas) in the state were ranked 1. 

Preferred habitat. Using the FWC landcover data as the input, natural and semi-

natural landcover types were ranked into three classes and all other land uses as a fourth 

class based on their relative value as potential bear habitat (Maehr and Wooding 1992; 

Cox et al. 1994; Maehr 1997a; Table 3-2). 

 Habitat block size.  This SUA was created to rank areas based on the size of 

potential habitat patches not fragmented by roads.  Roads selected to delineate habitat 
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Table 3-2.  SUA ranking land cover types based on preference as habitat 
Habitat type Rank 

Pineland (including pine plantation) 10 

Sand pine scrub 10 

Oak scrub 10 

Mixed hardwood-pine 10 

Upland hardwood forest 10 

Cypress swamp 10 

Mixed hardwood swamp 10 

Bay swamp 10 

 

Sandhill  7 

Mangrove swamp  7 

Shrub and brushland  7 

 

Coastal strand  3 

Dry prairie  3 

Freshwater marsh and wet prairie  3 

Salt marsh  3 

Shrub swamp  3 

  

All other land uses (agriculture and urban)  1 
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 patches had traffic levels of 2500 or greater vehicles per day or were highway segments 

with ten or more documented road kills.  First, primary and secondary habitat from SUA 

1 were combined.   The highways included were considered to have high enough traffic 

levels to serve as barriers or filters for bear movement or important mortality threats 

(Brody and Pelton 1989; Wooding and Maddrey 1994).  Contiguous potential habitat not 

bisected by such roads were then grouped into ranked size classes (Table 3-3). 

 Habitat diversity.  Areas with a higher diversity of plant communities will have a 

higher probability of supporting a diverse array of food sources and act as a buffer during 

mast crop failures (Pelton 1985; Rogers and Allen 1987; Mollohan and LeCount 1989; 

Schoen 1990; Maehr and Wooding 1992; Samson and Huot 1998).  This index was 

created by first reclassifying the FWC landcover data into the following four categories:  

�� Forested wetlands (hardwood swamp, cypress swamp, bay swamp, mangrove swamp, 
shrub swamp) 

  
�� Forested uplands (pineland, sand pine scrub, sandhill, upland hardwood forests, and 

mixed hardwood-pine)  
 

�� Freshwater and saltwater marshes 
 

�� Low stature open brush uplands (xeric oak scrub, dry prairie, coastal strand, and 
shrub and brushland) (Cox et al. 1994).   

 
Each cell was then ranked by the number of different habitat categories found within the 

surrounding km2 (Table 3-4).  Cells that were not considered bear habitat based on the 

FWC landcover data were given the lowest value regardless of the diversity of habitats in 

the surrounding area. 

Distance from large areas of protected habitat.  Larger areas of protected 

conservation lands provide critical core areas to help maintain breeding populations of 

black bear (Hellgren and Maehr 1992; Cox et al. 1994; Samson and Huot 1998).  Areas  
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Table 3-3.  Ranking of potential habitat based on patch size 
Block size of potential habitat fragmented by high traffic 
highways and highways with bear roadkills 

Rank 

Potential black bear habitat block greater than or equal to 
200,000 ha 

                10 

Potential black  bear habitat less than 200,000 ha and 
greater than or equal to 100,000 ha 

9 

Potential black  bear habitat less than 100,000 ha and 
greater than or equal to 40,000 ha 

8 

Potential black  bear habitat less than 40,000 ha and 
greater than or equal to 20,000 ha 

7 

Potential black  bear habitat less than 20,000 ha and 
greater than or equal to 4,000 ha 

6 

Potential black  bear habitat less than 4,000 ha and 
greater than or equal to 2,000 ha 

5 

Potential black  bear habitat less than 2,000 ha and 
greater than or equal to 400 ha 

4 

All other potential bear habitat 3 

All other cells in study area 1 
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Table 3-4.  Habitat diversity rankings 
Habitat diversity/variety Rank 

Four types of habitat                 10 

Three types of habitat 8 

Two types of habitat 6 

One habitat 4 

Other cells 1 
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close to large blocks of protected bear habitat are likely to be used by bears, may provide 

critical foraging habitat seasonally or during mast failures (Samson and Huot 1998), may 

be critical for providing enough additional habitat to support viable populations (Cox et 

al. 1994), and are more likely to be within dispersal distances of bears and, therefore, 

more likely either to support part of a functional metapopulation or to be re-colonized 

(Cox et al. 1994; Maehr 1997a).   

Therefore, in this index, potential habitat (as identified in SUA 1) in blocks of 

20,000 ha or greater within existing conservation lands (primarily public lands but also 

include private preserves such as those owned by The Nature Conservancy, National 

Audubon Society, and conservation easements) were identified (Cox et al. 1994).  

Potential habitat needs to be emphasized because there are several areas across the state 

including the Green Swamp Conservation Area and the Corbett Wildlife Management 

Area that meet the criteria for potential habitat but do not currently support breeding 

black bear populations.  Proximity to all such conservation areas was modeled using 

intervals based on typical dispersal distances for black bear (Rogers 1987; Maehr et al. 

1988, Wooding et al. 1992; Cox et al. 1994; Maehr 1997a; Table 3-5).  

 Roadless areas. Roadless areas are more likely to provide optimal black bear 

habitat by minimizing the chance of roadkills, providing large blocks of intact habitat, 

and minimizing various forms of disturbance (Lentz et al. 1980; Quigley 1982; Pelton 

1986; Brody and Pelton 1989; Kasworm and Manley 1990; Beringer et al. 1991; Clark et 

al. 1993; Beecham and Rohlman 1994; Wooding and Maddrey 1994; Heyden 1997; 

Powell et al. 1997; Martorello 1998; Orlando 2002).  In this index, roadless areas were 

identified using class 1 through class 4 roads found in the 1:24000 roads data for Florida 

created by the U.S. Geological Survey (USGS).  Class 5 roads, which are unimproved 
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Table 3-5.  Ranking of distance from protected bear habitat 20,000 ha or larger 
Distance from protected bear habitat 20,000 ha or larger Rank 

Areas < 20 km from core areas 10 

Areas 20-40 km from core areas  7 

Areas 40-60 km from core areas  3 

Areas > 60 km from core areas  1 
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dirt roads frequently referred to as jeep trails, were not included.  The identified roadless 

areas were then broken into size classes and ranked by percentage of potential bear 

habitat (using the methods from SUA 1 to identify habitat) found within each roadless 

area (Table 3-6).  Thresholds selected were based on a similar index created by Cox et al. 

(1994) and recommendations on functional sizes of bear habitat blocks from Hellgren and 

Maehr (1992). 

 Road density.  Road densities, though related to roadless areas, more specifically 

capture the potential intensity of disturbance associated with roads as the number of roads 

increase.  It may be possible for an area to not meet strict standards or definitions of 

roadlessness yet support low enough road densities to provide functional habitat with low 

or no disturbance to sensitive species.  However, as road densities increase, the potential 

for a variety of disturbances including roadkills, poaching, edge effects, and others 

associated with vehicle traffic and human activity also tend to increase (Lyon 1983; 

Brody 1984; Thiel 1985; Van Dyke et al. 1986; Mattson et al. 1987; McLellan and 

Shackleton 1988; Mech et al. 1988; Brody and Pelton 1989; Mladenoff 1995; Trombulak 

and Frissell 2000; Orlando and Maehr 2001).  To create a road density index, the 

linedensity function in the GRID module of Arc-Info was used to calculate road density.  

Class 1-4 roads from USGS 1:24000 roads were included in the linedensity function to 

calculate road density in the 2.6 km2 surrounding each cell within the study area.  

Rankings were based on the recommendation by Pelton (1986) to maintain road densities 

below 0.33 km/km2 to maintain high quality black bear habitat and the recommendation 

that road densities should be maintained at least below 0.66 km/km2 to provide habitat for 

wide-ranging species sensitive to road impacts (Noss and Cooperrider 1994) (Table 3-7). 
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Table 3-6.  Roadless area ranks based on size of the roadless areas and the percentage of 
bear habitat within roadless areas 

Roadless area size and percentage habitat combination Rank 

Roadless areas 4,000 ha or greater with greater than 70% 
primary potential black bear habitat 

                10 

Roadless areas 4,000 ha or greater with 40-70% primary 
potential black  bear habitat 

9 

Roadless areas 4,000 ha or greater with 10-40% primary 
potential black bear habitat 

8 

Roadless areas 2000 ha or greater with greater than 70% 
primary potential black bear habitat 

7 

Roadless areas 2000 ha or greater with 40-70% primary 
potential black bear habitat 

6 

Roadless areas 2000 ha or greater with 10-40% primary 
potential black bear habitat 

5 

Roadless areas 1000 ha or greater with greater than 70% 
primary potential black bear habitat 

4 

Roadless areas 1000 ha or greater with 40-70% primary 
potential black bear habitat 

3 

Roadless areas 1000 ha or greater with 10-40% primary 
potential black bear habitat 

2 

Roadless areas below 1000 ha 1 
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Table 3-7.  Ranking of road densities 
Road density Rank 

Less than 0.33 km/km2
              10 

0.33 or greater and < 0.66 km/km2 9 

0.66 km/km2 or greater and < 0.99 km/km2 8 

0.99 km/km2 or greater and < 1.32 km/km2 7 

1.32 km/km2 or greater and < 1.65 km/km2 6 

1.65 km/km2 or greater and < 1.98 km/km2 5 

1.98 km/km2 or greater and < 2.31 km/km2 4 

2.31 km/km2 or greater and < 2.64 km/km2 3 

2.64 km/km2 or greater and < 2.97 km/km2 2 

2.97 km/km2 or greater 1 
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  Distance from major roads. Larger roads with higher traffic levels cause 

roadkills and can result in road avoidance and habitat fragmentation (Wooding and Brady 

1987; Brody and Pelton 1989; Gilbert and Wooding 1994; Wooding and Maddrey 1994; 

Maehr 1997a; Orlando and Maehr 2001).  In this analysis, proximity to major roads was 

modeled such that areas closer to such roads were ranked lower for corridor suitability.  

As a conservative estimate, all roads with traffic levels of 2500 vehicles per day or 

greater and additional road segments with 10 or more bear roadkills were included as 

major roads.  Ranking thresholds were created by using a sliding scale, where the most 

intensive zones of potential impacts near roads were assigned the smallest intervals, and 

other ranks were given equal intervals (Table 3-8).   

  Land use intensity.  Intensity of land use is assumed to affect the potential 

quality of areas as bear habitat (Mattson 1990; Schoen 1990).   In this index, 1995 land 

use data from each of Florida’s five Water Management Districts were reclassified into 

the following four general land use categories to depict level of land use intensity:  

�� All native or natural habitat including wetland and upland forests of all types, 
marshes, prairies, etc. 

 
�� Low-intensity land use such as unimproved pastures, woodland pastures, pine 

plantations, and areas that have been platted for development but still retain natural 
cover types 

 
�� Moderate intensity land use including improved pastures, row crops, citrus groves, 

etc.  
 

�� High intensity uses including all residential, commercial, and industrial land uses.   
 
Though some natural communities included in the native category may not be used 

frequently by bears, and some land uses in higher intensity classes such as pine plantation 

can provide black bear habitat, these categories serve as a general indication for the 
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Table 3-8.  Ranking of distances from major roads 
Distance from major roads Rank 

> 7001 m              10 

6001 m to 7000 m 9 

5001 m to 6000 m 8 

4001 m to 5000 m 7 

3001 m to 4000 m 6 

2001 m to 3000 m 5 

1001 m to 2000 m 4 

501 m to 1000 m 3 

101 m to 500 m 2 

0 m to 100 m 1 
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potential of disturbance to bears, management activities that may conflict with bear 

habitat needs, and the potential suitability of areas to serve as bear corridors (Table 3-9).   

  Distance from larger areas of intensive land use.  Intensive land uses can 

disturb bears and increase mortality through human-bear conflicts and roadkills (Mattson 

1990; Schoen 1990).  The purpose of this SUA was to identify the potential for lower 

habitat quality near larger areas of intensive land use.  To avoid areas not optimal for bear 

corridors, the distance from areas of high intensity land use (using the same classification 

as SUA 9) 40 ha or larger was calculated and ranked (Table 3-10). 

  Conservation lands. Protected bear habitat is an essential component of a 

conservation strategy.  The purpose of this index was to identify and prioritize areas 

based on their land protection status regardless of size.  Though black bears are found on 

private lands in various parts of Florida and some populations may be expanding on 

private lands, the population cores for the 5 largest populations are on public lands 

(Brady and Maehr 1985).  In addition, landscape linkages would incorporate as much 

existing and proposed conservation lands as possible.  Therefore, in this SUA, all cells 

were ranked based on their land conservation status.  Conservation land status included 

the following:  

�� existing protected areas (national parks, state parks, national forests, state forests, 
water management district lands, The Nature Conservancy Preserves, and 
conservation easements) 

  
�� proposed conservation lands (Florida Forever projects, Save Our Rivers projects, and 

official proposals with various county land acquisition programs) 
 
�� all other private lands (Table 3-11). 
 
 Combination of eleven indices to create Cost Surface 1.  All eleven indices, 

each ranked on a scale of 1 to 10, were added to create a qualitative combined ranking,  
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Table 3-9.  Land use intensity rankings 
Land use intensity Rank 

Native habitat 10 

Low intensity land use (pine plantations, rangelands, etc.)  7 

Moderate intensity land use (row crops, improved 
pasture, etc.) 

 2 

High-intensity land use (residential, commercial, 
industrial) 

 1 
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Table 3-10.  Ranking of distances from major roads 
Distance from major roads Rank 

> 9000 m              10 

8001 m to 9000 m 9 

7001 m to 8000 m 8 

6001 m to 7000 m 7 

5001 m to 6000 m 6 

4001 m to 5000 m 5 

3001 m to 4000 m 4 

2001 m to 3000 m 3 

1001 m to 2000 m 2 

0 m to 1000 m 1 
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Table 3-11.  Conservation land rankings 
Conservation land status Rank 

Existing conservation lands 10 

Proposed conservation lands  5 

All other private lands  1 
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termed a multiple utility assignment (MUA).   In the MUA, every cell within the state is 

ranked based on its habitat significance or suitability for facilitating connectivity for the 

Florida black bear.  The value range of the combined MUA is 11-110 with 11 

representing the least suitable areas and 110 representing the most suitable areas.  

However, the LCP function attempts to minimize accumulated cost.  Therefore, the MUA 

must be inverted to turn it into a cost surface.  This was accomplished by first subtracting 

10, then inverting the values so that the highest suitability was a value of 1 and the lowest 

suitability was now 100 (Figure 3-2).   

 The last step in creating Cost Surface 1 was inclusion of major roads and large 

water bodies.  Though roads have been factored into the development of the cost surface 

in 4 SUAs (habitat block size, roadless areas, distance from major roads, and road 

densities), bear avoidance of large highways may be important enough to assign major 

highways a very high cost.  In this cost surface, roads within the Florida Intrastate 

Highway System were assigned a value of 200.  In addition, all open water bodies and 

major rivers were assigned a value of 150 to minimize crossing large water bodies.  

When these features were added, they were combined with the major roads data so any 

cells at the intersection of highways and waterbodies received a value of 150 to delineate 

locations most suitable for crossing roads.  Assigning major roads and large water bodies 

high values in the cost surface was an attempt to force the LCP function to avoid 

minimizing path distance that might also result in more major roads and water bodies 

being traversed versus a longer path that avoids major roads and water bodies. 
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Figure 3-2.   Cost Surface 1.  This cost surface is a cumulative index or multiple utility 

assignment (MUA) combining eleven individual indices relevant for 
evaluating Florida black bear habitat significance or suitability for 
supporting connectivity. A value of 1 represents the highest suitability and a 
value of 100 represents the lowest suitability. 
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Cost Surface 2: cumulative index without adding major roads and large open water 
bodies   

 
This cost surface was created exactly in the same way as Cost Surface 1 except 

major roads and large water bodies were not added to the cost surface so the final value 

range was 1-100. 

Cost Surface 3: cumulative index with values of 1-10 
 

Because all eleven individual indices used to create the cumulative index in the 

first two cost surfaces had value ranges from 1 to 10, another means for creating a MUA 

is to multiply each index by a scaling factor and add the transformed SUAs to create a 

MUA that also has values from 1 to 10.  In this cost surface, each of the eleven SUAs 

was multiplied by 0.091, added together, then rounded to the nearest integer to create an 

unweighted MUA with values from 1 to 10.  These values were then inverted to create a 

cost surface.  Major highways and water bodies were added in the same manner as in 

Cost Surface 1, except the values assigned were 20 and 15, respectively.  The result is the 

same indices and landscape features used in Cost Surface 2 but with a compressed range 

of values to test the influence of varying value ranges on LCP results. 

Cost Surface 4: cumulative index with values of 1-10 created with weighted SUAs 
 
 The methods used to create Cost Surface 3 are also ideal for creating a MUA in 

which the component indices are weighted to reflect their relative significance for 

evaluating bear habitat or corridor quality.  In this cost surface, the same eleven SUAs 

were used to create a MUA with values with 1-10, but in order to weight them each was 

multiplied by different weights instead of the same scaling factor used in Cost Surface 3 

(Table 3-12). To assign weightings, the relationship between bear telemetry locations and 

each of the individual indices was examined using summary tables and scatter plots that 
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Table 3-12.  Weighting factors used to create Cost Surface 4.  The number after the title 
of each index refers to the index number found above in the description of 
Cost Surface 1.  The higher the value of the weighting factor, the more 
significance that variable receives in the cumulative MUA. 

Indices Weighting factor 

Primary and secondary potential habitat (1) 0.250 

Habitat type preference ranks (2) 0.050 

Block size of primary and secondary habitat combined (3) 0.200 

Habitat diversity (4) 0.025 

Distance from large blocks of protected bear habitat (5) 0.075 

Roadless areas (6) 0.025 

Road density (7) 0.075 

Distance from major roads (8) 0.100 

Land use intensity (9) 0.025 

Distance from intensive land uses (10) 0.150 

Land protection status (11) 0.025 
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demonstrated the number of occurrences within each particular rank for each variable.  

Weights were chosen using this information combined with consideration of important 

habitat variables discussed in the black bear literature (Brody and Pelton 1989; Schoen 

1990;Cox et al. 1994; Maehr 1997a; van Manen 1997) and the potential for some 

redundancy between certain variables.  Therefore, these weights are qualitative because 

they are not exclusively based on a statistical relationship between the independent 

variables and bear occurrences, densities, or known habitat quality.  The primary purpose 

of this weighting scheme is to evaluate how weighting might influence the outcome of 

LCP modeling in comparison to the unweighted Cost Surface 3.  The resulting weighted 

MUA was inverted to turn it into a cost surface, and water bodies and major roads were 

added to the cost surface using the same methods and values used in Cost Surface 3. 

 Simplified Cost Surfaces 

The following cost surfaces were created to compare simpler surfaces including 

only one or a few potentially critical variables with more complex cost surfaces 

represented by Cost Surfaces 1-4 and Cost Surfaces 16-17.   

Cost Surface 5: simplified landcover/landuse-based cost surface 

 This cost surface is based on a simple ranking of landcover and landuse types 

without consideration of any landscape-based variables such as patch size, proximities, or 

densities.  Forest cover was given the highest suitability, other forms of natural cover 

were given the next highest suitability, and different land use intensities were given 

varying levels of moderate or low suitability.  High intensity land use was converted to 

“no data”, which means that such cells are excluded from the LCP analyses, and 

therefore, paths cannot cross them.  Finally, water bodies and major roads were added 
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using the methods used in Cost Surfaces 2-4 but with water given the same value as 

moderate intensity land use (50) and major roads assigned a value of 100 (Table 3-13). 

Cost Surface 6: forest ranked by size class   

 The purpose of this cost surface was to provide a variant of Cost Surface 5 where 

forest patch size was also considered.  Forest patches were ranked by size into ten classes 

with larger patches ranked as more suitable.  Rankings were done by log transforming the 

patch size to produce size classes that were then ranked.  Otherwise, the structure of the 

cost surface is the same as Cost Surface 5 (Table 3-14). 

Cost Surface 7: potential habitat ranked by size class 

The purpose of this surface was to incorporate all bear habitat ranked in size 

classes versus using just forest patches.   Potential black bear habitat was ranked using 

the same size classes as the potential habitat patch size index from Cost Surface 1 (Table 

3-15). 

Cost Surface 8: combination of habitat patch size, distance from intensive 
development, and distance from major roads 

  
This cost surface represents a simplification of Cost Surfaces 1-4, where only 3 SUAs 

were used versus the 11 used in Cost Surfaces 1-4.  The cost surface combines 3 primary 

factors for locating landscape linkages within large intact areas and distance from 

intensive development and major roads.  The potential habitat patch size, distance from 

intensive development, and distance from major road indices from Cost Surface 1 were 

combined with equal weighting to create a combined index with values from 1 to 10, 

which was then inverted to create a cost surface.  These values were applied only to 

potential black bear habitat.  All other cells were assigned values using the same 
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Table 3-13.  Cost Surface 5 categories and rankings 
Land use intensity Rank 

Forest     1 

Other natural cover   10 

Lower intensity land use (pasture, cropland, disturbed but 
undeveloped) 

  25 

Moderate intensity land use (mining, large water bodies, etc.)   50 

Major roads 100 

High intensity land use (urban, commercial, industrial) No data 
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Table 3-14.  Cost Surface 6 categories and rankings 
Distance from major roads Rank 

Forest patches with log 11 or 12     1 

Forest patches with log 10     2 

Forest patches with log 9     3 

Forest patches with log 8     4 

Forest patches with log 7     5 

Forest patches with log 6     6 

Forest patches with log 5     7 

Forest patches with log 4     8 

Forest patches with log 3, 2, or 1     9 

Other natural cover   10 

Lower intensity land use (pasture, cropland, disturbed but 
undeveloped) 

  25 

Moderate intensity land use (mining, large water bodies, etc.)   50 

Major roads 100 

High intensity land use (urban, commercial, industrial) No data 

  



 

 

95 
 
 

 

Table 3-15.  Cost Surface 7 categories and rankings 
Distance from major roads  Rank 

Potential black bear habitat block greater than or equal to 
200,000 ha 

    1 

Potential black  bear habitat less than 200,000 ha and greater 
than or equal to 100,000 ha 

    2 

Potential black  bear habitat less than 100,000 ha and greater 
than or equal to 40,000 ha 

    3 

Potential black  bear habitat less than 40,000 ha and greater 
than or equal to 20,000 ha 

    4 

Potential black  bear habitat less than 20,000 ha and greater 
than or equal to 4,000 ha 

    5 

Potential black  bear habitat less than 4,000 ha and greater 
than or equal to 2,000 ha 

    6 

Potential black  bear habitat less than 2,000 ha and greater 
than or equal to 400 ha 

    7 

All other potential bear habitat     8 

Other natural cover   10 

Lower intensity land use (pasture, cropland, disturbed but 
undeveloped) 

  25 

Moderate intensity land use (mining, large water bodies, etc.)   50 

Major roads 100 

High intensity land use (urban, commercial, industrial) No data 
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categories in Cost Surface 5, except other natural cover was assigned a value of 12 to 

accommodate the 1 to 10 rank of bear habitat (Table 3-16). 

Cost Surface 9: combination of habitat patch size and distance from intensive 
development 

 
 Cost Surface 9 was created to test the effect of not including the distance from the 

major roads index used in Cost Surface 8.  Cost Surface 9 was made using the same 

methods as Cost Surface 8 except only habitat patch size and distance from intensive 

development indices were combined to rank potential black bear habitat (Table 3-17). 

Exponential Function Cost Surfaces 

 One method to emphasize the significance of cell values versus distance in the 

LCP function is to expand the range between suitability values drastically in a cost 

surface.  This set of cost surfaces was created by using several methods to expand some 

of the preceding cost surfaces to investigate how changing the range of values between 

high and low suitability affected LCP results. 

Cost Surface 10: expanded version of Cost Surface 3  

 I transformed Cost Surface 3 (with only values of 1-10 before the addition of 

large water bodies and major roads) using the exponential function in ArcView Spatial 

Analyst.  The resulting surface had ten values ranging from 3 to 22,026 (Table 3-18). 

Cost Surface 11: expanded version of Cost Surface 4    

 I transformed Cost Surface 4 (with only values of 1-10 before the addition of 

large water bodies and major roads) using an exponential function in ArcView.  The 

resulting surface had ten values ranging from 3 to 22,026. 
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Table 3-16.  Cost Surface 8 categories and rankings 
Distance from major roads Rank 

Bear habitat ranked based on patch size and distance from 
intensive development and major roads 

    1 

Bear habitat ranked based on patch size and distance from 
intensive development and major roads 

    2 

Bear habitat ranked based on patch size and distance from 
intensive development and major roads 

    3 

Bear habitat ranked based on patch size and distance from 
intensive development and major roads 

    4 

Bear habitat ranked based on patch size and distance from 
intensive development and major roads 

    5 

Bear habitat ranked based on patch size and distance from 
intensive development and major roads 

    6 

Bear habitat ranked based on patch size and distance from 
intensive development and major roads 

    7 

Bear habitat ranked based on patch size and distance from 
intensive development and major roads 

    8 

Bear habitat ranked based on patch size and distance from 
intensive development and major roads 

    9 

Bear habitat ranked based on patch size and distance from 
intensive development and major roads 

  10 

Other natural cover   12 
Lower intensity land use (pasture, cropland, disturbed but 

undeveloped) 
  25 

Moderate intensity land use (mining, large water bodies, golf 
courses, etc.) 

  50 

Major roads 100 

High intensity land use (urban, commercial, industrial) No data 
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Table 3-17.  Cost Surface 9 categories and rankings 
Distance from major roads Rank 

Bear habitat ranked based on patch size and distance from 
intensive development  

    1 

Bear habitat ranked based on patch size and distance from 
intensive development  

    2 

Bear habitat ranked based on patch size and distance from 
intensive development  

    3 

Bear habitat ranked based on patch size and distance from 
intensive development  

    4 

Bear habitat ranked based on patch size and distance from 
intensive development  

    5 

Bear habitat ranked based on patch size and distance from 
intensive development  

    6 

Bear habitat ranked based on patch size and distance from 
intensive development  

    7 

Bear habitat ranked based on patch size and distance from 
intensive development  

    8 

Bear habitat ranked based on patch size and distance from 
intensive development  

    9 

Bear habitat ranked based on patch size and distance from 
intensive development  

  10 

Other natural cover   12 
Lower intensity land use (pasture, cropland, disturbed but 

undeveloped) 
  25 

Moderate intensity land use (mining, large water bodies, golf 
courses, etc.) 

  50 

Major roads 100 

High intensity land use (urban, commercial, industrial) No data 
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Table 3-18.  Comparison of original values from Cost Surface 3 and the transformed 
values using an exponential function to create Cost Surface 10 
Original value Transformed value 

1         3 
2          7 
3        20 
4        55 
5      148 
6      403 
7   1,097 
8   2,981 
9   8,103 

                            10 22,026 
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Cost Surface 12: water bodies and major roads added to expanded Cost Surface 10 

 This cost surface is the same as Expanded Cost Surface 10 with water bodies and 

major roads added by assigning major roads the highest cost (22,026) and water bodies 

the next highest cost (8,103). 

Cost Surface 13: water bodies and major roads added to expanded Cost Surface 11 

 This cost surface is the same as Cost Surface 11, with water bodies and major 

roads added by assigning major roads the highest cost (22,026) and water bodies the next 

highest cost (8,103).  

Cost Surface 14: Cost Surface 8 expanded by squaring  

 This cost surface was created by squaring the values of Cost Surface 8, which 

resulted in a range of values from 1 to 10,000 (Table 3-19). 

Cost Surface 15: Cost Surface 9 expanded by squaring 

 This cost surface was created by squaring the values of Cost Surface 9, which 

resulted in a range of values from 1 to 10,000. 

Using Multiple Logistic Regression Modeling to Develop Cost Surfaces 

 The previous methods used to create cost surfaces primarily involved a 

combination of multiple indices, each representing a measure of habitat suitability.  There 

are many issues associated with creating cost surfaces including ranking thresholds for 

individual indices, and weighting the relative significances of habitat and landscape 

variables that may determine habitat or corridor quality.  An alternative approach for 

creating a cost surface is to develop a predictive model where known occurrences of the 

species are compared to various landscape variables that may determine bear habitat 

quality.  
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 Table 3-19.  Comparison of original values from Cost Surface 8 and the transformed 
values to create Cost Surface 14 

Original value Transformed value 
   1          1 
   2          4 
   3          9 
   4        16 
   5        25 
   6        36 
   7        49 
   8        64 
   9        81 
 10      100 
 12      144 
 25      625 
 50   2,500 
100 10,000 
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Multiple logistic regression models can be used to predict where a species might 

occur or where habitat of sufficient quality may exist to restore populations (Maehr and 

Cox 1995; Mladenoff et al. 1995; Mladenoff and Sickley 1995; van Manen 1997; 

Mladenoff et al. 1999; Carroll et al. 1999).  This is relevant to the Florida black bear 

because it may be recolonizing its former range.   

 Logistic regression attempts to determine the probability that something will 

occur.  The probability of occurrence is a function of the explanatory or independent 

variables.  The dependent variable is represented by a binary value defining presence (1) 

or absence (0) of the occurrence.  The logistic regression formula is as follows: 

P = Exp(Y) / ( 1 + Exp(Y)) 

This equation is derived from the basic linear regression formula: 

Y= Bo+B1X1+ B2X2+…BnXn+e 

This results in the expanded logistic regression formula: 

P = (1/(1 + exp(-Bo - B1X1-X2B2- …XnBn)))*100 

 Where: 

�� P is the probability of presence, 
�� Y is a dummy dependent variable, =1 for presence, =0 for absence,  
�� Bo is the coefficient on the constant term,  
�� Bn is/are the coefficient(s) on the independent variable(s),  
�� X is/are the independent variable(s), and  
�� e is the error term.  

The independent variables, Xn, represent the various surfaces representing measures of 

habitat suitability.  

 The resulting model indicates the probability, from 0-1.0, of bears occurring in a 

particular area and is used to rank bear habitat statewide.  Multiple logistic regression 

was used to create two alternative cost surfaces.  I assumed that more high quality bear 
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habitat increased the likelihood of an area serving as a high quality landscape linkage.  

This approach is practical because it provides a more objective, quantitative approach for 

building cost surfaces than the preceding cost surfaces. 

 Over sixty independent variable grids were created as inputs.  These included all 

indices used to create Cost Surface 1, other related data sets that represent variations that 

were similar to the Cost Surface 1 indices but might have a more significant relationship 

with bear occurrences, and new categories such as forest density.  In stepwise multiple 

logistic regression, independent (or predictor) variables are added and removed from the 

model in successive steps based on their contribution to a model that fits the input data.  

Due to the large number of occurrences and independent variables including many 

variables that were potentially very similar, the thresholds used for determining 

significance for both inclusions (0.01) and removal of predictors (0.02) were set 

conservatively to increase the discriminatory power of the model. A correlation matrix 

was then created for the remaining variables.  Highly correlated variables were located 

and compared, and the variables with less explanatory value were removed.  The major 

categories of variables included (for a complete listing of all variables used in the model 

see Appendix A): 

�� Habitat variables including: 1) habitat type, 2) preferred habitats, 3) habitat patch 
size, 4) habitat density measured at various scales, and 5) distance from habitat 
 

�� Protected habitat including block size of protected habitat and distance from protected 
blocks of habitat 
 

�� Habitat diversity, measured as the number of major habitat classes within a 256 ha 
area 
 

�� Roadless areas including many different variations (Appendix A) of road data sets 
ranging from all roads, paved roads only, roads maintained by the Florida Department 
of Transportation, highways with 2500 or greater average daily traffic, highways with 
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5000 or greater average daily traffic, highways in the Intrastate Highway System, and 
Class 1 and Class 2 roads from 1:24000 USGS roads 
 

�� Road densities including the road classes in 1:24000 roads ranging from all roads 
(Class 1-5), Class 1-4, Class 1-3, and Class 1-2 roads  
 

�� Distance from major roads including various road data sets such as roads maintained 
by the Florida Department of Transportation, highways with 2500 or greater average 
daily traffic, highways with 5000 or greater average daily traffic, and highways in the 
Intrastate Highway System 
 

�� Land use intensity including land use type reclassified into categories using land use 
intensity classifications, density of intensive land uses at several different scales, and 
distance from intensive land uses 
 

�� Forest data including patch size, forest density measured at several different scales, 
and distance from forest patches.    

 
Black bear occurrence data came from telemetry studies in the Ocala National 

Forest and Wekiva River basin, the Osceola-Okefenokee population, southwest Florida, 

and Eglin Air Force Base (Figure 3-3).  Only occurrences collected since 1992 were used, 

and 80% (12,327 telemetry locations) of such points were randomly selected for 

inclusion in the model so that the remaining occurrences could be used for validation.   

Because the telemetry data include only known locations, random points were 

used in lieu of absence data.  Given concern about the appropriate selection of random 

points at the scale of a statewide model covering approximately 15.2 million ha (Maehr 

and Cox 1994), two sets of random locations were chosen: one set was selected outside of 

known occupied bear range within the state (total of 11,281 points), and the other set was 

selected only within occupied bear range (total of 4,075 points) (Figure 3-4).  In both 

cases, random points were located only in terrestrial areas (uplands and wetlands) and not 

within water bodies.  Then two alternative versions of the model were created using the  
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Figure 3-3.   Telemetry locations from major Florida black bear populations used in the 

multiple logistic regression analysis 
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Figure 3-4.   Recent bear range map from the Florida Fish and Wildlife Conservation 

Commission.  This data was used as the basis for selecting random locations 
either outside occupied range or only within occupied range. 
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two sets.  The first version used the random locations outside of known occupied bear 

range and a stepwise multiple logistic regression modeling process using the SPSS 

statistics software package.  For comparison, the second version was created using the 

selected significant output predictor variables from the first model and used these 

variables and random locations only inside occupied bear range in a multiple logistic 

regression model in Arc-Info GRID. 

Creation of Analysis Masks to Modify Cost Surfaces 

The effects of using different masks in the LCP modeling were also analyzed.  A 

mask is a grid map of all areas to be excluded from an analysis or set of analyses.  In the 

creation of cost surfaces, some cover types or land uses are often excluded as unsuitable.  

Cost surfaces can include a variety of cover types, landscape features, or land use types 

with a range of suitabilities, or costs, ranging from very high to very low.  Areas that are 

completely unsuitable can be excluded by designating them as no data, which masks 

them out of the analysis so that the LCP function cannot include them within path results.   

Though black bears may occasionally traverse in or through residential areas 

(Maehr et al. 1988; Maehr 1997a), most intensive land uses including residential, 

commercial, and industrial (not including most mining) were considered unsuitable when 

assessing landscape linkages.  However, to examine the effect of different thresholds of 

land use intensity when creating no data masks to apply to cost surfaces, two variations of 

masks were created: one where low density residential land uses (defined as less than 2 

units per 0.4 ha) were not masked and another where it was masked.  In both versions, 

moderate density residential (defined as 2-5 units per 0.4 ha) and all more intensive land 

uses were masked.   
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To test the effects of bottlenecks (areas where suitable lands narrow and are 

surrounded by unsuitable lands) on LCP results within potential landscape linkages, two 

analysis scales were used to delete narrow connections that were surrounded by intensive 

land uses.  The scales used were 3 x 3 cells and a 5 x 5 cells or 7.29 ha and 20.25 ha 

neighborhoods respectively (Figure 3-5).  In the 3 x 3 analysis, any neighborhood with at 

least 2 out of 9 cells with intensive land uses were converted to no data, and in the 5 x 5 

analysis, any area with at least 3 or more cells with intensive land uses were converted to 

no data.  To create both a less conservative mask and more conservative mask: one mask 

with low density residential excluded and a 3 x 3 neighborhood; and the second mask 

with low density residential included and a 5 x 5 neighborhood analysis.   Therefore, for 

each cost surface, 3 variations were created and tested:  

�� Original cost surface with no mask  

�� Low density residential not included in the mask that was modified using a 3 x 3 
neighborhood analysis  

 
�� Low density residential included in the mask that was modified using a 5 x 5 

neighborhood analysis.   
 

Sources and Destinations for LCP Analysis 

Opportunities for maintaining or restoring connectivity were analyzed using all 

cost surface variations to assess landscape linkages between the 5 primary populations of 

the Florida black bear.  Each population is named after the nearest large conservation 

land: Big Cypress (National Preserve), Ocala (National Forest), Osceola (National 

Forest), Apalachicola (National Forest), and Eglin (Air Force Base).  These conservation 

areas were used as the sources and destinations for the LCP modeling (Figure 3-6).  

    After examining the LCP results for all cost surfaces for connections between 

major populations, 3 cost surfaces were selected to assess connectivity to and from areas 
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supporting smaller populations or with the potential to support populations in the future 

(Figure 3-6).  Areas selected to represent and assess these additional landscape linkages 

included the following:  

�� Weekiwachee Preserve, which is a critical part of the small Chassahowitzka black 
bear population  
 

�� Twelve Mile Swamp Conservation Area, which is part of the northeast extreme of the 
St. Johns black bear population found in Volusia, Flagler, St. Johns, and Duval 
counties  
 

�� Lower Suwannee River National Wildlife Refuge, which is in the middle of the Big 
Bend south of the expanding Apalachicola population  
 

�� Goethe State Forest, which is on the south end of the Big Bend  
 

�� Green Swamp Conservation Area, which is a large protected landscape that could 
support a breeding population in the future and might play a significant role as part of 
the bear population in the Chassahowitzka region  
 

�� Myakka River State Preserve, which anchors a large protected landscape to the 
northwest of the Big Cypress population and west of the smaller Highlands County 
population 
 

�� Corbett Wildlife Management Area, which is the anchor of a large protected 
landscape in southeast Florida. 

 
Identifying Florida Black Bear Habitat and Landscape Linkage Opportunities 

 The habitat model results from the first multiple logistic regression and the least 

cost path results for 3 of the Cost Surfaces for all connections between major populations, 

smaller populations, and other destinations (Figure 3-6) were combined to identify the 

best opportunities for protecting a statewide metapopulation of the Florida black bear.  

Bear habitat was identified as all areas with probability values of 0.5 to 1.0 (Mladenoff and 

Sickley 1998; Mladenoff et al. 1999).  The LCPs for Cost Surfaces 8, 13, and 16 were all 

buffered by a total of 5 km, and all contiguous natural, semi-natural, and agricultural land 

uses within the buffer were identified as part of potential landscape linkages. 



 

 

110 
 
 

 

  

Figure 3-5.   Comparison between a 3 X 3 and a 5 X 5 neighborhood for analyzing 
potential bottlenecks.  The 5 X 5 neighborhood with a threshold of requiring 
no more than 2 cells being No Data will result in more narrow bottlenecks 
(less than 270 m wide using 90 m cells) being deleted from the analysis. 
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Figure 3-6.   Sources and destinations for assessing best potential landscape linkages.  All 

cost surface types were used to assess connectivity opportunities between 
primary populations, and 3 cost surfaces were selected to assess 
opportunities to or from small populations and other destinations.  
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Results and Discussion 

Stepwise Multiple Logistic Regression Habitat Model 

 In the first run of the model, distance from large blocks (20,000 ha and larger) of 

protected bear habitat was included as one of the final variables.  However, after creating 

the predictive surface using the beta value outputs of the model, large bear habitat 

conservation areas were considered to have an undesirably strong influence on the model.  

This was based on two considerations.  First, almost all black bear studies conducted in 

Florida have been primarily centered on large blocks of public conservation lands.  

Though such conservation lands are likely the cores for various populations, black bear 

occur regularly on private lands, and several populations are expanding in range and, 

apparently, density on private lands (Thomas Eason, FWC, personal communication).  

Whether the significance in the initial model is a product of the superiority of bear habitat 

on conservation lands or whether it is an artifact of apparent sampling bias is an open 

question.  Furthermore, the results of this regression model were intended as an 

alternative method for creating a cost surface to identify potential landscape linkages.  

Therefore, an additional run of the multiple logistic regression model was completed 

without including conservation lands.  

Seven predictor variables were included in the final model: 

�� Primary and secondary black bear habitat (name of data layer: bhab_37p12arc): This 
is a local and landscape scale variable that identified primary habitat as blocks 15.2 
ha and larger and secondary habitat as all smaller blocks of preferred cover types and 
less preferred cover types within 1 km of primary blocks. 

 
�� Block size of primary and secondary habitat (bhab_37p12_rg): This predictor 

identified contiguous blocks of primary and secondary habitat bounded by major 
roads (in this case, major roads used were all roads with average daily traffic of 2500 
or greater and other road segments with bear road kills).  The value used in the model 
was the patch size modified using a logarithmic transformation due to the large 
variation in patch sizes.  
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�� Major roadless patches (rdless_dotm): Many different types of roadless areas based 

on different road data sets and classes of roads were used in this model.  However, the 
only road data set identified in the final model was major roads maintained by the 
Florida Department of Transportation.   This data set includes interstate highways, 
turnpikes, parkways, state highways, and some county roads.  Roadless area patch 
size was modified using a logarithmic transformation. 

 
�� Forest density (forest_dens_m): This was a landscape scale variable where the 

amount of forest was calculated in a 35 x 35 neighborhood using 90 m cells 
(approximately 992 ha).  The final model selected this neighborhood size over two 
smaller scales: 11 x 11 and 3 x 3.  The values used in the model were the number of 
cells within the neighborhood that contained forest cover. 

 
�� Land use intensity (luse_intsum): This was a landscape scale variable using a 

neighborhood analysis in a 11 x 11 neighborhood using 90 m cells, which is 
approximately a 98 ha area.  Land uses were lumped into 4 categories: natural, which 
was given a value of 0; low intensity and semi-natural, which was given a value of 1; 
moderate intensity including most agriculture and some mining, which was given a 
value of 2, and high intensity including residential, commercial, and industrial, which 
was given a value of 3.  These values were then summed for each focal cell of the 
neighborhood so that the larger the returned value, the more intensive the land use in 
the surrounding area. 

 
�� Bear habitat density (bhab_37p12sum): This variable was created by giving primary 

and secondary habitat the same value (1) and all other cells a 0, and then a 
neighborhood analysis was conducted at the scale of 11 x 11 90 m cell area.  

 
�� Distance from intensive land uses (cat3_int): This variable was created by calculating 

the distance of all cells from the nearest intensive land uses (all residential, 
commercial, and industrial).  Three versions of the analysis were done where all 
patches of intensive land use were used as inputs for the distance calculations, then 
only patches 4 ha or larger, and then only patches 40 ha and greater.  However, the 
model selected the version using all patches regardless of size as most significant.  
The distance values input into the model were modified using a logarithmic 
transformation due to the large variation in distances from intensive land uses.  

 
The equation used to create the predictive surface was: 

Pred_v1 = 1 div (1 + (exp( - (-7.360 + (0.545 * bhab_37p12arc) + (-0.271 * 
bhab_37p12_rg.log) + (0.577 * rdless_dotm.log) + (0.004 * forest_dens_m) + (-0.014 * 
luse_intsum) + (0.005 * bhab_37p12sum) + (0.681 * cat3_int.log))))) 
 
 The model predicted bear occurrence in large forested blocks and where most 

bears are currently distributed, thus it offers a good representation of potential bear 
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habitat (Figure 3-7).  The only important exception may be in south-central Florida where 

some smaller forest blocks surrounded by open habitats and agricultural lands also 

received high probabilities.  Twenty percent (3473 locations) of the black bear telemetry 

locations were not included in the model so they could be used for model validation.  

These locations were much more likely to occur in areas with higher probability values 

than the 2821 random locations that were used for validation (Table 3-20).     

Alternative Model Multiple Logistic Regression Results 
 
 Because the best method for selecting random locations as inputs into the multiple 

logistic regression modeling process was uncertain, an alternative was created.  In the 

alternative, the same final 7 variables were used but random locations were selected only 

within known occupied black bear range.  The new analysis resulted in some changes to 

the variable coefficients used to create an alternative probability surface: 

Pred_v2 = 1 div (1 + (exp( - (-3.676 + (0.485 * bhab_37p12arc) + (-0.285 * 
bhab_37p12_rg.log) + (0.375 * rdless_dotm.log) + (0.002 * forest_dens_m) + (-0.010 * 
luse_intsum) + (0.004 * bhab_37p12sum) + (0.523 * cat3_int.log)))))  
 
 The resulting surface is very similar to the original version (Figure 3-8).  The 

primary difference was that some rural and open natural landscapes received have higher 

probabilities than in the original model.  The best example is in the Everglades in south 

Florida.  This increase in the value in such areas may have significant impacts on the 

results of LCP modeling because it increases the probability that the computer will 

incorporate open landscapes within a LCP.     

The same twenty percent of the black bear telemetry locations (3,473 locations) 

not included in the original model were used for validation of the alternative model.  

Most of these locations are within areas with probability values of 0.75 and higher (Table 

3-21).  Random locations within occupied bear range (2,313 locations) were also kept out 
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Figure 3-7.   Results of the primary version of the stepwise multiple logistic regression 

model.  Probability of occurrence represents the likelihood that a black bear 
would occur at that location. Therefore a value of 0 represents 0% 
probability of occurrence whereas a value of 1 represents 100% probability 
of occurrence.  Habitat quality can be considered to increase as values get 
closer to 1. 
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Table 3-20.  Comparison of occurrences and random locations used for multiple logistic  
regression habitat model validation  

Probability level Percent of bear occurrences Percent of random 
locations 

0.9-1.0 56%   6% 
0.75-1.0 85% 14% 
0.50-1.0 93% 25% 
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Figure 3-8.   Results of the alternative version of the multiple logistic regression model.  

The main difference between the models is that values of lands with very 
low probabilities of occurrence in the original model tend to have elevated 
values in this version.  This can be especially seen in south-central and south 
Florida. 
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of the model for validation.  These random locations occurred much more frequently 

within areas with high occurrence probabilities than the random occurrences used in the 

original model (Table 3-21; Table 3-20).  The number of bear occurrences within the top 

10% dropped from 56% in the original model to 42% in this alternative version.  

However, the number of bear occurrences within the top 25% and 50% increased slightly 

(85% versus 89% and 93% versus 98% respectively).  The number of random locations 

within the top 10, 25, and 50 percent of the model results increased dramatically: 6% 

versus 19%, 14% versus 53%, and 25% versus 73%, respectively.  Overall, these results 

suggest a decrease in the discriminatory power of the model though it is logical that more 

random occurrences would occur in areas with higher probability values when they were 

limited to known bear range.   

Comparison of LCP Results Using Different Intensive Land Use Masks 

  The types of residential development included in a mask and the scale of the 

analysis to delete bottlenecks affected the results for least cost paths between some of the 

bear populations.  A hypothesis for comparing cost surfaces is that differences in 

resulting LCPs will be enhanced in fragmented landscapes versus those that are less 

fragmented.  Fragmented landscapes will contain more areas with low to no suitability. 

Therefore, cell suitability and the differences between cell suitabilities among cost 

surfaces should have more influence on LCP results.   This property appeared to affect 

the results of the LCP analyses when using masks with low density residential included 

versus masks without low density residential.  LCPs varied based on the use of different 

masks for some cost surfaces and especially for the paths between the Big Cypress and 

Ocala populations.    
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Table 3-21.  Comparison of occurrences and random locations used for validation of the 
alternative multiple logistic regression habitat model  

Probability level Percent of bear 
occurrences 

Percent of random 
locations 

0.9-1.0 42% 19% 
0.75-1.0 89% 53% 
0.50-1.0 98% 73% 
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Differences in using no mask, the mask without low density residential and a 3 x 

3 cell neighborhood analysis to delete bottlenecks (the liberal mask), and the mask with 

low density residential and a 5 x 5 neighborhood analysis (the conservative mask) are 

most evident for Cost Surface 1.  In some of the cost surfaces, high intensity land uses 

were already deleted as no data before mask application.  However, in Cost Surface 1, all 

cells within the study area received a value from 1 to 100, and therefore, intensive 

development received very low suitability scores but could be incorporated in a landscape 

linkage.  The LCP for the 3 variations of Cost Surface 1 between the Big Cypress to 

Ocala bear populations followed different routes (Figure 3-9).  The no mask LCP 

followed the two other paths until reaching the area just north of Lake Kissimmee, where 

it diverged from the other two paths by continuing up the Reedy Creek basin, crossing 

through the western Orlando metropolitan area, then the Wekiva River basin to reach the 

Ocala National Forest.  Though this path followed suitable areas throughout much of its 

length, its traversal of western Orlando reduces its feasibility as a potential landscape 

linkage.  Because both cost surfaces were identical, except for the difference in the 

masks, divergences can only be explained by the no mask and liberal mask paths 

traversing residential areas or narrow corridors that could not be followed using the 

conservative mask. 

In comparing the results of the liberal and conservative LCP results for the rest of 

the cost surfaces, only 6 of the 17 cost surfaces had no differences in the LCP results 

including Cost Surfaces 9, 10, 11, 12, 13, and 17.  Four of these 6 cost surfaces (10, 11, 

12, 13) represented versions of Cost Surface 3 and Cost Surface 4, where the original 

values from 1-10 were transformed using the exponential function in ArcView Spatial 

Analyst, which increased the range of cost surface values from 3 to 22026.  When the  



 

 

121 
 
 

 

     
 Figure 3-9.     Comparison of LCP results for the three mask alternatives.  The 

conservative mask LCP is on top of both other paths. 
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liberal and conservative masks were applied to the original Cost Surface 3 and Cost 

Surface 4, LCPs diverged in several locations.  Differences in the performance utilizing 

both masks in Cost Surfaces 3 and 4 versus Cost Surfaces 10-13 suggests that increasing 

the range between high and low suitabilities resulted in greater avoidance of marginal 

areas that were not very suitable landscape linkages for black bear. 

  These comparisons suggest that decisions about what to include in a cost surface 

as highly unsuitable but traversable versus not suitable, and therefore not traversable, is a 

very important consideration.  The intention of LCP analysis is to identify potential 

optimal paths for supporting functional landscape linkages or corridors, and more 

conservative cost surfaces are more likely to produce results that reflect feasible linkage 

options.  In fact, even the conservative mask used in this analysis may not be 

discriminating enough to eliminate all potential bottlenecks that may be unsuitable for 

supporting connectivity.  Based on these results, only the conservative mask was used to 

identify landscape linkage options between bear populations.  

Least Cost Path Results for Landscape Linkages between Major Populations 

 The following descriptions focus on the major patterns found in the LCP results.  

See Appendix C for much more details on comparisons between cost surfaces. 

Big Cypress National Preserve to Ocala National Forest   

The Ocala National Forest and Big Cypress National Preserve were used as the 

source and destination for the LCP modeling (Figure 3-6).  The landscape between these 

populations is the most interesting for testing cost surfaces because it represents the 

longest distance between major populations (approximately 300 km) and is the most 

fragmented landscape regarding bear habitat.  Although successful bear dispersal may 

still be feasible, forest fragmentation and the long distance between these two populations 
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may strongly affect the balance between minimizing path length and cell suitability when 

calculating LCPs. 

There was general correspondence at the regional scale among paths for all 17 

cost surfaces, however, significant differences existed at several locations in potential 

landscape linkages between Big Cypress National Preserve (BCNP) and the Ocala 

National Forest (OCNF) (Figure 3-10).   The most important common characteristic of all 

paths was selection of a northeasterly route from BCNP to OCNF.  There was some 

divergence just north of BCNP, where 4 of the LCPs first headed in a northwesterly 

direction.  However, all LCPs converged in the Fisheating Creek basin, followed two 

primary options north along the Lakes Wales Ridge, then traveled through the Kissimmee 

River basin before branching around Lake Kissimmee both to the north and south of the 

lake.  Almost all of the LCPs then converged through the Big Bend/Holopaw Florida 

Forever Project just north of the Three Lakes Wildlife Management area, followed the 

upper Econlockhatchee River southeast of Orlando, crossed the St. Johns River through 

the Tosohatchee State Reserve and Seminole Ranch Conservation Area, followed the 

Volusia Conservation Corridor/Tiger Bay conservation complex north, and headed west 

through the Lake George State Forest/Lake Woodruff National Wildlife Refuge area to 

reach OCNF.   For more details on the differences between least cost path results for the 

Big Cypress to Ocala National Forest landscape linkage, see Appendix D. 

Ocala National Forest to Osceola National Forest  

 Large swaths of black bear habitat currently connect the Ocala and Osceola 

National Forests.  The straight-line distance between them is less than 100 km, which is 

the shortest distance between the conservation land hubs of each of the five major black 

bear populations.  All LCPs for the 17 cost surfaces followed the same general path  
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Figure 3-10.    LCP results for the landscape linkage options between Big Cypress 

National Preserve (BCNP) and the Ocala National Forest.  The pink lines 
represent all of the LCP results for all 17 cost surfaces.  Line thickness for 
these paths is a function of scale.  The actual width of each cost path is 
only 1 cell width (90 ms) and the width of linkages necessary for 
facilitating connectivity is discussed later. 
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(Figure 3-11).  From the northeast corner of the Ocala National Forest, the route crossed 

through the Caravelle Ranch Wildlife Management Area, the Cross Florida Greenway, 

the Etoniah Creek Florida Forever Project, the southern half of the Northeast 

Timberlands Florida Forever Project, then through the eastern and northern portions of 

the Camp Blanding Military Site.  The most significant bottleneck occurs along US 301, 

where development spreading north from Starke and south from Jacksonville impinges 

on the landscape connections that cross this highway.  The area around US 301 is also the 

site of active and inactive surface mines along the Trail Ridge.  Currently most of these 

sites are open and support heavy machinery where active, and, therefore, may not be 

conducive to bear movement.  The protection of existing habitat on each side of US 301 

and restoration of mining sites are critical issues for securing this linkage.  

 West of US 301 the route crossed either through the northern New River basin 

and associated swamps within the northern boundary, or just north of the Raiford 

Wildlife Management Area, then headed northwest through the Turkey Creek Swamp 

and South Prong Swamp areas to reach the southeast corner of the Osceola National 

Forest.  Though this linkage does not technically have to cross Interstate 10, which 

crosses through the southern portion of the Osceola National Forest, I-10 appears to be a 

barrier to black bear movement with little activity south of the interstate (Jeremy Dixon, 

University of Florida, personal communication).  Facilitation of connectivity between the 

Osceola and Ocala black bear populations may also require future retrofitting of I-10 to 

alleviate any barrier effects.  However, in total, the landscape linkage between the Ocala 

National Forest and Osceola National Forest/Okefenokee National Wildlife Refuge 

appears to provide the best opportunity to support genetic and demographic links between 

major populations.  Based on roadkill data and recent survey information (Jeremy Dixon, 
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University of Florida, personal communication), black bears inhabit lands from the Ocala 

National Forest north through at least the Camp Blanding Military Site.  Though I-10 

may be a barrier to bear movement, there are also some bears between US 301 and 

Interstate 10 (Jeremy Dixon, University of Florida, personal communication).   

Osceola National Forest to Apalachicola National Forest 

 This linkage is the second longest at approximately 160 km.  The landscape 

between these national forests is largely forested, though a bottleneck of agricultural 

lands occurs along the Suwannee River.  The LCPs were clumped into two major 

variations (Figure 3-12).  West of the Osceola National Forest some paths headed west 

and followed the Suwannee River very closely, while others diverged northwest of 

Osceola National Forest to cross through an area of pinelands and swamps west of the 

Pinhook Swamp and the Suwannee River.  Though only part of this landscape was 

included in the Florida Ecological Network, it supports occupied habitat that is confirmed 

by 9 bear roadkills (including two females) since 1994 in the area.  Based on its use by 

bears compared to the Suwannee River option, it may provide a more optimal connection 

than a linkage limited to the Suwannee river corridor.   

 West of the Suwannee River, all LCPs incorporated a critical landscape 

connection to reach San Pedro Bay.  From San Pedro Bay, two routes are followed to 

reach the Apalachicola National Forest.  Although both options are included within the 

Florida Ecological Greenways Network and incorporate areas used by bears based on 

roadkill data, the northern route appears tenuous where it becomes more fragmented just 

south of the Tallahassee urban area.  Existing and future development may preclude the 

feasibility of this option. 
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 Figure 3-11.   The landscape linkage between the Ocala National Forest and Osceola 

National Forest.  The 17 LCPs have a very high level of congruence, 
which follow a continuous route of existing and proposed conservation 
lands from Ocala NF to Camp Blanding and then head northwest through 
the upper New River basin to reach the Osceola National Forest. 
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 Figure 3-12.   LCP results for Osceola National Forest to Apalachicola National Forest 

landscape linkage.  Only two major variations in potential linkage options 
among the LCP results.  Just west of the Osceola National Forest, the 
LCPs either immediately followed the Suwannee River or headed 
northwest and traversed a large pineland and swamp landscape west of 
Pinhook Swamp and the Suwannee River.  All LCPs converged to follow 
the middle portion of the Suwannee River through the Suwannee 
highlands and then diverged west through San Pedro Bay.  At this point, 
most of the paths headed due west to connect to the northeast corner of the 
Apalachicola National Forest through a narrow bottleneck just south of 
Tallahassee.  However, the LCPs from Cost Surfaces 10, 11, and 12 
diverged south and follow the St. Marks National Wildlife Refuge to reach 
the southeast corner of the Apalachicola National Forest. 
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Apalachicola National Forest to Eglin Air Force Base 

The landscape linkage between the Apalachicola National Forest and Eglin Air 

Force Base is the second shortest (approximately 100 km) of the 4 major population 

connections.  The LCPs for the 17 cost surfaces followed two primary routes (Figure 3-

13).  The variation may be explained by the broad coverage of forest within the region 

and a lack of strategically located conservation lands (Figure 3-14).  Although this 

landscape is currently in a rural forested landscape that may support black bear 

movement between these populations, development trends threaten its future.  The St. Joe 

Company, the largest landowner in the region, currently plans massive development in 

the area.   Projects that could significantly affect linkage options include the construction 

of a new airport north of Panama City and a new interstate highway connecting Interstate 

10 to Panama City and other areas along the coast.  Though not currently severe, 

increased development on highway US 231 between Interstate 10 and Panama City could 

also threaten this linkage. 

Assessment of Potential Landscape Linkages between Major Populations and Other 
Bear Populations or Habitat 

 
 Based on analysis of the least cost path results for each cost surface between the 5 

major populations, three of the seventeen cost surfaces were selected to assess linkages 

that might facilitate connectivity between some of the major populations and other areas 

that currently support smaller populations or that may be suitable candidates for 

recolonization (See Figure 3-6).  Such destinations were selected only if the existing 

major landscape linkages did not encompass them, therefore, areas such as Fisheating 

Creek and Tosohatchee Reserve were not included as new destinations (See Figure 3-10). 
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 Figure 3-13.   The LCP results for the landscape linkage between the Apalachicola 

National Forest and Eglin Air Force Base.  There are two major variations 
for the potential landscape linkage.  Most of the paths crossed the 
Econfina Creek Conservation Area and the Choctawhatchee River 
Conservation Area before reaching the northeast portion of Eglin Air 
Force Base.  Cost Surfaces 5, 7, 9, 12-15 took a more southerly route and 
connected to the southeastern corner of Eglin Air Force Base though they 
also crossed the Econfina Creek and Choctawhatchee River Conservation 
Areas. 
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 Figure 3-14.   Forest cover compared to LCP results the Apalachicola National Forest 

and Eglin Air Force Base landscape linkage. The high degree of variation 
among the general pattern followed by the LCPs may be explained by the 
high degree of intact forest cover within the region and no major 
bottlenecks.  
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The Cost Surfaces used were: Cost Surface 8, which was a simplified surface based on 

the bear habitat patch size, distance from intensive development, and distance from major 

roads; Cost Surface 13, which was Cost Surface 4 transformed using an exponential 

function with major roads and water bodies included; and Cost Surface 16, which was 

based on the first multiple logistic regression model.  These 3 cost surfaces represented 

the variety of approaches taken for developing cost surfaces and delineated feasible 

landscape linkages for the major populations.   

The results of these least cost path analyses indicate that there are feasible 

opportunities to maintain or restore connections between the five major black bear 

populations and the remaining smaller populations or additional habitat where bears may 

be restored or recolonize (Figures 3-15; 3-16; 3-17; 3-18; 3-19).  See Appendix E for 

more details on the potential importance of these connections and the differences between 

the LCPs for these landscape linkages. 

 Statewide Black Bear Habitat and Landscape Linkages 

 To delineate a statewide system of black bear habitat and landscape linkages, the 

results for the first multiple logistic regression model and buffered landscape linkages 

were combined.  Instead of using the results of all 17 cost surfaces, the LCPs for Cost 

Surfaces 8, 13, and 16 were selected to best represent linkage opportunities between 

major populations, smaller populations, and other large blocks of potential habitat.  

However, 3 exceptions were made.  First, the LCP for Cost Surface 1 was added to 

demonstrate the Suwannee River corridor option between Osceola National Forest and 

Apalachicola National Forest.  This was done because the results for Cost Surfaces 8, 13, 

and 16, though generally feasible, did not represent the upper Suwannee River corridor, 

which is likely an additional feasible option for connecting the Osceola and Apalachicola  
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 Figure 3-15.   LCP results for landscape linkages between Apalachicola National Forest, 

Lower Suwannee National Wildlife Refuge (LSRNWR) and Goethe State 
Forest (GSF). The LCPs for Cost Surfaces 8 and 13 followed more coastal 
routes to reach the Lower Suwannee River National Wildlife Refuge and 
Goethe State Forest.  The paths for Cost Surface 16 diverged inland to 
follow the interior swamps before heading back to the coast to reach 
LSRNWR and GSF. 
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  Figure 3-16.  The LCP results for the Ocala National Forest to Twelve Mile Swamp 

landscape linkage.  The LCPs for the 3 Cost Surfaces followed the two 
major options from Ocala National Forest before converging in St. Johns 
County.  The paths for Cost Surface 8 and Cost Surface 16 headed from 
the northeast corner of Ocala National Forest and through Dunn’s Creek 
State Park to reach the pinelands and swamps of northern Flagler and 
southern St. Johns County.  The path for Cost Surface 13 left the Ocala 
National Forest south of Lake George and then crossed through Lake 
George State Forest and the Haw Creek Conservation Area before meeting 
the other paths.  Within St. Johns County all of the paths cross several 
bottlenecks along road crossings to reach Twelve Mile Swamp. 
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  Figure 3-17.  The LCP results between Ocala National Forest and the Weekiwachee and 

Green Swamp conservation areas.  The paths for all 3 cost surfaces 
followed similar routes to Lower Suwannee River National Wildlife 
Refuge and Goethe State Forest.  The paths to Weekiwachee Conservation 
Area and Green Swamp Conservation Area were much more variable.  
The two major alternatives included both a coastal route and a route 
following the Cross Florida Greenway, Withlacoochee River, and adjacent 
conservation lands to reach Weekiwachee Conservation Area.  The paths 
to Green Swamp Conservation Area included the Cross Florida 
Greenway-Withlacoochee River route and a path for Cost Surface 13 that 
crossed from Payne’s Prairie State Preserve south through rural lands in 
western Marion County to reach the Withlacoochee River and then Green 
Swamp. 
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 Figure 3-18.   The LCP results for landscape linkages between Weekiwachee 

Conservation Area and the Green Swamp Conservation Area, Goethe 
State Forest, and Lower Suwannee National Wildlife Refuge.  The LCPs 
between Weekiwachee Conservation Area and both Lower Suwannee 
National Wildlife Refuge and Goethe State Forest were very similar.  
Most of the paths followed the complex of coastal conservation lands to 
both destinations.  The LCPs also followed essentially the same path 
through the Chassahowitzka Wildlife Management Area and various tracts 
of the Withlacoochee State Forest to reach Green Swamp Conservation 
Area. 
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 Figure 3-19.   The LCP results between Big Cypress National Preserve and the Green 

Swamp Conservation Area, Myakka River State Park, and Corbett 
Wildlife Management Area.  The paths to Myakka River State Park 
followed the two major options across the Caloosahatchee River before 
heading northwest through the Babcock Ranch Florida Forever Project 
and across the Peace River.  The paths to the Green Swamp Conservation 
Area followed that major alternatives between Big Cypress-Ocala up to 
the Kissimmee River basin.  The paths then followed various options up 
the Reedy Creek basin and across the Lake Wales Ridge to reach the 
Green Swamp.  The paths to Corbett Wildlife Management Area either 
followed the Everglades conservation lands or crossed the Everglades 
Agricultural Area. 
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National Forests.  Two LCPs were not included because they likely represent options of 

low suitability due to large swaths of agricultural land use or potential bottlenecks: the 

LCP for Cost Surface 13 between Ocala National Forest and the Green Swamp 

Conservation Area that traversed western Marion County was not included; and the LCP 

for Cost Surface 16 between Big Cypress National Preserve and Corbett Wildlife 

Management Area that crossed the Everglades Agricultural Area.  Overall these linkages 

represent the major route options for all 17 Cost Surfaces between the 5 major 

populations, smaller populations, and additional habitat areas.   

The multiple logistic regression model and the landscape linkages were combined 

by including all lands with probability values of 0.5 and higher from the habitat model 

(Mladenoff and Sickley 1995) and all connected natural, low intensity, or agricultural 

land within 2500 m of each LCP.  The 2500 m expansion of the LCPs resulted in a 5 km 

buffer for each path.  This buffer does not delimit an absolute width needed to facilitate 

black bear movement nor is it meant to represent the actual boundaries of landscape 

linkages that might be designed and protected in the conservation planning process.  

However, a 5 km landscape linkage is relevant to a wide-ranging species such as black 

bear and is an appropriate estimate of the minimum widths that may be necessary for 

regional scale connectivity (Harris and Scheck 1991; Harrison 1992; Noss 1993; Noss et 

al. 1996).  Finally, bear habitat and the landscape linkages were combined so that 

landscape linkages only show where they do not overlap with habitat meeting the criteria 

of 0.5-1.0 probability (Figure 3-20). 

Approximately 5 million ha of potential habitat had probability values of 0.5 or 

higher in the first multiple logistic regression model.  An additional 680,000 ha were 

within the various landscape linkage options outside of potential bear habitat (Figure 3-
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20).  Of the 680,000 ha, approximately 200,000 ha (29%) were forested (including pine 

plantations) and 145,000 ha were in other natural communities (21%).  Another 116,000 

ha (17%) were in rangeland, shrubland, and other types of semi-natural lands, and 

220,000 ha (32%) were agricultural lands including pasture, citrus, and croplands, with 

approximately 150,000 ha in unimproved and improved pasture.   

The distribution of habitat is obviously biased to the northern half of Florida due 

to the greater predominance of forest (Maehr et al. 2001a; Maehr et al. 2001b).  

Throughout northern Florida the identified landscape linkages are predominantly covered 

by potential habitat.  Although there may be distinct populations centered in the Ocala 

National Forest, Osceola National Forest-Okefenokee National Wildlife Refuge, 

Apalachicola National Forest, and Eglin Air Force Base, the wide distribution of habitat 

suggests that there are multiple opportunities for connectivity between these populations 

(Figure 3-21).  The large area of potential habitat in north Florida also leads to questions 

about why some of these areas are not currently occupied.  With the cessation of the last 

legal black bear hunting in north Florida in 1994 and the likelihood that harvest in the 

recent past may have been high, large public conservation lands may have served as 

relatively stable population cores that are now beginning to respond through population 

expansion (Cox et al. 1994).  Roadkill and other reports collected by the Florida Fish and 

Wildlife Conservation Commission suggest that this may already be occurring north and 

east of the Ocala National Forest, east and west of Apalachicola National Forest, and 

west of Osceola National Forest (Figure 3-21).  

 The only apparent anomaly in the multiple logistic regression model comparing 

known bear populations with potential habitat is the Highlands County population.  

Based on the multiple logistic regression model, very little potential habitat occurs in the 
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Figure 3-20.    Black bear habitat and landscape linkages statewide.  Because of the 

extent of potential habitat in north Florida, landscape linkages between the 
large populations are largely comprised of large blocks of potential 
habitat. 
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  Figure 3-21.  Potential black bear habitat and landscape linkages with population cores 

and roadkills   
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area although the landscape linkages between Big Cypress National Preserve and Ocala 

National Forest traverse the area (Figure 3-22).  Based on roadkill data, this population 

appears to be persisting though blocks of habitat along the southern end of the Lake 

Wales Ridge appear to be very fragmented by citrus groves, other agricultural lands, and 

scattered residential areas.  The status of this population and how bears within it use the 

landscape to meet their life history needs would be a worthy research subject relevant to 

black bear conservation in Florida and to wide-ranging species in general.  In addition, 

because there have not been any studies of this population, telemetry data were not 

available to include in the multiple logistic regression model.  Though the results of the 

model are in keeping with the literature on black bear and resulted in the expected 

importance of patch size, areas without major roads, and other intuitive habitat and 

landscape variables, it is possible that the Highlands population might indicate 

differences in fragmentation thresholds, patch size, landscape configuration, matrix 

quality, etc. that may be instructive for future modeling and habitat conservation efforts. 

 Habitat, Linkages, Conservation Lands, and the Florida Ecological Network 

 Though potential bear habitat and landscape linkages comprise a significant 

portion of Florida’s land area (approximately 41 percent), a high percentage of these 

lands are also within existing and proposed conservation lands.  Approximately 53% of 

the potential black bear habitat and 43% of the potential landscape linkages are within 

existing and proposed conservation lands (Table 3-22; Figure 3-23). 

 Approximately 88% of potential black bear habitat and 66% of the landscape 

linkages are within the Florida Ecological Network (Table 3-23; Figure 3-24).  The 

largest areas of habitat that are not within the Ecological Network are south and west of 

the Osceola National Forest and north and west of the Apalachicola National Forest. 
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 Figure 3-22.   Bear habitat and landscape linkages in south Florida.  Persistence of the 

Highlands black bear population west and northwest of Lake Okeechobee 
is not well represented as large blocks of potential habitat in the multiple 
logistic regression model though the best potential landscape linkages 
between Big Cypress National Preserve and Ocala National Forest 
traverse the area. 
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Table 3-22.  Existing and proposed conservation land statistics for potential black bear 
habitat and landscape linkages 

Class types Land status Acres % of total area 

Potential habitat 

Existing 
conservation 
lands 5,356,102   43 

 

Proposed 
conservation 
lands 1,270,170   10 

 Other private lands 5,967,562   47 
 Total       12,593,834 100 
    

Potential landscape 
linkages 

Existing 
conservation 
lands   481,924   28 

 

Proposed 
conservation 
lands   257,620   15 

 Other private lands   960,944   57 
 Total        1,700,488 100 



 

 

145 
 
 

 

 
 Figure 3-23.   Existing and proposed conservation lands are shown on top of potential 

black bear habitat and landscape linkages.  The biggest gaps in large 
blocks of habitat not within existing or proposed conservation lands occur 
along the Big Bend east of Apalachicola National Forest and between 
Apalachicola National Forest and Eglin Air Force Base in the Panhandle.    
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Table 3-23.  Comparison statistics between potential black bear habitat and landscape 
linkages and the Florida Ecological Network   

Class types 
Florida Ecological 
Network Acres % of Total Area 

Potential habitat 
Within Ecological 

Network     4,407,948  88 

Potential habitat 
Outside Ecological 

Network       629,565  12 
  Total    5,037,513 100 
       
Potential landscape 

linkages 
Within Ecological 

Network      449,062  66 
Potential landscape 

linkages 
Outside Ecological 

Network      231,138  34 
  Total      680,200 100 
       
Outside Habitat and 

Linkages 
Land in Ecological 

Network   2,856,845  68 
Outside Habitat and 

Linkages 
Water In Ecological 

Network   1,332,805  32 
  Total   4,189,650 100 
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 Figure 3-24.   Florida Ecological Network drawn on top of potential black bear habitat 

and landscape linkages.  Areas of potential bear habitat south and west of 
Osceola National Forest and north and west of Apalachicola National 
Forest may be good candidates for addition to the Ecological Network in 
future iterations.  The potential landscape linkages are more coarsely 
represented, and more analysis north of Big Cypress National Preserve 
and southwest of Ocala National Forest is needed to determine the need 
for additions to the Ecological Network in these areas. 
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These areas are logical additions to the Florida Ecological Network when it is revised in 

the near future.  For landscape linkages, the largest discrepancies with the Florida 

Ecological Network occur primarily in south-central and southwest Florida, and 

southwest of the Ocala National Forest near the Withlacoochee River basin.  Though 

some parts of landscape linkages that do not overlap with the Ecological Network may 

also be candidates for addition, the width and the multiple options used to represent the 

linkage opportunities may exaggerate the discrepancies.   

 The Florida Ecological Network includes many areas that are not within potential 

black bear habitat or landscape linkages for bears primarily in south Florida (Figure 3-

25).  This is because of the low percentage of forest cover in much of this area and 

biodiversity protection goals beyond bears that were incorporated within the Florida 

Ecological Network.  In some areas such as along the southeastern coast, formerly vast 

areas of pine flatwoods, scrub, and tropical hammock have been replaced by urban 

development and agriculture.  This is also the case along the southwest coast where urban 

lands, agriculture, and phosphate mines have destroyed much of the pine flatwoods and 

other forests that once dominated.  However, the upper St. Johns River system, the 

Kissimmee River valley, and the Everglades were historically dominated by marshes, wet 

prairies, and dry prairies where hammocks and flatwoods occurred as islands within an 

expansive, more open matrix.  These landscapes are all still very important for 

conservation efforts in the southern half of the Florida peninsula and were therefore 

included within the Florida Ecological Network.  Though bears likely occurred in these 

areas, population densities were also likely much lower than in landscape dominated by 

forest and scrub.  
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Figure 3-25.    Black bear habitat and landscape linkages drawn on top of the Florida 

Ecological Network.  South Florida stands out as the primary area where 
the Florida Ecological is not within potential black bear habitat or 
modeled potential landscape linkages.  The dominance of herbaceous 
wetlands and uplands in the Everglades and Kissimmee River and St. 
Johns River basins, is predominantly responsible. 
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Habitat Connectivity and Potential Bear Population Size 

To determine the extent of large blocks of available habitat, all areas meeting the 

0.5 probability threshold within the first multiple logistic regression model results were 

analyzed.  First, very narrow gaps (less than 200 m) between habitat blocks were 

identified using a neighborhood analysis in Arc-Info and added to the potential habitat 

model.  This was done to close narrow gaps associated with highways that in many cases 

do not represent completely discrete habitat blocks.  Then all connected blocks of habitat 

that were greater than 40,000 ha were identified.  Finally, all blocks of potential habitat 

between 4,000-39,999 ha that were completely or partly within 60 km of the larger blocks 

were also identified.  Sixty km was used as a threshold based on more commonly 

observed dispersal distances for black bears (Cox et al. 1994; Maehr 1997a).  Most 

potential habitat blocks (approximately 80%) meeting these criteria occur from central 

Florida north through the panhandle (Figure 3-26).  The only exception is in southwest 

Florida.  This analysis resulted in one very large block of (habitat approximately 2.9 

million ha) that met these minimal criteria for connectivity including lands from the 

Ocala National Forest to Eglin Air Force Base (Figure 3-27).  The narrowest connection 

within this large block occurs along the upper portion of the Suwannee River. 

The primary blocks of potential habitat (40,000 ha and larger) and the secondary 

blocks (between 10,000-39,999 ha) contain 3,962,282 ha and 460,160 ha respectively.  

Though not all of these areas are currently occupied, they could support from 2211-4422 

bears using a density estimate of 0.05-0.10 bears per km2 (Cox et al. 1994).  However, 

recent work in population cores including the Osceola National Forest-Okefenokee 

National Wildlife Refuge and the Ocala National Forest suggest that densities can be 

much higher (Thomas Eason, Florida Fish and Wildlife Conservation Commission, 
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personal communication), thus the total number of bears that could be supported in 

approximately 4.5 million ha might be much higher.  However, a primary assumption of 

this population estimate is that if current blocks of habitat are maintained, large areas 

currently without bear populations, including the Big Bend coast, lands between 

Apalachicola National Forest and Eglin Air Force Base, lands north of Eglin Air Force 

Base, and lands in extreme northeastern Florida (including Duval and Nassau County), 

will harbor bear populations in the future if population expansion continues. 

Potential Black Bear Habitat, Landscape Linkages, and Development Pressure 
 

The large area of potential black bear habitat and existing opportunities to 

maintain or reestablish connections between populations appear favorable for conserving 

a viable statewide black bear metapopulation in Florida.  However, continued conversion 

of lands to intensive uses and urban and suburban sprawl will result in reduced habitat 

availability and connectivity.  The location of potential future development is just as 

important as amount because development in key locations could easily divide large 

blocks of bear habitat into isolated fragments. 

To predict the potential impact of future development on black bear habitat and 

landscape linkages, future suburban and urban growth from a development prediction 

was compared to potential habitat and landscape linkages (Figure 3-28).  The 

development model was based on geographic features that tend to attract growth (such as 

existing large developed areas, access to major roads, large water bodies, etc.), existing 

development trends based on Department of Revenue tax records, and projected growth 

in each county through 2030 (Teisinger 2002).   
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 Figure 3-26.  Distribution of large black bear habitat blocks statewide 
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 Figure 3-27.   Largest blocks of black bear habitat in Florida.  One very large block 

occurs all the way from the Ocala National Forest, along the upper 
Suwannee River and then west to Eglin Air Force Base.  The next largest 
block is in the Big Cypress region in southwest Florida.    
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 Figure 3-28.   Impact of future development on bear habitat and landscape linkages.  If 

urban and suburban development occurs to the extent and in the spatial 
arrangement predicted, many of the landscape linkages between bear 
populations statewide would either be completely severed or seriously 
threatened.   
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Based on this comparison, the most important threat to Florida black bear habitat 

is fragmentation and isolation of larger habitat blocks and the isolation of smaller 

populations from larger populations (Figure 3-28).  These impacts could include: 

�� Isolation of the Big Cypress population from all populations to the north including the 
Highlands population by development spreading east from along the southwest coast, 
along the Lake Wales Ridge, and around Orlando 
 

�� Isolation of the Highlands population from all other populations and, therefore, 
potential extirpation 
 

�� Habitat loss and fragmentation of the St. Johns population from northern Brevard 
County to southeastern Duval County.  What is now one continuous block of habitat 
could be isolated into 5 smaller, isolated blocks. 
 

�� Reduction of the integrity of landscape linkages between the Ocala population and the 
St. Johns population.  Though the Ocala population may have linkages to some of the 
habitat east of the St. Johns River, much of the habitat currently available there would 
be fragmented as described above.  Also, development could completely sever the 
landscape linkage north of Lake George and threaten the integrity of the landscape 
linkage south of Lake George. 
 

�� The Green Swamp, which may have an important role in securing the 
Chassahowitzka population, would become isolated from all existing populations. 
 

�� The Chassahowitzka population would likely become permanently isolated from all 
other populations and the Green Swamp. 
 

�� Any potential for a direct connection between the Ocala population and the southern 
part of the Big Bend would probably be lost. 
 

�� Though it is probably the best existing connection between major populations, the 
Ocala and Osceola-Okefenokee populations could become separated by development 
spreading southwest from Jacksonville. 
 

�� The integrity of the potential landscape linkage between the Osceola-Okefenokee and 
Apalachicola populations could be threatened by development along the upper 
Suwannee River. 
 

��  Development around Keaton and Dekle Beach south of Perry could sever the 
existing habitat linkage along the coast between the northern and southern portions of 
the Big Bend. 
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�� Development south of Tallahassee could significantly reduce the integrity of the 
landscape linkage through the St. Marks National Wildlife Refuge that currently 
connects the Apalachicola National Forest to additional occupied habitat in the 
Aucilla River basin.  The development would also sever any potential linkages 
between the northeastern portion of the Apalachicola National Forest and the Aucilla 
River basin. 
 

�� Development spreading north from Panama City could threaten the landscape linkage 
between the Apalachicola and Eglin bear populations. 
 

�� Development southeast of Eglin Air Force Base in the Freeport area could destroy the 
southern option of the connection between the Apalachicola and Eglin populations. 
 

�� Development spreading east from Pensacola along Interstate 10 could threaten the 
connection between Eglin Air Force Base and the Blackwater River State Forest. 

 
 This comparison between bear habitat and landscape linkages and predicted future 

development serves as a warning about potential impacts to bear habitat that could have 

an irreversible effect on the amount of available habitat, connectivity between 

populations, and the viability of bear populations across the state during the next 3 

decades.  However, this analysis must also be considered preliminary because the 

development prediction model is considered to be a prototype that will be refined in the 

future based on the availability of funding (Teisinger 2002).  Potential development in 

some areas may be overstated whereas as other areas may be in more danger than 

depicted.  A good example of the latter occurs in the Florida panhandle.  The St. Joe 

Company owns almost all of the private land along the coast between Apalachicola 

National Forest and Eglin Air Force Base.  This company has plans to bring massive 

development to the region and is already building new subdivisions in the area.  The 

company plans the construction of a new airport and adjacent development on 

approximately 30,000 ha north of Panama City, the construction of a new interstate 

highway from southern Alabama to Panama City, and several highway bypasses around 
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coastal development.  New hubs of growth and new transportation facilities can greatly 

affect the results of growth prediction models, and development impacts may be much 

more significant in the panhandle than currently depicted.  Nevertheless, such models are 

useful tools in reserve design and habitat conservation planning and efforts to predict and 

monitor development activities that threaten to destroy and fragment black bear habitat in 

critical areas should be strengthened. 

Conclusions 

Recommendations for Conducting LCP Analyses to Identify Potential Landscape 
Linkages 

 
 LCP analysis using ESRI’s Arc-Info GRID or ArcView is a useful tool for 

analyzing opportunities to protect or restore connectivity between wildlife populations.  It 

is feasible to use landcover data, known migration routes, roadkill information, and other 

data to assess potential landscape linkages.  However, LCP analysis allows the testing of 

simple sets of geographic criteria that may be relevant for facilitating connectivity or 

more complicated models assessing habitat quality and connectivity potential.  LCP 

models may also result in chosen routes that may not be intuitively obvious but may 

become preferred alternatives upon further examination in comparison with landscape 

linkages selected using other methods. 

 Disadvantages of LCP analysis include the limitations presented by the use of one 

cell wide paths.  An algorithm that provided the opportunity to explore a variety of 

minimum widths for corridors and landscape linkages would be more powerful and more 

relevant identifying functional landscape linkages.  In addition, methods for creating cost 

surface values needed to run the LCP algorithm are not well established.  More 
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information is needed to develop ranking methods that are statistically acceptable and 

represent the relative suitability of areas for facilitating animal movement. 

 The following recommendations are provided to guide the application of LCP 

analysis for identifying landscape linkages: 

�� Though there was good correspondence among the results for many of the LCP 
alternatives in this analysis, variations in cost surface and landscape structure resulted 
in some differences in path results.  Therefore, several cost surfaces should be used 
when assessing landscape linkages.  Using only one cost surface may result in 
missing linkage opportunities that may be preferred alternatives or that may be more 
biologically feasible than an intuitively obvious alternative.  The differences between 
including and not including major roads or other potentially important landscape 
features should be investigated in cost surface alternatives.  

 
�� LCP results should always be treated as working hypotheses to be confirmed through 

expert examination.  Such examination may result in the selection of other linkage 
options entirely or modifications of routes selected by LCP analysis. 
 

�� Species movement capabilities and landscape structure should be considered carefully 
when constructing input cost surfaces.  Unless landscape structure suggests otherwise 
(such as in highly fragmented landscapes), a conservative approach to making 
decisions about what should be included as traversable should be adopted.  Land uses 
or land cover types that are unlikely to allow movement should typically be converted 
to no data in cost surfaces so that LCPs avoid them. 
 

�� A method for overcoming the limitation of one cell wide LCPs involves the use of 
neighborhood analyses that can help identify areas not meeting standards for 
minimum connectedness.  In ESRI grid analysis, focal sum functions can be used to 
assess connectedness and bottlenecks at local and landscape scales.  In this analysis 
all final cost surfaces were all modified to delete areas that had less than 23 cells or 
potentially suitable land uses or cover types in a 25 cell neighborhood using 90 m 
cells.  In some cases a more conservative threshold or larger neighborhood size would 
have resulted in different results for several LCPs.  Ideally, such analyses should be 
conducted at a local scale (such as using a 9 to 25 cell neighborhoods) to delete 
bottlenecks not meeting minimum width requirements.  Broad connected areas with 
good habitat quality can also be identified at the landscape scale and given high 
suitabilities in cost surfaces (Hoctor et al. 2002). 
 

�� When roads are included within cost surfaces, the identification of areas most likely 
to provide suitable crossing points such as bridges crossings major rivers or other 
existing structures that may facilitate movement should be considered for inclusion. 
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�� When more complicated models assessing habitat quality and suitability for 
movement are not feasible, simple models using only a few geographic variables 
most relevant to identifying landscape linkages can be used to provide potentially 
useful assessments. 
 

�� Because distance is an important part of the LCP algorithm, increasing the 
differentiation between high and low suitability areas should be investigated.  Based 
on the results of this analysis, a range of at least 4 orders of magnitude (1-1000) 
should be considered.  However, more research on suitable value ranges in cost 
surfaces and the best methods for expanding or stretching value ranges is needed. 
 

�� The applicability of quantitative habitat suitability models should not be overlooked.  
Multiple logistic regression and other methods to develop habitat models with 
statistically valid suitability values may overcome the problem of developing and 
justifying values used in cost surfaces.  However, the assumption that habitat 
suitability and suitability for facilitating movement, though intuitively appealing, 
needs more consideration.  Further, methods for expanding probability values ranging 
from 1-100 into cost surfaces with a more useful range of values as suggested above 
needs more investigation. 

 
 Finally, neutral landscape models (With 1997) may be a useful method for further 

investigation of the interaction between cost surface and landscape structure.  In this 

analysis, representations of real landscapes were used to test the interaction between 

different cost surfaces and landscape structure.  Neutral models would involve the use of 

randomly or systematically generated landscape structures to test how variations in cost 

surface structure affect LCP results.  Such models may provide a more systematic way to 

develop criteria to guide the creation of optimal cost surfaces for identifying landscape 

linkage opportunities. 

Landscape Ecology and a Florida Black Bear Metapopulation 

A regional landscape approach to conservation is based on the thesis that an 

integrated system of reserves would have significantly enhanced function compared to 

current protected areas: 

Connectivity is in many respects the opposite of fragmentation.  A reserve system 
with high connectivity is one where individual reserves are functionally united 
into a whole that is greater than the sum of its parts (Noss 1992, p. 17). 
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A landscape-based approach is essential for effective conservation and management of 

the Florida black bear, because they have large home ranges and need diverse plant 

communities in relatively close proximity to meet seasonal food and cover requirements.  

Black bears also have low reproductive potential, are sensitive to hunting and poaching 

pressure, and come into conflict with humans due to apiary depredations, garbage 

raiding, occasional livestock depredations, etc.  Black bear populations are impacted by 

major roads and high road densities which can cause roadkills, fragment bear habitat, and 

allow access to hunters and poachers.  The Florida black bear is also affected by fire 

regimes in flatwoods and other fire-adapted habitat types, and natural fire regimes are 

best generated in large, intact landscapes and over long temporal scales (Harris et al. 

1996a; Gordon et al. 1997).  Large, connected, and well-buffered reserves are easier to 

manage with prescribed fire than small reserves surrounded by urban land.  Bears are 

capable of using managed landscapes such as pine plantations, and effective integration 

of core areas and buffer zones is a useful conservation strategy for bears and other wide-

ranging species (Harris 1984; Noss et al. 1996).   

Before the advent of cities, roads, housing developments, and large agricultural 

areas that characterize human-dominated landscapes, bears roamed freely across a 

landscape that included vast forests and sub-optimal habitats such as extensive marshes 

and prairies in south Florida.  Even in such marginal habitats, stepping stones and 

corridors of suitable habitat occurred.  Within sandhills, scrub occurred in patches and 

linear strands.  In and of themselves, these patches were probably insufficient to support 

viable populations, but they likely experienced repeated colonization or provided 

seasonal habitats within a larger, interconnected landscape.  River systems provide
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another example of landscape connectivity (Harris 1984; Harris et al. 1996b).  The 

Withlacoochee River begins in the Green Swamp and runs between two ridge systems 

that once supported vast sandhills.  The river incorporates several large expanses of 

swamp before emptying into the Gulf of Mexico and connecting with a vast forest of 

flatwoods, swamp, and hammock along the coast.  Though bears likely crossed sandhills, 

rivers constituted natural dispersal corridors through the landscapes of north-central 

Florida.  Such river systems in Florida probably served to promote access to seasonal 

food supplies and genetic interchange throughout much of the state.  

The Florida black bear used to be found in one large, interacting population, but is 

now relegated to 5 larger and several smaller populations that, at best, may interact as a 

metapopulation (Levins 1970; Maehr et al. 2001a).  Some populations may be completely 

isolated (such as the Big Cypress and possibly the Chassahowitzka populations), but 

several populations are likely linked through at least some dispersal.  The Ocala and 

Okefenokee/Osceola populations may have enough interaction to be considered one 

population (Wooding et al. 1994; Jeremy Dixon, University of Florida, personal 

communication).  However, recent conservation recommendations for the Florida black 

bear focused on protecting habitat only around the five largest populations to provide 

additional security (Cox et al. 1994).   

In several cases, the recommended Strategic Habitat Conservation Areas for the 

Florida black bear include landscape linkages (Cox et al. 1994).  The recommendation for 

the Okefenokee/Osceola population includes Pinhook Swamp, which ensures the 

protection of a landscape linkage between the Osceola National Forest and the 

Okefenokee National Wildlife Refuge.  The recommendation for the Eglin population 
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includes protecting habitat linkages between Air Force property, the Blackwater River 

State Forest, and Northwest Water Management District lands along the Choctawhatchee 

River.  The Ocala recommendation includes habitat linkages from the Ocala National 

Forest to the Wekiva River conservation lands complex, which contains a high density 

bear population (Roof and Wooding 1996), and across the St. Johns River to bear habitat 

on private timberlands and the Tiger Bay conservation lands complex found in Flagler 

and Volusia counties.   

The recommended Strategic Habitat Conservation Areas are essential to 

effectively conserve the Florida black bear.  However, there are other opportunities that 

would enhance these conservation recommendations.  Cox et al. (1994, p. 60) suggested 

that the smaller populations such as Chassahowitzka and Highlands County are too small, 

potentially too isolated, and too threatened by encroaching development to warrant 

conservation attention: 

The chances of an area supporting a stable population without recurring 
immigration is another criterion that should be used to evaluate minimum habitat 
conservation priorities.  The level of immigration required to sustain some of the 
smaller populations described may be achieved through the establishment of 
habitat corridors, but required immigration rates may also be higher than habitat 
corridors alone can provide.  The small populations described for Chassahowitzka 
National Wildlife Refuge, Durbin and Twelve Mile swamps, Green Swamp, and 
other areas would also require major new land conservation efforts in order to 
provide a sufficient habitat base to sustain these populations for acceptable 
lengths of time. 

 
This strategy will most likely ensure the loss of the smaller populations/subpopulations, 

unless land-saving actions are taken quickly to protect or restore components of the 

Florida black bear metapopulation.  However, there are not unlimited funds, time, nor 

political will to protect everything (Simberloff et al. 1992; Cox et al. 1994), and options 

must be weighed carefully including detailed assessments of opportunities for 
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connectivity and for conserving biological diversity (Noss et al. 1996; Beier and Noss 

1998; Dobson et al. 1999). 

Recent trends in land conservation in Florida black bear habitat suggest that 

efforts to conserve the smaller populations may be feasible.  The state recently closed on 

a 24,000 ha acquisition and easement project in the Fisheating Creek basin with the 

Lykes Brothers Corporation. An additional 32,000 ha conservation easement in the same 

area is planned.  This project protects habitat that is essential to the Highlands bear 

population because it secures an important part of existing habitat while protecting 

connectivity with the larger population south of the Caloosahatchee River.  Through 

efforts of The Nature Conservancy, over 40,000 ha of land has recently been added to the 

Florida Forever Program between Big Cypress National Preserve and the 

Caloosahatachee River that is essential for the conservation of the Florida panther but 

will also facilitate demographic connections between the Big Cypress and Highlands 

populations.  

A conservation coalition including The Nature Conservancy is working with large 

landowners in southern Duval and St. Johns counties to protect a conservation network 

that may help maintain a bear population in the Durbin and Twelve Mile Swamp area 

despite ongoing development in the region.  The Nature Conservancy has also established 

a conservation partnership with Eglin Air Force Base, Georgia-Pacific, Blackwater River 

State Forest, and the Conecuh National Forest in southern Alabama to integrate 

conservation and land use activities to conserve biological diversity in that region.  These 

efforts include securing habitat connections such as the resuscitated Yellow River 

Ravines Florida Forever Project that may support the expansion of the Eglin bear 
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population and provide connectivity to a small population of Florida black bear in 

southern Alabama (Dusi and King 1990). 

Recent demographic trends provide optimism for future bear metapopulation 

management in Florida.  Roadkill distribution suggests that the Apalachicola population 

is expanding to the east and south through coastal and riverine conservation lands and 

private timber lands in the Big Bend.  Existing conditions and recent experiments in the 

Lower Suwannee River National Wildlife Refuge and surrounding lands indicated that 

the area could support a bear population (Wooding 1995, 1996).  An adult male bear was 

recently captured on the Goethe State Forest in the southern Big Bend and exhibited a 

stable home range (Dave Maehr, University of Kentucky, personal communication). 

Wooding et al. (1992) documented the movements of an adult female to Alabama, and 

more recently a subadult bear from the Eglin population moved to Alabama (M. 

Sunquist, University of Florida, personal communication), suggesting a dispersal linkage 

between northwestern Florida and southern Alabama.  A relocated adult male bear 

recently traveled approximately 130 km from Putnam County to Brooksville (the Greater 

Chassahowitzka Ecosystem population) through a fragmented landscape (Smith 2001). 

Thus, the idea of a Florida black bear metapopulation is more than an armchair 

hypothesis.  

The most common argument by those unconvinced of the importance of 

landscape connectivity is that there is little evidence that corridors work (Simberloff et al. 

1992).  Corridor and connectivity experiments are especially difficult to conduct at scales 

relevant to wide-ranging species.  Though evidence is accumulating, there is still a dearth 

of information on corridor function (Beier and Noss 1998).  However, observations of 
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large carnivore movement across naturally and culturally fragmented landscapes, provide 

ample evidence of corridor use (Maehr 1990, Harris and Sheck 1991; Beier 1995; Beier 

1996; Noss et al. 1996; Duke et al. 2001).  Kellyhouse (1977) and Weaver et al. (1990) 

found that black bears used riparian strips to move within fragmented landscapes.  In 

agricultural landscapes, bears often restricted movements to linear wooded areas such as 

ravines, shelterbelts, and riparian zones (Klenner 1974; Weaver et al. 1990).  Where 

suitable cover was limited in a naturally fragmented landscape, bears used vegetated 

canyon corridors to make seasonal forays (Mollohan and Lecount 1989; Onorato and 

Hellgren 2001).  Beecham (1983, p. 411) concluded that: 

migration corridors [are] . . . critical in maintaining black bear numbers.  
These corridors tend to funnel dispersing subadult bears through the area, 
masking the influence of hunting on population size.  If the migration 
corridors are not maintained, a significant decline in bear numbers can be 
expected unless hunting pressure is reduced. 
 
A strategy that emphasizes broad landscape linkages and maintaining landscapes 

with low-intensity land uses will generally be more successful in providing connectivity 

between bear populations than a system of narrow corridors.  This view is supported by 

Noss et al. (1996, p. 958-959), who reviewed and discussed the application of landscape 

conservation techniques for large carnivores: 

Collectively these data suggest that in most cases connectivity will be best 

provided by broad, heterogeneous linkages, not narrow, strictly defined corridors. . . . 

With these in mind, biologists have recommended the retention or restoration of wide 

habitat linkages between population centers for large carnivores. . . reserves play vital 

roles in these networks, but so does the surrounding semi-natural matrix.  The regional 

landscape must be considered and managed as a whole. 
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Connectivity beyond Bears 

Some suggest that instead of protecting linkages and pursuing a connectivity 

approach, intensive management such as translocation should be used to simulate natural 

gene flow (Simberloff et al. 1992).  However, this view misses the point that 

conservation of biological diversity transcends individual species, as suggested by Soulé 

and Terborgh (1999, p. 200): 

Humans and nature can coexist, but peaceful coexistence cannot come 
about under present conditions. The revival and survival of nature across 
North America will require the establishment of a network of large nature 
reserves. Large areas managed for biodiversity are needed to ward off a 
host of ecological pathologies. Through conservation-oriented 
management of extensive core and multiple-use areas, the vital abiotic and 
biotic processes that sustain biodiversity can be perpetuated.  
 
The protection of ecological and evolutionary processes such as herbivory, 

migration, dispersal, gene flow, and predation are also important components of effective 

biodiversity conservation.  A landscape approach is an essential part of meeting these 

conservation objectives.  It should be the goal of wildlife managers to conserve systems 

that sustain natural processes including evolution, a notion that is at least as old as The 

Wildlife Society (Bennitt et al. 1937, Maehr 2001).  Corridors and landscape linkages 

serve many other functions beyond providing a functional metapopulation for the Florida 

black bear.  Bear movement is only a part of a landscape-based approach to conserve 

biodiversity through the maintenance or restoration of natural landscape patterns and 

processes. 

The black bear plays a role in ecosystem dynamics.  Black bears may improve the 

germination of seeds that pass through their digestive tracts (Rogers and Applegate 1983; 

Maehr 1984a).  Bears may also be particularly important seed dispersers of heavier fruits 
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that cannot be carried by birds (Rogers and Applegate 1983).  Therefore, though it is 

extremely important to design a conservation strategy for the black bear that will protect 

viable populations, it may also be advisable to maintain smaller populations and facilitate 

movement into smaller habitat patches where their ecological services can be provided.  

Reserves that do not have bears are missing an important ecological component. 

Riparian corridors could be an important part of a linkage system that targets 

bears.  They tend to have diverse flora and fauna, are highly productive, and can serve as 

important buffer zones to protect hydrological processes and water quality (Schaefer and 

Brown 1992).  If wide enough, these areas can also serve as important habitat for forest 

interior bird species and cavity nesters (Harris 1988).  Riparian strips also serve as 

important habitat and as corridors for other wide-ranging species including otters (Harris 

1988).  

The protection or restoration of landscape connectivity for Florida black bear will 

also have important benefits for the Florida panther.  Panthers have even larger habitat 

requirements than do bears, and it is extremely unlikely that any one core in Florida will 

be capable of supporting a viable population (Cox et al. 1994; Maehr et al. 2001b).  

However, a strategically connected reserve system might facilitate population expansion 

critical for increasing viability (Harris and Gallagher 1989, Harris et al. 1996b; Maehr et 

al. 2001b; Maehr et al. 2002a; Maehr et al. 2002b).   

As a flagship and umbrella species the black bear can be an important catalyst for 

protecting a statewide, integrated system of reserves that will benefit many native species 

that are sensitive to habitat fragmentation (Cox et al. 1994).  Though managers must 

realize that umbrella species will never cover the habitat needs for all species (Caro and 
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O'Doherty 1999), "It is highly probable that if we can maintain a region's capability for 

supporting bears, we will also have achieved the greater goal of maintaining the earth's 

biodiversity (Schoen 1990, p.152)." 

Landscape Conservation Opportunities 

The potential for creating an interconnected system of reserves for black bear 

conservation is very good.  Habitat availability in the northern half of Florida suggests 

that there are still ample opportunities to protect and restore connectivity between major 

populations, smaller populations, and areas where populations could recolonize.  In 

addition, there are a number of active Florida Forever and other land conservation 

projects that can enhance connectivity of Florida black bear populations.  Probably the 

most significant for maintaining existing connectivity between large populations is the 

landscape linkage between the Osceola-Okefenokee conservation complex and the Ocala 

National Forest.  The Etoniah Creek Florida Forever Project and the southern portion of 

the Northeast Florida Timberlands Florida Forever Project are essential pieces of this 

linkage.  To complete the linkage to the Osceola National Forest, a span of 10 km 

between Camp Blanding and the Raiford Wildlife Management Area (WMA) to the west 

would need protection.  Finally, the Raiford WMA is connected to the Osceola National 

Forest by a private WMA (Lake Butler).  To ensure protection of this area, a stronger 

form of protection such as an easement or other incentive needs to be considered.  This 

proposed corridor is a large landscape linkage containing a mosaic of flatwoods, pine 

plantations, forested wetlands, riparian hammocks, scrub, and sandhill of over 80,000 ha 

that already supports a bear population throughout much of the area between Osceola--

Okefenokee and Ocala National Forest. 
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There is also an opportunity to protect linkages from Ocala National Forest to 

southern Duval County and to northern Brevard County.  This region represents an 

expanse of over 400,000 ha of occupied and potential bear habitat (Cox et al. 1994), 

though less than 10% of this area is in public ownership.  Therefore, if the linkages 

between the Ocala National Forest and the St. Johns bear population are to be protected, 

the best strategy would be conservation easements or agreements with industrial forest 

companies.  Such action will need to occur quickly due to development pressure from 

Orlando, Jacksonville, Daytona/Ormond Beach and St. Augustine.  Based on currently 

available habitat, it would be feasible to protect 4 larger core areas (approximately 

40,000-80,000 ha each) from north to south that could be connected by corridors from 3-

8 km in width and 8-16 km long ranging from southeastern Duval County to northern 

Brevard County.   Protection of this landscape may also enhance the survival probability 

of a small bear population in the Tosohatchee State Reserve in eastern Orange County 

(Cox et al. 1994).  Connectivity between the Ocala population and the large habitat area 

east of the St. Johns River is dependent on the maintenance of two linkages across the St. 

Johns River, which were both included in the Strategic Habitat Conservation Area 

recommendation for the Ocala population (Cox et al. 1994). 

The panhandle and the Big Bend region provide opportunities to enhance the 

Apalachicola population with linkages to other populations.  The Big Bend supports at 

least 600,000 ha of potential bear habitat based on this analysis and the estimates of Cox 

et al. (1994).  It also contains a number of coastal state and federal conservation lands.  

Inland of these conservation projects is a vast landscape of pine plantations, forested 

wetlands, and shrub swamps associated with the headwaters of the Aucilla River, San 
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Pedro Bay, Mallory Swamp, the Suwannee River, and Goethe State Forest.  Although 

much of the area is intensively managed, it has very few paved roads and very low 

human population densities.  As is suggested by the apparent growth of the Apalachicola 

bear population, this entire region could support a large bear population distributed from 

the Apalachicola National Forest to Goethe State Forest.  Though it is likely that females 

will slowly colonize to the south, the Florida Fish and Wildlife Conservation 

Commission should consider more reintroductions of females as was done in the Lower 

Suwannee National Wildlife Refuge (Wooding 1996).   

The Goethe State Forest may be the strategic link for restoring connectivity to the 

small Chassahowitzka population (Maehr et al. 1999).  The long-term viability of the 

Chassahowitzka population may depend on such connectivity to a large, stable 

population. Though much of the land between occupied range in the Greater 

Chassahowitzka Ecosystem and Goethe State Forest is protected, there are gaps and 

bottlenecks that need protection (i.e., near Homosassa and Crystal Rivers, the Crystal 

River power plant, the mouth of the Cross-Florida Barge Canal, and the Withlacoochee 

River).  However, development in this region is rapid and habitat and corridor protection 

efforts will have to happen in the near future.  The Florida Fish and Wildlife 

Conservation Commission should also consider restoring a bear population in the Green 

Swamp.  My analysis suggests that there are over 60,000 ha of high quality bear habitat 

within the Green Swamp Conservation Area.  Re-establishment of a population in the 

Green Swamp, coupled with the protection of key corridors, could create a functional 

metapopulation in the Chassahowitzka region.  A Green Swamp population may also 
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serve as a key node linking the Southwest Florida bear population with conspecifics to 

the north. 

Protecting a landscape linkage between the Apalachicola and Osceola National 

Forests is the best opportunity for connecting bear populations in the panhandle to those 

in central Florida.  The Osceola-Okefenokee population and the Apalachicola populations 

could be connected from the Econfina River basin and San Pedro Bay to Osceola 

National Forest via the Suwannee River and possibly the matrix of mixed agricultural and 

forestry lands north of the Suwannee. 

Two broad, fairly intact landscapes could provide connectivity between the 

Apalachicola, Eglin, and southwest Alabama populations.  The maintenance of existing 

private forest lands and the protection of riparian habitat along major rivers and creeks in 

the region may be sufficient to facilitate these linkages.  However, increased development 

pressure in this region through plans of the St. Joes Development Corporation may 

threaten the viability of these landscape connections in the near future. 

The most isolated core population of Florida black bear is found in southwest 

Florida, and efforts to restore connectivity with other bear populations may be difficult.  

However, the re-establishment of small bear populations and connectivity in south-

central Florida may be feasible in concert with other statewide and regional conservation 

efforts.  The highest priority for this population is the protection of the landscape linkage 

between the Big Cypress core population and the Highlands County subpopulation.  

Completion of the Fisheating Creek basin conservation project and protection and 

restoration of habitat between Big Cypress National Preserve and the Caloosahatachee 

River are essential.   Further northwest, efforts to protect lands and reforest phosphate 
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mines in the Myakka and Peace River River basins could provide additional habitat and a 

linkage to the Green Swamp.  To the north and northeast land acquisition in the 

Kissimmee and upper St. Johns River basins may provide the best opportunities for 

connectivity.  An examination of land use/land cover data for the region between 

Highlands County and Tosahatchee State Reserve shows a mosaic of rangelands, pine 

flatwoods, and forested wetlands that could support a low density bear population or the 

possibility of dispersal by sub-adults.   Securing the existing Florida Forever and WMD 

land acquisition projects such as Bombing Range Ridge, Big Bend/Holopaw, and the 

Econ Mosaic as well as working on additional conservation easements and agreements 

with large ranches could reestablish connectivity between south and central Florida for 

both the black bear and the panther. 

Research and Policy Priorities for Protecting a Statewide Florida Black Bear 
Metapopulation 

 
The Florida Fish and Wildlife Conservation Commission and the University of 

Florida are currently investigating bear status and the genetic composition of bear 

populations in several key areas including east of the Ocala National Forest and between 

the Ocala and Osceola National Forest (Thomas Eason, Florida Fish and Wildlife 

Conservation Commission, personal communication; Jeremy Dixon, University of 

Florida, personal communication).  Such research should be expanded to other areas such 

as between Apalachicola National Forest and Eglin Air Force Base, west of Osceola 

National Forest, and between Big Cypress National Preserve and the Highlands 

population.   

Multiple logistic regression or other quantitative approaches for evaluating 

Florida black bear habitat should continue to be investigated and refined.  In addition, a 
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quantitative habitat model could be incorporated into a spatially explicit population 

viability model to assess population viability and the implications of connectivity 

between populations (Noss et al. 2002).  

More information on the design criteria for protecting landscape linkages is also 

needed.  Though general guidelines for linkage widths and composition have already 

been discussed, the relationship between linkage width and length, internal composition, 

context, etc. need to be further explored to the degree that opportunities and limitations 

presented by landscape level experimentation allow (Beier and Noss 1998).  One option 

that should be considered is to target subadult bears and possibly relocated bears for radio 

and satellite telemetry research.  Such animals are most likely to disperse long distances 

and detailed information of movement across landscapes would be helpful for 

strengthening criteria for protecting landscape linkages between populations. 

Highways are critical challenges for protecting a statewide black bear 

metapopulation.   Major highways cross most of the landscape linkages between 

populations as well as most of the conservation areas that currently support bears.  

Retrofitting existing highways that cross bear habitat and landscape linkages to facilitate 

bear movement is essential.  Plans to widen many of the east-west state roads across the 

Florida peninsula and proposed highways need increased scrutiny regarding their 

potential impact on the Florida black bear.  Plans should be altered to avoid impacts first, 

and elevated bridge spans and other structures should be built to facilitate movement on 

road projects where impacts cannot be avoided. 

Research to determine how bears interact with various highway types and traffic 

levels and on designs and placement of crossing structures that will facilitate movement 
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under or over highways needs to be continued and expanded.  The Florida Fish and 

Wildlife Conservation Commission is currently conducting a study within the Ocala 

National Forest to document black bear movements in relation to State Road 40 that 

bisects the national forest.  The University of Florida has already identified priority 

locations for retrofitting existing roads statewide to mitigate wildlife impacts and is 

investigating the use of existing structures such as culverts by wildlife including bears 

(Smith 1999; Dan Smith, University of Florida, personal communication).  This research 

should be compared to the results of the LCP results to determine whether additional 

priority areas for crossing structures should be established and whether bears are already 

using existing structures within potential landscape linkages.   

Though more research would be useful, this research indicates that there are still 

ample opportunities to restore and protect and statewide population of the Florida black 

bear.  This would appear remarkable for a state with such a large and growing human 

population, but Florida’s large conservation areas and existing pattern of land use can still 

support a statewide metapopulation.  The habitat and landscape linkage analyses also 

confirm that the Florida Ecological Network represents black bear conservation priorities 

well.  Efforts to protect critical landscape linkages within the Ecological Network 

(Hoctor et al. 2002) will also secure the most important linkages between bear 

populations.  Effective conservation of the Florida black bear will require protection and 

management at the landscape scale.  Florida has a strong foundation for ensuring the 

protection of a viable black bear metapopulation, and conservation efforts for bears may 

serve as an important flagship for protecting and restoring functional landscapes across 

the state.  



 
 
 
 

 
CHAPTER 4 

ECOREGIONAL PLANNING FOR BIODIVERSITY CONSERVATION IN THE 
FLORIDA PENINSULA 

 
Introduction 

 
The Nature Conservancy’s mission is the conservation of biological diversity 

worldwide.  Since 1951, The Nature Conservancy has primarily worked to accomplish 

this mission by identifying areas with rare plant and animal species and conserving them 

by working with private landowners and using management agreements, conservation 

easements, and fee simple acquisitions.  As the science of biodiversity conservation has 

evolved, The Nature Conservancy has modified and expanded its strategies and methods.  

The increasing importance of systematic reserve design and landscape ecology has 

strongly influenced conservation biology over the last three decades (Sullivan and 

Shaffer 1975; Harris 1984; Noss and Harris 1986; Forman 1995; Harris et al. 1996b; 

Noss 1996; Meffe and Carroll 1997; Margules and Pressey 2000; Poiani et al. 2000).  In 

response, The Nature Conservancy has developed a planning methodology called 

ecoregional planning in an attempt to systematically identify all of the areas needed to 

effectively conserve biodiversity throughout the United States and other selected 

locations across the globe (Groves et al. 2002; Groves et al. 2002).  

Ecoregions are intended to be large geographical areas with common ecological 

characteristics including geology, climate, and biota, and are logical units of analysis for 

identifying the areas needed to conserve biodiversity (Omernik 1995; Bailey 1996).  Over 

the last 5 years, The Nature Conservancy has been in the process of developing 
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ecoregional plans for every ecoregion within the United States based on a slightly 

modified version of Bailey’s (1996) ecoregional classification system for the United 

States.  Although the methodology has varied across ecoregions based on available data, 

analytical capabilities, and evolving guidelines, ecoregional planning includes the 

identification of all areas needed to conserve viable populations of all species on 

conservation interest, all natural communities, and functional or restorable landscapes in 

each ecoregion.  

Florida is split among 4 different terrestrial ecoregions (Figure 4-1).  Two of these 

ecroregions, the East Gulf Coastal Plain and the South Atlantic Coastal Plain, contain 

multiple states.  Their plans were conducted in team efforts involving multiple state 

offices and regional staff of The Nature Conservancy.  The Peninsular Florida and 

Tropical Florida ecoregions are both completely within Florida, and the Florida Chapter 

of The Nature Conservancy was in charge of conducting and completing the ecoregional 

plans.  

The Peninsular and Tropical Florida ecoregions provide a great opportunity to 

take advantage of detailed biodiversity and ecological assessments in a state known for 

its conservation efforts.  Florida has a very rich natural heritage that is threatened by 

continued habitat loss and fragmentation from residential, commercial, industrial, and 

agricultural development.  Florida is fourth highest in native species among all states in 

the United States and ranks third in the number of species listed as threatened or 

endangered by the U.S. Fish and Wildlife Service.  Florida supports at least 3,500 native 

plant species (235 of which are endemic), 126 fish species (7 endemic), 57 species of 

amphibians (6 species/subspecies endemic), 127 reptiles (37 species/subspecies 
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 Figure 4-1. Boundaries of the four ecoregions in Florida  
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endemic), 283 bird species (7 endemic subspecies), 75 mammal species (58 

species/subspecies endemic) and countless invertebrates (with at least 410 known to be 

endemic).  At least 117 species or subspecies – nearly 17% of all native fauna – are 

thought to be in danger of extinction (Florida Biodiversity Task Force 1993).   

In response, Florida has developed a tradition of land protection that has included 

various efforts to strengthen the knowledge base used to determine land conservation 

priorities.  Larry Harris and Reed Noss identified reserve design conservation strategies 

and priority areas in a series of papers in the 1980s (Harris 1985; Noss and Harris 1986; 

Noss 1987b; Harris and Gallagher 1989; Harris and Scheck 1991; Harris and Atkins 

1991).  In 1990, The Nature Conservancy organized a mapping charrette of experts to 

identify the highest priority areas for conservation to guide the Florida Preservation 2000 

land acquisition program.  Since then several data collecting efforts and spatial analyses 

have significantly enhanced conservation planning efforts.  Florida Natural Areas 

Inventory (FNAI) has collected and maintained a large element occurrence database of 

species and natural communities that is critical to state and ecoregional planning.  In the 

early 1990s FNAI also used high-resolution aerial photographs to identify potentially 

significant natural areas statewide.  The Florida Fish and Wildlife Conservation 

Commission has compiled more than a decade of strategic work to identify priority 

habitats for protecting viable populations of species and important natural communities 

(Cox et al. 1994; Cox and Kautz 2000; Kautz and Cox 2001).   Their combination of 

habitat models with analysis of population viability to identify additional lands that need 

protection created a sound foundation for conservation efforts in Florida and also served 
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as one of the primary inspirations for the development of The Nature Conservancy’s 

ecoregional planning initiative (Groves et al. 2000).   

The state of Florida created a greenways program to develop a recreational trails 

network but also to identify and protect an ecological network that would functionally 

connect the major existing conservation lands and other areas of ecological significance 

across the state.  The University of Florida has been working with the Florida Department 

of Environmental Protection since 1995 to identify and protect the network now termed 

the Florida Ecological Network.  The Florida Ecological Network identifies critical areas 

needed to protect landscape connectivity for wide-ranging species such as the Florida 

panther (Puma concolor coryi) and black bear (Ursus americanus floridanus) and the 

long-term viability of biodiversity, which is another critical contribution to ecoregional 

planning.     

Finally, as part of Florida’s new land acquisition program, Florida Forever, the 

Florida Natural Areas Inventory is responsible for assessing the importance of existing 

and proposed land acquisition projects for meeting the program’s biodiversity and other 

conservation goals.  Additional and updated species data layers have been created as part 

of their Florida Forever Needs Assessment (Florida Natural Areas Inventory 2000). 

The conservation planning process for the Peninsular and Tropical Florida 

ecoregions takes advantage of this wealth of available biodiversity information with the 

goal of effective biodiversity conservation despite ongoing development and habitat 

fragmentation.  The process incorporates analysis at multiple spatial scales and levels of 

biological organization while emphasizing planning and implementation at the regional 
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and landscape scale to identify and protect the portfolio of sites necessary to conserve all 

components of biodiversity. 

Description of the Florida Peninsula Ecoregion 

Covering approximately 3 and-a-half degrees of latitude, the Florida Peninsula 

Ecoregion includes areas having a temperate flora and fauna characteristic of the 

Carolinian Biotic Province in its northern reaches to species and communities with 

definite tropical affinities of the Caribbean Biotic Province at its southern limit (Myers 

and Ewel 1990; Figure 4-2).  Encompassed by the Gulf of Mexico on its west and the 

Atlantic Ocean (and the Gulf Stream) on its east, the ecoregion supports hundreds of 

kilometers of coastline.  The Florida Peninsula Ecoregion experiences very few freezes 

during the winter and warm temperatures in summer.  The entire peninsula is 

characterized by relatively high rainfall averaging 165.1 cm per year.  The natural 

communities and species are shaped by several dominant forces: pronounced wet and dry 

seasons, once frequent fires that swept unimpeded for kilometers across the landscape 

(and other large-scale disturbance factors such as hurricanes), a high water table, mucky 

or peaty soils that have developed in numerous depressional features in a karst, 

limestone-based substrate, a relatively flat terrain where even slight changes in 

topography can dramatically influence the kind of community that develops and 

generally infertile, moderately to excessively well-drained sandy soils on several 

prominent ridge systems that run parallel to the coastlines (Myers and Ewel 1990).   

Major river systems include the St. Johns River, Kissimmee River, Peace River, 

Withlacoochee River, and Ocklawaha River.  The Green Swamp, an extremely large 

wetland basin west of Orlando, is the source of the Peace, Ocklawaha, and  
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 Figure 4-2.  Boundaries of the Florida Peninsula and Tropical Florida Ecoregions  
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Withlacoochee Rivers.  The Peninsula Florida Ecoregion is also the heart of Florida’s 

lake region, with approximately two-thirds of Florida’s lakes occurring within the 

ecoregion’s boundaries. 

Upland areas in the northern portion of the ecoregion support a large, although 

now fragmented, area of upland hardwood forest that extends southward to just north of 

the Tampa Bay area on the central Gulf Coast.  Several high ridges comprised of deep, 

Pleistocene-deposited sands parallel the coasts: the Brooksville Ridge on the upper west 

coast and the Trail Ridge and Crescent City ridges on the east coast.  All of these sandy 

ridge systems support the remnants of the longleaf pine (Pinus palustris)-dominated 

sandhill communities and landscapes.  These ridges are vitally important to the recharge 

of the Floridan Aquifer, a massive subterranean system of porous limestone from which 

the majority of Floridians derive their drinking water.  Abrupt discharges from the 

Floridan Aquifer are also responsible for the 12 first magnitude springs (springs with a 

flow > 66 million gallons per day) that occur within the ecoregion and house numerous 

endemic invertebrates.  

One of the most distinctive topographic and physiographic features of the entire 

ecoregion is the Lake Wales Ridge, a high ridge system that runs through the central 

portion of the ecoregion.  Encompassing the highest point in the ecoregion at an elevation 

of 73.2 m, the Lake Wales Ridge represents some of the most ancient land in the Florida 

peninsula that was derived from the forces of marine wind and wave action as ancient 

beach dunes and marine terraces during extremely high sea levels.  Portions of the ridge 

are thought to have remained continuously above sea level during the cyclic rise of 

marine waters during – if not substantially longer than – the interglacial periods of the 
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Pleistocene (Myers and Ewel 1990).  The isolation of the ridge tops has led to the 

evolution of an endemic plant and animal biota that is also supported by a unique 

community – the Florida scrub.   It is estimated that 85% of the Lake Wales Ridge scrubs 

have been destroyed.  Coastal ridges also supported scrub communities containing rare 

species (though less endemics than the Lake Wales Ridge) but have experienced habitat 

loss over 90%.  The Ocala “Big Scrub” north of the Lake Wales Ridge is largely 

conserved, though intensively managed, within the Ocala National Forest (Myers and 

Ewel 1990). 

Uplands in areas of lower topography than the Pleistocene-deposited ridge 

systems largely support pine flatwood dominated landscapes characterized by a pine 

canopy (either longleaf pine or slash pine depending upon the soils and hydrology), a 

thick, low shrub stratum and a highly diverse ground cover vegetation.  It has been 

estimated (Davis 1967) that flatwoods once covered 50% of the upland Florida peninsular 

landscape.  Dry prairie communities dominated areas north and west of Lake Okeechobee 

within the Kissimmee River Valley and served as the primary habitat for several endemic 

avifauna, although much of it has been converted to improved pasture and citrus groves. 

Description of the Tropical Florida Ecoregion  

Tropical Florida is a landscape under siege.  It is also a landscape of great 

contrasts between highly fragmented upland terrestrial ecosystems and vast expanses of 

herbaceous wetlands.  The Tropical Florida Ecoregion is surrounded by the Gulf of 

Mexico to its west, the Atlantic Ocean (and Gulf Stream) to its east and the Florida 

Straits that divide Florida from the Bahamas and the Caribbean island of Cuba to its 

south (Figure 4-2).  The Florida Keys, an archipelago of limestone islands clothed in lush 
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vegetation heavily influenced by the adjacent tropics, arc south-southwestward from the 

southeastern edge of the peninsula.  Florida Bay is a vast estuarine ecosystem connecting 

Everglades National Park to the Florida Keys that has been heavily impacted by water 

mismanagement in its Evegrlades headwaters.  Biscayne Bay, a once incredibly 

productive estuary that is now largely enveloped by the burgeoning metropolis of Miami 

and Miami Beach, lies along the southeastern coast of the ecoregion, while dense forests 

of mangroves dominate the Ten Thousands Islands along a still nearly inaccessible 

portion of the southwestern coastline.   

The Tropical Florida Ecoregion has mild temperatures with very rare winter 

freezes and warm, humid summer weather.  The entire ecoregion is characterized by 

relatively high rainfall averaging 152.4 cm per year, although it is somewhat lesser in the 

Florida Keys.  The species and communities are shaped by several dominant forces: 

pronounced wet and dry seasons; once frequent fires that swept unimpeded for kilometers 

across the landscape and hurricanes; a high water table and often deep muck soils over a 

limestone-based substrate; a flat terrain where even slight changes in topography can 

dramatically influence the kind of community that develops; the recent geology of the 

region; and the proximity to the tropics and Gulf Stream (Myers and Ewel 1990).  

Lake Okeechobee forms the northernmost boundary of the ecoregion and is by far 

the largest freshwater lake in Florida.  Receiving substantial inflows from the Kissimmee 

River in the south-central reaches of the Florida Peninsula Ecoregion directly to its north, 

Lake Okeechobee is where the Greater Everglades Ecosystem begins in earnest.  Prior to 

settlement, when waters within Lake Okeechobee reached flood stage they would spill 

over the southern rim of the lake and flow southward helping to form the great “River of 
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Grass” that is the Everglades.  Elevations at the southern rim of the lake are 

approximately 6.1 m above sea level, while elevations at the southern end of what is now 

Everglades National Park, where the fresh waters of the Everglades flow into Florida 

Bay, are at zero feet above sea level.  During the flow from the lake to Florida Bay – a 

distance of more than 160 km – the land drops just over 5 cm for every 1.6 km allowing 

for the development of a slow-moving, shallow, yet broad, river that is the Everglades 

(Davis and Ogden 1994).  The dominant ecological community of the Everglades is 

essentially a floodplain marsh, or more properly a tropical swale, whose predominant 

emergent vegetation is sawgrass (actually a sedge – Cladium jamaicense). 

Unfortunately much of the Everglades system has been ditched, diked and 

drained.  Much of its waters now flow mostly through canals and its levels and flows are 

highly engineered by myriad control structures that artificially regulate the timing and 

quantity of waters reaching the southern extent of the Everglades – including Everglades 

National Park and the productive estuary of Florida Bay.  A 1500 km2 area along the 

southern shore of Lake Okeechobee – the Everglades Agricultural Area (EAA) – has 

been completely cleared and converted to agricultural land, particularly for sugarcane that 

grows well in the mucky and peaty soils that once supported the pristine Everglades.  

High levels of nutrients, particularly phosphorous from agriculture, have also greatly 

impacted the quality of the vital waters that flow southward from the EAA through the 

Everglades.  For years the waters have also been diverted from the Everglades through 

the elaborate canal system and dumped into Biscayne Bay, the Atlantic Ocean and the 

southern extent of the Indian River Lagoon estuarine system.  Federal, state, and regional 

government, non-governmental organizations, and private landowners are now struggling 
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to develop and implement a multi-billion dollar effort to restore the Everglades and 

hopefully other facets of the south Florida landscape.   

The Everglades basin is partially formed by lands of slightly higher elevation 

along the coasts.  Perhaps the most significant of these features from an ecological and 

conservation perspective is the Atlantic Coastal Ridge, a Pleistocene-aged geologic 

formation.  Consisting of thin, sandy soils overlying a limestone bedrock along the 

northeastern coast of the ecoregion, the Atlantic Ridge was once vegetated by the Florida 

Scrub ecological community/system dominated by sand pine (Pinus clausa) and various 

species of scrub oaks.  Along the southeastern coast of the ecoregion, however, the sandy 

Scrubs and pinelands give way to the Miami Rock Ridge composed of a soft, mostly 

exposed, oolitic limestone precipitated from marine systems during Pleistocene 

interglacial periods when the tip of the Florida peninsula was completely, and very 

recently, submerged (Gleason 1974). 

The Miami Rock Ridge was once vegetated by a unique and endemic ecological 

system, pine rockland (although similar to some communities in the Bahamas), which 

covered roughly 40,000 ha in the Miami area.  Driven by the appetite of the American 

public for winter vegetables, much of this area was converted – by rock-plowing – to 

virtually hydroponic farmland in the 1950’s and early 1960’s.  As Miami continued to 

grow southward, these agricultural areas were rapidly converted to housing and 

commercial developments.  It is estimated that greater than 98% of the Pine Rockland 

community, including untold populations of its highly endemic flora, have been 

destroyed.  Today, the pine rocklands exist as tiny fragments of 2-16 ha parcels, but still 
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support populations of their incredible endemic flora that may remain viable through 

appropriate management activities (Myers and Ewel 1990). 

Also occurring on the Miami Rock Ridge and extending throughout the 

Everglades and into the Florida Keys are a series of tropical hardwood-dominated forests 

referred to locally as hammocks.  This tropical hardwood hammock natural community, 

supporting a mixed canopy of up to 65 Caribbean-derived hardwood tree species, once 

covered thousands of ha along the southeastern coast of the ecoregion in what is now 

Miami and Ft. Lauderdale.  Although no precise estimates are available, it is thought that 

greater than 99% of this community type on the mainland has been lost.  While a few, 

high quality fragments exist on the southeastern coast, it is Everglades National Park, the 

northern end of Key Largo and several other of the Florida Keys that still support 

substantial, though imperiled, tracts of the hammock community.  Additionally, the 

Florida Keys support several endemic vertebrates including the diminutive, federally 

endangered, key deer (Odocoileus virginianus clavium), large mangrove forests, and the 

only coral reef system in the continental United States (Gleason 1974; Myers and Ewel 

1990). 

The northwestern portion of the ecoregion supports the Big Cypress swamp 

ecosystem, much of which is now protected as a National Preserve.  Big Cypress swamp 

supports bald cypress (Taxodium distichum) dominated tropical strand swamp, scattered 

pine flatwoods on higher ground, and pond apple/pop ash swamps embedded in deeper 

water depressions within the bald cypress strands.  These wetter areas within the tropical 

strand swamp mosaic support particularly diverse assemblages of epiphytes, including 

numerous species of orchids, bromeliads and ferns.   The Big Cypress region also 
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supports most of the individuals in the only remaining breeding population of the Florida 

panther. 

Methods 

Ecoregional planning requires the selection of focal species and natural 

communities, setting goals to functionally conserve focal species and natural 

communities, and then selection of the best areas for meeting the established goals.  In 

this study, site selection was accomplished in three steps.  First, sites were selected to 

meet goals for all natural communities and species without enough viable occurrences to 

meet their goals.  Then, viable occurrences for all other species were compared to the 

initial portfolio, and additional sites were selected where they were needed to meet goals 

for these species.  Habitat identified as needed to meet species viability goals in other 

inventories and habitat analyses was also added.   Finally, areas needed to provide 

connectivity were incorporated to create the final portfolios (Figure 4-3).  These steps are 

detailed below.    

Selecting Species and Natural Communities  

The first step of the ecoregional planning process is the selection of focal species 

(frequently referred to as targets in ecoregional planning) and natural communities.  

During the spring and summer of 1999 technical teams representing all relevant species 

experts were assembled to select focal species in five different categories: plants, 

invertebrates, fish, herpetofauna, birds, and mammals for both the Florida Peninsula and 

Tropical Florida ecoregions.  The guidelines for selecting species of conservation interest 

to serve as focal species included (using the natural heritage rankings where G stands  

for global rank and T is the subspecies rank):  
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�� All globally-imperiled (G1-G2/T1-T2) species or subspecies 
�� Other species and subspecies (G3-G5 or T3-T5) that met any of following criteria: 

��

��

��

��

Declining significantly through all or a substantial part of their range 
Endemic to the ecoregion 
Disjunct from distant ecoregions 
Area sensitive (requiring landscape scale sites to be viable) and/or 
are of other ecological/conservation value (e.g. aggregations of special 
concern, keystone species)   
 

Workshop participants recommended species for inclusion in the ecoregional 

planning process based on these criteria.  Though there was an effort to make sure not to 

include too many species, which might overwhelm available resources, both high species 

richness and the high degree of habitat loss and fragmentation dictated that many species 

met the criteria for inclusion in both ecoregions.  In the Florida Peninsula Ecoregion, 367 

species were selected including: 143 plants, 63 invertebrates, 19 fish, 27 herpetofauna, 41 

birds, and 18 mammals.  Three hundred and fourteen (314) species were selected in the 

Tropical Florida Ecoregion including: 185 plants, 15 invertebrates, 6 fish, 16 

herpetofauna, 35 birds, and 14 mammals (See Appendix E and Appendix F for the 

complete list of species included in each ecoregion).  

A workshop was also conducted for natural communities for both ecoregions.  

Unlike species, ecoregional planning requires the inclusion of all natural communities as 

conservation targets.  The workshop was held to pick the natural community 

classification system to be used.  This was necessary because various potential sources 

exist with different natural community or cover type classifications including: Florida 

Natural Areas Inventory natural community classification; the Florida Land Use/Land 

Cover Classification System used by Florida’s five Water Management Districts in their 

land use maps; the Florida Fish and Wildlife Conservation Commission’s land cover 

classification used in their statewide land cover map; The Florida GAP Analysis Project’s  
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Figure 4-3.   Process for identifying the site portfolios for the Florida Peninsula and  

Tropical Florida Ecoregions  
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land cover classification for their statewide land cover map; and the new National 

Vegetation Classification system (NVC) developed by The Nature Conservancy.  

Although the NVC system is the one recommended for use in ecoregional planning, the 

experts in the natural communities workshop decided that there were a number of 

problems using this classification system, especially at the Plant Association level.  

Therefore, a hybrid classification system was developed that combined the more realistic 

and workable classes contained within the Ecological Groups level from the NVC and the 

FNAI natural communities classification.  Ecoregional Groups were developed as logical 

groupings of Plant Associations in order to facilitate the use of the NVC in ecoregional 

planning, but were in a draft form at the time these plans were conducted and not yet 

refined for complete adoption.  Ecological Groups were used when feasible and then 

FNAI natural communities were relied on to fill gaps.  In addition, several community 

types (such as Red Oak Woods) not within either classification system were included to 

specifically address unique community types that were legitimate conservation targets 

representing the full range of biodiversity within each ecoregion.  The adopted 

classification resulted in 56 natural communities as targets for the Florida Peninsula 

Ecoregion, whereas the Tropical Florida Ecoregion had 43 natural community targets 

(See Table 4-1 and Table 4-2 for list of natural communities for each ecoregion).   

Setting Conservation Goals for Species and Natural Communities 

The selection of goals is by far the most enigmatic step of the ecoregional 

planning process.  Significant advances have been made within conservation biology 

regarding population viability theory and viability modeling and assessment techniques.  

However, for the vast majority of species there is either too little or no information on  
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Table 4-1.  Natural community classification and goals for the Florida Peninsula 
Ecoregion 

Natural  
community Patch type Extent Goal Subecoregion goal 
Algal bed  small/large patch limited 10 1 per suitable subregion 
Aquatic cave small patch limited 13 1 per subregion 
Basin and 

depression  
marsh small/large patch widespread 6 At least 1 per subregion  

       (mainly non-coastal subregions) 
Basin swamp small/large patch widespread 5 At least 1 per subregion 
Baygall small patch widespread 5 At least 1 per subregion 
Beach dune large patch widespread 5 At least 2 per suitable subregion 
Blackwater  

stream small/large patch widespread 5 1 per suitable subregion 
Bottomland forest large patch widespread 5 At least 1 per subregion 
Coastal  
grassland small patch limited 13 At least 2 per coastal subregion 
Coastal  

interdunal  
swale small patch limited 13 At least 2 per coastal subregion 

Coastal strand large patch limited 9 At least 2 per coastal subregion  
       while capturing gradient 

Composite  
substrate small/large patch limited 10 1 per suitable subregion 

Consolidated  
substrate small/large patch limited 10 1 per suitable subregion 

Coral reef small/large patch 
restricted/ 

endemic 20 only in one subregion 
Dome swamp small/large patch limited 10 At least 1 per subregion 

Dry prairie matrix 
restricted/ 

endemic 10 At least 2 per suitable subregion 
Flatwoods/prairie  

lake small/large patch limited 10 1 per suitable subregion 
Floodplain forest  

and swamp large patch widespread 5 At least 1 per subregion 
Floodplain marsh  small/large patch widespread 6 At least 1 per subregion  

       (mainly non-coastal subregions) 

Florida scrub small/large patch 
restricted/ 

endemic 25 At least 3 per subregion  
       (only 3 subregions in tropical) 

Freshwater 
tidal swamp small patch widespread 5 At least 1 per coastal ecoregion 

Hydric hammock large patch limited 9 At least 1 per subregion 
Hypersaline  

coastal salt flat small patch limited 13 At least 1 per subregion  
       (coastal subregions only) 

Loblolly pine  
hammock large patch limited 9 At least 1 per suitable subregion 

Mangrove large patch limited 9 At least 2 per subregion  
       (in all coastal subregions) 
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Table 4-1. Continued 
Natural  
community Patch type Extent Goal Subecoregion goal 
Maritime  

hammock large patch limited 9 Need to include enough sites to  
       capture climatic gradient 

Marsh lake small/large patch widespread 5 1 per suitable subregion 
Mesic flatwoods matrix limited 5 At least 2 per suitable subregion 
Mesic/prairie 

 hammock small/large patch limited 10 At least 1 per suitable subregion 
Mollusk reef small patch limited 13 1 per suitable subregion 

Octocoral bed small/large patch 
restricted/ 

endemic 20 1 per suitable subregion 
Peninsular swale small/large patch limited 10 At least 1 per subregion 

Red oak woods small/large patch 
restricted/ 
endemic 18 Probably only in one subregion 

River floodplain  
lake small patch widespread 5 1 per suitable subregion 

Sandhill matrix limited 5 At least 2 per suitable subregion 
Sandhill upland  

lake small/large patch 
restricted/ 

endemic 20 3 per suitable subregion 
Scrubby  

flatwoods small/large patch 
restricted/ 

endemic 25 At least 2 per suitable subregion 
Seepage stream small patch widespread 5 1 per suitable subregion 
Shell mound small patch limited 13 2 per coastal subregion 
Sinkhole small patch limited 13 1 per suitable subregion 

Sinkhole lake small patch 
restricted/ 

endemic 20 3 per suitable subregion 
Slash  

pine-cutthroat  
seepage large patch 

restricted/ 
endemic 20 At least 2 per suitable subregion 

Flatwoods/ 
seepage slope        

Sponge bed small/large patch 
restricted/ 

endemic 20 1 per suitable subregion 
Spring-run streams small patch limited 13 1 per suitable subregion 
Streamhead 

Atlantic small patch limited 13 Only occurs in 1 or possibly  
White-cedar 
 forest      2 subregions 

Swamp lake small/large patch widespread 5 1 per suitable subregion 
Temperate  

seagrass beds small/large patch limited 10 1 per suitable subregion 
Terrestrial cave small patch limited 13 1 per suitable subregion 
Tidal marsh large patch widespread 5 At least 1 per subregion  

       (in potentially 3 subregions) 
Unconsolidated 
substrate small/large patch widespread 5 1 per suitable subregion 

Upland hardwood 
 forest large patch widespread 5 At least 2 per suitable subregion  

       (2 possible) 
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Table 4-1. Continued 
Natural  
community Patch type Extent Goal Subecoregion goal 
Upland mixed  

forest large patch widespread 5 At least 1 per suitable subregion  
Wet flatwoods large patch limited 9 At least 1 per subregion 
Wet prairie small patch limited 13 At least 1 per subregion 

Worm reef small/large patch 
restricted/ 

endemic 20 1 per suitable subregion 
Xeric hammock small patch Limited 13 At least 1 per suitable subregion 
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Table 4-2.  Natural community classification and goals for the Tropical Florida 
Ecoregion 

Natural  
community Patch type Extent Goal Subecoregional goal 
Algal bed small/large patch limited 10 1 per suitable subregion 
Aquatic cave small patch limited 13 1 per subregion 
Beach dune large patch widespread 5 At least 1 per suitable subregion 
Blackwater  

stream small/large patch widespread 5 1 per suitable subregion 

Coastal berm small patch 
restricted/ 

endemic 25 At least 10 per subregion  
        (in 2 subregions) 
Coastal  

grassland small patch limited 13 At least 2 per coastal subregion 
Coastal rock  

barren small patch 
restricted/ 

endemic 25 Predominantly only in 1 subregion 
Coastal rockland  

lake small patch 
restricted/ 

endemic 25 Predominantly only in 1 subregion 
Coastal strand large patch limited 9 At least 2 per coastal subregion 
Composite  

substrate small/large patch limited 10 1 per suitable subregion 
Consolidated  

substrate small/large patch limited 10 1 per suitable subregion 

Coral reef small/large patch 
restricted/ 

endemic 20 only in one subregion 
Flatwoods/ 

prairie lake small/large patch limited 10 1 per suitable subregion 
Floodplain marsh small/large patch widespread 6 Likely only in 1 subregion 

Florida scrub small/large patch 
restricted/ 

endemic 25 At least 3 per subregion  
        (only 3 subregions in tropical) 
Hatrack cypress small/large limited 10 At least 2 per subregion if  
        possible (only 3 subregions likely) 
Hypersaline  

coastal  small patch limited 13 At least 1 per subregion  
Salt flat       (coastal subregions only) 
Mangrove large patch limited 9 At least 2 per subregion  
        (in all coastal subregions) 

Marl prairie large patch 
restricted/ 

endemic 18 At least 2 per suitable subregion  
        if possible 
Marsh lake small/large patch widespread 5 1 per suitable subregion 
Mesic flatwoods small/large patch limited 10 At least 2 per suitable subregion  
Mesic/prairie  

hammock small/large patch limited 10 At least 1 per suitable subregion  
        (only 1 possible) 
Mollusk reef small patch limited 13 1 per suitable subregion 

Octocoral bed small/large patch 
restricted/ 

endemic 20 1 per suitable subregion 

Pine rockland large patch 
restricted/ 

endemic 18 
At least 5 per subregion  

(only in 2 subregions)  
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Table 4-2. Continued 
Natural  
community Patch type Extent Goal Subecoregional goal 
River floodplain  

lake small patch widespread 5 1 per suitable subregion 
Scrubby  
flatwoods small/large patch 

restricted/ 
endemic 25 At least 2 per suitable subregion  

        (probably only 3 subregions) 
Seepage stream small patch widespread 5 1 per suitable subregion 
Shell mound small patch limited 13 2 per coastal subregion 
Sinkhole small patch limited 13 1 per subregion 

Sinkhole lake small patch 
restricted/ 

endemic 20 3 per suitable subregion 

Sponge bed small/large patch 
restricted/ 

endemic 20 1 per suitable subregion 
Spring-run  

streams small patch limited 13 1 per suitable subregion 
Subtropical  

seagrass beds small/large patch limited 10 1 per suitable subregion 
Swamp lake small/large patch widespread 5 1 per suitable subregion 
Terrestrial cave small patch limited 13 1 per suitable subregion 
Tidal marsh small patch widespread 6 At least 1 per subregion  
        (in potentially 4 subregions) 
Tropical  

bayswamp small 
restricted/ 

endemic 25 At least 5 per subregion if  
        possible (only 3 subregions likely) 
Tropical  

hardwood  small/large patch 
restricted/ 

endemic 20 At least 3 per subregion  
Hammocks       (all 5 subregions possible) 

Tropical hydric 
flatwoods large patch limited 9 Only in two subregion  

        (at least 2 per subregion) 
Tropical strand  

swamp forest large patch 
restricted/ 

endemic 18 At 5 per suitable subregion  
       (only 2 subregions) 

Tropical swale matrix 
restricted/ 

endemic 10 within subregion anthropogenic  
        barriers 

Unconsolidated 
substrate small/large patch widespread 5 1 per suitable subregion 

Worm reef small/large patch 
restricted/ 

endemic 20 1 per suitable subregion 
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population sizes, population densities, and key demographic parameters needed to 

accomplish either coarse or refined viability assessments.  Setting conservation goals was 

discussed at each of the species workshops though little progress was made beyond the 

general acknowledgement that the best occurrences/populations should be protected and 

that multiple populations are needed.  Furthermore, it was also acknowledged that there 

may be some significant geographic variation for some species and that efforts to capture 

sub-ecoregional geographic variation should also be considered when selecting 

populations to include within the portfolio of sites.  Therefore, the default goals set in the 

ecoregional planning guidelines to include a minimum (if available) of 10 populations for 

each species were used (Groves et al. 2000).  This guideline was based on the standard 

set in the Florida Fish and Wildlife Conservation Commission’s (FWC) population 

viability analyses and habitat analyses described above.  As a result of multiple 

population viability assessments, they recommended that ten populations of a given 

species need to be conserved to provide a >90% probability of persistence for 100 years 

(Cox et al. 1994; Groves et al. 2000).  The FWC also concluded that a general 

recommendation for population size was at least 200 individuals (Cox et al. 1994; Kautz 

and Cox 2001).   

Although goal setting for natural communities is potentially as problematic as for 

species, the ecoregional planning guidelines provide a more detailed and logical 

framework for setting goals for each natural community type (Groves et al. 2000).  There  

are 3 primary considerations used to set natural community goals: 

�� Rangewide distribution 
 
�� Landscape status  
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�� Ecoregional distribution 
 
Rangewide distribution and landscape status are the two factors used to set the primary 

goal for each natural community.  Rangewide distribution considers both the overall 

extent of a natural community type as well as its status within the ecoregion versus its 

entire range.  The categories that may potentially apply include: 

�� restricted/endemic (occurs primarily in one ecoregion) 
 
�� limited (occurs in the ecoregion and a few other adjacent ecoregions) 

 
�� widespread (widely distributed in several to many ecoregions) 

 
�� disjunct (occurs in ecoregion disjunct from the core of its distribution) 

 
�� peripheral (more commonly found in other ecoregions) 
 
Only restricted/endemic, limited, and widespread categories were used in each ecoregion. 

Landscape status refers to the typical extent of the natural community with most 

landscapes within the ecoregion.  The matrix and patches are two of the primary 

components in Forman's (1995) landscape structure classification system.  The landscape 

status category used to define goals for natural communities is based on this landscape 

structure classification and includes three types: 

�� matrix communities 
 
�� large patch 

 
�� small patch 
 
Matrix communities are the largest natural community types that cover large areas and 

typically surround other natural community types.  In much of the eastern United States, 

deciduous hardwood forest is the matrix within which many other patchier natural 

communities occur.  In the Peninsula Florida Ecorgeion, pine flatwoods, sandhill, and dry 
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prairie were designated as matrix communities.  In contrast, only tropical swale was 

selected as a matrix community in the Tropical Florida Ecoregion.  Large patch 

communities may occur in a variety of sizes depending on the landscape and in some 

cases may actually encompass natural communities that are more frequently the matrix, 

such as where scrub surrounds patches of longleaf pine sandhill in the Ocala National 

Forest.  Small patch communities occur as small resource patches that require specific, 

small scale conditions and may occur either in numerous patches or very rarely 

depending on the natural community and the landscape.   

Rangewide distribution and landscape status were combined to determine the 

ecoregional goal for each natural community.  Based on ecoregional guidelines, less 

occurrences are required as a natural community is more common and the larger its 

typical landscape extent.  Therefore widespread matrix communities require the smallest 

number of occurrences whereas a restricted/endemic, small patch community would 

require many more occurrences to meet its conservation goal.  One adaptation of these 

guidelines to the Peninsula and Tropical Florida ecoregions was the designation of some 

natural communities as small/large patch when typical landscape status was considered to 

be too variable to be more specific.  Accordingly, small/large patch communities were 

given intermediate goals. 

Though matrix communities required less occurrences than patch communities, a 

size threshold was also used to distinguish small remnants from larger sites where these 

communities may still function as a functional matrix to support dependent species and 

provide sufficient context for patch communities.  The area goal for matrix communities 

was at least 2,000 ha.  Though this goal could have been larger, habitat fragmentation has 
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reduced once common matrix communities such as sandhill, dry prairie, and even pine 

flatwoods into isolated and frequently small fragments.  A threshold of 2,000 ha was 

considered to be a reasonable compromise that would still legitimately separate smaller 

sites from those more likely to provide feasible conservation opportunities for matrix 

communities and intact landscapes. 

The secondary goal for natural communities was a subecoregional standard for 

conservation success.  Each ecoregion is separated into additional geographic units based 

on further subdivision of Bailey’s ecoregional classification (Figure 4-4).  To attempt to 

capture all of the potential geographic variation in each natural community, a mimimum 

goal of at least one viable occurrence in each ecoregion (where the community was at 

least known to occur) is required.  However, small patch communities with a limited or 

endemic extent were required to have 3 occurrences per subecoregion and communities 

with intermediate status for range and landscape status were typically required to have 

two occurrences.  Table 4-1 and Table 4-2 contain the range extent, landscape status, 

overall goal, and subregional goal for each natural community within the two ecoregions. 

Assessing Viability 

Ecoregional planning is primarily driven by element occurrence data when it is 

available.  Occurrence data are the locations of species of conservation interest collected 

and maintained by the natural heritage programs in each state.  Florida Natural Areas 

Inventory (FNAI) maintains a large element occurrence database for Florida.  

Occurrences are either directly observed and recorded by FNAI staff or observed by other 

recognized professionals who submit adequate documentation.   The Florida element 

occurrence database is large, with over 27,000 records included, and this planning effort  
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 Figure 4-4.  Subecoregions for the Florida Peninsula and Tropical Florida Ecoregions  
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used over 11,500 total occurrences (prior to viability assessment) in the Peninsula Florida 

ecoregion and over 4,700 in the Tropical Florida ecoregion. 

Assessment of the viability of occurrences was a critical step in the planning 

process and resulted in the deletion of a number of occurrences from consideration.  The 

age or date of the observation was the first criterion used in the viability assessment.  No 

element occurrences collected prior to 1980 were considered to be viable since the status 

of such occurrences could not be relied upon as accurate descriptions of current 

conditions.  Pre-1980 element occurrences included 21% of all species and 15% of all 

natural communities/systems within the two ecoregions.  

Beyond age, the first of two methods used to further assess the viability of 

element occurrences was Element Occurrence Ranks.  These ranks measure the quality of 

the element occurrence based on size, condition, and landscape context.  The system uses 

ranks from A through E, with A representing a rank of excellent.  Based on ecoregional 

planning guidelines, all occurrences with ranks of A, B, and C were considered 

potentially viable and therefore suitable for inclusion. 

Element Occurrence Ranks represent a ground-truthed basis for indicating the 

quality and potential viability of a species or natural community occurrence even though 

there may be problems with consistent application of the ranking criteria among 

observations.  However, only a small percentage of the occurrences within the ecoregions 

had Element Occurrence Ranks (18% of species and 53% of communities). 

A secondary, surrogate method for assessing viability was developed to 

incorporate the large number of element occurrences without Element Occurrence Ranks.  

A spatial landscape condition index was developed for this purpose using various GIS 
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data layers including land use, roads, and water quality data (for aquatic species and 

communities).  ESRI’s Arc-Info GRID was used with 90 m pixels to create individual 

characterizations of landscape condition that were then combined into three different 

cumulative indices.  The 3 different indices were created depending on the type of 

species or ecological system involved: terrestrial, aquatic, and an average.  The terrestrial 

viability index was applied to all truly terrestrial species and ecological communities.  

The aquatic viability index was applied to species that were specifically aquatic or most 

dependent on an aquatic life stage (such as all fish species and all aquatic invertebrates).  

The average index, a simple combined average of the terrestrial and aquatic indices, was 

created for species that are dependent on the integrity of both aquatic and terrestrial 

system components (such as wading birds and shorebirds).  Sea turtles were handled 

differently: nesting sites were assessed using the terrestrial index and the 

developmental/foraging sites were assessed using the aquatic index.  Each of the indices 

are described in more detail below (Table 4-3): 

Terrestrial viability index 

The terrestrial viability index was based on information on roads, land use/land 

cover, and exotic plant communities.  The primary assumption for this index is that areas 

with the highest percentage of intact habitat, lowest road densities, and greatest distance 

from major roads and intensive development, lowest human population densities, and far 

from exotic plant infestations (see Table 4-3) are much more likely to support functional 

or viable ecological systems.  Land use/land cover data (ca. 1995) from four of Florida’s 

five Water Management District (developed using both Landsat imagery and aerial 

photographs) were used to assess the intensity of land use throughout the ecoregion using  
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Table 4-3.  Data and criteria used in designing the terrestrial, aquatic and averaged 
viability indices 

Terrestrial 
viability  
rank 

Distance from  
Cat 3 landuse 

Density of  
Cat 3 landuse 

Density of Cat 2 
landuse 

Density of  
Cat 1 landuse 

1 = better gt 5000 m lt 2% lt 10% lt 25% 
2 le 5000 m ge 2% ge 10% ge 25% 
3 le 1000 m ge 10% ge 40% ge 50% 
4 le 500 m ge 20% ge 60% ge 75% 
5 = worst le 100 m ge 30% ge 80% 

All road density Distance from  
major roads 

Distance from  
exotic plant 
communities 

1 = better le 0.33 km/km2 gt 5000 m gt 5000 m 
2 le 0.66 km/km2 le 5000 m le 5000 m 
3 le 1.32 km/km2 le 1000 m le 1000 m 
4 le 1.98 km/km2 le 300 m le 500 m 
5 = worst gt 1.98 km/km2 le 100 m le 100 m 
     
     
Aquatic  Distance from  Dam  NPDES  All road  
viability  
rank 

Cat 3 landuse buffers buffers density 

1 = best gt 5000 m  le 0.33 km/km2

2 le 5000 m  le 0.66 km/km2

3 le 1000 m Not within 2km Not within 2km le 1.32 km/km2

4 le 500 m  le 1.98 km/km2

5 = worst le 100 m Within 2km Within 2km gt 1.98 km/km2

 
Combination of two indices: 
weight = 0.8 weight = 0.2 

Landuse  
intensity 

watershed  
quality 

watershed  
quality 

within basins average status 10yr trend 
1 = best *** See below Good Much better 
2 *** Better 
3 *** Fair Stable 
4 *** Worse 
5 = worst *** Poor Much worse 
***To create this ranking, WMD land use categories were reclassified to a 0 to 3    
scale, where 0=native, 1=low impact to water quality, 2=moderate impact on water 
quality, 3=high impact on water quality. Then, the rank was calculated to equal: 
(%cat0 in basin x 1 + %cat1 in basin x 3 + %cat2 in basin * 4 + %cat3 in basin * 5) / 
100. 
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neighborhood analyses in ESRI’s Arc-Info GRID module.  The window/neighborhood 

size used for all of the land use intensity indices was 2.5 km2 (27 X 27 cells using 90 

meter cells).  The land use classification was divided into 4 general categories: Category 

0 land use (natural communities); Category 1 land use (low intensity land uses such as 

pine plantations and ranchlands); Category 2 land use (moderate intensity land uses 

including improved pasture, croplands, citrus groves, etc.); and Category 3 land use 

(higher intensity land use including residential, commercial, and industrial).  Then three 

separate indices were created assessing the density of Category 1, 2, and 3 land use 

respectively.   

The density of all roads was calculated using 1:100,000 TIGER roads and the 

linedensity function in GRID with a 1 km search radius.  The distance from major roads 

was created from the Florida Department of Transportation’s major roads data using all 

roads with average daily traffic counts exceeding 2,500 trips per day, which is half of the 

threshold considered critical for roads experiencing higher levels of road kills (Terry 

Gilbert, Florida Fish and Wildlife Conservation Commission, personal communication) 

and other impacts such as road noise and higher pollution levels.  Distance from Category 

3 land use (high intensity) was created using the Water Management District land use 

data described above.  The distance from exotic plant communities index was created 

using the exotic plants class from the Florida Fish and Wildlife Conservation 

Commission’s statewide land cover map (30 m Landsat-based).  To create the cumulative 

index, all individual indices were averaged together with none weighted.  The final result 

was an index with rankings ranging from 1 (highest integrity) to 5 (lowest integrity). 
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Aquatic viability index 

The aquatic viability index was created using two of the same indices (road 

density and distance from intensive land use).  However, 4 additional indices were 

created to specifically assess potential impacts to water quality and potential disruption of 

important aquatic ecological processes.  First, 2 km buffers were created around all dams 

and all identified pollution discharge sites within the ecoregion.  All areas within the 2 

km buffer were given a low ranking and all areas outside these buffers were given a 

moderate (or neutral) ranking.  Fourteen digit HUCs were used to assess the intensity of 

land uses within watersheds, where watersheds harboring higher percentages of intensive 

land uses received the lowest ranks.  Two parts of a watershed-based assessment of 

existing water quality and water quality trends from the Florida Department of 

Environmental Protection were combined to create a single water quality index, with 

existing water quality status receiving a weight of 0.8 and water quality trend receiving a 

weight of 0.2.  All of these indices were then combined to create a cumulative aquatic 

viability index with rankings ranging from 1 (highest integrity) to 5 (lowest integrity). 

Average viability index 

The average viability was a simple combination of the both the terrestrial and 

aquatic viability indices.  Both indices were combined and then divided by two to create a 

new averaged index with rankings ranging from 1 (highest integrity) to 5 (lowest 

integrity). 

Assessing element occurrences 

For all occurrences without Element Occurrence Ranks (and observed since 

1980), two complementary criteria were required for the occurrence to be considered 
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viable.  First, the element occurrence had to have a GIS analysis-based ecological 

integrity/viability rank below the established threshold for the index applicable to that 

occurrence.  The threshold was set at 2.5 for all 3 cumulative indices on the scale 

described above from 1 to 5, where one has the highest potential integrity and 5 has the 

lowest.  The threshold of 2.5 was delineated in two ways:  

�� The landscape condition of areas that received either ranks of 1 or 2 (on average) for 
each individual index (Table 4-3) was likely to be high or moderate.  

 
�� Known areas within the ecoregions were sampled informally to get an indication of 

how areas considered to have high ecological integrity were ranked.   
 
The threshold of 2.5 is likely conservative because it is much more likely that viable 

occurrences would be excluded versus non-viable occurrences being treated as viable.   

Second, Element Occurrences had to also overlap with areas known to likely have 

high to moderate ecological integrity/viability.  These areas included existing 

conservation lands, officially proposed conservation lands that have been evaluated for 

ecological significance, and Areas of Conservation Interest (ACI) and Potential Natural 

Areas (PNA) from the Florida Naturals Areas Inventory. ACIs and PNAs were identified 

throughout Florida using aerial photography and ground-truthing to identify most of the 

significant natural areas remaining on private lands.  This filter was also likely 

conservative.  Not all natural areas were identified by FNAI, and there are likely some 

areas outside of existing and proposed conservation lands, ACIs, and PNAs that harbor 

element occurrences that are viable. 

This GIS-based viability assessment can serve as a defendable means to assess 

landscape context and to some extent, ecosystem condition (though it may not necessarily 

indicate conditions such as fire suppression), although it is less suited for serving as an 
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indicator of population size.  For many species there may be a greater likelihood for there 

to be larger, and hence more viable, populations in sites that are larger and more intact, 

yet the GIS-based viability assessment cannot serve as a direct measure equivalent to the 

population size criteria incorporated into an Element Occurrence Rank.  Nevertheless, the 

GIS-based assessment provides a defendable, surrogate method to allow the potential 

incorporation of thousands of element occurrences that did not have Element Occurrence 

Ranks. 

Portfolio Site Selection 

There were 8 primary steps in the site selection process to develop the portfolio 

boundaries: 

��

��

��

��

��

��

Planning units were selected for potential inclusion in the ecoregional portfolios.  The 
planning units selected as candidate areas included all existing and proposed 
conservation areas, FNAI Areas of Conservation Interest (ACIs), and FNAI Potential 
Natural Areas (PNAs). 

 
All sites to meet the goals for all natural communities were selected using element 
occurrence records, land cover data, viability rankings, and expert knowledge.  

 
Species targets were separated into two categories: 1) species which did not have 
enough viable occurrences to meet their goals, therefore requiring all viable 
occurrences (called AVO species) to be included in the portfolio; and 2) species that 
had enough viable occurrences to potentially meet their viability goals (Discretionary 
Species).   

 
All data available for AVO Species were examined to determine whether additional 
sites could be selected to meet their goals.  

 
The sites selected to meet the goals for all natural communities and AVO Species 
were combined into an interim portfolio, and all viable occurrences of discretionary 
species within the interim portfolio were identified.   

 
All available data were examined to determine whether any additional sites were 
needed to meet the goals for discretionary species, and any needed sites were added 
to the final portfolio.   
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��

��

Strategic Habitat Conservation Areas for species and natural communities, other 
habitat models, recent data for rookery sites and shorebird aggregation areas data 
from the Florida Fish and Wildlife Conservation Commission, and other additional 
data (such as Florida Aquatic Preserves) were examined to determine whether there 
were other important sites that should be added to the portfolio. 

 
Landscape connectivity needs were assessed and appropriate landscape linkages were 
added to create the final portfolio boundary. 

 
The following section provides more detail on the steps used to select the two ecoregional 

portfolios. 

Selection of planning units 

Planning units were needed to delineate the potential geographic extent of the 

ecoregional portfolios.  There were two options for delineating portfolio site boundaries 

since element occurrences were the primary basis for selecting the portfolio.  The first 

option would be to buffer element occurrences.  However, since buffers may not define 

functional conservation units and since other ancillary data was also used to select 

portfolio sites, a planning unit approach was used.  Planning units are the potential 

components of the ecoregional plan that are selected whenever they contain a viable 

occurrence of a target species or natural community.  To maximize the likelihood that 

planning units represented potentially functional conservation areas, existing and 

proposed conservation lands and FNAI ACIs and PNAs were used as the planning units 

in both ecoregions. 

Element occurrences that were included in the portfolio but did not overlap with 

any of these areas (which could happen for occurrences that received an acceptable 

Element Occurrence Rank) were then buffered by 1 km to serve as a visual indication of 

the site location but not as a specific portfolio site boundary. 
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Selection of sites for natural communities 

FNAI element occurrence data for natural communities, Florida Fish and Wildlife 

Conservation Commission and Florida Gap Analysis Landsat-based land cover data, 

SPOT satellite imagery, land use/land cover data from 4 of the 5 state’s Water 

Management Districts, FNAI ACIs and PNAs, and expert knowledge were all employed 

to select the portfolio sites for natural communities.  Many of these sites are landscapes 

encompassing a mosaic of several to many interrelated natural communities linked by 

such ecological processes as frequent fire, underlying edaphic factors, and hydro-

physiographic gradients.   

Florida Natural Areas Inventory (Heritage) element occurrences were the primary 

means for identifying high quality natural communities.  More natural community 

occurrences had Element Occurrence Ranks than did species occurrences, and the 

occurrences with high EO ranks (and the most recent observation dates) were used in 

preference to other potentially viable occurrences whenever possible.  However, the 

availability of high quality land use/land cover data, imagery, the GIS-based viability 

assessment, and expert knowledge of specific sites with high quality occurrences allowed 

many other viable occurrences to also be selected.   

Selection of sites for target species 

The incorporation of viable populations for all target species was the next step of 

the portfolio design process.  After using both Element Occurrence Ranks and the GIS 

viability index to assess the potential viability of species occurrences, target species were 

split into two groups:  
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�� Those that did not have enough viable occurrences to meet their conservation goals, 
called All Viable Occurrences (AVO) Species – meaning that all viable occurrences 
needed to be included within the portfolio 

 
�� Species that apparently had enough viable occurrences necessary to meet their 

conservation goals, which were called Discretionary Species since the best 
occurrences could be selected when the number of occurrences exceeded the 
conservation goal for a particular species.   

 
AVO species analysis.  For all AVO species, a two-step process was used to 

determine whether there were any additional element occurrences that could be added as 

part of portfolio sites.  First, FNAI element occurrence data was reexamined to see if 

there were additional occurrences that were close to our viability thresholds or any 

additional information (such as EO data descriptions) that would allow additional 

occurrences to be considered viable.  Then, for some species additional element 

occurrence data was also assessed for potential viability, and viable occurrences were 

added to the portfolio when possible.  Additional element occurrence data came from a 

variety of sources including wildlife observation data from the Florida Fish and Wildlife 

Conservation Commission, Florida Museum of Natural History occurrence records for 

fish and mussels, Red-cockaded Woodpecker data from several sources, and more recent 

rare plant occurrences.  An interim Portfolio was then created by combining all the sites 

that were needed to meet the goals for ecological communities and AVO species. 

Discretionary species analysis.  Efficiency was the first goal for selecting 

discretionary species occurrences.  Therefore, viable occurrences within the Interim 

Portfolio were preferred and selected before viable occurrences for Discretionary Species 

that were not.  For some species many more viable occurrences than needed to meet the 

conservation goal were already within the Interim Portfolio.   For example, 168 

occurrences of gopher tortoise (Gopherus polyphemus – a near-endemic species 
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important for xeric upland vertebrate and invertebrate biodiversity) were within the 

interim Portfolio.   

In some cases, however, the conservation goals for some Discretionary Species 

were not met within the Interim Portfolio.  In those cases, all other viable element 

occurrences not within the Interim Portfolio were assessed to determine what additional 

sites/occurrences were best for meeting the conservation goal.  Element Occurrences that 

had the highest viability ranks, the most recent observations, or otherwise known to be 

the most significant were preferred.   

Additional occurrences were selected to meet geographic distributional goals for 

some Discretionary Species.  The two best examples were the Florida Scrub-Jay 

(Aphelocoma coerulescens) and Florida scrub lizard (Sceloporus woodi), both which 

occur on isolated inland and coastal scrub ridges across the Florida peninsula.  Portfolio 

selection included the selection of viable occurrences for each of these species from each 

geographically isolated ridge system.   Finally, in a few additional cases, some 

exceptional, high quality occurrences that represented the best occurrences from a size, 

condition, and functional landscape context (Poiani et al. 2001) were added to enhance 

the conservation efficacy of the entire portfolio.   

Identification of Additional Sites.  In order to more thoroughly address the 

inclusion of areas needed to ensure the viability of target species, Florida Fish and 

Wildlife Conservation Commission’s (FWC) Strategic Habitat Conservation Areas 

(SHCA) were also assessed for inclusion within the ecoregional portfolios.  SHCAs 

represent priority conservation areas needed to protect viable populations of focal 

species.  The FWC’s habitat models and SHCAs also represented the only potential 
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habitat or occurrence data we had for some target species including Mangrove Cuckoo 

(Coccyzus minor) and Black-Whiskered Vireo (Vireo altiloquus).  For ecological 

communities (including Sandhill and Scrub), SHCAs are priority sites for conserving 

unprotected occurrences.  All of the SHCAs are spatial areas (versus points) based on 

habitat models for species using Landsat-based land cover data and the appropriate land 

cover class representing the remaining, unprotected patches needed to protect viable 

populations or priority natural community locations.  Although element occurrence point 

data were used as the primary basis for portfolio site selection, SHCAs were used to add 

additional sites for specific target species and ecological communities or to add area to 

existing portfolio sites to better represent the spatial needs of various targets (Table 4-4).  

In addition, other recently created habitat models were utilized where appropriate to help 

meet the viability goals for several species (Cox and Kautz, 2000) (Table 4-4).  Finally, 

USFWS critical habitat designated for several federally listed species was also 

incorporated into the portfolio (Table 4-4).   

Almost all SHCAs, habitat models, and critical habitat were handled in the same 

fashion as element occurrence data for determining site boundaries.  Generally, only 

areas overlapping with existing and proposed conservation lands, or FNAI Areas of 

Conservation Interest or Potential Natural Areas were added to the portfolio.  However, 

afterwards, models were assessed for their degree of overlap with the portfolio and 

additional habitat for selected species was then added to the portfolio in some cases. 

The habitat model for the Crested Caracara (Caracara cheriway) is a specific 

example where the portfolio site selection process was altered to meet the unique needs 

of a species.  The Caracara is native to Florida’s dry prairies in south-central Florida, 
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Table 4-4.  Additional data used to identify portfolio sites (See Appendix E and 
Appendix F for scientific names) 

Florida Fish and Wildlife 
Conservation Commission 
Strategic (FWC) Habitat  
Conservation Areas 

Habitat models (source in 
parantheses) 

U. S. Fish and Wildlife 
Service critical habitat 

Anastasia Beach Mouse Crested Caracara  
(University of Florida) (UF)

American Crocodile 

Mottled Duck Florida Grasshopper  
Sparrow (FNAI) 

Silver Rice Rat 

Atlantic Saltmarsh Snake American Crocodile (FWC) Snail Kite 
Bald Eagle Scotts Seaside Sparrow 

(FWC) 
Cape Sable Seaside  

Sparrow 
Southeastern Bat Saltmarsh Vole (FWC) Piping Plover 
Mangrove Fox Squirrel Swallow-tailed Kite (Ken 

Meyer, UF) 
 

Limpkin Short-tailed Hawk (Ken 
Meyer, UF) 

 

Florida Black Bear   
Black-whiskered Vireo   
White-crowned Pigeon   
Red-cockaded Woodpecker   
Scotts Seaside Sparrow   
American Kestrel   
Southeastern Beach Mouse   
Mangrove Cuckoo   
Short-tailed Hawk   
Florida Panther   
Florida Scrub-Jay   
Sandhill Crane   
Snail Kite   
Rare Plants   
Sandhill   
Pine Rockland   
Tropical Hammock   
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however, it has shown to be capable of utilizing ranchlands or pasturelands as well as 

remaining areas of natural dry prairie.  Since agriculturally-disturbed habitats tend to be 

avoided for almost all other species and were not incorporated within most other portfolio 

sites, a habitat model using core nesting territories with suitable land use/land cover 

within 3 km of nests was developed to identify a broad portfolio site that should meet the 

viability goal for this species.  In addition, the Caracara model and portfolio site served as 

a surrogate for a set of other target species such as the Florida Burrowing Owl (Athene 

cunicularia floridana), Florida Sandhill Crane (Grus canadensis pratensis), and 

Southeastern American Kestrel (Falco sparverius paulus) that also utilize agricultural 

landscapes in the Kissimmee Valley. 

 Several other data sets were also used to add additional sites to the portfolio.  The 

Florida Fish and Wildlife Conservation Commission’s recent statewide survey of wading 

bird rookery sites, which was received after the portfolio boundaries had been largely 

established, was used to identify the most significant rookery sites for target wading bird 

species that were not already represented in the portfolio.  Sites identified as supporting 

large aggregations of wintering shorebirds in another FWC dataset were also added to the 

portfolio.  Selected Florida Aquatic Preserves were added to the portfolio both to serve as 

sites for seagrass communities as well as a surrogate for other estuarine and marine 

biological diversity.  Finally, several rivers (St. Johns, Sante Fe, Withlacoochee) that had 

been identified as significant for freshwater aquatic biodiversity and for maintaining 

ecological connectivity were buffered and added to the portfolio where they were not 

already represented by larger portfolio sites. 
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Representing Critical Areas for Connectivity.  The last set of sites added to the 

portfolio were those required for landscape connectivity.  These sites  are particularly 

important for the Florida panther and Florida black bear.  These areas were identified by 

assessing the SHCAs for both the Florida black bear and Florida panther and determining 

which additional areas needed to be added to provide critical landscape connections as 

well as larger blocks of habitat (Cox et al. 1994; Beier and Noss 1998; Maehr et al. 

2002b).  The Florida Ecological Greenways and intact habitat areas (such as FNAI ACIs 

and PNAs) were also used to identify strategically located sites necessary to forge the 

interconnected landscapes required to conserve biodiversity in both ecoregions. 

Results and Discussion 

The two portfolios selected to meet goals for hundreds of target species and 

natural communities cover a large portion of both the Florida Peninsula and Tropical 

Florida Ecoregions.  In both ecoregion portfolios, sites range from some small ones 

selected for individual focal species or natural communities to large ones including 

hundreds of species and natural community occurrences.  Overall, the emphasis in the 

site selection process was on landscape-scale sites, while small sites had to be 

incorporated when they were necessary for meeting species and natural community goals.  

In the Florida Peninsula Ecoregion, only 16% of the total portfolio sites are for a single 

target.  In the Tropical Florida Ecoregion, only 9% of the total portfolio sites are for a 

single target. 

Florida Peninsula Ecoregion Portfolio  

The Florida Peninsula Ecoregion portfolio contained 186 sites that cover 3.4 

million ha, which is 36% of the entire ecoregion including coastal water (Figure 4-5).  
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 Figure 4-5.  The Florida Peninsula Ecoregion site portfolio.  Many of the sites within the 

portfolio are larger landscapes and linkages among sites are fairly well 
represented, especially from southwest Florida through the Kissimmee 
Valley, through the St. Johns River basin and to the Ocala National Forest. 
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With open water areas removed, the portfolio contained 43% of the ecoregion’s land 

area.  Portfolio sites are sometimes adjacent to each other when they represent different 

ownerships of different ecological resources.  In some cases portfolio sites represent 

multiple parcels that are in the same general locality and represent a common ecological 

feature such as a river basin, ridge, natural community type, etc.  Fifty-four of the 

portfolio sites contained at least one parcel that is 20,000 ha or larger, which were 

considered large enough to be a landscape site (Poiani et al. 2000).  Eighty-five sites have 

at least one parcel that is 10,000 ha or larger.  The largest portfolio site was 195,000 ha 

(the Green Swamp) and the smallest was 3 ha.  The mean portfolio site size was 18,400 

ha. 

Tropical Florida Ecoregion Portfolio  

The Tropical Florida Ecoregion portfolio contained 65 sites that cover 2 million 

ha, which is 42% of the entire ecoregion including coastal water (Figure 4-6).  With open 

water areas removed, the portfolio contained 72% of the ecoregion’s land area.  Most 

portfolio sites were adjacent to other portfolio sites that were kept separated mainly to 

represent the different public conservation ownerships within the ecoregion.  In some 

cases portfolio sites represent multiple parcels that are in the same general locality and 

represent a common ecological feature such as a hydrologic basin, ridge, natural 

community type, etc.  The South Dade Pine Rockland Macrosite is the most extreme 

example of a multi-parcel portfolio site.  Eighteen of the portfolio sites contained at least 

one parcel that was 20,000 ha or larger, and 23 sites had at least one parcel that is 10,000 

ha or larger.  The largest portfolio site was 630,000 ha (Everglades National Park) and 

the smallest was 24 ha.  The mean portfolio site size was 31,000 ha. 
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 Figure 4-6.  The Tropical Florida Ecoregion site portfolio  
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Goal Achievement 

Goals for natural community and species representation in the portfolio served 

two purposes.  First, though goals based on the number of viable occurrences is a coarse 

method for ensuring viability, the likelihood that a species will be viable or that a natural 

community is well represented increases as the site portfolio comes closer to meeting or 

exceeds the minimum goal.  Another important assumption, which will be discussed in 

more detail below, is that all the land (and waters) in the portfolio will be protected and 

managed properly.  The goals for each species and natural community also serve to drive 

the site selection process and therefore are the primary justification for the inclusion of 

specific areas within the portfolio and the total area within the portfolio.  Whether a goal 

was obtainable or not for a particular species or natural community, the goals served to 

justify the inclusion of all areas needed to come as close to meeting the goal based on the 

available number of viable occurrences. 

Plant species are a good example of the limitations of the default goals (10 viable 

occurrences) due to the inherent rarity of many species, the lack of comprehensive 

occurrence data for some species, and the difficulty establishing realistic 

representation/viability goals.  In the Florida Peninsula Ecoregion only 38 (27%) out of 

142 plant species had enough viable occurrences to meet their goals within the site 

portfolio (See Appendix G for a detailed list of plant species and goal status for the 

Florida Peninsula Ecoregion).  However, even before assessing the potential viability of 

occurrences, only 56 (39%) of the plant species had enough total occurrences to 

potentially meet the goal.   In other words, 86 plant species did not have enough total 

occurrences within the ecoregion to meet the standard default goal of including at least 10 
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viable occurrences within the portfolio.  This is due to either natural rarity of species that 

were never common, induced rarity caused by habitat loss and fragmentation, and a lack 

of systematic surveys across all lands to find additional occurrences.  And when species 

did have enough total occurrences to potentially meet their goal, a plethora of old records 

(last documented prior to 1980) and no, or poor, information about the status or quality of 

occurrences resulted in the loss of many occurrences as non-viable.  Even with the use of 

the landscape-based viability index to augment the lack of Element Occurrence Rank 

data, only 1,538 (52%) of 2,972 plant species occurrences could be considered viable.  

The issues were the same for plant species in the Tropical Florida Ecoregion.  

Only 40 (22%) of 185 species had enough viable occurrences to meet their goals within 

the site portfolio (See Appendix H for a detailed list of plant species and goal status for 

the Tropical Florida Ecoregion).  Only 54 (29%) of the plant species had enough total 

occurrences to potentially meet the goal.  And only 1,089 (61%) of 1,777 plant species 

occurrences could be considered viable.   

For animal species, both vertebrates and invertebrates, there was also a lack of 

adequate occurrence data for many target species.  For Example, in the Peninsula Florida 

Ecoregion, 14 (13%) of 104 have no occurrences within the Florida Natural Areas 

Inventory database (usually because they are not species tracked by FNAI), and only 46 

(44%) had enough total occurrences to meet their goals.  In the Tropical Florida 

Ecoregion, only 32 (45%) out of 71 vertebrate species had enough occurrences to 

potentially meet their goals.   Even worse, after assessing the potential viability of all 

occurrences, only 1,847 (38%) of the 4,868 vertebrate occurrences could be considered 

viable in the Florida Peninsula Ecoregion, though 829 (61%) of the 1,353 vertebrate 
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occurrences could be considered viable in the Tropical Florida Ecoregion.  In response to 

the lack of occurrence data needed to meet the goals for many vertebrate species, 

additional occurrence records from the Florida Fish and Wildlife Conservation 

Commission and the Florida Museum of Natural History were used for some taxa though 

this typically did not add enough data to meet viability goals.  In addition, habitat 

analyses were used from the Florida Fish and Wildlife Conservation Commission (Cox et 

al. 1994; Cox and Kautz 2000) and several other sources to identify additional sites for 

some species.  However, the results were still few species meeting the goal of 10 viable 

occurrences in both ecoregions.  In the Florida Peninsula Ecoregion, only 43 (41%) of 

104 vertebrate species met their goals, and only 28 (39%) of 71 species met their goals in 

the Tropical Florida Ecoregion.  

However, since the Florida Fish and Wildlife Conservation Commission (FWC) 

has completed viability assessments for many of the vertebrate species included in these 

ecoregional plans, another standard for assessing the potential viability of vertebrate 

species within the portfolio was also used.  This was a subjective process where the 

viability assessments done by the FWC (Cox et al. 1994; Cox and Kautz 2000) and other 

ecological information on each species were used to determine whether it was likely that 

the species would be viable within the portfolio if all sites were protected and 

appropriately managed.  Based on this assessment, 74 (71%) of 104 vertebrate species 

likely met their viability goals in the Florida Peninsula Ecoregion, and 48 (68%) of 71 

species likely met their goals in the Tropical Florida Ecoregion (Table 4-5 and Table 4-6) 

(See Appendix I and Appendix J for a detailed list of vertebrate species and goal status 

for each ecoregion).  
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Table 4-5.  Goal achievement by taxonomic group for vertebrate species in the Florida 
Peninsula Ecoregion 

Taxonomic 
group 

Total # of  
species 

# of species meeting  
goal of 10 occurrences 

# of species likely meeting  
viability goal within portfolio 

Fish 19 0(0%) 10(53%) 
Herps 27 10(37%) 17(63%) 
Birds 40 29(73%) 37(93%) 
Mammals 18   4(22%) 10(56%) 
Total 104 43(41%) 74(71%) 
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Table 4-6.  Goal achievement by taxonomic group for vertebrate species in the Tropical 
Florida Ecoregion 

Taxonomic 
group 

Total # of  
species 

# of species meeting  
goal of 10 occurrences 

# of species likely meeting 
viability goal within portfolio 

Fish 6 0(0%) 4(67%) 
Herps 16 3(19%) 7(44%) 
Birds 35 21(60%) 30(86%) 
Mammals 14   4(29%) 7(50%) 
Total 71 28(39%) 48(68%) 
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 Invertebrate animals were especially challenging.  Most invertebrates selected as 

focal species in these ecoregions are either cave or spring dwelling and are frequently 

documented from only one locality.  Obviously, a goal of 10 occurrences is not attainable 

for extremely rare invertebrates that occur at only one location.  In the Florida Peninsula 

Ecoregion, only 7 (13%) of 56 invertebrate species had enough total occurrences to 

potentially meet their goal, but only 1 (Cicindela highlandensis, a terrestrial beetle) had 

enough viable occurrences to meet its goal (See Appendix I for a detailed list of 

invertebrate species and goal status for the Florida Peninsula Ecoregion).  For many 

species the available occurrence data is either outdated or lacking the information needed 

to adequately assess viability.  However, if protecting all known occurrences or enough 

total occurrences (regardless of viability assessments) was the standard, as many as 26 

(46%) of the species could be considered adequately represented within the portfolio.   

  In the Tropical Florida Ecoregion, 6 (46%) of the 13 focal invertebrate species 

either had no documented occurrences or were known from only one location, and no 

species met their goals.  Using the same likelihood standards for meeting viability goals 

discussed above, as many as 7 (54%) species could be considered potentially viable 

within the site portfolio (See Appendix J for a detailed list of invertebrate species and 

goal status for the Tropical Florida Ecoregion). 

For natural communities, both an overall goal for the entire ecoregion and a 

subecoregional goal were set to ensure adequate representation overall and to make sure 

that geographic variation in natural communities was captured.  In the Florida Peninsula 

Ecoregion, 1,604 (67%) out of 2,408 natural community occurrences could be considered 
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viable, and 34 (61%) of the 56 natural communities met their overall goal for 

representation.  Based on general information about the distribution and status of these 

natural communities and sites included in the portfolio, it is likely that as many as 41 

(73%) of the natural communities met their goals within the Florida Peninsula Ecoregion 

site portfolio.  Thirty-two (57%) of the natural communities met their subregional goals, 

which means that they are still well distributed within their historic range within the 

ecoregion (See Table 4-1 for subecoregional goals).  

Sandhill, mesic flatwoods, and dry prairie were designated as matrix communities 

and therefore were required to have sites that were at least 2000 ha to meet their goals.  

Both sandhill (at least 8 sites with 2000 ha or more) and mesic flatwoods (at least 19 

sites) had enough large sites to meet their overall goals but dry prairie did not (only 8 

sites were large enough whereas 10 were needed).  In addition, although all 3 

communities met their subregional goals in terms of total number of sites per 

subecoregion, dry prairie did not have an adequately large site in 1 subecoregion, and 

sandhill did not have an adequately large site in 2 subecoregions.   

In the Tropical Florida Ecoregion, 513 (76%) out of 671 natural community 

occurrences could be considered viable, but only 15(34%) of the 44 natural communities 

met their overall goal for representation (See Appendix K for a detailed list of natural 

communities and goal status for the Florida Peninsula Ecoregion).  The primary reason 

for the poor performance was that many communities were poorly represented in the 

available occurrence data.  Twenty-seven (61%) of the communities did not have enough 

total documented occurrences to meet their goals.  Therefore the occurrence data has 

many occurrences for a few communities and very few for most communities.  However, 
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based on general information about the distribution and status of these natural 

communities and sites included in the portfolio, it is likely that as many as 25 (57%) of 

the natural communities met their goals within the Tropical Florida Ecoregion site 

portfolio.  Fourteen (32%) of the natural communities met their subregional goals (See 

Table 4-2 for subecoregional goals).  

The only designated matrix community in the Tropical Florida Ecoregion was 

tropical swale, although pine rockland may have been a matrix community before the 

development of eastern Dade County.  At least 12 sites have enough remaining Tropical 

Swale (2,000 or more ha) to meet the representation goal for this community (See 

Appendix L for a detailed list of natural communities and goal status for the Tropical 

Florida Ecoregion). 

Finally, it is acknowledged that marine and estuarine natural communities (or 

ecosystems) are poorly represented in both portfolios.  Though coastal waters (and lands) 

are included in the portfolios in both ecoregions, the marine and estuarine community 

classification used in this analysis is not comprehensive and the available occurrence 

information in this analysis for these natural communities is extremely poor.  Though in 

some ways estuarine and marine species may be better represented in the portfolios, the 

included species and occurrence information is not a thorough inventory of coastal 

species.  Fortunately, more comprehensive ecoregional planning for the marine and 

estuarine ecosystems in the Gulf of Mexico has been initiated, and a similar analysis is 

planned along the Florida east coast.  

 

 



 228

Conservation Land and Open Water Statistics 

Existing and proposed conservation lands and open water were a significant 

portion of the area within both ecoregional portfolios (Figure 4-7).  In the Peninsula 

Florida Ecoregion, 51% of the portfolio was within either existing conservation lands or 

open water, and an additional 21% was within proposed conservation lands (Table 4-7).  

The ecoregion site portfolio also contains most of the existing (95%) and proposed (86%) 

conservation lands within the ecoregion, which suggests that virtually all of the existing 

and currently planned conservation land investments are needed to conserve the 

ecoregion’s biodiversity.  In addition some of the proposed and existing conservation 

lands not within the portfolio are recent additions added to the conservation lands 

inventory since the portfolio was selected, and some of these areas may have been 

included if they had been available during the selection process. 

 In the Tropical Florida Ecoregion, 89% of the portfolio was within either existing 

conservation lands or open water, and an additional 4% was within proposed 

conservation lands (Figure 4-8; Table 4-8).  The ecoregion site portfolio also contains 

most of the existing (98%) and proposed (77%) conservation lands within the ecoregion.  

However, most of the existing and proposed conservation lands not included within the 

portfolio are critical as part of the strategy for restoring ecosystem function to the tropical 

swale landscape of the central and southern Everglades and Florida Bay, which is an 

issue that will be discussed in more detail below. 

Comparison with the Florida Ecological Network 

The primary goal of the Florida Ecological Network was to identify large areas of 

ecological significance and the best landscape linkages to connect these areas into a 
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Figure 4-7.   Conservation lands, open water, and private lands both within and outside 

the Florida Peninsula Ecoregion  



 230

Table 4-7. Conservation lands and open water statistics for the Florida Peninsula site  
portfolio 

Category Hectares 
% of 

portfolio % of ecoregion
Existing conservation lands outside 

portfolio 71,101 N/A 1% 
Open water outside portfolio* 2,140,630 N/A 22% 
Proposed conservation lands outside 

portfolio 110,647 N/A 1% 
Other private lands outside portfolio 3,829,785 N/A 40% 
        
Existing conservation lands within 

portfolio 1,441,101 42% 15% 
Open water within portfolio*  292,582 9% 3% 
Proposed conservation lands within 

portfolio 702,514 21% 7% 
Other private lands within portfolio 982,213 29% 10% 
Total area in portfolio 3,418,410 100% 36% 
        
Total area in ecoregion 9,570,573   100% 

*Open water does not include open water within existing conservation lands.
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Figure 4-8.   Conservation lands, open water, and private lands both within and outside 

the Tropical Florida Ecoregion site portfolio   



 232

 
Table 4-8. Conservation lands and open water statistics for the Tropical Florida site 

portfolio 

Category Hectares 
% of 

portfolio % of ecoregion 
Existing conservation lands outside 

portfolio     39,064 N/A 1% 
Open water outside portfolio* 2,201,634 N/A 46% 
Proposed conservation lands outside 

portfolio     21,977 N/A 0% 
Other private lands outside portfolio   490,378 N/A 10% 
        
Existing conservation lands within 

portfolio 1,694,934 84% 35% 
Open water within portfolio*     103,007 5% 2% 
Proposed conservation lands within 

portfolio     74,911 4% 2% 
Other private lands within portfolio   151,815 7% 3% 
Total area in portfolio 2,024,667 100% 42% 
        
Total area in ecoregion 4,777,720   100% 

*Open water does not include open water within existing conservation lands.
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 functional statewide conservation network.  Based on a cursory analysis of species 

occurrences in Chapter 2, it appears that the Florida Ecological Network does a good job 

of protecting available occurrences of most species of conservation interest statewide.  

The amount of overlap between the Florida Ecological Network and the ecoregional 

portfolios is also an indication that the Ecological Network captures much of the area 

needed to conserve biodiversity in the Florida Peninsula and Tropical Florida Ecoregions.  

In the Florida Peninsula Ecoregion, the Florida Ecological Network covers 3.95 

million ha, and therefore contains approximately 500,000 ha more than the Florida 

Peninsula Ecoregion site portfolio.  Seventy-two percent of the Ecological Network 

overlaps with the site portfolio, and 84% of the site portfolio overlaps with the Ecological 

Network (Figure 4-9).  On land, the primary differences are in the Kissimmee River 

Valley and in the northwest portion of the ecoregion.  In the Kissimmee River Valley, the 

site portfolio better represents dry prairie and other open grasslands necessary for a host 

of species including Crested Caracara, Florida Grasshopper Sparrow (Ammodramus 

savannarum floridanus), Florida Burrowing Owl, Florida Sandhill Crane, and 

Southeastern American Kestrel.  Such areas were largely avoided by the Ecological 

Network primarily because they represented a mosaic of natural grasslands and wet 

prairies dispersed within a matrix of improved pasture and other agricultural land uses.  

In other areas including the northwest portion of the Ecoregion, the Ecological Network 

does a much more thorough job of representing large landscapes that may be dominated 

by semi-natural areas such as pine plantations but are needed to consolidate conservation 

areas and provide functional connections.  Although connectivity was considered in the 

development of the ecoregional portfolio, the focus was the Florida panther and Florida 
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Figure 4-9.   Overlap between the Florida Ecological Network and the Peninsula Florida 

and Tropical Florida ecoregional portfolios.  Overall, the Florida Ecological 
Network more thoroughly represents large landscapes and landscape 
linkages in the western and northern portions of the Florida Peninsula 
Ecoregion, and the ecoregional portfolios more thoroughly include 
important tropical hammocks and pine rocklands in south Florida and dry 
prairie habitats in south-central Florida. 



 235

black bear.  Only primary connections among large bear populations or key expansion 

areas for the panther in southwest Florida were thoroughly incorporated.  There are also 

significant differences within the Florida Peninsula Ecoregion in aquatic ecosystems.  

The Florida Ecological Network more thoroughly incorporates certain estuaries such as 

the Indian River Lagoon and Tampa Bay whereas the ecoregional portfolio incorporates 

the recently expanded boundaries of Big Bend Aquatic Preserves on the west coast and 

the Guana River Estuarine Research Reserve along the northeast coast.  Finally, the 

Ecological Network better represents several riparian systems including the Peace River, 

parts of the St. Johns River, and the Sante Fe River. 

There is an even greater amount of overlap between the Florida Ecological 

Network and the Tropical Florida Ecoregion site portfolio (Figure 4-9).  In this case, the 

ecoregional portfolio is approximately 100,000 acres larger than the Ecological Network.  

The primary reason is that tropical hammocks in the Florida Keys and pine rocklands in 

Dade County in the ecoregional portfolio were largely unrepresented in the Ecological 

Network since they are fragmented by both human caused habitat loss and geography.  

However, large protected areas dominate both the Ecological Network and the 

ecoregional portfolio within the Tropical Florida Ecoregion, which results in a 95% 

overlap of the Ecological Network with the ecoregional portfolio and a 90% overlap of 

the ecoregional portfolio with the Ecological Network.   

Comparison with Black Bear Habitat and Landscape Linkages 

Since the Florida Black Bear requires large areas to support viable populations, in 

theory it could frequently serve as an umbrella species, which means that most other 

species might be adequately protected in the areas needed to effectively protect black 
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bear.  Based on the black bear habitat and landscape linkage modeling conducted in 

Chapter 3, a base layer of potential high quality bear habitat and landscape linkages was 

identified that contained enough habitat and connectivity to likely protect a viable 

statewide bear metapopulation.   

Comparing this data layer to the ecoregional portfolios suggests that there are 

significant gaps within the most significant bear habitat and linkages that would not 

adequately cover certain areas also needed to conserve biodiversity within these 

ecoregions.  First to compare the ecoregional portfolios with bear habitat, only land areas 

are compared since bear habitat would not directly protect aquatic habitats (though it 

could protect watersheds).  In the Florida Peninsula Ecoregion, only 48% of the land area 

within the ecoregional portfolio overlapped with the bear habitat and landscape linkages 

data layer, whereas 74% of bear habitat overlapped with the ecoregional portfolio (Figure 

4-10).  Only 44% of the land within the Tropical Florida Ecoregion overlapped with bear 

habitat, whereas almost all identified bear habitat (95%) overlapped with the ecoregional 

portfolio (Figure 4-10).  The primary reason for the lack of correspondence is the extent 

of more open herbaceous and shrub dominated wetlands and upland in south-central and 

south Florida.  Landscapes dominated by such communities include the marshes of the 

upper St. Johns River; the marshes, wet prairies, and dry prairies of the Kissimmee River 

Valley; and the sloughs and wet prairies of the Everglades.  These areas are critical for 

biodiversity conservation in these ecoregions though they do not support enough forest 

cover to meet the definition of primary bear habitat.  
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Figure 4-10.    Overlap between the Peninsula Florida and Tropical Florida ecoregional 

portfolios and Florida black bear habitat or landscape linkages.  The open 
marshes, wet prairies, dry prairies, and sloughs of the upper St. Johns 
River, Kissimmee River Valley, and the Everglades are critical for 
conserving biodiversity in these ecoregions though they do not support the 
forest cover needed for prime bear habitat.   
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Conclusions 

The science and application of identifying and designing reserve networks has 

become increasingly important as biodiversity continues to erode through habitat 

fragmentation and numerous other threats.  The disciplines of conservation biology and 

landscape ecology now have preeminent roles in improving efforts to identify and design 

integrated systems of reserves to functionally protect biodiversity.  In the last decade, The 

Nature Conservancy has embraced the growth of biodiversity science and landscape 

ecology to guide their efforts to conserve native species, all natural communities, and 

intact and restored landscapes.   

Ecoregional planning provides lots of promise for more comprehensive 

biodiversity assessment in the future.  Recent science has made it clear that thorough 

development of representation analysis, viability assessments, and landscape approaches 

are critical for identifying the area and configuration of reserves needed to conserve 

biodiversity across regions (Noss and Cooperrider 1994; Harris et al. 1996b; Schwartz 

1999; Jennings 2000; Margules and Pressey 2000; Poiani et al. 2000; Groves et al. 2002).   

Ecoregional planning attempts to collect all the relevant data needed to protect viable 

populations of focal species, functionally represent all natural communities, and 

incorporate landscapes that can be maintained or restored to protect ecological integrity.  

In the Florida Peninsula and Tropical Florida Ecorgions, the guidelines for ecoregional 

planning worked fairly well but important data gaps and problems with criteria for 

defining success were evident.  

One of the first important issues is the selection of ecoregion boundaries.  Though 

ecoregion boundaries may be based on legitimate criteria to differentiate ecological units 
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based on coarse climatic, geologic, and other factors, the scale at which these boundaries 

are selected and criteria used may not always reflect the most important patterns in the 

geographic distribution of biodiversity.  The suitability of the existing boundary between 

the Florida Peninsula Ecoregion and Tropical Florida Ecoregion is a good example.   

There are two primary ecoregion classifications, at least for the United States:  Bailey's 

classification (1996), which has been adopted for use by the USDA Forest Service and 

for The Nature Conservancy's ecoregional planning; and Omernik's classification (1995), 

which is used by the U.S. Environmental Protection Agency.  Both ecoregion 

classifications have similar boundaries between the ecoregions covering most of the 

Florida peninsula and then an ecoregion for south Florida (See Figure 3-2 for the 

boundaries from the Bailey classification).  However, neither system well represents the 

influence of climate on the distribution of tropical associated species in the southern half 

of the Florida peninsula.  Freeze influence ameliorated by the waters of the Gulf of 

Mexico and the Gulf Stream in the Atlantic dictates that tropical associated plant species 

frequently occur along the coasts from the Florida Keys up to approximately the latitude 

of Orlando.  However, these species are largely absent from the interior of south-central 

Florida where freezes are much more frequent (Myers and Ewel 1990; Harris and 

Cropper 1992).  Since so many focal species were rare plants (though not all tropically-

affiliated), a boundary between the Florida Peninsula and Tropical Florida ecoregions 

that better represented the climatic influence of cold winter weather may have resulted in 

better representation and success for tropical and coastal species.  Modification of the 

ecoregion boundaries was discussed at the beginning of the analysis but due to time 

limitations and other considerations, the ecoregion boundaries were maintained.  
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However revision of the boundaries between ecoregions should be more thoroughly 

considered in future iterations. 

Setting goals and assessing viability are critical parts of the ecoregional planning 

process and are also potentially the most problematic element of the reserve design 

process.  Goals are meant to indicate when a species or natural community is adequately 

protected or represented.  For species, adequate protection should mean that, if the 

portfolio of sites is protected and properly managed, the species would remain viable 

within the ecoregion.  The goal used for all species targets was the inclusion of 10 viable 

occurrences within each ecoregional portfolio.  A species with 10 separate, viable 

populations within an ecoregion should have an excellent chance of persisting (Cox et al. 

1994; Kautz and Cox 2001).  However, the application of the goal criteria and the 

definition of viability used in ecoregional planning result in some important issues based 

on both the limitations of occurrence data, thoroughness of occurrence data, and the 

significant differences in the ecology of focal species.   

Population viability assessment continues to evolve, but a frequently used 

standard is 90% or 95% probability of a population surviving for 100 years (Meffe and 

Carroll 1997).  In Florida, the Florida Fish and Wildlife Conservation Commission used 

such a standard and also reasoned that a species that had at least 10 populations that met 

this standard would have an excellent overall probability of long-term persistence (Cox et 

al. 1994; Kautz and Cox 2001).  This was the standard that was the basis for the default 

viability goals for ecoregional planning.  However, there are significant differences in 

assessing population sizes needed to meet a standard of 90-95% survival probability of 

100 years based on the demographic and ecological characteristics of a particular species 
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and reliance on occurrence data and coarse viability standards for such occurrences.  The 

two methods for assessing viability of species occurrences in this analysis did not include 

population viability assessments.  Element Occurrence Ranks (EOR) that are sometimes 

included with natural heritage occurrences are supposed to incorporate population size 

within the ranking and population EORs and landscape-based viability assessment 

techniques had to be used as a surrogate for most occurrences.  In addition, the ecology of 

some species dictates that occurrence data can represent individual occurrences for some 

species.  This includes raptors such as the Southern Bald Eagle where many occurrences 

represent single nest locations.  Cryptic or difficult to survey species such as fossorial 

reptiles and other vertebrate species also often have occurrence data that represent one or 

a few observed individuals.   

These issues do not invalidate the approach taken in ecoregional planning, nor are 

the problems with the data available in Florida exceptional.  For the vast majority of 

species across all ecocregions there is not enough population status and demographic data 

available to attempt population viability assessments (Groves et al. 2002).  Future 

ecoregional plans will be improved as occurrence data is updated to expand population 

information and as techniques to assess viability that do not require extremely detailed 

demographic data advance (Morris et al. 1999).     

For natural communities, adequate protection or representation should mean the 

community can be maintained as a functional ecological system that provides habitat for 

both focal species and other species that may have been missed (such as many 

invertebrates) in the selection process.  The subecoregion goals for natural communities 

are meant to capture any geographic variation in ecological processes and component 
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species.  These goals are a reasonable way to ensure adequate natural community 

representation using natural heritage occurrences and supplementary data (Groves et al. 

2002).  However, the analysis was somewhat constrained by a lack of complete 

information about the condition of many natural community occurrences.  As with 

species, a landscape-based viability index was used as a surrogate for occurrences 

without Element Occurrence Rank data (which incorporates information on condition), 

but issues such as fire suppression and exotic plants may not be adequately addressed in a 

land use and land cover based landscape index.   

Natural community representation, like population viability assessment, has also 

received increasing attention in conservation biology and reserve design.  Standards used 

to determine adequate representation are frequently based on protecting either some 

percentage of existing area of a natural community or a percentage of presettlement or 

potential natural vegetation (Margules and Pressey 2000).  This approach is dependent on 

land cover data (such as classified Landsat imagery) that adequately identifies existing 

natural communities and is strengthened by realistic representations of potential natural 

vegetation.  Though such data exist for Florida, the community classifications for both 

existing and potential natural vegetation are coarse and miss most natural communities.  

In future iterations a hybrid approach that includes area representation as a criterion for 

communities that can be distinguished using imagery and occurrence-based goals for all 

other communities should be considered.  

Large wide-ranging species are another important issue for ecoregional planning.  

The area needed to conserve viable population of species such as the Florida panther and 

Florida black will frequently exceed the amount of available land within individual 
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ecoregions (Noss et al. 1996; Maehr et al. 2002b).  Although the Florida Peninsula and 

Tropical Florida ecoregional portfolios include most of the available habitat for these 

species, protection of viable populations will require coordination across the boundaries 

of at least 4 ecoregions. 

Although there are important data gaps to be addressed in future iterations, 

ecoregional planning is an ambitious attempt to comprehensively assess biodiversity 

conservation needs.   The Florida Peninsula and Tropical Florida ecoregional plans 

combine fine filter, coarse filter, and landscape approaches to identify the areas that must 

to be protected to effectively conserve biodiversity across the Florida peninsula (Franklin 

1993).  The fine filter approach included assessment of not only priority focal vertebrate 

species, but also hundreds of plants and key invertebrates including many cave and spring 

endemics.  All natural communities were included in the assessments using a hybrid 

classification based on both the Florida Natural Areas Inventory and The Nature 

Conservancy’s National Vegetation Classification.  Landscape considerations were 

addressed by using Florida Fish and Wildlife Conservation Commission Strategic Habitat 

Conservation Areas for the Florida Panther and Florida Black Bear, the Florida 

Ecological Greenways Network, and area goals for large, matrix natural communities to 

identify large landscape sites and linkages. 

The results of the analysis indicate that most of the existing conservation lands 

have a critical role in conserving the ecoregions' biodiversity, and that there are still large 

areas that need to be protected in a rapidly developing region.  There are several next 

steps that are still in progress to enhance conservation action by The Nature Conservancy.  

First, unprotected lands within the portfolios will be prioritized so that conservation 
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attention can be focused on the sites that contain the most important biodiversity 

elements and are most threatened by development.  Second, the proper management of 

existing conservation lands is essential to make sure that biodiversity thrives on all such 

lands.  Restoration is also required on existing and proposed conservation lands to restore 

intact natural communities and functional ecological processes.  This is most evident 

throughout what can be called the Everglades watershed from the Kissimmee River basin 

and Lake Okeechobee through almost the entire southern tip of the state.  There is a dire 

need for landscape restoration in South Florida that was beyond the scope of this 

research, but is absolutely essential for piecing together some semblance of the once vast 

subtropical marsh, swamp, pineland, and hammock landscape mosaic that once existed 

(Harris et al. 2001).   Furthermore, the protection of some ecoregion portfolio sites will 

require active participation in land use planning in surrounding areas.  The best examples 

are the myriad spring sites within the Peninsula Florida portfolio that are threatened by 

groundwater extraction and pollution over vast areas within their watersheds.  Since fire 

is an integral ecological process throughout these regions, efforts must also be expanded 

to minimize human-created conflicts that impede the ability of managers to use 

prescribed fire to maintain ecological integrity.  

Ecoregional planning in the Florida Peninsula and Tropical Florida ecoregions 

represents another big step in our ever-expanding knowledge about Florida biodiversity 

conservation needs and assessment techniques.  These efforts were both complementary 

with previous assessments and supported by their data.  More formal efforts to integrate 

these efforts in one comprehensive assessment for the entire state of Florida should be the 

next step towards ensuring the future of Florida's unique natural heritage.   



 

 

 
CHAPTER 5 

CONCLUSIONS, POLICY ISSUES, AND RECOMMENDATIONS 
 

Reserve Design Analysis: Landscape Approaches and Methods 
 

Numerous empirical studies (Saunders et al. 1991; Harris and Silva-Lopez 1992; 

Friesen et al. 1995; Bolger et al. 1997; Hartley and Hunter 1998; Trine 1998; Heske et al. 

1999; Debinski and Holt 2000; Findlay and Bourdages 2000; Odell and Knight 2001), 

have established that habitat fragmentation results in the erosion of biodiversity and 

ecological integrity.  Landscapes harboring functional ecological processes, which are 

both depended on, and produced, by biodiversity (Harris et al. 1996a), are essential for 

protecting ecological integrity and important ecological services for all species including 

humans (Constanza et al. 1997; Daily 1997).  The need to protect large areas to maintain 

ecological integrity, juxtaposed with the fact that most reserves are small and most 

landscapes are highly altered, has lead to landscape-based reserve design (Noss 1983; 

Harris 1984; Noss and Harris 1986; Noss 1987b; Noss and Cooperrider 1994; Harris et 

al. 199b6; Noss et al. 1996; Barrett and Barrett 1997; Soulé and Terborgh 1999). 

The three regional landscape assessments and reserve design applications 

analyzed here incorporate landscape-based approaches.  The intent of the Florida 

Ecological Network analysis was to identify the largest areas of natural and semi-natural 

land that could be incorporated into a functionally connected, statewide reserve network.  

The analysis indicates there are still large landscapes comprised of pinelands, swamps, 

hammocks, prairies, and rangelands that could be integrated into a reserve system with 
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ecological conservation value greater than the sum of its parts (Noss 1991; Harris et al. 

1996a).  Such a reserve network would ensure the future of the Florida black bear as a 

viable statewide metapopulation, provide good opportunities for expanding Florida 

panther range and significantly enhance its viability (Maehr et al. 2001a; Maehr et al. 

2001b), and protect most of the biodiversity across the state.   

The Florida black bear habitat and landscape linkage analysis confirmed a high 

degree of overlap between priority areas for this species and the Florida Ecological 

Network.  The multiple logistic regression analysis indicated that the most important 

variables for determining bear habitat quality included landscape attributes such as patch 

size, forest density, large roadless areas (defined using major highways), and density and 

proximity of intensive land uses.  The least cost path (LCP) analysis for identifying 

landscape linkages for the Florida black bear was also based on landscape indices that 

identified pathways through the largest swaths of intact habitat.  In turn, the cost surfaces 

used in the LCP analysis were influenced by landscape characteristics, where more 

fragmented landscapes resulted in greater differences in LCP results for various cost 

surfaces.  The Florida black bear landscape linkage analysis also confirmed the 

congruence between the Florida Ecological Network and the best opportunities for 

maintaining and restoring connectivity among the five large and several smaller bear 

populations across the state.  However, the analysis also indicates that burgeoning 

development threatens many landscape linkages, especially in central Florida. 

Ecoregional planning for the two ecoregions encompassed by the Florida 

peninsula combined species (fine filter), natural community (coarse filter), and landscape 

approaches to identify the areas needed to conserve biodiversity (Groves et al. 2000; 
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Groves et al. 2002).  Though this process was largely driven by species and natural 

community occurrence data, landscape-based indices were used to help determine the 

potential viability of species and natural community occurrences.  Landscape-scale 

habitat priorities for the Florida black bear and Florida panther (Cox et al. 1994; Kautz 

and Cox 2001) and the Florida Ecological Greenways Network were used to identify 

additional landscapes needed to conserve biodiversity in the two ecoregions.  The 

ecoregional planning results matched well with the Florida Ecological Network, although 

some additional areas are included in the ecoregional portfolios.  The most important 

examples include the tropical hammocks and other upland habitat of the Florida Keys; 

pine rocklands (and hammocks) in Miami-Dade County; Florida scrub patches along the 

Lake Wales Ridge; and some coastal scrub, maritime hammock, and coastal strand along 

both coasts.  Such areas have either been heavily impacted by human-induced habitat 

fragmentation or are naturally isolated (though even in these cases they are now 

threatened by human activity).  These areas did not meet the intact landscape criteria used 

in the Florida Ecological Network; however, they are significant last chance refuges for 

biodiversity elements that are not well-represented in larger landscapes, especially for 

many rare plant species (Myers 1990). 

Primary components of reserve design include representation, habitat assessments 

for focal species, inclusion of special elements, and consideration of ecological and 

evolutionary processes (Noss and Copperrider 1994; Harris et al. 1996a; Noss 1996; 

Margules and Pressey 2000).  All of these aspects of reserve design are well covered by 

the three analyses collectively.  Representation is addressed in the Florida Ecological 

Network through the inclusion of high priority natural communities, but ecoregional 
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planning goes much further in ensuring representation of all natural communities and 

focal species.   

The Florida Ecological Network includes The Florida Fish and Wildlife 

Conservation Commission’s (FWC) Strategic Habitat Conservation Area 

recommendations based on habitat and population analyses for wide-ranging and other 

focal species, and the black bear analysis provides a detailed assessment of all potential 

high quality habitat and landscape linkage opportunities statewide for the best potential 

umbrella species in Florida.  The ecoregional planning analysis incorporates habitat 

assessments for many additional focal species.  Special elements were incorporated 

through the inclusion of roadless areas and high quality natural communities, and 

ecoregional planning incorporated special features such as caves, sinks, springs, aquatic 

preserves, and the occurrences of the highest quality natural communities.   

The Florida Ecological Network identified large, interconnected landscapes most 

likely to support functional ecological and evolutionary processes.  The habitat and 

landscape linkages needed to conserve a viable metapopulation of black bear may include 

enough area to ensure the maintenance and restoration of functional landscapes.  Finally, 

ecoregional planning identified landscapes likely to support intact natural community 

mosaics.  Therefore, though the three regional landscape assessments and reserve design 

applications focus on particular elements of a reserve design process, together they 

represent all the key reserve design steps.  

The three approaches are clearly complementary, yet they are also not necessarily 

comprehensive.  All of these approaches have shortcomings that have less to do with 

procedural issues than just the outright complexity of reserve design.  Conservation 
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biology has been described as a triage, crisis science (Soulé 1985; Meffe and Carroll 

1997).  Reserve designers will never have all of the information they would like, and yet 

there is a need to make decisions now as habitat loss and fragmentation accelerate.  There 

are simply too many species and too much ecological complexity for us to have all the 

answers.  Therefore we are forced to make decisions based on the best available 

information.  And the definition of best available information is most frequently 

determined by available money and time.  Nevertheless, it is important to point out where 

improvements can be made to enhance future reserve design iterations before it is finally 

too late.   

The methodology used to delineate the Florida Ecological Network had the 

advantage of being a relatively simple landscape-based approach focused on the 

identification of areas that are most likely to maintain important ecosystem attributes.  

However, the strength of the process and results may be very dependent on the quality of 

the available data.  Habitat and viability assessments by the FWC (Cox et al. 1994; Kautz 

and Cox 2001) and identification of significant natural features by the Florida Natural 

Areas Inventory (1997) were important building blocks.  Whether the results would have 

been similar with only basic land cover data and simple assessments of important 

landscape features such as roadless areas is debatable.  The FWC Strategic Habitat 

Conservation Areas for species such as the Florida black bear helped select critical areas 

of semi-natural land uses (such as pine plantations) that likely would not have been 

identified using more basic information.  Therefore, the viability and habitat assessments 

and the identification of key natural areas likely significantly enhanced the representation 

of key areas for biodiversity within the Florida Ecological Network.   
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The analysis of landscape linkages for the Florida black bear is primarily limited 

by the uncertainties in the development of cost surfaces and the ecological utility of the 

LCP function in ESRI’s ArcInfo GRID and Spatial Analyst, though LCP analysis is a 

viable tool for assessing connectivity (Meegan and Maehr 2002).  LCP analysis has some 

advantages and flexibility as a methodology for identifying the best way to traverse 

landscapes to minimize cost.  However, there are some limitations to its applicability for 

assessing landscape linkages or corridors to facilitate species movement.  The limitation 

of using one-cell wide paths across long distances (over 100 km in the case of several of 

the landscape linkages) increases the probability that sub-optimal paths may be selected.  

Though cost surfaces can be modified to address this issue, an algorithm that allows the 

designation of minimum allowable corridor widths would enhance corridor analysis.   

The LCP function selects paths based on the total accumulated cost across a 

landscape.  However, most dispersing non-volant organisms experience landscapes in a 

much more limited fashion and are forced to make decisions based on how far they can 

see, or otherwise sense, what lays ahead (Beier 1995; Lima and Zollner 1996; Meegan 

and Maehr 2002).  Though the LCP function may likely pick the best option from a top-

down design perspective, a cell-spread function that assesses options cell-by-cell may 

provide opportunities to identify both best overall linkages and dead-ends or bottlenecks 

that present dispersal hazards.  Finally, the LCP function is limited by the uncertainties of 

selecting and ranking input indices, though quantitative habitat models may provide a 

promising alternative to more subjective cost surfaces.   

Ecoregional planning is affected by its ambitious scope and the inadequacies of 

available data.  The selection of hundreds of focal species including many rare plants and 
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invertebrates may greatly enhance the thoroughness of the reserve design process but it 

significantly increases the complexity of analyzing species and natural community 

viability and representation.  Occurrence information is not adequate for many species 

due to the incomplete surveys, outdated occurrence records, and the dearth of viability or 

quality rankings.  Natural heritage occurrence data are critical for reserve design but 

suffer from a lack of information from many private lands and the difficulty and expense 

of maintaining and enhancing existing records.  In addition, there is not enough 

information on population sizes and key demographic parameters to accomplish detailed 

viability assessments for most species.  Though ecoregional planning for the Florida 

Peninsula and Tropical Florida ecoregions is an important step in Florida biodiversity 

conservation planning, there is a need to increase the quality of species occurrence, 

population, and demographic information and to develop less data-intensive methods to 

do viability and risk assessments for focal species. 

Another important issue is the assessment of ecological integrity or landscape 

viability.  Phrases such as “ecological integrity” and “functional ecological processes” 

have been used in the discussion of all of these analyses.  Ecological integrity can be 

defined as the presence of all native ecological elements and the occurrence of all 

processes at appropriate rates (Angermeier and Karr 1993; Harris et al. 1996a; Pimentel 

et al. 2000).  The key is the restoration and protection of landscapes with natural 

ecological, evolutionary, and biogeographic processes (Angermeier and Karr 1993; 

Turner et al. 1995; Harris et al. 1996a).  Though ecological integrity has become a 

driving force behind reserve design and regional conservation planning, a precise 

definition of its attributes and identification of areas with high ecological integrity or 
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restoration potential remains difficult (Pimentel et al. 2000).  The landscape-based 

methods incorporated within these analyses may be adequate surrogates for more detailed 

analyses of ecological integrity.     

The intricate spatial and ecological relationships between uplands and wetlands in 

the southeastern coastal plain is a critical landscape property of the region (Harris and 

Kangas 1978; Harris 1988; Harris et al. 1996a).  Fire and flooding are key ecological 

processes required for the maintenance of many of the regions’s natural communities and 

focal species (Harris et al. 1996a).  As indicated in chapter 2, the Florida Ecological 

Network appears to well represent the available juxtapositions between large uplands and 

wetlands across the state.  The Florida Ecological Network also identifies available 

buffers around many of the state’s major rivers and other important water bodies.  

Ecoregional planning identified landscapes with enough area to support viable natural 

communities that are fire dependent including sandhill, flatwoods, and dry prairie.  

However, as long as precise delineation of ecological integrity and functional ecological 

properties remains elusive, efforts to thoroughly identify landscapes with these 

characteristics will continue to be constrained.  Incorporating landscapes with functional 

(or restorable) ecological processes is a key step in reserve design that needs to be 

addressed in more detail in the future (Harris et al. 1996a; Magules and Pressey 2000; 

Poiani et al. 2000).  

Reserve design efforts must be iterative because new data, new methods, new 

hardware, new software, and land use changes increase our capacity to improve 

assessments while requiring updates as land is lost to development (or restoration occurs) 

and new priorities are adopted.  With these and other existing analyses and data, Florida 
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has a sound reserve design foundation to guide land acquisition decisions and land use 

planning to maximize the protection of biodiversity as development continues in this high 

growth state.  A next step may be to formally integrate these and other recently 

completed or ongoing biodiversity assessments.  Related work includes the federal Gap 

Analysis for Florida, the Florida Natural Areas Inventory’s new species habitat data 

created to help set priorities for the Florida Forever land acquisition program, the multi-

species recovery planning for the U.S. Fish and Wildlife Service for all federally listed 

species in south Florida, and updates to the Florida Fish and Wildlife Conservation 

Commission’s species viability and habitat assessments.  Integration of efforts could 

include strengthening land cover based representation analysis for natural communities 

and detailed viability assessments for more species.  More research is needed on 

ecological processes and landscapes that provide opportunities to protect the “minimum 

dynamic areas” (Pickett and Thompson 1978) best capable of maintaining functional 

biotic and environmental interactions (Harris et al. 1996a). 

As part of future improvements in reserve design, the Florida Ecological Network 

will be periodically updated to reflect land use changes and to incorporate new 

information on areas of ecological significance.  The next step of the Florida black bear 

analysis is to expand quantitative habitat assessment methods and link such models to 

spatially explicit population models (Dunning et al. 1995; Carroll et al. 2001).  Such 

information would enhance the identification of habitat protection priorities for this 

species.  Ecoregional planning for the Florida peninsula provided a detailed assessment 

with enhancements that could not be incorporated in the earlier ecoregional assessments 

done in northern Florida.  The ecoregional approach taken in the peninsula could be 
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enhanced with improved data and applied to the entire state to provide more consistent 

and detailed information for identifying statewide priorities. 

Land Conservation Policy Issues and Recommendations 

Land Protection 

Florida has aggressively pursued the protection of ecologically significant land 

through fee simple and less-than-fee acquisition.  Since 1990, the state’s two land 

acquisition programs, Preservation 2000 and Florida Forever, have raised approximately 

$300 million per year.  Additional money for land acquisition comes from Florida’s five 

Water Management Districts, and federal and county programs.  Approximately 3.7 

million ha and 26 percent of the land area is currently within conservation lands including 

federal, state, regional, local, and private preserves.  However, based on the Florida 

Ecological Network, high quality black bear habitat, and the ecoregional site portfolios, 

there are approximately 5 million ha of private land important for biodiversity 

conservation.   

Therefore, the primary policy issue is the continuation and enhancement of the 

various land acquisition programs needed to protect Florida’s biodiversity and natural 

heritage.  Florida voters recently passed (in 1998) a constitutional amendment allowing 

continued funding of aggressive conservation land acquisition (Florida Department of 

State 2002).  Though arguably honored by the Florida legislature through the passage of 

the Florida Forever program, 60% of the 300 million dollar a year allotment can be spent 

on urban parks, water supply projects, and developing recreational uses (Florida 

Department of Environmental Protection 2002), which greatly reduces the available 

resources for protecting biodiversity.   



 255

The Florida legislature needs to honor the commitment of Floridians to protect the 

state’s natural resources.  A first step could be the reapportionment of the existing Florida 

Forever allotments to focus primarily on protecting lands important for biodiversity.  The 

next step is to conduct more specific analyses of the cost and timeframe necessary to 

protect the remaining lands needed to effectively conserve Florida’s biodiversity.  Such 

an assessment would provide the opportunity to plan funding levels and money sources 

that ensure enough funds will be available in a timely manner to protect most identified 

lands. 

Good conservation planning also requires prioritization and predictions of 

potential conflicts with conservation goals.  Reserve designs are the essential foundation 

for this process, but the fate of private (and, in some cases, even public) lands identified 

for inclusions in reserves will determine success or failure of conservation efforts.  With 

large areas of private land identified in reserve design assessments, prioritization is 

essential to identify the lands that should be targeted for conservation action first.  Such 

efforts have been recently completed to identify the critical landscape linkages within the 

Florida Ecological Network (Hoctor et al. 2002), and prioritization of the Peninsula 

Florida and Tropical Florida ecoregional portfolios by The Nature Conservancy is 

ongoing.  Prioritization must also take into account the probability of development.  

Florida currently loses approximately 60,000 ha of rural land each year (Kautz 1993; 

Reynolds 1999; Florida Division of Forestry 2001), and efforts to identify the lands most 

threatened by development are necessary for proactive planning.   

Based on location and economic activity, some areas are more likely to be 

developed, such as those closer to existing urban areas.  Such information was taken into 
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account to develop a growth potential prediction model for Florida (Teisinger 2002).  

Growth prediction models are important tools for prioritizing lands for protection.  Lands 

with very high significance for biodiversity conservation and very high development 

pressure should usually be the highest protection priorities.  Prioritization of the Florida 

Ecological Network combined both ecological prioritization and predicted development 

pressure to identify the most critical landscape linkages (Hoctor et al. 2002).  The model 

by Teisinger (2002) is considered to be a prototype that can be enhanced with new 

analytical methods and data.  Tracking of new development trends such as the proposed 

massive development in the Florida panhandle by the St. Joe Company is also necessary.  

Funding of such enhancements to further develop the model for use in Florida 

conservation planning should also be a high priority.   

Land Management 

Though Florida has made significant progress in protecting key conservation 

lands over the last several decades, appropriate management of such lands remains a 

critical issue.  A zoning approach to conservation land management is an important 

aspect of landscape-based reserve design (Harris 1984; Noss and Harris 1986; 

Schonewald-Cox 1988; Scott et al. 1993; Noss and Cooperrider 1994; Harris et al. 1996b; 

Soulé and Terborgh 1999).  The zoning approach recognizes the importance of protecting 

some lands as strict ecological reserves where biodiversity conservation is paramount.  

However, other conservation lands that accommodate a variety of uses compatible with 

conservation objectives also have an important role.  Ideally, strictly protected reserves, 

or core areas, should be surrounded by buffer zones that protect the cores from intensive 

land uses, provide additional habitat for wide-ranging species and species tolerant of 
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various human uses, or maintain connectivity between core areas (Harris 1984; Noss and 

Harris 1986; Noss et al. 1996). 

The protection level of existing conservation lands has been included as part of 

the federal GAP Analysis being conducted in each state (Scott et al. 1993; Jennings 

2000), since most conservation land is not dedicated to strict ecological protection or 

predominantly managed for native biodiversity.  Scott et al. (1993) defined core areas as 

any area “that is maintained in its natural state and within which natural disturbance 

events are either allowed to proceed without interference or are mimicked through 

management.”  Many conservation areas, including national and state forests, many 

national wildlife refuges, and state wildlife management areas are managed primarily for 

multiple uses that can conflict with biodiversity conservation.  GAP Analysis protocol 

ranks conservation areas based on the compatibility of their overall management with the 

definition of core areas (Scott et al. 1993).   

The Florida Natural Areas Inventory has ranked existing conservation lands in 

Florida based on the GAP classification.  Protection Status 1 lands (national parks, state 

parks and preserves, The Nature Conservancy preserves, etc.), which are most likely to 

meet the standards of core areas, make up less than 17% of existing conservation lands 

(and 4% of all land) in Florida.  However, most of this land is within Everglades National 

Park.  Only 6% of existing conservation lands (1.4% of all land) are in Protection Status 1 

when Everglades National Park is excluded. 

Noss (1992b) recommended that all landscape types, natural communities, and 

environmental gradients should be represented within core reserves.  Core reserves 

provide protection to species and ecological processes that are most sensitive to human 
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activities including land uses typically found on multiple use conservation areas (Noss 

and Cooperrider 1994).  Core reserves also serve as baselines or research controls for the 

ecological compatibility of land management activities on multiple use conservation 

lands (Noss and Cooperrider 1994; Soulé and Terborgh 1999).  GAP Analysis has yet to 

be completed for Florida, and therefore no comprehensive attempt has been made to 

evaluate the representation of species, natural communities, or other biodiversity 

components within Protection Status 1 conservation lands.  However, based on Florida 

Fish and Wildlife Conservation Commission landcover data, approximately 6% of the 

scrub remaining in Florida and 0.7% of sandhill are within Protection Status 1 

conservation lands.  Therefore, representation of key natural communities within core 

reserves is likely inadequate.  

Instead of working to narrow the gap in core reserves on Florida conservation 

lands, state policy emphasizes multiple use of state-owned lands.  In 1999, legislation 

(Florida Statute 253.034) was passed to make multiple uses of state conservation lands 

the priority for land managers.  The statute directs state land management agencies to 

develop land management plans for all parcels larger than 400 ha, and such plans are 

required to "contain an analysis of the multiple-use potential of the parcel, which analysis 

shall include the potential of the parcel to generate revenues . . ." Although strictly 

protected areas can be further protected through the establishment of buffer zones where 

it can be demonstrated that areas "require special protection or have special management 

needs," such buffer zones can be no more than 50% of the total area of the conservation 

parcel.  "Single use" conservation lands such as state parks may be exempt from these 

multiple use requirements, otherwise these provisions affect millions of acres of state 
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forests, wildlife management areas, and Water Management District lands.  The statute 

also allows for additional uses of public conservation lands when they are "consistent 

with the public interest" including "water resource development projects, water supply 

development projects, stormwater management projects, linear facilities, and sustainable 

agriculture and forestry." 

The bias of state law towards multiple use of public conservation land is coupled 

with increasing pressure on these lands by a rapidly growing human population.  An 

increasing population represents two problems.  Population growth results in the loss of 

natural and rural lands while it also increases the demand for access and multiple use of 

remaining lands.  Conservation land managers are faced with impacts both from 

increasing habitat fragmentation and external threats outside their lands (Schonewald-

Cox 1988; Freemuth 1991), while impacts from human use of conservation lands is also 

increasing (Cole 1993; Noss and Cooperrider 1994).  Demand for more intensive 

activities on public conservation lands is also increasing, including demands for more 

access for all terrain vehicles, airboats, and development of intensive recreational 

facilities including ballparks, recreational vehicle parks, etc.   

Disposal of state lands is another threat to biodiversity conservation.  Florida 

Statute 253.034 gives the state (represented by the state cabinet and the Governor) the 

authority to dispose of state conservation lands for a variety of purposes including "public 

schools, public libraries, fire or law enforcement substations, and governmental, judicial, 

or recreational centers."   Requests for the disposal of public conservation land can "be 

made by any public or private entity or person."  Demand for public land disposal is high, 

with just the Southwest Florida Water Management District receiving requests for over 
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1,200 ha in the last three years (Mary Barnwell, Southwest Florida Water Management 

District, personal communication).  In one recent case, over 100 acres of scrub in 

Jonathan Dickinson State Park were disposed to develop a stormwater retention project to 

alleviate flooding in an adjacent subdivision (Hartnett and Ash 2002).   

Several steps should be taken to ensure that biodiversity conservation is 

appropriately considered in management decisions on state-owned lands.  One such 

alteration would be the requirement for comprehensive land management planning for all 

public conservation lands collectively.  Though land management plans are required for 

all state-owned conservation lands, there is no requirement for coordination of land 

management plans at a statewide level.  A comprehensive assessment of how biodiversity 

is represented within public conservation lands could be used to guide efforts to 

determine priorities for designating core reserves on state lands.  This statewide analysis 

could then be used as the overarching guide for developing responsible land management 

plans for individual parcels that contribute to overall biodiversity conservation needs.  

Core area additions need to be assessed at the statewide scale so that all biodiversity 

components are well represented within strictly protected areas and to ensure that large 

sites are incorporated in core reserves to adequately represent landscape-level processes 

(Noss 1992).   

Another solution to the problem of increased pressure for recreational uses would 

be to offer incentives to the private sector for offering services that conservation lands are 

now expected to provide (Mary Barnwell, Southwest Florida Water Management District, 

personal communication).  Such uses could be located adjacent to conservation lands so 
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that they would both reduce the intensity of land uses on conservation lands while also 

providing buffers from even more intensive land uses.    

The disposal of state conservation lands for development should be curtailed.  

Current procedures require a conclusion from the Acquisition and Restoration Council 

(ARC) on whether "resource values" would be harmed through a requested disposal.  The 

ARC includes both agency representatives and appointed members from the public.  

Though appointed members are supposed to have some natural resource background, this 

requirement is not stringent enough to guarantee that biodiversity conservation objectives 

are weighed objectively.  Instead, a panel of scientists, with required degrees in 

conservation biology, wildlife ecology, or landscape ecology should be appointed to 

review such proposals.  Proposals that do not receive the recommendation of such a panel 

should not proceed. 

Growth Management 

Given the pace of human population growth and intensive development in 

Florida, efforts beyond land acquisition and management of existing conservation lands 

are required to protect biodiversity adequately.  Growth management designed to limit 

the footprint and secondary impacts of development is also essential.  In 1985, Florida 

enacted legislation on growth management that requires all local governments to create 

comprehensive plans to guide development and adequate infrastructure (such as road 

capacity) before development is allowed.  These legal requirements have largely failed 

(Nicolas and Steiner 2000).  Collectively, all of the future land use plans adopted by local 

governments (including counties and cities) would allow anywhere from 50 to 90 million 
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people, which is approximately 3 to 6 times larger than the current population (Nicolas 

and Steiner 2000).    

Effective growth management would direct development away from 

environmentally sensitive areas whenever possible (Soulé 1991).  Current comprehensive 

plans appear to accommodate growth and not protection of critical natural resources.  The 

protection of areas important for biodiversity, fiber production, and agriculture should be 

key components of comprehensive plans.  In addition, good comprehensive plans would 

limit sprawling development, which would give land acquisition efforts more time to 

protect lands critical for biodiversity conservation.  Finally good planning is also needed 

to contribute to the core area-buffer model of reserve design, where intensive 

development is separated from biodiversity reserves by rural lands including silviculture, 

agriculture, and other uses more compatible with conservation objectives (Harris 1984; 

Noss and Harris 1986; Soulé 1991). 

Transportation Planning 

Highway and other linear transportation projects (such as proposed high-speed 

train routes) are a very important threat to biodiversity conservation (Trombulak and 

Frissell 2000).  Florida has an existing network of highways that already fragments and 

otherwise impacts conservation lands and other areas of ecological significance across 

the state.  The need to retrofit existing highways to facilitate the movement of focal 

species and to reduce roadkills has already been discussed.  However, the Florida 

Department of Transportation has adopted a Florida Intrastate Highway System plan that 

will increase ecological impacts (Florida Department of Transportation 2001).  A major 

component of the plan is to widen most east-west state highways from two lanes to four 
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or six lanes.  In 2002, the Florida Legislature passed legislation reducing the 

requirements needed to justify the construction of new toll roads and broadened the 

powers of the Florida Turnpike Authority.  Overall, many new highways that would 

severely impact biodiversity conservation are in different stages of planning.  Projects 

being considered include the following:  

�� A highway along the Gulf Coast from Tampa to the Georgia border that would cut 
through large areas of ecological significance  

 
�� A new interstate highway from Alabama to Panama City that would impact landscape 

linkages between the Apalachicola National Forest and Eglin Air Force Base  
 

�� A beltway around coastal US 98 in the panhandle from Apalachicola to Panama City  
 

�� An extension of the Florida Turnpike from its current northern terminus northwest to 
the Big Bend   

 
�� A beltway around northern Orlando through the environmentally-sensitive Wekiva 

River basin 
 

�� A toll road from Daytona Beach to Orlando that would sever the most important 
landscape linkage connecting north and south Florida  

 
�� Another beltway encircling Jacksonville that could impact conservation lands 

surrounding the city  
 

�� The proposal to build a toll road from Jacksonville to Tampa. 
 

Now that good information about lands important for biodiversity exists, the 

intrastate highway plan and the various proposed toll roads should be revisited in a 

comprehensive planning process.  Alterations in the plan that would avoid biodiversity 

impacts while meeting transportation needs should be possible now that more complete 

information exists.  Furthermore, a statewide assessment of road and other transportation 

projects would enhance efforts to minimize and mitigate impacts that may be 

unavoidable.  Currently, such efforts are limited to individual projects where politics, 
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road design constraints, and limited budgets are frequently used to avoid spending 

enough money and time to adequately minimize and mitigate ecological impacts.  

System-wide planning might also ensure that an appropriate budget is developed to 

minimize and mitigate impacts.  The Florida Department of Transportation planned 

budget for infrastructure improvements between 2001-2020 is $108 billion (Florida 

Department of Transportation 2001).  Just 5% of that budget could be used to build 

bridge spans, widen bridges, build wildlife underpasses and overpasses, and protect large 

areas of habitat to minimize and mitigate impacts to ensure that biodiversity is protected 

while transportation capacity is increased. 

Ecological Linkages across State Borders 

This analysis has focused exclusively on biodiversity conservation in Florida, 

even though the ecological processes responsible for shaping and maintaining 

biodiversity do not stop at the state boundary.  Linkages with key ecological features in 

Georgia include the Pinhook Swamp--Okefenokee Swamp landscape, and major 

tributaries of the Suwannee and the Ochlockonee Rivers.  The Apalachicola River's 

headwaters cover much of western Georgia and eastern Alabama.  Rivers that originate in 

Alabama and run through the Florida panhandle to the Gulf of Mexico include the 

Choctawhatchee, Yellow, Escambia, and Perdido, and the Conecuh National Forest--

Blackwater River State Forest complex along the Florida-Alabama border encompasses a 

broad interstate pineland landscape.  The future of the Florida panther will be dependent 

on the re-establishment of at least one additional population that could incorporate lands 

in northern Florida, Georgia, and Alabama (Maehr et al. 2002a).  Florida black bear 

populations range into both Georgia and Alabama.  Furthermore, climate change will 
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require consideration of landscape linkages across these states to allow biota to respond 

(Peters and Darling 1985; Hunter et al. 1988; Graham 1988; Hunter 1991; Harris and 

Cropper 1992; Peters and Lovejoy 1992).  The Southeastern Ecological Framework, 

which identified significant landscapes throughout the southeastern United States, 

provides a starting point for assessing the importance of the ecological connections 

between Florida and lands to the north (Hoctor et al. 2002).   

South Florida's tropical ecological affinities should also not be ignored (Harris et 

al. 2001).  Sweepstakes dispersal of tropical biota across the Gulfstream has had a strong 

influence on the ecology of the Tropical Florida ecoregion, which is part of the Antillean 

Biotic Province (Harris and Cropper 1992; Harris et al. 2001).  Restoration of the 

tropically influenced forests of south Florida should receive more attention so that 

functional tropical affinities can continue to evolve, and so the future of the Florida 

panther and other characteristic fauna will be more secure (Harris et al. 2001). 

Protecting Biodiversity and Ecosystem Services 

Perhaps the most important research, planning, and policy issue is linking 

biodiversity, ecological integrity, and ecosystem services into an integrated whole that 

clarifies the importance of maintaining ecological infrastructure.  Ecosystem or 

ecological services can be defined as the processes through which natural ecosystems 

sustain and fulfill human needs (Daily 1997) including functions such as water quality 

maintenance and enhancement, drinking water, storm water management, flood control, 

particulate matter removal and carbon sequestration, as well as food and shelter for native 

species (Noss 1996; Costanza 1997; Daily 1997; Daily 2000).  The term green 

infrastructure has been recently proposed as an appropriate umbrella for biodiversity 
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conservation and ecological services, and can be defined as the natural support system 

that maintains native species and natural ecological services, sustains air and water 

resources and contributes to the health and quality of life for human communities 

(Benedict 2000).  A merging of the rewilding concept of The Wildlands Project's reserve 

design strategy (Soulé and Noss 1998), which emphasizes the restoration and protection 

of large areas devoted primarily to biodiversity conservation (Soulé and Terborgh 1999), 

and more anthropocentric approaches that focus on ecological services (Daily 1997; 

Benedict 2000; Benedict and McMahon 2001) may be critical for developing the 

education, public opinion, and political will necessary to overcome the current obstacles 

to responsible conservation planning.  Further research in Florida should include the 

development of a statewide conservation plan that integrates existing regional landscape 

assessments and reserve design with additional analyses to identify all areas needed to 

sustain the state's biodiversity and ecosystem services.       

The protection and restoration of landscapes with functional ecological and 

evolutionary processes is the mandate for conservation in the 21st century.  Thinking big 

is nothing new since visionaries such as Wright (Wright et al. 1933; Wright and 

Thompson 1934), Shelford (1933; 1936), and Leopold (1949) understood the necessary 

scope of conservation efforts well before the popularization of island biogeography 

theory, the growth of conservation biology and landscape ecology, and the development 

of reserve design theory.  However, all research on biodiversity conservation indicates 

the same thing: large, functionally integrated reserve networks are required to effectively 

conserve biodiversity.  Reserve design, regional conservation planning, and land 

management must be conducted at sufficiently large scales to promote compatibility 
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between land uses and protect natural resources.   Based on landscape ecology principles, 

Forman (1995, p. 452) articulated the “ethics of isolation:"  

Simply stated, in land use decisions and actions, it is unethical to evaluate an area 
in isolation from its surrounding or from its development over time. Ethics impel 
us to consider an area in its broadest spatial and temporal perspectives.  

 
Only a comprehensive approach applied at a regional landscape scale will ensure the 

protection of biodiversity, ecosystem services, and other ecological and aesthetic values 

that natural systems provide.  To accomplish this, the challenge remains to enhance 

regional landscape assessments to make reserve design efforts more efficient and more 

comprehensive.  Furthermore, the challenge to make biodiversity and landscape 

conservation more tangible for the human population that now dominates this planet also 

remains.  While Leopold's land ethic (1949) and Forman's ethics of isolation (1995) 

provide a moral foundation for the imperatives of landscape-based conservation, the 

overwhelming economic value of functional ecosystems and biosphere is an essential 

consideration (Costanza et al. 1997).  Concepts such as green infrastructure (Benedict 

2000) may be an important tool for fostering a movement to ensure the future integrity of 

the biosphere and the "ecological theater and the evolutionary play" (Hutchinson 1965; 

Harris et al. 1996a) responsible for creating and maintaining the biological diversity we 

are blessed to still have.       



 
 
 
 
 

APPENDIX A 
DATA FOR FLORIDA BLACK BEAR LANDSCAPE REGRESSION ANALYSIS 

 
This appendix contains all variables used as input variables in the multiple logistic 

regression model.  After each numbered entry the there is a brief description of the 

variable, then the name of the grid, and then the data fields in the grid used in the 

regression analysis.  For instance, under A1 all cells within the study were separated into 

either non-habitat, secondary, or primary habitat.  The name of the data set was 

“bhab_37p12arc, and the field used was “value,” which means that the nominal values 

representing non-habitat, secondary, or primary.  For other variables the fields used in the 

analysis include “log” or “count.”  Log represents when original values were log 

transformed and count is the count of cells within a particular class, such as a particular 

patch.  

Habitat Data 
 

�� bear habitat (non-habitat, secondary, and primary); bhab_37p12arc; value 
�� bear habitat (preference classes: none, low , medium, high); bhab_prefrcls; value 
�� bear habitat patch size; bhab_37p12_rg; log, count22 
�� bear habitat patch size ranked (values 1-9); bhab_37p12_sf; value 
�� distance from bear habitat; bhab_37p12adi; log, value 
�� bear habitat density (11x11 focalsum of bhab_37p12arc; values 0-242); 

bhab_37p12sum; value 
�� bear habitat patch size and distance combined; (9X9 focalmax of 

bhab_37p12_rg.count22); bhab_rgbuf; log, value 
 

Protected Bear Habitat 
 

�� protected bear habitat (10,000 acres or larger); bhabclan10k; value 
�� protected bear habitat (50,000 acres or larger); bhabclan50kb; value 
�� protected bear habitat patch size; bhabclan_reg; log, count2 
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�� distance from protected bear habitat ranked (50,000 acres or larger); values 1, 3, 7, 
10); bhabclan_disr; value 

�� distance from protected bear habitat (any patch size); bhabclan_dis; log, value 
�� distance from protected bear habitat (50,000 acres or larger); bhabclan50k_d; log, 

value 
�� distance from protected bear habitat (10,000 acres or larger); bhabclan10kdi; log, 

value 
�� within conservation lands (regardless of bear habitat); clane_all1; value 
 
 

Habitat Diversity 
 

�� bear habitat diversity (within 1 km neighborhood; 5 classes); habdiv1kmnd; value 
 

Roadless Areas 
 

�� roadless areas (all roads) ranked based on size and percent habitat (classes 1-10); 
rdless_all; rank 

�� roadless areas (all roads) (broken into lumped into 3 size classes); rdless_all_sr; value 
�� roadless areas excluding class 5 roads (lumped into 3 size classes); rdless_n5_scr; 

value 
�� roadless areas excluding class 4 and 5 roads (lumped into 3 size classes); 

rdless_n45_sr; value 
�� roadless areas excluding class 3, 4, and 5 roads (lumped into 3 size classes); 

rdless_345_sr; value 
�� roadless areas (using DOT major roads) (lumped into 3 size classes); rdless_dot_sr 
�� roadless areas (using roads with adt of 2500 or greater and all roads with black bear 

roadkills) (lumped into 3 size classes); rdless_25b_sr; value 
�� roadless areas (using roads with adt of 5000 or greater and all roads with black bear 

roadkills) (lumped into 3 size classes); rdless_50b_sr; value 
�� roadless areas (using the Florida Intrastate Highway System roads) (lumped into 3 

size classes); rdless_fln_sr; value 
��  roadless areas (all roads); rdless_allrg; log, count2 
��  roadless area excluding class 5 roads; rdless_n5; log, count2 
��  roadless areas excluding class 4 and 5 roads; rdless_n45; log, count2 
��  roadless areas excluding class 3, 4, and 5 roads; rdless_n345; log, count2 
��  roadless areas using DOT major roads; rdless_dotm; log, count2 
��  roadless areas using roads with adt of 2500 or greater and all roads with black bear 

roadkills; rdless_2500bk; log, count2 
��  roadless areas using roads with adt of 5000 or greater and all roads with black bear 

roadkills; rdless_5000bk; log, count2 
��  roadless areas using the Florida Intrastate Highway System roads; rdless_flnhpn; 

rdless_flnhpn; log, count2 
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Distance from Major Roads 
 

�� distance from roads with adt of 2500 or greater and all roads with black bear roadkills 
(ranked into 10 classes); road2500dr; value 

�� distance from DOT major roads; roadallmaj1; log, value 
�� distance from roads with adt of 2500 or greater and all roads with black bear 

roadkills; road2500disi; log, value 
�� distance from roads with adt of 5000 or greater and all roads with black bear 

roadkills; road5000disi; log, value 
�� distance from Florida Intrastate Highway System roads; roadflndisi; log, value 
 

Road Density 
 

�� road density using all roads (ranked into 10 classes); rddens_allr1; value 
�� road density using all roads; rddens_all; value (floating point) 
�� road density excluding class 5 roads; rddens_n5; value (floating point) 
�� road density excluding class 4 and 5 roads; rddens_n45; value (floating point) 
�� road density excluding class 3, 4, and 5 roads; rddens_n345; value (floating point) 
�� weighted road density using all roads; rddens_wall; value (floating point) 
 

Land Use Intensity 
 

�� land use intensity split into 4 categories; fl_cat123a; value 
�� land use neighborhood intensity (focal sum using fl_cat123a); luse_intsum; value 
�� land use intensity split into 6 categories; luse_intv2a; value 
�� land use neighborhood intensity (focal sum using luse_intv2a); luse_intv2sum; value 
�� land use types split into four categories; lusecata; value 
�� land use types neighborhood dominance; lusecat_dom; value 
�� distance from category 3 land use 100 acres or larger ranked (10 classes); 

cat3_100acr; value 
�� distance from category 3 land use using all patch sizes; cat3_int; log, value 
�� distance from category 3 land use 10 acres or larger; cat3_10acint; log, value 
��  distance from category 3 land use 100 acres or larger; cat3_100acint; log, value 
 

Forest 
 

�� forest (combination of GFC hab and WMD land use); forest_all; value 
�� forest patches 100 acres or larger; forest_100ac; value 
�� forest density (11x11 focal sum); forest_dens; value, percent 
�� forest density (35x35 focal sum); forest_dens_m; value, percent 
�� forest density (3x3 focal sum); forest_dens_d; value; percent 
�� forest patch size; forest_reg; log, count2 
�� distance from forest; forest_disti; log, value 
�� distance from forest patches 100 acres or larger; forest_100di; log, value 
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�� Patch size and distance from forest combined (9X9 focalmax of forest_reg.count2); 
forest_rgbuf; log, value 

 



 
 
 
 
 

APPENDIX B 
COMPARISON OF MAJOR COST SURFACE VARIATIONS 

 
Although some of the differences between the various cost surface types were 

discussed in the sections above, comparisons between specific sets of cost surfaces more 

clearly elucidates the differences in results obtained when using different approaches to 

create cost surfaces.  The following results indicate the differences between selected pairs 

of cost surfaces using examples from the results for each of the four major connections 

described above.  

Cost Surface 1 and Cost Surface 2: The Influence of Adding Major Roads and 
Large Water Bodies 

 
The only difference between Cost Surface 1 and Cost Surface 2 is that large water 

bodies (including major rivers) and major roads were added to Cost Surface 1 with values 

of 150 and 200.  The rationale for specifically including large water bodies and major 

roads with very low suitability was to avoid paths that crossed such potential movement 

filters. 

The two cost surfaces resulted in similar LCPs (Figure B-1).  The largest 

divergence between the two paths was an approximately 3 km separation in the 

Econlockhatchee basin east of Orlando.  Other differences occurred along the middle St. 

Johns River (Figure B-2).  Minor differences occurred between the Ocala National 

Forest-Osceola National Forest and the Apalachicola National Forest-Eglin Air Force 

Base linkages.  In all cases the differences were related to the avoidance of water bodies.  

The roads used in Cost Surface 1 were limited to major interstate and intrastate highways 
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  Figure B-1.  Comparison between Cost Surface 1 and Cost Surface 2.  Almost no 

differences between Cost Surface 1 (with Intrastate Highways and large 
water bodies explicitly included) and Cost Surface 2 (same as Cost Surface 
1 without adding the highways and water bodies) are evident at a statewide 
scale.  Only minor differences occurred in three of the four linkages with the 
most significant differences occurring near Orlando around large water 
bodies. 
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  Figure B-2.   Comparison of Cost Surface 1 and Cost Surface 2 in central Florida.  The 

minor differences between the LCPs for Cost Surface 1 and Cost Surface 2 
can be seen within the Upper Econ Mosaic and the middle St. Johns River.   
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that are more likely to have vehicle traffic that might hinder bear movement (Brody and 

Pelton 1989).  Most of these highways are major north-south and east-west routes that 

must be crossed by bears using linkages between major populations.   If more roads had 

been assigned a high cost, it is likely that there may have been larger differences in the 

results though the rationale for including smaller, less traveled roads would need to be 

elucidated.  Furthermore, road-based SUAs (roadless areas, distance from major roads, 

and road density) were included as a component in both cost surfaces, and these indices 

may make adding large highways redundant. 

Cost Surface 1 and Cost Surface 3: Testing the Influence of Changing the Range of 
Cost Surface Values 

 
Cost Surface 1 and 3 had the same set of input indices and also included large 

water bodies and major roads.  The difference was that the eleven input indices were 

added together differently.  In Cost Surface 1 the eleven indices were added together and 

then 10 was subtracted to create a value range of 1-100 before water bodies and major 

roads were added.  In Cost Surface 3, all eleven indices were multiplied by the same 

weighting or transformation factor that resulted in a combined index or MUA with a 

value range of 1-10.  Then large water bodies and major roads were given values of 15 

and 20 respectively. 

These differences resulted in some divergence between LCPs for the two cost 

surfaces for each of the major connections (Figure B-3).  The most apparent differences 

occurred between Osceola and Apalachicola National Forests.  Cost Surface 1 followed 

the Suwannee River longer before diverging west through San Pedro Bay and then also 

swung further south through the Aucilla Wildlife Management Area.  The LCP function 

always attempts to minimize distance to reduce the number of cells included within the  
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  Figure B-3.    Comparison between Cost Surface 1 and Cost Surface 3.  Minor 

differences existed between the paths for Cost Surface 1 and Cost Surface 
3, with the most evident divergences occurring between Osceola National 
Forest and Apalachicola National Forest.  For each of the 4 major 
linkages, the LCP for Cost Surface 1 was longer than that for Cost Surface 
3, which is consistent with the hypothesis that cost surfaces with a larger 
range in values will be more likely to maximize the avoidance of low 
suitability cells versus minimizing the total path length. 
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path, and a cost surface with uniform values would result in a straight-line path.  

Therefore the greater length of the path for Cost Surface 1 (215 kilometers versus 198 

kilometers for Cost Surface 3) is in accordance with the hypothesis that as the value 

range of a cost surface increases, the balance between minimizing path length and 

avoiding high cost cells shifts to favor paths that maximize the inclusion of highly 

suitable areas.  The LCPs were consistently longer for Cost Surface 1 than Cost Surface 3 

for the three other major linkages as well, though the differences were minor. 

Cost Surface 3 versus Cost Surface 4: Testing the Influence of Differential 
Weighting of Input Indices (SUAs) 

 
Cost Surface 3 and 4 were constructed using the same 11 indices and both had a 

range of values from 1-10 plus large water bodies and major roads included with values 

of 15 and 20 respectively.  However, in Cost Surface 4 the 11 indices were weighted 

differentially versus the equal weighting used in Cost Surface 3.  Indices given more 

weight in Cost Surface 4 included land cover identified as primary bear habitat, potential 

habitat patch size, and distance from large urban land uses.   

The differences in the results were fairly significant (Figure B-4).  In particular, 

the difference between the two paths for the Big Cypress-Ocala National Forest linkage 

was most illustrative.  In the Kissimmee River basin the two LCPs selected the two 

different major alternatives followed by all of the LCPs discussed in the previous section.  

The LCP for Cost Surface 4 followed what is most likely the best alternative for crossing 

through potential bottlenecks including the Florida Turnpike.  

 Weighting of input variables should be considered when creating cost surfaces.  

However, the basis, or lack of a basis, for weighting variables can be an important 

obstacle.  In this example, evidence from the literature on black bear, examination of  
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Figure B-4.  Comparison between Cost Surface 3 and Cost Surface 4.  The differential 

weighting of input variables in Cost Surface 4 versus the equal weighting 
used in Cost Surface 3 resulted in some significant differences in LCPs.  
The most significant difference in paths occurred in the Kissimmee River 
basin, where the path for Cost Surface 4 tended to follow the likely more 
suitable alternative for crossing the basin especially along the Florida 
Turnpike.   
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some basic graphical relationships between bear occurrence data and the eleven input 

variables, and expert opinion were all used to create the weighting system employed in 

creating Cost Surface 4.  However, the weights used can only be considered a qualitative 

assessment of the relative significance of the various indices, and no quantitative 

relationship regarding the importance of each variable for determining bear habitat 

quality or suitability for facilitating connectivity has been established.   

Cost Surface 5 versus Cost Surface 6: Testing the Performance of Simplified 
Surfaces and the Influence of Habitat Patch Size 

  
These two cost surfaces were simplified to be based primarily of forest cover as 

well as other landcover and land use types.  The only difference between the two surfaces 

is that Cost Surface 5 gives all forest cover the same value whereas forest cover is ranked 

based on patch size (with bigger patches receiving higher suitabilities) in Cost Surface 6. 

There was a high degree of variation in the LCP results for these two cost surface 

variations (Figure B-5).  For both the Big Cypress-Ocala National Forest linkage and the 

Apalachicola National Forest-Eglin Air Force Bases linkage, the two paths took two of 

the major route alternatives followed by the other cost surface paths.   

Overall, these results were similar to the other the cost surfaces used, though the 

difference between these forest-based surfaces and most other cost surfaces north of Big 

Cypress Preserve was discussed in the previous section.  This suggests that simplified 

surfaces well below the complexity of Cost Surfaces 1-4 may be a viable alternative for 

using LCP analysis to assess corridors and landscape linkages.  However, the significant 

differences between Cost Surface 5 and Cost Surface 6 also indicate that landscape 

variables such as patch size can affect LCP results.  Clearly forest patch size or habitat  
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  Figure B-5.   Comparison between Cost Surface 5 and Cost Surface 6.  Cost surfaces 

based on forest cover and other landcover and landuse variable produced 
similar results to the other cost surfaces used in this study.  However, Cost 
Surface 6, which included forest patch size as a component, resulted in 
LCPs that were significantly different from paths for Cost Surface 5, 
where all forest cover received the same value.   
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patch size is relevant to black bear habitat quality and the function of corridors and 

landscape linkages, so such variables should be incorporated when feasible. 

Cost Surfaces 7, 8, and 9: Testing the Performance of Simplified Surfaces 
 
Cost Surfaces 7-9 all used a different subset of the original indices used to create 

Cost Surfaces 1-4.  Cost Surfaces 7-9 also represented simplifications using less input 

variables.  Cost Surface 7 included the bear habitat patch size index and then other 

landcover and landuse types.  Cost Surface 8 combined the bear habitat patch size, 

distance from intensive development, and the distance from major roads indices, and Cost 

Surface 9 included just the habitat patch size and distance from intensive development 

indices.   

All three cost surfaces resulted in LCPs that followed all the same major 

alternatives for all four potential landscape linkages (Figure B-6).  The LCPs for Cost 

Surfaces 8 and 9 avoided some areas closer to intensive development than the path for 

Cost Surface 7.  The LCPs for Cost Surface 8 tended to vary more from those for Cost 

Surface 7 and Cost Surface 9 apparently to avoid areas near major roads.  Overall, these 

alternatives appear to provide feasible alternatives to more complicated cost surfaces.  

They incorporate key factors that should be considered when identifying potential 

landscape linkages: larger intact blocks of habitat, avoidance of intensive land uses, and 

avoidance of major roads and appear to provide results equal or better than more complex 

cost surfaces. 

Cost Surfaces 3 and 4 versus Cost Surfaces 10 and 11: Testing the Influence of 
Drastically Changing the Range of Cost Surface Values 

 
Cost Surfaces 10 and 11 were the same as Coast Surfaces 3 and 4 except the range 

of values were expanded using an exponential function that converted values from 1-20 
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  Figure B-6.   Comparison of Cost Surfaces 7, 8, and 9.  Cost Surface 7, Cost Surface 8, 

and Cost Surface 9 incorporated the bear habitat patch size index, bear 
habitat patch size-distance from intensive development-distance from 
major roads, and bear habitat patch size-distance from intensive 
development respectively.  The LCPs followed the same major 
alternatives for all four potential landscape linkages and appear to provide 
a feasible alternative to more complex cost surfaces.   
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to 3-22,026.  This is a similar comparison to that between Cost Surface 1 and 3 though 

the change in range was much more substantial in this case. 

As expected, the LCPs for Cost Surfaces 10 and 11 are consistently longer than 

the paths for Cost Surfaces 3 and 4 for all of the four major linkages (Figure B-7).  The 

greater influence of avoiding very low suitability areas in the Cost Surfaces 10 and 11 

can also be seen by the much more circuitous paths.  The difference in value range also 

led to some major differences in selected route alternatives for the Big Cypress-Ocala 

National Forest and Osceola National Forest-Apalachicola National Forest linkages.  

Finally, though there were some differences in the LCP results for Cost Surfaces 3 and 4, 

Cost Surfaces 10 and 11 resulted in the same selected paths. This suggests that the 

influence of giving areas of low suitability extremely high costs in Cost Surfaces 10 and 

11 outweighed potential influence of the difference in weighting schemes used to create 

Cost Surfaces 3 and 4.   

Cost Surfaces 10 and 11 versus Cost Surfaces 12 and 13:  Testing the Effect of 
Adding Major Roads and Large Water Bodies to Expanded Cost Surfaces 

 
Cost Surfaces 12 and 13 differ from Cost Surfaces 10 and 11 by the addition of 

major roads and large water bodies to the highest and next highest cost levels 

respectively.  The resulting LCPs were significantly different for 3 of the 4 major 

linkages (Figure B-8).  However, as with Cost Surfaces 10 and 11, Cost Surfaces 12 and 

13 are the same despite the fact that they represent the unweighted and weighted 

combinations of the 11 input indices used in Cost Surfaces 1-4.  

These differences contrast sharply with those between Cost Surface 1 and 2 

described above, which also differed only in the inclusion of major roads and large water 

bodies.  These differences can likely be attributed to the much greater cost given to major  
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Figure B-7.   Comparison of Cost Surface 10 and Cost Surface 11.  Cost Surfaces 10 and 

11 were created by transforming Cost Surfaces 3 and 4 using an exponential 
function resulting in a range of values from 3 to 22,026.  As expected the 
resulting LCPs were longer than those for Cost Surfaces 3 and 4 but also 
followed different route alternatives for two of the four major linkages.  
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  Figure B-8.   Comparison of Coast Surfaces 10, 11, 12, and 13.  Adding major roads and 

large water bodies to Cost Surfaces 12 and 13 resulted in significant 
changes in routes followed versus the paths for Cost Surfaces 10 and 11.  
Major roads and large water bodies were assigned very high costs (22,026 
and 8103 respectively) and the changes in features assigned very high 
costs, which likely accounts for the significant difference in results versus 
the minor differences found when comparing Cost Surface 1 and 2. 



 286

  

roads and water bodies in Cost 12 and 13 versus the much lower cost assigned in Cost 

Surface 1.   

Cost Surfaces 8 and 9 versus Cost Surfaces 14 and 15: Testing the Influence of 
Drastically Changing the Range of Cost Surface Values 

 
Cost Surfaces 14 and 15 were versions of Cost Surfaces 8 and 9 transformed by 

squaring the original cost surface values, which resulted in a range of values from 1 to 

10,000.  This more moderate transformation of cost values did not result in changes as 

significant as the differences between Cost Surfaces 3 and 4 versus Cost Surfaces 10 and 

11.  However, expanding the range of values still resulted in some significant changes in 

routes followed (Figure B-9).  

Cost Surface 16 and Cost Surface 17: Comparing Cost Surfaces Created Using 
Multiple Logistic Regression 

 
Cost Surface 16 and Cost Surface 17 were created using two slightly different 

versions of a multiple logistic regression analysis using known bear occurrences and 

various landscape and habitat variables.  The difference between the two models was that 

different sets of random locations were created to serve as surrogates for absence data.  In 

the logistic regression model used to create Cost Surface 16 random locations were 

generated statewide whereas in Cost Surface 17 random points were restricted to areas 

considered to be generally occupied by bears (Figure 3-3).  The primary difference in the 

results of the logistic regression models was that the matrix surrounding higher quality 

potential bear habitat tended to have higher probability values in Cost Surface 17 versus 

Cost Surface 16 (See Figure 3-7 and Figure 3-8). 
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  Figure B-9.   Comparison of Cost Surfaces 8, 9, 14, and 15.  The values of Cost 

Surfaces 8 and 9 were squared to create Cost Surfaces 14 and 15 
respectively.  Though this increase in the range of cost values did result in 
changes in LCP routing, the differences were not as great as those between 
Cost Surfaces 10 and 11 and Cost Surfaces 12 and 13 where cost values 
were transformed with an exponential function.  
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The resulting LCPs were also different, especially for the Osceola National 

Forest-Apalachicola National Forest landscape linkage (Figure B-10).  In three cases the 

two cost surfaces resulted in significantly different path alternatives.  Overall the results 

for Cost Surfaces 16 and 17 compared well to and are similar to the LCPs selected by the 

preceding 15 cost surfaces.  The only major divergence occurred in southwest Florida, 

where the paths of 16 and 17 mirrored those for the forest-based Cost Surfaces 5 and 6 

(See Figure C-1 and Figure C-2).  Since Cost Surfaces 16 and 17 have the advantage of 

being based on a statistical relationship between bears and habitat variables, more work 

should be done to refine a quantitative black bear habitat model.  These efforts should 

include methods for generating random point data for comparison to known bear 

occurrences or collecting true presence-absence data generated through hair trap 

censusing or other applicable techniques. 
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  Figure B-10.    Comparison of Cost Surface 16 and Cost Surface 17.  The LCPs for the 

two cost surfaces based on multiple logistic regression models (Cost 
Surface 16 and Cost Surface 17) had some significant differences 
especially for the Osceola National Forest-Apalachicola National Forest 
landscape linkage.  The primary difference in the surfaces was that 
matrix areas between higher quality areas of potential bear habitat 
tended to have higher values in Cost Surface 17 than in Cost Surface 16. 



 
 
 
 
 

 
APPENDIX C 

DETAILED COMPARISON OF LEAST COST PATH RESULTS FOR THE BIG 
CYPRESS NATIONAL PRESERVE TO OCALA NATIONAL FOREST LANDSCAPE 

LINKAGE 
 

Though there was a general consensus on the best overall route for providing a 

landscape linkage between BCNP and OCNF, there were some path variations.  First, in 

terms of the longest distance in divergence, the two major alternatives just north of 

BCNP represented the biggest variation.  In the landscape north of BCNP, the LCPs 

followed two variations: the primary one, which 13 of the 17 cost surfaces followed, ran 

due north of BCNP through the Okaloacoochee Slough State Forest and the 

Caloosahatchee Ecoscape Florida Forever Project and then through private ranchlands to 

reach the Fisheating Creek basin (Figure C-1).  This path corresponds well with the 

landscape linkage identified within the Florida Ecological Network as the best connection 

between BCNP and the Fisheasting Creek basins.  It also followed the dispersal path of 

the 3 radio-collared Florida panthers that crossed the Caloosahatchee River from 1998-

2000 (Maehr et al. 2002b).  Protecting the Caloosahatchee Ecoscape Florida Forever 

Project is the best option for maintaining connectivity for the Florida panther between 

occupied habitat south of the Caloosahatchee River and potential habitat north of the 

river (Maehr et al. 2002b) and would likely do the same for the black bear.  The 

alternative route was followed by the LCPs for four cost surfaces: 5, 6, 16, and 17 (Figure 

C-1).  This route left BCNP through the Florida Panther Wildlife Refuge, headed 

northwest through the currently undeveloped portions of northern Golden Gate Estates,  
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 Figure C-1.    LCP results for for the Big Cypress National Preserve to Ocala National 

Forest landscape linkage in southwest Florida.  There were two major 
options between Big Cypress National Preserve and the Fisheating Creek 
basin selected during the LCP analysis for all 17 cost surfaces.  The 
primary route followed a corridor due north from BCNP through a rural 
landscape with agricultural land uses and large blocks of natural land 
cover that incorporates existing conservation lands and several important 
project areas.  This route also has been identified as the primary route for 
connecting Florida panther habitat south of the Caloosahatchee River to 
potential habitat north of the river.  The second route (used by only 4 of 
the 17 cost surfaces) traversed a more disturbed landscape first to the 
northwest of BCNP towards Ft. Myers and then northeast to the Fisheating 
Creek basin.  Though this path incorporates significant conservation lands 
in the CREW complex and some large forested block it also traveled 
through several bottlenecks in urbanizing areas both south of CREW and 
then east of Ft. Myers.  
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crossed through the western portion of the Corkscrew Regional Ecosystem Watershed 

(CREW) conservation complex, continued north by paralleling the east side of Interstate 

75 and then east of Ft. Myers through a bottleneck in an urbanizing landscape.  After 

crossing the Caloosahatchee River, the route continued northeast through the Babcock 

Ranch Florida Forever Project to reach the Fisheating Creek basin.  The commonality 

between the four cost surfaces that followed this route was forest cover.  Cost Surfaces 5 

and 6 were based on either forest cover or block size of forest cover.  Cost Surfaces 16 

and 17 were the two versions of the multiple logistic regression model that included 

patches of forest cover as an important factor influencing potential bear habitat quality.  

Though this route is likely infeasible because of its proximity to Ft. Myers, it 

incorporated more forest than the primary route described above, which traversed a rural 

landscape that is a mosaic of ranches, croplands, forest, prairies, and marshes (Figure C-

2). 

The next divergence between the results of the various cost surfaces occurs along 

the Lake Wales Ridge (LWR) (Figure C-3).  The LWR is a sand ridge on a narrow north 

and south axis that runs from south of Archbold Biological Station to northwest of 

Orlando.  Once covered in scrub and sandhill, the LWR is now dominated by citrus 

groves and scattered low density residential development.  Some remnant patches of 

scrub and sandhill have been recently purchased through the Florida Forever Program 

(and its predecessor, Preservation 2000) or are high priorities for protection.  The LWR 

also is traversed along its axis from north to south by US 27, which could represent a 

significant barrier to movement and source of roadkill mortality.   There were two routes 

taken by the LCPs of the 17 cost surfaces.  The LCPs for Cost Surfaces 5, 6, 16, and 17 



 293

 
Figure C-2.  Forest cover and LCP results in southwest Florida.  Though the alternative 

path identified using 4 of the 17 cost surfaces is likely infeasible due to its 
close proximity to a rapidly urbanizing area, it does incorporate more 
forest cover than the primary path that traverses rural areas primarily in 
Hendry and Glades Counties. 
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  Figure C-3.   LCP results for the Big Cypress National Preserve to Ocala National 

Forest landscape linkage in south-central Florida.  The LCPs for the 17 
cost surfaces followed two primary paths across the Lake Wales Ridge 
(LWR), which are both included in the Florida Ecological Network.  The 
southern path crossed US 27 at or near Josephine Creek and then followed 
a tributary north towards Avon Park Bombing Range.  The second path 
crossed the LWR further north after traversing through Highlands 
Hammock State Park and the Charlie Creek watershed before crossing US 
27 using the Livingston Creek drainage. 
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followed one route and the rest of the cost surfaces used another.  Both linkages are 

included within the Florida Ecological Network but are narrow where they cross US 27 

and are threatened by continued residential development and habitat fragmentation.   

The route followed by most LCPs across the Lake Wales Ridge is the Josephine 

Creek corridor north of Archbold Biological Station and southeast of Highlands 

Hammock State Park.  The corridor crosses the Jack Creek project area of the Lake 

Wales Ridge National Wildlife Refuge (LWRNWR) north of Archbold Biological 

Station.  The potential linkage narrows where Josephine Creek crosses US 27, and this 

crossing area is a significant potential bottleneck. The corridor continues northeast and 

crosses US 98 while following Yellow Bluff Creek, which is a tributary of Josephine 

Creek and then incorporates the Flamingo Villas project area of the LWRNWR.  The 

route then continues north through a mosaic of ranchlands, forest, and herbaceous 

wetlands to reach Avon Park Bombing Range.   

Highlands County, the site of the above linkage, supports a small Florida black 

bear population that may be part of the southwest Florida bear population or essentially 

isolated.  Though a male bear crossed the Caloosahatchee River from the south (Maehr et 

al. 1988), the degree of population interchange is unknown.  Despite the fragmented 

nature of Highlands County forest, bears still frequent the area based on the high number 

of roadkills from Florida Fish and Wildlife Conservation Commission data collected 

from 1978-2001 (Figure C-3).  Although the Josephine Creek/Yellow Bluff Creek 

corridor is narrow and threatened by development, roadkill data suggest that bears use 

this area to move through the landscape.  Three roadkills (from 1984, 1997, and 1999) 

occurred along the selected pathway on US 27 just north of the Josephine Creek corridor 
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and five roadkills have been documented from 1993-1997 at the US 98 crossing of 

Yellow Bluff Creek including cubs and an adult female.    

The second alternative followed the western edge of the LWR, crossed through 

both Highlands Hammock State Park and the Charlie Creek Watershed before crossing 

US 27 using the upper Livingston Creek drainage that runs to the Lake Wales Ridge State 

Forest and Avon Park Bombing Range.   Though this crossing of US 27 is also narrow 

and threatened by development, it represents a slightly larger and more intact crossing of 

US 27 and the LWR than Josephine Creek.  In addition, though most bear activity 

appears to be relegated to the southern half of Highlands County, two male bears (one in 

1986 and another in 1996) were killed at this crossing of US 27 just north of the 

Highlands/Polk County boundary.   

There are three routes taken by LCPs through the Kissimmee River basin east of 

the Lake Wales Ridge (Figure C-4).  All of the LCPs began in this region either at Avon 

Park Bombing Range or in the adjacent Lake Wales Ridge State Forest to the northwest, 

and 16 out of 17 of the paths traversed the Big Bend Swamp/Holopaw Ranch Florida 

Forever Project area (BBHR) to reach the Econlockhatchee Upper Mosaic Florida 

Forever Project area (EM).  The southern route, followed by 8 of the 17 cost surfaces, 

crossed the Kissimmee River just south of Lake Kissimmee.  All of these paths except 

one (Cost Surface 5) headed north through the Three Lakes Wildlife Management Area 

to reach the BBHR and EM.  Cost Surface 5 followed a more easterly route across the 

Osceola Pine Savannas Florida Forever Project and ranchlands to reach the St. Johns 

River corridor and then followed the river north.  
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 Figure C-4.    LCP results for for the Big Cypress National Preserve to Ocala National 

Forest landscape linkage through the Kissimmee River basin.  Three 
primary routes were taken by the LCPs to cross the Kissimmee River 
basin to reach the Econlockhatchee--St. Johns River basin.  The southern 
route that crossed the Kissimmee River just south of Lake Kissimmee then 
traversed the Three Lakes Wildlife Management Area and the Big Bend 
Swamp/Holopaw Ranch Florida Forever Project likely represents the most 
intact route especially in regards to the most feasible crossing of the 
Florida Turnpike transportation corridor.  The middle route followed the 
west side of Lake Kissimmee north through the bombing Range Ridge 
Florida Forever Project and Lake Kissimmee State Park, turned northeast 
through the Kissimmee Chain of Lakes Conservation Area and then 
followed a canal edge forested corridor to cross the Florida Turnpike to 
reach the Big Bend/Holopaw project area.  The northern route followed 
Tiger Creek Preserve, Catfish Creek Preserve, and the Disney Wilderness 
Preserve to before heading due east to cross the Florida Turnpike 2-3 
kilometers north of the middle route.   
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The middle route through the Kissimmee River basin headed north from Avon Park 

Bombing Range and along the western shore of Lake Kissimmee through the Bombing 

Range Ridge Florida Forever Project, Lake Kissimmee State Park, and the Kissimmee 

Chain of Lakes Conservation Area before turning northeast to cross the Florida Turnpike 

and reach the BBHR Florida Forever project by following a forested canal edge (the 

channelized Canoe Creek) under the Florida Turnpike.   

The northern route followed Tiger Creek Preserve, Catfish Creek Preserve, and 

the Disney Wilderness Preserve before heading due east to cross the Florida Turnpike 2-3 

km north of the middle route.  This route was the most circuitous and appears to be 

potentially the most fragmented.  However, it corresponds very well with the telemetry 

records for Panther 62 and his movements between the Lake Wales Ridge State Forest, 

Catfish Creek Preserve, and the Disney Wilderness Preserve (Maehr et al. 2002b).  

Panthers may be even more sensitive to habitat fragmentation that bears when moving 

across landscapes (Maehr 1997b), so paths that can facilitate panther movement may also 

work for bears.   

The Florida Turnpike crossings of the middle and northern routes appear to be 

more tenuous than the southern route based on both existing landcover and their 

proximity to southern Orlando. The southern route follows a primary landscape linkage 

within the Florida Ecological Network and appears to be the most feasible connection 

through this landscape.  However, the Canoe Creek corridor under the Florida Turnpike 

was also included in the Florida Ecological Network, and both the middle and northern 

routes followed a similar route to where Panther 62 appeared to cross the turnpike to 

reach the BBHR Florida Forever Project and other habitats east of the highway.    
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Most of the LCPs followed a similar route from the Upper Econlockhatchee 

Mosaic to the Ocala National Forest (Figure C-5).  The primary route selected by 13 of 

the paths followed the landscape from the Econlockhatchee River or slightly east of the 

river through the Deseret Ranch, crossed the St. Johns River south of Lake Harney, and 

then followed the Volusia Conservation Corridor-Tiger Bay State Forest-Lake George 

State Forest-Lake Woodruff National Wildlife Refuge conservation complex to reach the 

Ocala National Forest.  This corridor also included a large private parcel of land east and 

southeast of the Volusia Conservation Corridor Florida Forever Project owned primarily 

by the Miami Corporation.  Although it followed the other paths for most of the route, the 

LCP for Cost Surface 6 diverged north of the primary corridor through the middle of the 

Lake George State Forest.   

The LCPs Cost Surfaces 1-4 followed a much less feasible path between the 

Upper Econ Mosaic and the Ocala National Forest.  Instead of following the large 

potential landscape linkage through central Volusia County, these LCPs incorporated 

conservation lands in the middle St. Johns River basin around Lake Jessup and Lake 

Monroe and the St. Johns River to reach the southeastern tip of the Ocala National Forest.  

Although the St. Johns River might appear to be a logical pathway, it has a bottleneck 

along Lake Monroe where development in the Sanford and Deltona areas that would 

impede habitat connectivity and dispersal.  
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  Figure C-5.   LCP results for for the Big Cypress National Preserve to Ocala National 

Forest landscape linkage east of Orlando.  Most of the cost surface LCP 
results followed the large potential landscape linkage between the 
Econlockhatchee and upper St. Johns River basins through central Volusia 
County to the Ocala National Forest.  The only major divergence was 
selected by Cost Surfaces 1-4, which followed the St. Johns River through 
a severe bottleneck surrounded by development in the north Orlando 
metropolitan area. 



 
 
 
 
 

APPENDIX D 
ASSESSMENT OF POTENTIAL LANDSCAPE LINKAGES BETWEEN MAJOR 

POPULATIONS AND OTHER BEAR POPULATIONS OR HABITAT 
 

Apalachicola National Forest to the Lower Suwannee National Wildlife Refuge and 
Goethe State Forest 

  
This area is frequently referred to as the Big Bend and contains over 500,000 

hectares of occupied and potential black bear habitat with low human population density 

and few major roads.  Most private forest land in the area is dominated by pine 

plantations but large, predominantly forested wetlands such as San Pedro Bay and 

Mallory Swamp are important landscape features.  Based on roadkill data, the bear 

population appears to be expanding from Apalachicola National Forest east and southeast 

through this forested landscape (See Figure 3-12).  Both the Lower Suwannee River 

National Wildlife Refuge, which was the site of a female relocation experiment in the 

1990s (Wooding 1996) and Goethe State Forest, which has a documented resident adult 

male and may support a small population, occur towards the lower end of the Big Bend 

and could support a large bear population if expansion from the north continues. 

The paths for Cost Surface 8 and Cost Surface 13 were much more similar than 

those for Cost Surface 16 (Figure D-1).  The LCPs for Cost Surfaces 8 were almost 

straight lines, which suggests that much of the area traversed is of nearly equal value.  

The paths began at the northeast corner of Apalachicola National Forest and then headed 

southeast through the Aucilla Wildlife Management Area and then generally followed 

other conservation lands through the Big Bend to reach both the Lower Suwannee  
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  Figure D-1.   Landscape linkage opportunities in the Big Bend.  The LCPs for Cost 

Surfaces 8 and 13 followed more coastal routes to reach the Lower 
Suwannee River National Wildlife Refuge and Goethe State Forest.  The 
paths for Cost Surface 16 diverged inland to follow the interior swamps 
before heading back to the coast to reach LSRNWR and GSF. 
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National Wildlife Refuge (LSNWR) and Goethe State Forest (GSF).   The LCPs for Cost 

Surface 13 also began at the northeast corner of Apalachicola National Forest and then 

followed the almost continuous band of coastal conservation lands to LSNWR and GSF.  

One of the key differences between the paths for Cost Surfaces 8 and 13 was that 

conservation lands were factored into Cost Surface 13 and not Cost Surface 8.  The paths 

for both cost surfaces traversed one potentially important bottleneck along County Road 

361 near Dekle and Keaton Beach where scattered low density residential development 

could impede bear movement, especially if such development continues to expand. 

The LCPs for Cost Surface 16 took more inland routes.  They began in the 

southeast corner of Apalachicola National Forest and traversed St. Marks National 

Wildlife Refuge and the northern portions of the Big Bend Wildlife Management Area 

before turning northeast.  The path to GSF diverged northeast first, reached Sand Pedro 

Bay, and then headed south through Mallory Swamp, rejoined the coast at LSNWR, and 

then headed southeast to reach GSF.  The path to LSNWR diverged northeast further 

south within Big Bend Wildlife Management Area to cross through the northern part of 

the Steinhatchee Conservation Area before heading to reach LSNWR.  By taking these 

inland routes, the LCPs for Cost Surface 16 avoided the bottleneck near Dekle and 

Keaton Beach and traversed large interior swamps that receive slightly higher suitability 

values in the multiple logistic regression models than some of the lands along the coast 

(See Figure 3-7 and Figure 3-8). 

Ocala National Forest to Twelve Mile Swamp 
    

The black bear population east of the St. Johns River from Volusia County north 

to southeastern Duval County is often referred to as the St. Johns population.  However, 
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based on contiguous blocks of habitat, the St. Johns population may be part of the Ocala 

population (See Figure 3-4).  Twelve Mile Swamp is an 8,800 ha conservation area in 

northern St. Johns County that with surrounding forest lands and swamps in the Durbin 

Swamp and the Julington Creek basin comprise the largest block of available habitat on 

the northern end of the occupied range of the St. Johns population.  Though this area is 

threatened by rapid development spreading southeast from Jacksonville, a black bear 

population could be maintained through much of St. Johns County if a functional 

landscape linkage to the Ocala National Forest is protected.   

For this landscape linkage, both Cost Surface 8 and Cost Surface 16 had similar 

LCPs (Figure D-2).  Both paths started at the northeastern corner of the Ocala National 

Forest and crossed the St. Johns River to the east of Caravelle Ranch Wildlife 

Management Area.  They then crossed through an approximately 6 km potential 

bottleneck of private rural lands with a mixture of forest, agriculture, and low density 

residential lands to reach Dunn’s Creek State Park.  Bears have been documented 

crossing the St. Johns River at this location (Cox et al. 1994) and efforts to secure a 

functional linkage between Caravelle Ranch and Dunn’s Creek State Park are needed 

before development precludes this option.  East of Dunn’s Creek, the LCPs headed 

northeast and then north and followed swamps and pine plantations within the Florida 

Ecological Network closely to reach Twelve Mile Swamp. 

The LCP for Cost Surface 13 began further south where the Ocala National Forest 

is bordered to the east of the St. Johns River by Lake George State Forest.  The path then 

tracked northeast to follow the Haw Creek basin and conservation areas that border 

Crescent Lake.  It then followed a similar route to the LCPs for the other cost surfaces 
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 Figure D-2.    LCP results for the Ocala National Forest to Twelve Mile Swamp 

landscape linkage.  The LCPs for the three Cost Surfaces followed the two 
major options from Ocala National Forest before converging in St. Johns 
County.  The paths for Cost Surface 8 and Cost Surface 16 headed from 
the northeast corner of Ocala National Forest and through Dunn’s Creek 
State Park to reach the pinelands and swamps of northern Flagler and 
southern St. Johns County.  The path for Cost Surface 13 left the Ocala 
National Forest south of Lake George and then crossed through Lake 
George State Forest and the Haw Creek Conservation Area before meeting 
the other paths.  Within St. Johns County all of the paths cross several 
bottlenecks along road crossings to reach Twelve Mile Swamp. 
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through central St. Johns County before turning slightly west and connecting to Twelve 

Mile Swamp to the north of the other paths. 

Most of the land incorporated within each of the paths in St. Johns County is 

within the Florida Ecological Network.  However, several bottlenecks at major roads 

crossings (i.e., State Road 207, State Road 16, and Interstate 95) threaten its 

functionality.  State Road 16 and Interstate 95 are crossed adjacent to Twelve Mile 

Swamp and development in this area threatens the northern terminus of the linkages and 

traffic on these roads would likely require underpasses. 

Ocala National Forest to Gulf Coast Destinations 

There are several destinations west and southwest of Ocala National Forest that 

currently support or could support bear populations.  Though likely less feasible than the 

landscape linkage between Ocala National Forest and Osceola National Forest, a 

protected linkage directly between the Ocala National Forest and the Gulf Coast could 

result in genetic interchange between the Ocala and Apalachicola bear populations as 

well as the small population found in the Chassahowitzka region.  The destinations along 

the west coast included the Lower Suwannee River National Wildlife Refuge (LSRNWR, 

GSF, Weekiwachee Conservation Area (WWCA), and the Green Swamp Conservation 

Area (GSCA).  LSRNWR and GSF receive some documented bear use (Wooding 1996; 

Orlando and Maehr 2001) that may support a larger population if the Apalachicola 

population continues to expand south along the Big Bend.  WWCA is the center of the 

small population found in the Chassahowitzka region just north of Tampa/St. Petersburg 

(Smith 2001). The GSCA contains over 60,000 ha with high habitat quality based on the 

multiple logistic regression model results (See Figure 3-7 and Figure 3-8).  Together 
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these areas could support a Big Bend and west-central Florida population that would be 

an important component of a statewide metapopulation. 

The overall feasibility of directly linking the Ocala population and habitat along 

the Gulf Coast may be low because they lack large forest blocks and because expanding 

residential land uses threaten connectivity.  In addition, any landscape linkage between 

these regions will cross Interstate 75, a six-lane highway with very heavy traffic.  

However, rural landscapes with a mixture of forest, pasture, croplands, and low density 

residential areas may support dispersing bears if land use intensity does not increase.  At 

least four bear roadkills (three of them on Interstate 75) that have occurred between 1993 

and 2001 between Ocala National Forest and the Gulf Coast.  

The paths for all three cost surfaces were very similar between Ocala National 

Forest and both LSRNWR and GSF (Figure D-3).  All of the LCPs started in the 

northwestern part of the Ocala National Forest, crossed a broad area of pine plantations 

west of the Ocklawaha River, cross Orange Creek, and then crossed US 301 south of 

Hawthorne and traversed the Lochloosa Conservation Area and the southern portion of 

Payne’s Prairie State Preserve.  All of the LCPs then crossed Interstate 75 at exactly the 

same location at Payne’s Prairie State Preserve’s extreme southwestern corner.  West of 

I-75, the LCPs continued west through a rural landscape of forest and pasture included 

within the Florida Ecological Network.  At this point the LCPs began to diverge.   Most 

of the paths continued west to reach the Watermelon Pond Conservation Area, but the 

LCP for Cost Surface 8 to GSF turns south before reaching Watermelon Pond and then 

the northern tip of GSF.  West of Watermelon Pond, all three paths to LSRNWR 

continued southwest through a large forested landscape of pine plantation, swamp, and 
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  Figure D-3.   LCP results between the Ocala National Forest and Gulf Coast 

destinations.  The paths for all three cost surfaces followed similar routes 
to Lower Suwannee River National Wildlife Refuge and Goethe State 
Forest.  The paths to Weekiwachee Conservation Area and Green Swamp 
Conservation Area were much more variable.  The two major alternatives 
included both a coastal route and a route following the Cross Florida 
Greenway, Withlacoochee River, and adjacent conservation lands to reach 
Weekiwachee Conservation Area.  The paths to Green Swamp 
Conservation Area included the Cross Florida Greenway-Withlacoochee 
River route and a path for Cost Surface 13 that crossed from Payne’s 
Prairie State Preserve south through rural lands in western Marion County 
to reach the Withlacoochee River and then Green Swamp. 
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 hydric hammock and crossed through or near the Upper Waccasassa Conservation Area 

before reaching LSRNWR.    The LCPs to GSF for Cost Surfaces 13 and 16 both 

diverged from those heading to LSRNWR near the Upper Waccasassa Conservation Area 

and traveled southeast to reach GSF. 

The LCPs to WWCA and GSCA were much more varied.   The paths between 

Ocala National Forest and WWCA for Cost Surface 13 and 16 followed the previous 

paths to LSRNWR all the way to the Upper Waccasassa Conservation Area.  Both paths 

then headed south, though the path for Cost Surface 13 followed the Waccasassa Bay 

State Preserve and the path for Cost Surface 16 swung through GSF before both paths 

rejoined near the mouth of the Withlacoochee River.  The paths are then similar: they 

crossed the western end of the Cross Florida Greenway (including the western end of the 

barge canal) and then the Crystal River Preserve and Chassahowitzka complex of 

conservation lands to reach WWCA.  Several potential bottlenecks are encountered along 

the way including limerock mines south of the Cross Florida Greenway, and development 

around both Crystal River and Homosassa River.   

The LCP to WWCA for Cost Surface 8 followed a radically different route.  The 

path began on the west side of Ocala National Forest and crossed the Ocklawaha River 

and Marshall Swamp.  The path then followed what may soon be the only possible option 

between Ocala and Leesburg as low density development continues to spread along the 

US 441 corridor between these two cities.  The only option is the Cross Florida 

Greenway (CFG), which connects the Ocala National Forest and Ocklawaha River basin 

west to the conservation lands complex in the Withlacoochee River basin.  However the 

(CFG) can only be considered a bottleneck with low feasibility for facilitating the 
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movement of dispersing bears.  South of Ocala the CFG ranges from approximately 500-

2000 meters in width and is surrounded by increasingly intense residential development.  

The CFG also crosses several major roads including the intersection of State Road 35 and 

County Road 464, US 441, and Interstate 75, though an overpass has been built over I-75 

and underpasses are planned under SR 35 and CR 464 that may be capable of allowing 

bears to cross these roadways.  Although meager support for the feasibility of this 

linkage, an adult male bear that had been released within the Ocala National Forest was 

killed on US 441 within the CFG in 2000.  The LCP for Cost Surface 8 followed the CFG 

through its crossing of I-75 and then diverged to the southwest to reach the Half Moon 

Wildlife Management Area along the Withlacoochee River.  The path then crossed the 

Withlacoochee River, Flying Eagle Ranch Conservation Area, Fort Cooper State Park, 

the Citrus Tract of the Withlacoochee State Forest, and then Chassahowitzka Wildlife 

Management Area to reach WWCA.   Between the Cross Florida Greenway and WWCA 

this potential linkage crossed several relatively narrow (approximately 3-6 km) areas of 

private lands with a mixture of rural and low density residential uses and highways 

including US 41 and US 19. 

The LCPs for Cost Surface 8 and 16 were similar between Ocala National Forest 

and GSCA.  They both followed the Cross Florida Greenway between the Ocklawaha 

River and across Interstate 75.  West of I-75, the path for Cost Surface 16 continued west 

through Ross Prairie State Forest and then turned south to follow the various 

conservation lands and some private rural lands along the Withlacoochee River to reach 

GSCA.  The LCP for Cost Surface 8 is similar though it turned south sooner after 

crossing I-75.  The LCP for Cost Surface 13 followed a different alternative unlike the 
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coastal routes and Cross Florida Greenway route described above.  It started by using the 

same route as the linkage to LSRNWR and GSF all the way to west of the crossing of 

Interstate 75 just west of Payne’s Prairie State Preserve.  The path then headed due south 

through rural forest and agricultural lands west of Ocala to reach the Cross Florida 

Greenway.  One interesting consideration is that the path passed within 500 meters of the 

only documented roadkill of a bear (an adult male killed on County Road 326 in Marion 

County in 2001) west of I-75 that was not associated with the Chassahowitzka population 

(See Figure D-3).  It then followed a similar path along the Withlacoochee River as the 

paths for Cost Surfaces 8 and 16.       

Weekiwachee Conservation Area to Green Swamp, Goethe State Forest, and Lower 
Suwannee River National Wildlife Refuge 

 
The Chassahowitzka population may consist of no more than approximately 20 

individuals, and under any scenario, its viability will be dependent on at least some 

genetic infusion from a larger population (Smith 2001; Orlando and Maehr 2001).  If the 

Apalachicola population continues to expand southward to Lower Suwannee River 

National Wildlife Refuge (LSRNWR) and Goethe State Forest (GSF), genetic 

interchange between these populations would become much more likely.  In addition, the 

Green Swamp Conservation Area (GSCA) contains more than 60,000 ha of protected 

potential bear habitat.  If a breeding population could be re-established there, it is close 

enough (approximately 50 km) to WWCA that regular interchange between these 

populations might be possible. 

All of the paths for the three cost surfaces were similar between WWCA and 

LSRNWR (Figure D-4).  They generally followed the almost continuous swath of coastal 

conservation lands between WWCA and LSRNWR, though the path for Cost Surface 13 
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 Figure D-4.    LCP results from Weekiwachee Preserve to other Gulf Coast destinations.  

The LCPs between Weekiwachee Conservation Area and both Lower 
Suwannee National Wildlife Refuge and Goethe State Forest were very 
similar.  Most of the paths followed the complex of coastal conservation 
lands to both destinations.  The LCPs also followed essentially the same 
path through the Chassahowitzka Wildlife Management Area and various 
tracts of the Withlacoochee State Forest to reach Green Swamp 
Conservation Area. 
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tended to follow the conservation lands much more closely than those for Cost Surfaces 8 

and 16.  Though this landscape linkage goes primarily through conservation lands and 

large forested landscapes, there are several bottlenecks that are discussed in the previous 

section. 

The paths between WWCA and GSF were very similar to those to LSRNWR for 

each of the cost surfaces.  For Cost Surfaces 13 and 16 both paths were exactly the same 

until they crossed the Withlacoochee River, where both paths diverged northeast to reach 

GSF.  The LCP for Cost Surface 8 followed the same path until it reached the northern 

end of Crystal River State Preserve where it turned northeast across the Cross Florida 

Greenway just west of Lake Rousseau and the proposed conservation lands north of the 

lake to reach GSF.   

The paths between WWCA and GSF were all essentially the same.  They headed 

north from WWCA through the Chassahowitzka Wildlife Management Area, then turned 

east through the Annutteliga Hammock Conservation Area and several tracts of the 

Withlacoochee State Forest to reach GSCA.  Several narrow gaps of private land (the 

largest was approximately 5 km wide) are crossed.  These areas are critical to the 

functionality of this landscape linkage. 

Big Cypress National Preserve to Myakka River State Park, Green Swamp 
Conservation Area, and Corbett Wildlife Management Area 

 
Big Cypress National Preserve (BCNP) and adjacent forest lands support a large 

black bear population located in southwest Florida.  Myakka River State Park (MRSP), 

Green Swamp Conservation Area (GSCA), and Corbett Wildlife Management Area 

(CWMA) are without breeding bear populations but contain large areas of potential 

habitat.  These landscape linkages could provide additional opportunities for bear 
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population expansion and might increase the security of a bear population in south 

Florida. 

All three LCPs for the cost surfaces between BCNP and MRSP followed the two 

major alternatives for the Big Cypress-Ocala National Forest Linkage until they reach the 

Caloosahatchee River (Figure D-5).   The paths for Cost Surface 8 and Cost Surface 13 

followed the inland route through Okaloacoochee Slough State Forest and the 

Caloosahatchee Ecoscape Florida Forever Project.  The path for Cost Surface 8 diverged 

northwest before reaching the Caloosahatchee River, crossed the river west of La Belle, 

and then traveled northwest through the Babcock Ranch Florida Forever Project, private 

ranchlands, and across the Peace River to reach MRSP.  The path for Cost Surface 13 

followed the Caloosahatchee Ecoscape Florida Forever Project and crossed the 

Caloosahatchee River east of La Belle before heading northwest to follow the same route 

through Babcock Ranch Florida Forever Project and across the Peace River to get to 

MRSP.  The Cost Surface 16 LCP followed the western route through the CREW 

Ecosystem Florida Forever Project and then north through forest patches east of Fort 

Myers and across the Caloosahatchee River.  After crossing the river the path then turned 

northwest and traversed both the Babcock Ranch Florida Forever Project, Cecil Webb 

Wildlife Management Area, and then crossed the Peace River to reach MRSP.  The 

relative merits of these two major alternatives to cross the Caloosahatchee River are 

discussed above in the section on the Big Cypress-Ocala National Forest landscape 

linkage. 

As would be expected the LCPs to GSCA were the same as their counterparts for 

the Big Cypress-Ocala National Forest landscape linkage until they reached  
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 Figure D-5.    LCP results for the Big Cypress National Preserve and for destinations in 

central and south Florida.  The paths to Myakka River State Park followed 
the two major options across the Caloosahatchee River before heading 
northwest through the Babcock Ranch Florida Forever Project and across 
the Peace River.  The paths to the Green Swamp Conservation Area 
followed that major alternatives between Big Cypress-Ocala up to the 
Kissimmee River basin.  The paths then followed various options up the 
Reedy Creek basin and across the Lake Wales Ridge to reach the Green 
Swamp.  The paths to Corbett Wildlife Management Area either followed 
the Everglades conservation lands or crossed the Everglades Agricultural 
Area. 
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approximately Avon Park Bombing Range in the Kissimmee River basin.  North of Avon 

Park, the paths for Cost Surfaces 8 and 16 followed a western route through Lake Wales 

Ridge State Forest, Tiger Creek Preserve, and Catfish Creek Preserve to reach the Marion 

Creek basin northwest of Lake Hatchineha.  The Cost Surface 13 path headed due north 

from Avon Park through the Bombing Range Ridge Florida Forever Project, Lake 

Kissimmee State Park, Kissimmee Chain of Lakes Conservation Area, and the Disney 

Wilderness Preserve to reach the Marion Creek basin.  All three LCPs continued north 

through the conservation lands in the Marion and Reedy Creek basins.  The LCP 

diverged from the Reedy Creek basin before reaching Interstate 4 and crossed the Lake 

Wales Ridge north of the intersection of I-4 and US 27 before continuing northwest 

through the Hilochee Wildlife Management Area and Green Swamp Florida Forever 

Project to reach GSCA.  The LCPs for Cost Surfaces 13 and 16 followed what is likely a 

much more feasible route.  They continued to follow Reedy Creek across I-4.  The Cost 

Surface 16 path then diverged northwest through Davenport Swamp to cross the Lake 

Wales Ridge and continued northwest through the Hilochee Wildlife Management Area 

and Green Swamp Florida Forever Project to reach GSCA.  The Cost Surface 13 path 

continued along Reedy Creek through Disney property before diverging west through the 

Sawgrass Lake swamp basin to cross the Lake Wales Ridge before continuing through 

Hilochee Wildlife Management Area and Green Swamp Florida Forever Project to reach 

GSCA.  This path is particularly interesting because it crosses the Lake Wales Ridge and 

US 27 along the only natural drainage feature that crosses the ridge between I-4 and 

Clermont to the north. 
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The final connection between Big Cypress National Preserve and Corbett Wildlife 

Management Area crossed the open marshes of the Everglades.  The only other option is 

around the northern end of Lake Okeechobee, which would increase the distance of the 

connection by over 50 km.  All three LCPs take the shorter route south of Lake 

Okeechobee.  The paths for Cost Surfaces 8 and 13 stayed within conservation lands 

including Everglades Wildlife Management Area and Loxahatchee National Wildlife 

Refuge to reach CWMA.  The Cost Surface 16 crossed through the Holey Land Wildlife 

Management Area and then through the Everglades Agricultural Area to take a more 

direct route to reach CWMA.  This path can be explained based on the probability values 

of the multiple logistic regression used to construct Cost Surface 16.  Because the large 

marshes of the Everglades were not considered to be primary bear habitat, the upper 

portions of the Everglades conservation lands received low probability scores (in the 10-

20 percent range) while the agricultural lands just to the north received only slightly 

lower scores (in the 1-10 percent range). 



 
 
 
 
 

APPENDIX E 
FOCAL SPECIES FOR THE FLORIDA PENINSULA ECOREGION 

 
Table E-1. Focal species for the Florida Peninsula Ecoregion 
Scientific name  Common name 
Mammals   
Corynorhinus rafinesquii Southeastern big-eared bat 
Eumops glaucinus floridanus Florida mastiff bat 
Felis concolor coryi Florida panther 
Microtus pennsylvanicus dukecampbelli Salt marsh vole 
Mustela frenata peninsulae Florida long-tailed weasel 
Mustela vison halilimnetes Gulf salt marsh mink 
Mustela vison lutensis Atlantic salt marsh mink 
Myotis austroriparius Southeastern bat 
Neofiber alleni Round-tailed muskrat 
Oryzomys palustris subsp (pop 1 and 2) Pine island/sanibel island rice rat 
Peromyscus polionotus niveiventris Southeastern beach mouse 
Peromyscus polionotus phasma Anastasia beach mouse 
Podomys floridanus Florida mouse 
Sciurus niger avicennia Mangrove fox squirrel 
Sciurus niger shermani Sherman's fox squirrel 
Sigmodon hispidus insulicola Insular cotton rat 
Trichechus manatus Manatee 
Ursus americanus floridanus Florida black bear 
    
Birds   
Aimophila aestivalis Bachman's Sparrow 
Ajaia ajaja Roseate Spoonbill 
Ammodramus maritimus macgillivraii Macgillivray's Seaside Sparrow 
Ammodramus maritimus peninsulae Scott's Seaside Sparrow 
Ammodramus savannarum floridanus Florida Grasshopper Sparrow 
Anas fulvigula Mottled Duck 
Aphelocoma coerulescens Florida Scrub-jay 
Aramus guarauna Limpkin 
Buteo brachyurus Short-Tailed Hawk 
Caprimulgus carolinensis Chuck-will's Widow 
Caracara plancus audobonii Crested Caracara 
Catoptrophorus semipalmatus Willet 
Charadrius alexandrinus tenuirostris Cuban Snowy Plover 
Charadrius melodus Piping Plover 
Charadrius wilsonia Wilson's Plover 
Cistothorus palustris marianae Marian's Marsh Wren 
Coccyzus minor Mangrove Cuckoo 
Dendroica discolor paludicola Florida Prairie Warbler 
Egretta rufescens Reddish Egret 
Egretta thula Snowy Egret 
Elanoides forficatus Swallow-tailed Kite 
Eudocimus albus White Ibis 
Falco sparverius paulus Southeastern American Kestrel 
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Table E-1. Continued  
Scientific name Common name 
Grus canadensis pratensis Florida Sandhill Crane 
Haematopus palliatus American Oystercatcher 
Haliaeetus leucocephalus Bald Eagle 
Laterallus jamaicensis Black Rail 
Melanerpes erythrocephalus Red-headed Woodpecker 
Mycteria americana Wood Stork 
Nyctanassa violacea Yellow-crowned Night-heron 
Pelecanus occidentalis Brown Pelican 
Passerina ciris Painted Bunting 
Picoides borealis Red-Cockaded Woodpecker 
Plegadis falcinellus Glossy Ibis 
Rostrhamus sociabilis plumbeus Snail Kite 
Rynchops niger Black Skimmer 
Sitta pusilla Brown-headed Nuthatch 
Speotyto cunicularia floridana Florida Burrowing Owl 
Sterna antillarum Least Tern 
Sterna dougallii Roseate Tern 
Vireo altiloquus Black-whiskered Vireo 
    
Herpetofauna   
Ambystoma cingulatum Flatwoods salamander 
Ambystoma tigrinum Tiger salamander 
Amphiuma pholeter One-toed amphiuma 
Notophthalmus perstriatus Striped newt 
Pseudobranchus striatus lustricolus Gulf hammock dwarf siren 
Rana capito Gopher frog 
Caretta caretta Loggerhead 
Chelonia mydas Green turtle 
Crotalus adamanteus Eastern diamondback rattlesnake 
Crotalus horridus Timber rattlesnake 
Dermochelys coriacea Leatherback 
Drymarchon corais couperi Eastern indigo snake 
Eretmochelys imbricata Hawksbill 
Eumeces egregius insularis Cedar key mole skink 
Eumeces egregius lividus Blue-tailed mole skink 
Farancia erytrogramma seminola South florida rainbow snake 
Gopherus polyphemus Gopher tortoise 
Lepidochelys kempii Kemp's ridley 
Macroclemys temminckii Alligator snapping turtle 
Neoseps reynoldsi Sand skink 
Nerodia clarkii taeniata Atlantic salt marsh snake 
Pituophis melanoleucus mugitus Florida pine snake 
Sceloporus woodi Florida scrub lizard 
Stilosoma extenuatum Short-tailed snake 
Tantilla relicta pamlica Coastal dunes crowned snake 
Heterodon simus Southern hognose snake 
Lampropeltis  getula floridana Florida kingsnake 
    
Fish   
Acipenser brevirostrum Shortnose sturgeon 
Acipenser oxyrinchus desotoi Gulf sturgeon 
Acipenser oxyrinchus oxyrinchus Atlantic sturgeon 
Alosa alabamae Alabama shad 
Ameirurus brunneus Snail bullhead 
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Table E-1. Continued  
Scientific name Common name 
Ameiurus serracanthus Spotted bullhead 
Awaous banana (= tajasica) River goby 
Bairdella sanctaeluciae Striped croaker 
Centropomus parallelus Fat snook 
Centropomis pectinatus Tarpon snook 
Cyprinodon variegatus hubbsi Lake Eustis pupfish 
Etheostoma olmstedi Tesselated darter 
Gobiomorus dormitor Bigmouth sleeper 
Gobionellus pseudofasciatus Slashcheek goby 
Gobionellus stigmaturus Spottail goby 
Microphis brachyurus lineatus Opossum pipefish 
Micropterus notius Suwannee bass 
Pteronotropis welaka Bluenose shiner 
Rivulus marmoratus Mangrove rivulus 
    
Aquatic invertebrates   
Aphaostracon asthenes Blue spring hydrobe 
Aphaostracon chalarogyrus Freemouth hydrobe 
Aphaostracon monas Wekiwa hydrobe 
Aphaostracon pycnus Dense hydrobe 
Aphaostracon theiocrenetus Clifton springs hydrobe 
Aphaostracon xynoelictus Fenney springs hydrobe 
Baetisca gibbera A mayfly 
Caecidotea hobbsi Florida cave isopod 
Caecidotea sp 1 Rock springs cave isopod 
Cercobrachys etowah Mayfly 
Cicindela highlandensis Highlands tiger beetle 
Cincinnatia helicogyra Helicoid spring siltsnail 
Cincinnatia mica Ichetucknee siltsnail 
Cincinnatia parva Blue spring siltsnail 
Cincinnatia petrifons Rock springs siltsnail 
Cincinnatia ponderosa Sanlando spring siltsnail 
Cincinnatia vanhyningi Seminole spring siltsnail 
Cincinnatia wekiwae Wekiwa siltsnail 
Cordulegaster sayi Say's spiketail 
Crangonyx grandimanus Florida cave amphipod 
Crangonyx hobbsi Hobbs' cave amphipod 
Crangonyx sp 1 Cave amphipod 
Dasyscias franzi Shaggy ghostsnail 
Elimia albanyensis Blackcrested goniobasis 
Elliptio ahenea Southern lance 
Elliptio jayensis Flat spike 
Elliptio monroensis St. Johns elephant ear 
Elliptio waltoni Florida lance 
Gomphus australis Clearlake clubtail 
Gomphus cavillaris Sandhill clubtail 
Hexagenia orlando Mayfly 
Libellula jesseana Purple skimmer 
Lycosa ericeticola Rosemary wolf spider 
Medionidus walkeri Suwannee moccasinshell 
Micronaspis floridana Florida intertidal firefly 
Neoephera compressa Mayfly 
Neurocordulia obsoleta Umber shadowfly 
Ochrotrichia provosti Provost's somber caddisfly 
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Table E-1. Continued  
Scientific name Common name 
Oecetis pratelia Little meadow long-horned caddisfly 
Orthotrichia dentata Dentate orthotrichian microcaddisfly 
Oxyethira florida Florida cream and brown microcaddisfly 
Oxyethira kingi A microcaddisfly 
Palaemonetes cummingi Squirrel chimney cave shrimp 
Plauditus alachua = acentrella alachua Mayfly 
Pleurobema pyriforme Oval pigtoe 
Procambarus acherontis Orlando cave crayfish 
Procambarus attiguus Silver glen springs crayfish 
Procambarus delicatus Big-cheeked cave crayfish 
Procambarus franzi Orange lake cave crayfish 
Procambarus leitheuseri Coastal lowland cave crayfish 
Procambarus lucifugus Light-fleeing cave crayfish 
Procambarus morrisi Putnam county cave crayfish 
Procambarus pallidus Pallid cave crayfish 
Procambarus pictus Black creek crayfish 
Progomphus alachuensis Tawny sanddragon 
Pycnopsyche indiana Mayfly 
Quincuncina infucata sp. Cf. Sculptured pigtoe 
Remasellus parvus Swimming little florida cave isopod 
Triaenodes furcella Little-fork triaenode caddisfly 
Troglocambarus maclanei North florida spider cave crayfish 
Troglocambarus sp 1 Orlando spider cave crayfish 
Utterbackia peninsularis Peninsular floater 
Villosa amygdala Florida rainbow 
Villosa villosa Downy rainbow 
    
Plants   
Acrostichum aureum Golden leather fern 
Adiantum tenerum Brittle maidenhair fern 
Agrimonia incisa Incised groove-bur 
Anemone berlandieri Texas anemone 
Aristida rhizomophora Florida three-awned grass 
Aristida simpliciflora Southern three-awned grass 
Arnoglossum diversifolium Variable-leaved indian-plantain 
Asclepias viridula Southern milkweed 
Asimina tetramera Four-petal pawpaw 
Asplenium abscissum Cutleaf spleenwort 
Asplenium auritum Auricled spleenwort 
Asplenium monanthes Single-sorus spleenwort 
Asplenium pumilum Dwarf spleenwort 
Asplenium trichomanes-dentatum Slender spleenwort 
Asplenium x curtissii Curtiss' spleenwort 
Asplenium x plenum Hybrid speenwort 
Balduina atropurpurea Purple balduina 
Baptisia calycosa var calycosa Canby's wild indigo 
Blechnum occidentale Sinkhole fern 
Bonamia grandiflora Florida bonamia 
Brickellia cordifolia Flyr's brickell-bush 
Calamintha ashei Ashe's savory 
Calamovilfa curtissii Curtiss' sandgrass 
Callirhoe papaver Poppy mallow 
Calydorea coelestina Bartram's ixia 
Campanula robinsiae Brooksville bellflower 
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Table E-1. Continued  
Scientific name Common name 
Carex chapmanii Chapman's sedge 
Celtis iguanaea Iguana hackberry 
Celtis pallida Spiny hackberry 
Chamaesyce cumulicola Sand-dune spurge 
Cheilanthes microphylla Southern lip fern 
Cheiroglossa palmata Hand fern 
Chionanthus pygmaeus Pygmy fringe tree 
Chrysopsis floridana Florida golden aster 
Cladonia perforata Perforate reindeer lichen 
Clitoria fragrans Pigeon-wing 
Coccothrinax argentata Silver palm 
Conradina brevifolia Short-leaved rosemary 
Conradina etonia Etonia rosemary 
Corallorhiza odontorhiza Autumn coralroot 
Crotalaria avonensis Avon park rabbit-bells 
Ctenitis sloanei Florida tree fern 
Ctenium floridanum Florida toothache grass 
Cucurbita okeechobeensis ssp okeechobeensis Okeechobee gourd 
Cyrilla arida Scrub leatherwood 
Deeringothamnus pulchellus Beautiful pawpaw 
Deeringothamnus rugelii Rugel's pawpaw 
Dennstaedtia bipinnata Hay scented fern 
Dicerandra christmanii Garrett's scrub balm 
Dicerandra cornutissima Longspurred mint 
Dicerandra frutescens Scrub mint 
Dicerandra immaculata Lakela's mint 
Digitaria floridana Florida crabgrass 
Digitaria gracillima Longleaf crabgrass 
Elytraria caroliniensis var angustifolia Narrow-leaved carolina scalystem 
Encyclia cochleata var triandra Clamshell orchid 
Epidendrum nocturnum Night-scented orchid 
Eragrostis tracyi Sanibel lovegrass 
Eriogonum longifolium var gnaphalifolium Scrub buckwheat 
Eryngium cuneifolium Wedge-leaved button-snakeroot 
Euphorbia commutata Wood spurge 
Forestiera godfreyi Godfrey's privet 
Glandularia maritima Coastal vervain 
Glandularia tampensis Tampa vervain 
Gossypium hirsutum Wild cotton 
Gymnopogon chapmanianus Chapman's skeletongrass 
Halophila johnsonii Johnson's seagrass 
Harrisia aboriginum Aboriginal prickly apple 
Harrisia fragrans Fragrant prickly apple 
Harrisia simpsonii Simpsonæs prickly apple 
Hartwrightia floridana Hartwrightia 
Hasteola robertiorum Florida hasteola 
Hedyotis nigricans var pulvinata Narrow-leaved bluets 
Helianthus carnosus Lake-side sunflower 
Helianthus debilis ssp tardiflorus Late flowering beach sunflower 
Helianthus debilis ssp vestitus Hairy beach sunflower 
Hypericum cumulicola Highlands scrub hypericum 
Hypericum edisonianum Edison's ascyrum 
Ilex opaca var arenicola Scrub holly 
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Table E-1. Continued  
Scientific name Common name 
Illicium parviflorum Star anise 
Jacquemontia reclinata Beach jacquemontia 
Jacquinia keyensis Joewood 
Justicia cooleyi Cooley's water-willow 
Justicia crassifolia Thick-leaved water-willow 
Lantana depressa var floridana Atlantic coast florida lantana 
Lantana depressa var sanibelensis Gulf coast florida lantana 
Lechea cernua Nodding pinweed 
Lechea divaricata Pine pinweed 
Leitneria floridana Corkwood 
Liatris ohlingerae Florida blazing star 
Lindera subcoriacea Bog spicebush 
Linum carteri var smallii Carter's large-flowered flax 
Litsea aestivalis Pondspice 
Lupinus westianus var aridorum Scrub lupine 
Matelea floridana Florida spiny-pod 
Monotropa hypopithys Pinesap 
Monotropsis reynoldsiae Pigmy pipes 
Najas filifolia Narrowleaf naiad 
Nemastylis floridana Fall-flowering ixia 
Nolina atopocarpa Florida beargrass 
Nolina brittoniana Britton's beargrass 
Nymphaea jamesoniana Sleeping beauty waterlily 
Okenia hypogaea Burrowing four-o'clock 
Panicum abscissum Cutthroat grass 
Parnassia grandifolia Large-flowered grass-of-parnassus 
Paronychia chartacea ssp chartacea Paper-like nailwort 
Pavonia spinifex Yellow hibiscus 
Peperomia humilis Terrestrial peperomia 
Persea humilis Scrub bay 
Phyllanthus leibmannianus ssp platylepis Pinewood dainties 
Platanthera integra Yellow fringeless orchid 
Polygala lewtonii Lewton's polygala 
Polygala smallii Tiny polygala 
Polygonella basiramia Hairy jointweed 
Polygonella myriophylla Small's jointweed 
Polyrrhiza lindenii Ghost orchid 
Prunus geniculata Scrub plum 
Pteroglossaspis ecristata Giant orchid 
Rhynchospora culixa Georgia beakrush 
Rhynchospora punctata Pineland beakrush 
Rhynchospora thornei Thorne's beakrush 
Rudbeckia nitida St. John's black-eyed-susan 
Salix floridana Florida willow 
Salvia urticifolia Nettle-leaved sage 
Schizachyrium niveum Scrub bluestem 
Sideroxylon alachuense Silver buckthorn 
Sium floridanum Florida water-parsnip 
Spigelia loganioides Pinkroot 
Spiranthes lanceolata var paludicola Fahkahatchee ladies' -tresses 
Spiranthes polyantha Green ladies'-tresses 
Stylisma abdita Scrub stylisma 
Tephrosia angustissima var curtissii Coastal hoary-pea 
Thelypteris reptans Creeping fern 
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Table E-1. Continued  
Scientific name Common name 
Trichomanes punctatum ssp floridanum Florida bristle fern 
Triphora craigheadii Craighead's nodding-caps 
Vanilla mexicana Scentless vanilla 
Verbesina heterophylla Variable-leaf crownbeard 
Vernonia blodgettii Blodgett's ironweed 
Vicia ocalensis Ocala vetch 
Warea amplexifolia Clasping warea 
Warea carteri Carter's warea 
Zanthoxylum coriaceum Biscayne prickly ash 
Ziziphus celata Scrub ziziphus 
 
 



 
 
 
 
 

APPENDIX F 
FOCAL SPECIES FOR THE TROPICAL FLORIDA ECOREGION 

 
Table F-1. Focal species for the Tropical Florida Ecoregion 
Scientific name Common name 
Mammals   
Corynorhinus rafinesquii Rafinesque's big-eared bat 
Eumops glaucinus floridanus Florida mastiff bat 
Felis concolor coryi Florida panther 
Mustela frenata peninsulae Florida long-tailed weasel 
Mustela vison mink pop 1 Southern mink, (s. Florida pop.) 
Neotoma floridana smalli Key largo woodrat 
Odocoileus virginianus clavium Key deer 
Oryzomys palustris natator Silver rice rat 
Peromyscus gossypinus allapaticola Key largo cotton mouse 
Sciurus niger avicennia Mangrove fox squirrel 
Sigmodon hispidus exsputus Lower keys cotton rat 
Sylvilagus palustris hefneri Lower keys rabbit 
Trichechus manatus Manatee 
Ursus americanus floridanus Florida black bear 
    
Birds   
Ajaia ajaja Roseate Spoonbill 
Ammodramus maritimus mirabilis Cape Sable Seaside Sparrow 
Anas fulvigula Mottled Duck 
Aramus guarauna Limpkin 
Ardea herodias occidentalis Great White Heron 
Buteo brachyurus Short-tailed Hawk 
Caracara plancus Crested Caracara 
Charadrius alexandrinus Snowy Plover 
Charadrius melodus Piping Plover 
Coccyzus minor Mangrove Cuckoo 
Columba leucocephala White-crowned Pigeon 
Dendroica discolor paludicola Florida Prairie Warbler 
Dendroica petechia gundlachi Cuban Yellow Warbler 
Egretta rufescens Reddish Egret 
Egretta thula Snowy Egret 
Egretta tricolor Tricolored Heron 
Elanoides forficatus Swallow-tailed Kite 
Eudocimus albus White Ibis 
Falco peregrinus Peregrine Falcon 
Haliaeetus leucocephalus Bald Eagle 
Mycteria americana Wood Stork 
Nyctanassa violacea Yellow-crowned Night-heron 
Pandion haliaetus Osprey 
Pelecanus occidentalis Brown Pelican 
Picoides borealis Red-cockaded Woodpecker 
Plegadis falcinellus Glossy Ibis 
Rallus longirostris insularum Mangrove Clapper Rail 
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Table F-1. Continued  
Scientific name Common name 
Rostrhamus sociabilis plumbeus Snail Kite 
Rynchops niger Black Skimmer 
Sitta pusilla Brown-headed Nuthatch 
Sterna antillarum Least Tern 
Sterna dougallii Roseate Tern 
Sterna fuscata Sooty Tern 
Tyrannus dominicensis Gray Kingbird 
Vireo altiloquus Black-whiskered Vireo 
    
Herps   
Caretta caretta Loggerhead 
Chelonia mydas Green turtle 
Crocodylus acutus American crocodile 
Crotalus adamanteus Eastern diamondback rattlesnake 
Diadophis punctatus acricus Key ringneck snake 
Drymarchon corais couperi Eastern indigo snake 
Elaphe obsoleta, south florida mainland pop Everglades rat snake 
Eretmochelys imbricata Hawksbill 
Eumeces egregius egregius Florida keys mole skink 
Gopherus polyphemus Gopher tortoise 
Lampropeltis getula floridana Florida kingsnake 
Malaclemys terrapin rhizophorarum Mangrove terrapin 
Sceloporus woodi Florida scrub lizard 
Storeria dekayi pop1 (victa) Lower keys brown snake 
Tantilla oolitica Rim rock crowned snake 
Thamnophis sauritus pop 1 (sackeni) Lower keys ribbon snake 

    
Fish   
Gambusia rhizophorae Mangrove gambusia 
Gobiomorus dormitor Bigmouth sleeper 
Gobionellus stigmaturus Spottail goby 
Menidia conchorum Key silverside 
Microphis brachyurus lineatus Opossum pipefish 
Rivulus marmoratus Mangrove rivulus 
    
Invertebrates   
Crangonyx grandimanus Florida cave amphipod 
Crangonyx hobbsi Hobbs' cave amphipod 
Eunica tatila tatilista Florida purplewing 
Liguus fasciatus matecumbensis Florida tree snail 
Liguus fasciatus septentrionalis Florida tree snail 
Liguus fasciatus solidus Florida tree snail 
Nehalennia pallidula Everglades sprite 
Orthalicus floridensis Banded tree snail 
Orthalicus reses nesodryas Florida keys tree snail 
Orthalicus reses reses Stock island tree snail 
Papilio aristodemus ponceanus Schaus' swallowtail  
Procambarus milleri Miami cave crayfish 
Vertigo hebardi Keys vertigo 
  
Plants   
Acacia choriophylla Florida acacia 
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Table F-1. Continued  
Scientific name Common name 
Acrostichum aureum Golden leather fern 
Actinostachys pennula Ray fern 
Adiantum melanoleucum Fragrant maidenhair fern 
Adiantum tenerum Brittle maidenhair fern 
Aeschynomene pratensis var. Pratensis Meadow jointvetch 
Ageratum littorale Cape sable whiteweed 
Aletris bracteata Bracted colicroot 
Alvaradoa amorphoides Everglades leaf lace 
Amorpha herbacea var crenulata Crenulate lead-plant 
Anemia wrightii Wright's anemia 
Argythamnia blodgettii Blodgett's wild-mercury 
Aristolochia pentandra Dutchman's pipe 
Asplenium auritum Auricled spleenwort 
Asplenium serratum Bird's nest spleenwort 
Asplenium trichomanes-dentatum Slender spleenwort 
Asplenium x biscaynianum Eaton's spleenwort 
Basiphyllaea corallicola Rockland orchid 
Bourreria cassinifolia Little strongbark 
Bourreria radula Rough strongbark 
Brickellia eupatorioides var. Floridana Florida brickell-bush 
Burmannia flava Fakahatchee burmannia 
Caesalpinia pauciflora Fewflower holdback 
Calyptranthes zuzygium Myrtle-of-the-river 
Campylocentrum pachyrrhizum Ribbon orchid 
Campyloneurum angustifolium Narrow-leaved strap fern 
Campyloneurum costatum Tailed strap fern 
Canella winteriana Wild cinnamon 
Catesbaea parviflora Small-flowered lily-thorn 
Catopsis berteroniana Powdery catopsis 
Catopsis floribunda Many-flowered catopsis 
Catopsis nutans Nodding catopsis 
Celtis pallida Spiny hackberry 
Chamaecrista lineata var keyensis Big pine partridge pea 
Chamaesyce cumulicola Sand-dune spurge 
Chamaesyce deltoidea ssp adhaerens Hairy deltoid spurge 
Chamaesyce deltoidea ssp deltoidea Deltoid spurge 
Chamaesyce deltoidea ssp serpyllum Wedge spurge 
Chamaesyce garberi Garber's spurge 
Chamaesyce pinetorum Pinelands spurge 
Chamaesyce porteriana var porteriana Porter's broad-leaved spurge 
Cheilanthes microphylla Southern lip fern 
Cheiroglossa palmata Hand fern 
Cienfuegosia yucatanensis Mexican hibiscus 
Colubrina cubensis Cuban snake-bark 
Colubrina cubensis var floridana Cuban snake-bark 
Conradina grandiflora Large-flowered rosemary 
Cranichis muscosa Cypress-knee helmet-orchid 
Crossopetalum ilicifolium Christmas berry 
Ctenitis sloanei Florida tree fern 
Cupania glabra Cupania 
Cyperus floridanus Florida flatsedge 
Cyperus fuligineus Limestone flatsedge 
Cyrtopodium punctatum Cow horn orchid 
Digitaria pauciflora Few-flowered crabgrass 
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Table F-1. Continued  
Scientific name Common name 
Dodonaea elaeagnoides Keys hopbush 
Eltroplectris calcarata Spurred neottia 
Elytraria caroliniensis var angustifolia Narrow-leaved carolina scalystem 
Encyclia boothiana var erythronioides Dollar orchid 
Encyclia cochleata var triandra Clamshell orchid 
Encyclia pygmaea Dwarf encyclia 
Epidendrum nocturnum Night-scented orchid 
Epidendrum strobiliferum Pendant epidendrum 
Eriochloa michauxii var simpsonii Longleaf cupgrass 
Eugenia confusa Tropical ironwood 
Eugenia rhombea Red stopper 
Eupatorium frustratum Cape sable thoroughwort 
Eupatorium villosum Villose fennel 
Euphorbia pinetorum Rockland painted-leaf 
Evolvulus grisebachii Grisebach's bindweed 
Exostema caribaeum Caribbean princewood 
Forestiera segregata var pinetorum Florida pinewood privet 
Galactia pinetorum Pineland milk pea 
Galactia smallii Small's milk pea 
Galeandra beyrichii Beyrich's helmet orchid 
Glandularia maritima Coastal vervain 
Gossypium hirsutum Wild cotton 
Guaiacum sanctum Lignum-vitae 
Guzmania monostachia Fakahatchee guzmania 
Gyminda latifolia False boxwood 
Gymnopogon chapmanianus Chapman's skeletongrass 
Halophila johnsonii Johnson's seagrass 
Harrisia simpsonii Simpson's prickly apple 
Hippomane mancinella Manchineel 
Huperzia dichotoma Hanging clubmoss 
Hypelate trifoliata White ironwood 
Hypericum edisonianum Edison's ascyrum 
Ilex krugiana Krug's holly 
Indigofera mucronata var keyensis Decumbent indigo 
Ionopsis utricularioides Delicate ionopsis 
Ipomoea microdactyla Wild potato morning glory 
Ipomoea tenuissima Rocklands morning glory 
Jacquemontia curtissii Pineland jacquemontia 
Jacquemontia havanensis Cuban jacquemontia 
Jacquemontia pentanthos Skyblue clustervine 
Jacquemontia reclinata Beach jacquemontia 
Jacquinia keyensis Joewood 
Lantana canescens Small-headed lantana 
Lantana depressa var depressa Florida lantana 
Lantana depressa var floridana Atlantic coast florida lantana 
Lantana depressa var sanibelensis Gulf coast florida lantana 
Lechea cernua Nodding pinweed 
Lechea lakelae Lakela's pinweed 
Leiphaimos parasitica Ghost plant 
Lepanthopsis melanantha Tiny orchid 
Licaria triandra Gulf licaria 
Linum arenicola Sand flax 
Linum carteri var carteri Carter's small-flowered flax 
Linum carteri var smallii Carter's large-flowered flax 
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Table F-1. Continued  
Scientific name Common name 
Lomariopsis kunzeana Holly vine fern 
Macradenia lutescens Trinidad lutescens 
Maxillaria crassifolia Hidden orchid 
Maxillaria parviflora Minnie-max 
Microgramma heterophylla Climbing vine fern 
Nevrodium lanceolatum Ribbon fern 
Okenia hypogaea Burrowing four-o'clock 
Oncidium bahamense Dancing-lady orchid 
Oncidium floridanum Florida dancinglady orchid 
Oncidium undulatum Mule ear orchid 
Opuntia spinosissima Florida semaphore cactus 
Opuntia triacantha Three-spined prickly pear 
Passiflora multiflora Whitish passionflower 
Passiflora pallens Pineland passionvine 
Peperomia humilis Terrestrial peperomia 
Peperomia obtusifolia Blunt-leaved peperomia 
Persea humilis Scrub bay 
Phoradendron rubrum Mahogony mistletoe 
Phyllanthus pentaphyllus ssp floridanus Florida five-petaled leaf-flower 
Picramnia pentandra Bitter bush 
Pilosocereus bahamensis Bahamian treecactus 
Pilosocereus robinii Tree cactus 
Pisonia floridana Rock key devil's-claws 
Pisonia rotundata Devil's smooth claws 
Pleurothallis gelida Frost-flower orchid 
Polygala boykinii var sparsifolia Boykin's few-leaved milkwort 
Polygala smallii Tiny polygala 
Polyrrhiza lindenii Ghost orchid 
Prescotia oligantha Small-flowered prescotia 
Prunus myrtifolia West indian cherry 
Pseudophoenix sargentii Florida cherry-palm 
Psychotria ligustrifolia Bahama wildcoffee 
Pteroglossaspis ecristata Giant orchid 
Rhipsalis baccifera Mistletoe cactus 
Rhynchosia swartzii Schwartz' snoutbean 
Roystonea elata Florida royal palm 
Sachsia polycephala Bahama sachsia 
Savia bahamensis Bahama maidenbush 
Schaefferia frutescens Yellowwood 
Schizachyrium sericatum Silky bluestem 
Scutellaria havenensis Havana skullcap 
Selaginella eatonii Eaton's spikemoss 
Sphenomeris clavata Wedgelet fern 
Spiranthes costaricensis Costa rica ladies'-tresses 
Spiranthes lanceolata var paludicola Fahkahatchee ladies' -tresses 
Spiranthes torta Southern ladies'-tresses 
Stillingia sylvatica ssp tenuis Queen's delight 
Strumpfia maritima Pride-of-big-pine 
Stylisma abdita Scrub stylisma 
Stylosanthes calcicola Pineland pencil flowers 
Swietenia mahagoni West indies mahogany 
Tectaria fimbriata Least halberd fern 
Tephrosia angustissima var angustissima Narrowleaf hoary-pea 
Tephrosia angustissima var corallicola Rockland hoary-pea 
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Table F-1. Continued  
Species name Common name 
Tephrosia angustissima var curtissii Coastal hoary-pea 
Thelypteris reptans Creeping fern 
Thelypteris sclerophylla Hard-leaved shield fern 
Thrinax radiata Florida thatch palm 
Tillandsia pruinosa Fuzzy-wuzzy air-plant 
Tragia saxicola Pineland noseburn 
Trema lamarckianum Lamarck's trema 
Trichomanes holopterum Entire-winged bristle fern 
Trichomanes krausii Kraus' bristle fern 
Trichomanes punctatum ssp floridanum Florida bristle fern 
Triphora craigheadii Craighead's nodding-caps 
Tripsacum floridanum Florida gama grass 
Tropidia polystachya Young palm-orchid 
Vallesia antillana Pearl berry 
Vanilla barbellata Worm-vine orchid 
Vanilla dilloniana Leafless vanilla 
Vanilla inodora Mexican vanilla 
Vanilla phaeantha Leafy vanilla 
Vernonia blodgettii Blodgett's ironweed 
Zanthoxylum coriaceum Biscayne prickly ash 
Zanthoxylum flavum Satinwood 
Zephyranthes simpsonii Rain lily 
 
 



 
 
 
 
 

APPENDIX G 
GOAL STATUS FOR FOCAL PLANT SPECIES IN THE FLORIDA PENINSULA 

ECOREGION 
 
Table G-1. Goal status for focal plant species in the Florida Peninsula Ecoregion 

Name 
Global 
rank Goal 

Total viable 
EO's 

included 

Total 
EO's in 

portfolio 
Goal 
met 

Acrostichum aureum G5 10 3 6 N 
Adiantum tenerum G5 10 3 5 N 
Agrimonia incisa G3 10 4 7 N 
Anemone berlandieri G4? 10 1 4 N 
Aristida rhizomophora G2 10 17 23 Y 
Aristida simpliciflora G2 10 0 2 N 
Arnoglossum diversifolium G2 10 0 4 N 
Asclepias viridula G2 10 0 0 N 
Asimina tetramera G1 10 4 13 N 
Asplenium abscissum G3G4 10 0 0 N 
Asplenium auritum G5 10 1 5 N 
Asplenium monanthes G4 10 1 1 N 
Asplenium pumilum G4G5 10 0 2 N 
Asplenium trichomanes-dentatum G5 10 0 1 N 
Asplenium x curtissii G1 10 1 5 N 
Asplenium x plenum HYB 10 1 2 N 
Balduina atropurpurea G2G3 10 0 0 N 
Baptisia calycosa var calycosa G3TH 10 0 0 N 
Blechnum occidentale G5 10 1 4 N 
Bonamia grandiflora G3 10 34 62 Y 
Brickellia cordifolia G2G3 10 2 2 N 
Calamintha ashei G3 10 35 55 Y 
Calamovilfa curtissii G3 10 8 9 N 
Callirhoe papaver G5 10 1 4 N 
Calydorea coelestina G2 10 10 12 Y 
Campanula robinsiae G1 10 1 3 N 
Carex chapmanii G3 10 8 12 N 
Celtis iguanaea G5 10 0 1 N 
Celtis pallida G4 10 1 3 N 
Chamaesyce cumulicola G2 10 4 14 N 
Cheilanthes microphylla G5 10 1 1 N 
Cheiroglossa palmata G4 10 19 26 Y 
Chionanthus pygmaeus G3 10 19 33 Y 
Chrysopsis floridana G1 10 7 14 N 
Cladonia perforata G1 10 11 17 Y 
Clitoria fragrans G3 10 30 50 Y 
Coccothrinax argentata G3 10 0 2 N 
Conradina brevifolia G2Q 10 18 24 Y 
Conradina etonia G1 10 3 3 N 
Corallorhiza odontorhiza G5 10 0 0 N 
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Table G-1. Continued      

Name 
Global 
rank Goal 

Total viable 
EO's 

included 

Total 
EO's in 

portfolio 
Goal 
met 

Crotalaria avonensis G1 10 4 4 N 
Ctenitis sloanei G5 10 2 3 N 
Ctenium floridanum G2 10 0 1 N 
Cyrilla arida G1Q 10 0 1 N 
Deeringothamnus pulchellus G1 10 19 22 Y 
Deeringothamnus rugelii G1 10 16 22 Y 
Dennstaedtia bipinnata G4 10 1 1 N 
Dicerandra christmanii G1 10 3 5 N 
Dicerandra cornutissima G1 10 10 13 Y 
Dicerandra frutescens G1 10 4 10 N 
Dicerandra immaculata G1 10 1 4 N 
Digitaria floridana G1 10 1 1 N 
Digitaria gracillima G1 10 1 1 N 
Epidendrum nocturnum G4G5 10 1 3 N 
Elytraria caroliniensis var angustifolia G4T2 10 0 0 N 
Encyclia cochleata var triandra G4T2 10 0 0 N 
Eragrostis tracyi GH 10 0 2 N 
Eriogonum longifolium var 
gnaphalifolium G4T3 10 39 76 Y 
Eryngium cuneifolium G1 10 13 16 Y 
Euphorbia commutata G5 10 1 1 N 
Forestiera godfreyi G3 10 3 4 N 
Glandularia maritima G3 10 20 46 Y 
Glandularia tampensis G1 10 8 15 N 
Gossypium hirsutum G4G5 10 1 3 N 
Gymnopogon chapmanianus G3 10 14 18 Y 
Halophila johnsonii G2 10 3 8 N 
Harrisia aboriginum G2Q 10 0 5 N 
Harrisia fragrans G1Q 10 1 5 N 
Harrisia simpsonii G2Q 10 1 10 N 
Hartwrightia floridana G2 10 31 39 Y 
Hasteola robertiorum G1 10 2 2 N 
Hedyotis nigricans var pulvinata G5TH 10 0 0 N 
Helianthus carnosus G1G2 10 3 7 N 
Helianthus debilis ssp tardiflorus G5T3 10 3 5 N 
Helianthus debilis ssp vestitus G5T2 10 9 15 N 
Hypericum cumulicola G2 10 37 55 Y 
Hypericum edisonianum G2 10 7 18 N 
Ilex opaca var arenicola G5T3 10 52 79 Y 
Illicium parviflorum G2 10 13 15 Y 
Jacquemontia reclinata G1 10 3 8 N 
Jacquinia keyensis G4 10 4 9 N 
Justicia cooleyi G1G2 10 5 16 N 
Justicia crassifolia G2 10 0 1 N 
Lantana depressa var floridana G2T2 10 12 15 Y 
Lantana depressa var sanibelensis G2T1 10 0 2 N 
Lechea cernua G3 10 50 95 Y 
Lechea divaricata G2 10 2 11 N 
Leitneria floridana G3 10 0 3 N 
Liatris ohlingerae G3 10 46 78 Y 
Lindera subcoriacea G2 10 0 0 N 
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Table G-1. Continued      

Name 
Global 
rank Goal 

Total viable 
EO's 

included 

Total 
EO's in 

portfolio 
Goal 
met 

Linum carteri var smallii G2T2 10 0 1 N 
Litsea aestivalis G3 10 4 7 N 
Lupinus westianus var aridorum G2T1 10 10 20 Y 
Matelea floridana G2 10 1 5 N 
Monotropa hypopithys G5 10 5 7 N 
Monotropsis reynoldsiae G1Q 10 2 3 N 
Najas filifolia G1 10 1 5 N 
Nemastylis floridana G2 10 10 21 Y 
Nolina atopocarpa G3 10 4 10 N 
Nolina brittoniana G2 10 40 72 Y 
Nymphaea jamesoniana G5 10 0 1 N 
Okenia hypogaea G3 10 0 9 N 
Panicum abscissum G3 10 48 57 Y 
Parnassia grandifolia G3G4 10 2 2 N 
Paronychia chartacea ssp chartacea G3T3 10 65 95 Y 
Pavonia spinifex G4G5 10 3 6 N 
Peperomia humilis G5 10 2 4 N 
Persea humilis G3 10 91 156 Y 
Phyllanthus leibmannianus ssp 
platylepis G4T2 10 2 4 N 
Platanthera integra G4 10 1 1 N 
Polygala lewtonii G2 10 18 38 Y 
Polygala smallii G1 10 1 6 N 
Polygonella basiramia G3 10 77 105 Y 
Polygonella myriophylla G3 10 50 84 Y 
Polyrrhiza lindenii G2G4 10 1 2 N 
Prunus geniculata G2G3 10 43 81 Y 
Pteroglossaspis ecristata G2G3 10 10 21 Y 
Rhynchospora culixa G1 10 0 2 N 
Rhynchospora punctata G1? 10 0 1 N 
Rhynchospora thornei G1G2 10 0 0 N 
Rudbeckia nitida G2 10 1 1 N 
Salix floridana G2 10 6 8 N 
Salvia urticifolia G5 10 0 1 N 
Schizachyrium niveum G1 10 20 36 Y 
Sideroxylon alachuense G1 10 2 2 N 
Sium floridanum G1Q 10 0 1 N 
Spigelia loganioides G1G2 10 5 7 N 
Spiranthes lanceolata var paludicola G4T1 10 1 1 N 
Spiranthes polyantha G3G5 10 2 3 N 
Stylisma abdita G2G3 10 12 19 Y 
Tephrosia angustissima var curtissii G1T1 10 1 4 N 
Thelypteris reptans G5 10 1 1 N 
Trichomanes punctatum ssp floridanum G4T1 10 0 0 N 
Triphora craigheadii GH 10 0 1 N 
Vanilla mexicana G2G4 10 0 1 N 
Verbesina heterophylla G2 10 0 0 N 
Vernonia blodgettii G3 10 0 0 N 
Vicia ocalensis G1 10 3 4 N 
Warea amplexifolia G1 10 16 17 Y 
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Table G-1. Continued      

Name 
Global 
rank Goal 

Total viable 
EO's 

included 

Total 
EO's in 

portfolio 
Goal 
met 

Warea carteri G1G2 10 20 32 Y 
Zanthoxylum coriaceum G3G4 10 0 1 N 
Ziziphus celata G1 10 1 1 N 
 

 



 
 
 
 
 

APPENDIX H 
GOAL STATUS FOR FOCAL PLANT SPECIES IN THE TROPICAL FLORIDA 

ECOREGION 
 

Table H-1. Goal status for focal plant species in the Tropical Florida Ecoregion 

Name 
Global 
rank Goal 

Total viable 
EO's included 

Total 
EO's in 

portfolio 
Goal 
met 

Acacia choriophylla 
not 

tracked 10 0 0 N 
Acrostichum aureum G5 10 12 27 Y 
Actinostachys pennula G4G5 10 4 4 N 
Adiantum melanoleucum G3G4 10 4 4 N 
Adiantum tenerum G5 10 12 16 Y 
Aeschynomene pratensis var pratensis G5T2 10 2 2 N 
Ageratum littorale G3 10 0 0 N 
Aletris bracteata G2 10 0 0 N 
Alvaradoa amorphoides G5 10 5 8 N 
Amorpha herbacea var crenulata G4G5T1 10 6 6 N 
Anemia wrightii G2 10 9 9 N 
Argythamnia blodgettii G2 10 16 23 Y 
Aristolochia pentandra G2G4 10 3 5 N 
Asplenium auritum G5 10 2 2 N 
Asplenium serratum G4G5 10 7 9 N 
Asplenium trichomanes-dentatum G5 10 5 9 N 
Asplenium x biscaynianum G1 10 3 4 N 
Basiphyllaea corallicola G1G3 10 4 4 N 
Bourreria cassinifolia G3? 10 9 14 N 
Bourreria radula G2G3 10 3 3 N 
Brickellia eupatorioides var. 

Floridana G5T1 10 5 9 N 
Burmannia flava G5 10 2 3 N 
Caesalpinia pauciflora G3 10 0 0 N 
Calyptranthes zuzygium G4 10 4 4 N 
Campylocentrum pachyrrhizum G4? 10 3 4 N 
Campyloneurum angustifolium G4G5 10 3 3 N 
Campyloneurum costatum G5 10 3 3 N 
Canella winteriana G4G5 10 10 14 Y 
Catesbaea parviflora G2G3 10 3 5 N 
Catopsis berteroniana G4 10 10 11 Y 
Catopsis floribunda G3G4 10 3 8 N 
Catopsis nutans G5? 10 1 1 N 
Celtis pallida G4 10 1 1 N 
Chamaecrista lineata var keyensis G5T2 10 10 17 Y 
Chamaesyce cumulicola G2 10 4 5 N 
Chamaesyce deltoidea ssp adhaerens G2T1 10 15 15 Y 
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Table H-1. Continued      

Name 
Global 
rank Goal 

Total viable 
EO's included 

Total 
EO's in 

portfolio 
Goal 
met 

Chamaesyce deltoidea spp deltoidea G2T1 10 21 26 Y 
Chamaesyce deltoidea ssp serpyllum G2T1 10 7 8 N 
Chamaesyce garberi G1 10 16 21 Y 
Chamaesyce pinetorum G1Q 10 9 12 N 
Chamaesyce porteriana var 

porteriana G2T2 10 26 38 Y 
Cheilanthes microphylla G5 10 2 2 N 
Cheiroglossa palmata G4 10 5 8 N 
Cienfuegosia yucatanensis G2G4 10 2 2 N 
Colubrina cubensis var floridana G3T1 10 9 10 N 
Conradina grandiflora G3 10 1 1 N 
Cranichis muscosa G4G5 10 0 0 N 
Crossopetalum ilicifolium G2 10 22 65 Y 
Ctenitis sloanei G5 10 13 14 Y 
Cupania glabra G4 10 2 2 N 
Cyperus floridanus G3 10 0 0 N 
Cyperus fuligineus G3G5 10 1 1 N 
Cyrtopodium punctatum G5? 10 16 19 Y 
Digitaria pauciflora G1 10 6 6 N 
Dodonaea elaeagnoides G3G5 10 0 0 N 
Eltroplectris calcarata G3? 10 2 2 N 
Elytraria caroliniensis var 

angustifolia G4T2 10 6 8 N 
Encyclia boothiana var erythronioides G4T4 10 9 11 N 
Encyclia cochleata var triandra G4T2 10 6 6 N 
Encyclia pygmaea G4G5 10 1 1 N 
Epidendrum nocturnum G4G5 10 16 18 Y 
Epidendrum strobiliferum G4 10 2 3 N 
Eriochloa michauxii var simpsonii G2?T2Q 10 0 0 N 
Eugenia confusa G4G5 10 13 17 Y 
Eugenia rhombea G3G5 10 6 9 N 
Eupatorium frustratum G1 10 0 0 N 
Eupatorium villosum G4G5 10 10 10 Y 
Euphorbia pinetorum G2 10 19 19 Y 
Evolvulus grisebachii G2G3 10 0 0 N 

Exostema caribaeum 
not 

tracked 10 2 2 N 
Forestiera segregata var pinetorum G4?T2 10 12 29 Y 
Galactia pinetorum G2Q 10 22 26 Y 
Galactia smallii G1Q 10 6 11 N 
Galeandra beyrichii G4G5 10 3 4 N 
Glandularia maritima G3 10 5 5 N 
Gossypium hirsutum G4G5 10 13 26 Y 
Guaiacum sanctum G4G5 10 16 22 Y 
Guzmania monostachia G4G5 10 7 8 N 
Gyminda latifolia G4 10 10 12 Y 
Gymnopogon chapmanianus G3 10 0 0 N 
Halophila johnsonii G2 10 0 1 N 
Harrisia simpsonii G2Q 10 16 31 Y 
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Table H-1. Continued      

Name 
Global 
rank Goal 

Total viable 
EO's included 

Total 
EO's in 

portfolio 
Goal 
met 

Hippomane mancinella G5 10 11 20 Y 
Huperzia dichotoma G3G4 10 1 1 N 
Hypelate trifoliata G3G5 10 10 14 Y 
Hypericum edisonianum G2 10 0 0 N 
Ilex krugiana G2G4 10 16 27 Y 
Indigofera mucronata var keyensis G5?T1 10 6 7 N 
Ionopsis utricularioides G4G5 10 3 3 N 
Ipomoea microdactyla G2 10 12 16 Y 
Ipomoea tenuissima G2? 10 12 12 Y 
Jacquemontia curtissii G2 10 24 66 Y 
Jacquemontia havanensis G5 10 2 2 N 
Jacquemontia pentanthos G5 10 2 2 N 
Jacquemontia reclinata G1 10 2 2 N 
Jacquinia keyensis G4 10 48 95 Y 
Lantana canescens G3G4 10 3 3 N 
Lantana depressa var depressa G2T1 10 15 23 Y 
Lantana depressa var floridana G2T2 10 8 11 N 
Lantana depressa var sanibelensis G2T1 10 1 1 N 
Lechea cernua G3 10 9 10 N 
Lechea lakelae GH 10 0 0 N 
Leiphaimos parasitica G4 10 3 3 N 
Lepanthopsis melanantha G3G5 10 0 1 N 
Licaria triandra G4 10 0 2 N 
Linum arenicola G1G2 10 14 15 Y 
Linum carteri var carteri G2T1 10 6 7 N 
Linum carteri var smallii G2T2 10 5 6 N 
Lomariopsis kunzeana G3G4 10 3 4 N 
Macradenia lutescens G3G5 10 0 0 N 
Maxillaria crassifolia G4G5 10 1 1 N 

Maxillaria parviflora 
not 

tracked 10 0 0 N 
Microgramma heterophylla G4G5 10 3 5   
Nevrodium lanceolatum G4G5 10 0 0 N 
Okenia hypogaea G3 10 6 9 N 
Oncidium bahamense G3 10 0 0 N 
Oncidium floridanum G2Q 10 1 1 N 
Oncidium undulatum G4G5 10 1 1 N 
Opuntia spinosissima G3 10 1 1 N 
Opuntia triacantha G2G4 10 7 8 N 
Passiflora multiflora G4 10 5 6 N 
Passiflora pallens G3G4 10 0 0 N 
Peperomia humilis G5 10 0 0 N 
Peperomia obtusifolia G5 10 6 8 N 
Persea humilis G3 10 1 1 N 
Phoradendron rubrum G3G5 10 2 2 N 
Phyllanthus pentaphyllus ssp 

floridanus G4G5T2 10 26 66 Y 
Picramnia pentandra G4G5 10 1 4 N 
Pilosocereus bahamensis G3 10 0 0 N 
Pilosocereus robinii G1 10 8 10 N 
Pisonia floridana G1 10 2 2 N 
Pisonia rotundata G4? 10 0 0 N 
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Name 
Global 
rank Goal 

Total viable 
EO's included 

Total 
EO's in 

portfolio 
Goal 
met 

Pleurothallis gelida G4 10 2 2 N 

Poinsettia pinetorum 
not 

tracked 10 5 9 N 

Polygala boykinii var sparsifolia 
G3G4T2

Q 10 15 16 Y 
Polygala smallii G1 10 7 9 N 
Polyrrhiza lindenii G2G4 10 7 9 N 
Prescotia oligantha G4G5 10 1 1 N 
Prunus myrtifolia G4 10 7 8 N 
Pseudophoenix sargentii G3G4 10 2 2 N 
Psychotria ligustrifolia G3G5 10 0 0 N 
Pteroglossaspis ecristata G2G3 10 5 5 N 

Rhipsalis baccifera 
not 

tracked 10 0 0 N 
Rhynchosia swartzii G3 10 0 0 N 
Roystonea elata G2Q 10 9 11 N 
Sachsia polycephala G2 10 19 26 Y 
Savia bahamensis G4 10 3 4 N 
Schaefferia frutescens G5 10 6 6 N 
Schizachyrium sericatum G1 10 0 0 N 
Scutellaria havenensis G3G4 10 1 4 N 
Selaginella eatonii G2? 10 5 7 N 
Sphenomeris clavata G3 10 6 8 N 
Spiranthes costaricensis G3G4 10 2 2 N 
Spiranthes lanceolata var paludicola G4T1 10 0 1 N 
Spiranthes torta G3G4 10 2 4 N 
Stillingia sylvatica ssp tenuis G5T2 10 0 0 N 
Strumpfia maritima G4 10 4 6 N 
Stylisma abdita G2G3 10 6 7 N 
Stylosanthes calcicola G3G4 10 2 5 N 
Swietenia mahagoni G3G4 10 13 20 Y 
Tectaria fimbriata G2G4 10 13 15 Y 
Tephrosia angustissima var 

angustissima G1TH 10 0 0 N 
Tephrosia angustissima var 

corallicola G1T1 10 1 3 N 
Tephrosia angustissima var curtissii G1T1 10 0 0 N 
Thelypteris reptans G5 10 7 7 N 
Thelypteris sclerophylla G3 10 3 3 N 
Thrinax radiata G4G5 10 22 55 Y 
Tillandsia pruinosa G4 10 5 5 N 
Tragia saxicola G2 10 22 48 Y 
Trema lamarckianum G5 10 0 3 N 
Trichomanes holopterum G4 10 1 1 N 
Trichomanes krausii G5 10 5 5 N 
Trichomanes punctatum ssp 

floridanum G4T1 10 7 7 N 
Triphora craigheadii GH 10 0 0 N 
Tripsacum floridanum G2 10 18 28 Y 
Tropidia polystachya G3G5 10 0 0 N 
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Table H-1. Continued      

Name 
Global 
rank Goal 

Total viable 
EO's included 

Total 
EO's in 

portfolio 
Goal 
met 

Vallesia antillana G4 10 5 5 N 
Vanilla barbellata G4G5 10 7 7 N 

Vanilla dilloniana 
not 

tracked 10 0 0 N 

Vanilla inodora 
not 

tracked 10 0 0 N 
Vanilla phaeantha G3 10 2 2 N 
Vernonia blodgettii G3 10 4 7 N 
Zanthoxylum coriaceum G3G4 10 2 2 N 
Zanthoxylum flavum G3? 10 2 2 N 
Zephyranthes simpsonii GH 10 1 1 N 
 

 



 
 
 
 
 

APPENDIX I 
GOAL STATUS FOR FOCAL ANIMAL SPECIES IN THE FLORIDA PENINSULA 

ECOREGION 
 
   Table I-1. Goal status for focal animal species in the Florida Peninsula Ecoregion 

Name 
Global 
rank Goal 

Total 
viable 
EO's 

included 

Total 
EO's in 

portfolio 
Goal 
met       Name 

Fish       
Acipenser brevirostrum G3 10 1 3 N N 
Acipenser oxyrinchus desotoi G3T2 10 2 6 N Y? 
Acipenser oxyrinchus 
oxyrinchus G3T? 10 0 1 N N 
Alosa alabamae G3 10 2 2 N Y? 
Ameiurus brunneus G4 10 0 3 N Y? 
Ameiurus serracanthus G3 10 1 1 N Y? 
Awaous banana (= tajasica) G5 10 0 4 N N 
Bairdiella sanctaeluciae G5 10 1 1 N Y? 
Centropomus parallelus G5 10 0  N N 
Centropomus pectinatus G5 10 0  N N 
Cyprinodon variegatus 

hubbsi G5T2Q 10 6 6 N Y? 
Etheostoma olmstedi G5 10 5 12 N Y? 
Gobiomorus dormitor G5 10 0 1 N N 
Gobionellus pseudofasciatus G3G5 10 0 1 N N 
Gobionellus stigmaturus G2 10 1 1 N Y? 
Microphis brachyurus G5 10 1 4 N N 
Micropterus notius G2G3 10 3 103 N Y? 
Pteronotropis welaka G4 10 2 15 N N? 
Rivulus marmoratus G5 10 6 14 N Y? 
        
Herpetofauna       
Ambystoma cingulatum G2G3 10 0 2 N N 
Ambystoma tigrinum G5 10 2 3 N N 
Amphiuma pholeter G3 10 4 5 N N 
Caretta caretta G3 10 20 40 Y Y? 
Chelonia mydas G3 10 15 29 Y Y? 
Crotalus adamanteus G5 10 31 77 Y Y 
Crotalus horridus G5 10 2 2 N Y? 
Dermochelys coriacea G3 10 5 17 N Y? 
Drymarchon corais couperi G4T3 10 45 171 Y Y 
Eretmochelys imbricata G3 10 0 2 N N 
Eumeces egregius insularis G4T1 10 0 1 N N 
Eumeces egregius lividus G4T2 10 12 23 Y Y? 
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Table I-1. Continued       

Name 
Global 
rank Goal 

Total 
viable 
EO's 

included 

Total 
EO's in 

portfolio 
Goal 
met       Name 

Farancia erytrogramma 
seminola G5T1 10 0 1 N N 

Gopherus polyphemus G3 10 193 503 Y Y 
Heterodon simus G2 10 0  N N 
Lampropeltis getula floridana G5T4 10 3 3 N Y? 
Lepidochelys kempii G1 10 0  N N 
Macroclemys temminckii G3G4 10 2 2 N Y? 
Neoseps reynoldsi G2 10 37 142 Y Y 
Nerodia clarkii taeniata G4T1 10 1 5 N N 
Notophthalmus perstriatus G2G3 10 10 14 Y Y? 
Pituophis melanoleucus 

mugitus G5T3? 10 16 38 Y Y 
Pseudobranchus striatus 

lustricolus G5T1 10 0 2 N N 
Rana capito G4 10 29 57 Y Y 
Sceloporus woodi G3 10 66 313 Y Y? 
Stilosoma extenuatum G3 10 3 19 N Y? 
Tantilla relicta pamlica G5T3 10   N Y? 
        
Birds       
Aimophila aestivalis G3 10 14 20 Y Y 
Ajaia ajaja G5 10 18 23 Y Y? 
Ammodramus maritimus 

macgillivraii G4T2 10 0  N N 
Ammodramus maritimus 
peninsulae G4T2 10 10 10 Y Y 
Ammodramus savannarum 

floridanus G5T1 10 10 14 Y Y? 
Anas fulvigula G4 10 10 10     Y? Y? 
Aphelocoma coerulescens G3 10 140 507 Y Y? 
Aramus guarauna G5 10 15 24 Y Y 
Buteo brachyurus G4? 10 17 47 Y Y? 
Caprimulgus carolinensis G5 10 2 1 N Y 
Caracara plancus G5 10 26 322 Y Y? 
Catoptrophorus 

semipalmatus G5 10 9 33 N Y 
Charadrius alexandrinus G4 10 17 43 Y Y? 
Charadrius melodus G3 10 15 39 Y Y 
Charadrius wilsonia G5 10 5 22 N Y 
Cistothorus palustris 

marianae G5T3 10 1 1 N Y 
Coccyzus minor G5 10 14 14 Y Y? 
Dendroica discolor 

paludicola G5T3 10 3 3 N Y? 
Egretta rufescens G4 10 20 22 Y Y? 
Egretta thula G5 10 65 167 Y Y 
Elanoides forficatus G4 10 25 49 Y Y? 
Eudocimus albus G5 10 44 150 Y Y 
Falco sparverius paulus G5T3T4 10 32 42 Y Y? 
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Table I-1. Continued       

Name 
Global 
rank Goal 

Total 
viable 
EO's 

included 

Total 
EO's in 

portfolio 
Goal 
met       Name 

Grus canadensis pratensis G5T2T3 15 32 45 Y Y? 
Haematopus palliatus G5 10 19 77 Y Y? 
Haliaeetus leucocephalus G4 10 269 539 Y Y 
Laterallus jamaicensis G4 10 4 6 N N? 
Melanerpes erythrocephalus G5 10 2  N Y? 
Mycteria americana G4 10 42 134 Y Y 
Nyctanassa violacea G5 10 20 47 Y Y 
Passerina ciris G5 10 0  N N 
Pelecanus occidentalis G4 10 13 148 Y Y 
Picoides borealis G3 10 36 73 Y Y? 
Plegadis falcinellus G5 10 26 51 Y Y? 
Rostrhamus sociabilis 

plumbeus G4G5T1 15 20 24 Y Y? 
Rynchops niger G5 10 19 73 Y Y? 
Sitta pusilla G5 10 0  N Y 
Speotyto cunicularia 

floridana G4T3 10 5 12 N Y? 
Sterna antillarum G4 10 21 123 Y Y 
Sterna dougallii G4 10 0 2 N N 
Vireo altiloquus G5 10 17 18 Y Y? 
        
Mammals       
Corynorhinus rafinesquii G3G4 10 2 2 N N 
Eumops glaucinus floridanus G5T1 10 0 0 N N 
Felis concolor coryi G5T1 10 3 4 N N? 
Microtus pennsylvanicus 

dukecampbelli G5T1 10 1 1 N N 
Mustela frenata peninsulae G5T3 10 12 95 Y Y 
Mustela vison halilimnetes G5T3 10 6 7 N Y? 
Mustela vison lutensis G5T3 10 0 1 N Y? 
Myotis austroriparius G4 10 7 10 N Y? 
Neofiber alleni G3 10 8 11 N Y 
Oryzomys palustris 

subspecies  G5T1Q 10 0 1 N N 
Peromyscus polionotus 

niveiventris G5T1 10 6 8 N N? 
Peromyscus polionotus 

phasma G5T1 10 3 3 N N 
Podomys floridanus G3 10 16 40 Y Y 
Sciurus niger avicennia G5T2 10 2 2 N N 
Sciurus niger shermani G5T2 10 36 73 Y Y? 
Sigmodon hispidus insulicola G5T1T2 10 0 1 N Y? 
Trichechus manatus G2 10 8 8 N Y? 
Ursus americanus floridanus G5T2 10 16 33 Y Y? 
        
Invertebrates       
Aphaostracon asthenes G1 10 1 1 N Y? 
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Name 
Global 
rank Goal 

Total 
viable 
EO's 

included 

Total 
EO's in 

portfolio 
Goal 
met       Name 

Aphaostracon chalarogyrus G1 10 0 1 N Y? 
Aphaostracon monas G1 10 0 1 N Y? 
Aphaostracon pycnus G1 10 0 1 N Y? 
Aphaostracon theiocrenetus G1 10 1 1 N Y? 
Aphaostracon xynoelictus G1 10 1 1 N Y? 
Baetisca gibbera G5 10 0 0 N N 
Caecidotea hobbsi G2 10 0 3 N Y? 
Caecidotea sp 1 G1 10 0 0 N Y? 
Cercobrachys etowah G2 10 1 1 N N 
Cincinnatia helicogyra G1 10 1 1 N Y? 
Cincinnatia mica G1 10 1 1 N Y? 
Cincinnatia parva G1 10 1 1 N Y? 
Cincinnatia petrifons G1 10 0 0 N Y? 
Cincinnatia ponderosa G1 10 1 1 N Y? 
Cincinnatia vanhyningi G1 10 0 1 N Y? 
Cincinnatia wekiwae G1 10 0 1 N Y? 
Cordulegaster sayi G1G2 10 2 2 N N 
Crangonyx grandimanus G2 10 5 5 N Y? 
Crangonyx hobbsi G2G3 10 9 15 N Y? 
Crangonyx sp 1 G2 10 0 0 N N 
Cicindela highlandensis G2 10 10 20 Y Y? 
Elimia albanyensis G5 10 0  N N 
Elliptio ahenea G3 10 1 1 N N? 
Elliptio jayensis  G4 10 1 1 N N? 
Elliptio monroensis G2G3 10 1 1 N N? 
Elliptio waltoni G1G2Q 10 1 1 N N 
Hexagenia orlando G4Q 10 0  N N 
Libellula jesseana G2G3 10 0 0 N N? 
Lycosa ericeticola G? 10 4 4 N N? 
Medionidus walkeri G2 10 1 5 N N? 
Micronaspis floridana G1G3 10 0  N N 
Neurocordulia obsoleta G4 10 1 1 N Y? 
Ochrotrichia provosti G1 10 1 1 N N 
Oecetis pratelia G1 10 0  N N 
Orthotrichia dentata G1G2 10 1 1 N N 
Oxyethira florida G1? 10 1 1 N N 
Palaemonetes cummingi G1 10 0 1 N N 
Plauditus alachua = 

acentrella alachua G3 10 0 0 N N 
Pleurobema pyriforme G2 10 1 2 N N? 
Procambarus acherontis G1 10 2 3 N N? 
Procambarus attiguus G1 10 1 1 N Y? 
Procambarus delicatus G1 10 0 1 N Y? 
Procambarus franzi G1 10 1 2 N N 
Procambarus leitheuseri G2 10 5 6 N N? 
Procambarus lucifugus G2G3 10 3 11 N N 
Procambarus morrisi G1 10 1 1 N N? 
Procambarus pallidus G2G3 10 5 10 N Y? 
Procambarus pictus G2 10 2 2 N N 
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Table I-1. Continued       

Name 
Global 
rank Goal 

Total 
viable 
EO's 

included 

Total 
EO's in 

portfolio 
Goal 
met       Name 

Remasellus parvus G1 10 0 1 N N? 
Triaenodes furcella G1? 10 2 2 N N 
Troglocambarus maclanei G2 10 4 10 N Y? 
Troglocambarus sp 1 G1 10 1 1 N N? 
Utterbackia peninsularis G3 10 5 5 N Y? 
Villosa amygdala G3 10 2 2 N Y 
Villosa villosa G3 10 1 1 N Y 

 
 



 
 
 
 
 

APPENDIX J 
GOAL STATUS FOR FOCAL ANIMAL SPECIES IN THE TROPICAL FLORIDA 

ECOREGION 
 
   Table J-1. Goal status for focal animal species in the Tropical Florida Ecoregion 

Name Global rank Goal 

Total 
viable 
EO's 

included 

Total 
EO's in 

portfolio 
Goal 
met 

      
Name 

Fishes       
Gambusia rhizophorae G3 10 3 10 N Y 
Gobiomorus dormitor G5 10 0 0 N N 
Gobionellus stigmaturus G2 10 2 3 N Y? 
Menidia conchorum G2Q 10 0 16 N Y? 
Microphis brachyurus 

lineatus 
G5 10 0 0 N N 

Rivulus marmoratus G5 10 8 14 N Y 
       

Herpetofauna       
Caretta caretta G3 10 8 14 N Y? 
Chelonia mydas G3 10 2 0 N N? 
Crocodylus acutus G2 10 4 4 N N? 
Crotalus adamanteus G5 10 8 29 N Y 
Diadophis punctatus 

acricus 
G5T1 10 4 7 N N 

Drymarchon corais 
couperi 

G4T3 10 11 47 Y Y 

Elaphe obsoleta G5 10 0 0 N N 
Eretmochelys imbricata G3 10 3 5 N N 
Eumeces egregius 

egregius 
G4T2 10 6 14 N Y? 

Gopherus polyphemus G3 10 17 40 Y Y 
Lampropeltis getula 

floridana 
G5T4 10 7 7 N Y? 

Malaclemys terrapin 
rhizophorarum 

G4T2 10 11 14 Y Y 

Sceloporus woodi G3 10 0 2 N N 
Storeria dekayi pop 1 

(victa) 
G5T1Q 10 1 5 N N? 

Tantilla oolitica G1G2Q 10 1 4 N N? 
Thamnophis sauritus 

pop 1 (sackeni) 
G5T1Q 10 2 4 N N? 

       
Birds       
Ajaia ajaja G5 10 28 70 Y Y 
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Table J-1. Continued       

Name Global rank Goal 

Total 
viable 
EO's 

included 

Total 
EO's in 

portfolio 
Goal 
met 

      
Name 

Ammodramus maritimus 
mirabilis 

G4T1 10 5 7 N N? 

Anas fulvigula G4 10 3 3 N Y? 
       
       
Aramus guarauna G5 10 3 6 N Y 
Ardea herodias 

occidentalis 
G5T2 10 77 157 Y Y 

Buteo brachyurus G4? 10 23 60 Y Y? 
Caracara plancus G5 10 3 12 N N? 
Charadrius 

alexandrinus 
G4 10 3 6 N N 

Charadrius melodus G3 10 10 22 Y Y 
Coccyzus minor G4 10 23 26 Y Y 
Columba leucocephala G3 10 70 163 Y Y 
Dendroica discolor 

paludicola 
G5T3 10 11 28 Y Y 

Dendroica petechia 
gundlachi 

G5T4 10 3 4 N Y? 

Egretta rufescens G4 10 18 57 Y Y? 
Egretta thula G5 10 31 94 Y Y? 
Egretta tricolor G5 10 64 166 Y Y? 
Elanoides forficatus G4 10 13 30 Y Y? 
Eudocimus albus G5 10 32 92 Y Y? 
Falco peregrinus G4 10 10 12 Y Y 
Haliaeetus 

leucocephalus 
G4 10 64 82 Y Y 

Mycteria americana G4 10 16 52 Y Y? 
Nyctanassa violacea G5 10 6 10 N Y? 
Pandion haliaetus G5 10 19 40 Y Y 
Pelecanus occidentalis G4 10 26 98 Y Y 
Picoides borealis G3 10 18 27 Y Y? 
Plegadis falcinellus G5 10 2 12 N N? 
Rallus longirostris 

insularum 
G5T3 10 3 4 N Y? 

Rostrhamus sociabilis 
plumbeus 

G4G5T1 10 8 18 N Y? 

Rynchops niger G5 10 11 27 Y Y? 
Sitta pusilla G5 10 0  N Y 
Sterna antillarum G4 10 29 132 Y Y 
Sterna dougallii G5 10 9 23 N N? 
Sterna fuscata G5 10 1 3 N Y? 
Tyrannus dominicensis G5 10 0  N Y 
Vireo altiloquus G5 10 24 55 Y Y 

       
Mammals       
Corynorhinus 

rafinesquii 
G3G4 10 1 1 N N 
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Table J-1. Continued       

Name Global rank Goal 

Total 
viable 
EO's 

included 

Total 
EO's in 

portfolio 
Goal 
met 

      
Name 

Eumops glaucinus 
floridanus 

G5T1 10 0 0 N N 

Felis concolor coryi G5T1 10 5 6 N N? 
Mustela frenata 

peninsulae 
G5T3 10 0 2 N Y? 

Mustela vison mink pop 
1 

G5T2 10 0 2 N Y 

Neotoma floridana 
smalli 

G5T1 10 15 18 Y Y? 

Odocoileus virginianus 
clavium 

G5T1 10 10 16 Y Y? 

Oryzomys palustris 
natator 

G5T2Q 10 6 8 N N? 

Peromyscus gossypinus 
allapaticola 

G5T1Q 10 13 13 Y Y? 

Sciurus niger avicennia G5T2 10 0 3 N N 
Sigmodon hispidus 

exsputus 
G5T2 10 1 1 N Y? 

Sylvilagus palustris 
hefneri 

G5T1 10 13 17 Y Y? 

Trichechus manatus G2 10 2 2 N N? 
Ursus americanus 

floridanus 
G5T2 10 7 8 N N? 

       
Invertebrates       
Crangonyx 

grandimanus 
G2 10 0 0 N N 

Crangonyx hobbsi G2G3 10 0 0 N N 
Eunica tatila tatilista G4T2? 10 3 6 N Y? 
Liguus fasciatus 

matecumbensis 
G3T2 10 3 3 N Y? 

Liguus fasciatus 
septentrionalis 

G3T2 10 0 0 N N 

Liguus fasciatus solidus G3TX 10 0 0 N N 
Nehalennia pallidula G3 10 6 6 N Y? 
Orthalicus floridensis G3 10 0 4 N Y? 
Orthalicus reses 

nesodryas 
G2T2 10 0 2 N Y? 

Orthalicus reses reses G2T1 10 1 1 N N 
Papilio aristodemus 

ponceanus 
G4T1 10 6 15 N Y? 

Procambarus milleri G1 10 0  N N 
Vertigo hebardi G? 10 0 6 N Y? 

 
 
 
 



 
 
 
 
 

APPENDIX K 
GOAL STATUS FOR NATURAL COMMUNITES IN THE FLORIDA PENINSULA 

ECOREGION 
 

Table K-1. Goal status for natural communities in the Florida Peninsula Ecoregion 

Name 
Global 
rank Goal 

Total 
included 

EO's 

Total 
portfolio 

sites 

Overall 
goal 
met 

Subregion goal 
met 

Algal bed  G3 10 0 0 N N 
Aquatic cave G3 13 16 9 Y N 
Basin and depression 

marsh G?/G4 6 19 10 Y Y 
Basin swamp G4 5 17 14 Y Y 
Baygall G4 5 10 10 Y N 
Beach dune G4 5 15 12 Y Y 
Blackwater stream G4 5 9 9 Y Y 
Bottomland forest G4 5 11 10 Y Y 
Coastal grassland G3 13 13 6 Y Y 
Coastal interdunal swale G3 13 4 4 N N 
Coastal strand G3 9 24 16 Y N 
Composite substrate G3 10 0 3? N N 
Consolidated substrate G3 10 4 4 N N 
Coral reef G2 20 0 0 N N 
Dome swamp G4 10 13 11 Y Y 
Dry prairie G2 10 13 11 Y Y 
Flatwoods/prairie lake G4 10 8 7 N N 
Floodplain forest and 

swamp G? 5 16 13 Y Y 
Floodplain marsh  G3 6 10 9 Y Y 
Florida scrub G2 25 69 38 Y Y 
Freshwater tidal swamp G3 5 1 1 N N 
Hydric hammock G? 9 16 14 Y Y 
Hypersaline coastal salt flat G? 13 6 6 N Y 
Loblolly pine hammock G? 9 2 1 N Y 
Mangrove G3 9 11 11 Y Y 
Maritime hammock G4 9 46 25 Y Y 
Marsh lake G4 5 3 3 N N 
Mesic flatwoods G? 5 22 15 Y Y 
Mesic/prairie hammock G4 10 11 9 Y Y? 
Mollusk reef G3 13 0 0 N N 
Octocoral bed G2 20 1 1 N N 
Peninsular swale G? 10 5 5 N N 
Red oak woods G? 18 0 0 N N 
River floodplain lake G4 5 2 1 N N 
Sandhill G2/G3 5 24 21 Y Y 
Sandhill upland lake G3 20 22 10 Y N 
Scrubby flatwoods G3 25 27 16 Y Y 
Seepage stream G4 5 2 2 N N 
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Table K-1. Continued       

Name 
Global 
rank Goal 

Total 
included 

EO's 

Total 
portfolio 

sites 

Overall 
goal 
met 

Subregion goal 
met 

Shell mound G3 13 13 11 Y Y 
Sinkhole G? 13 9 7 N N 
Sinkhole lake G3 20 2 2 N N 
Slash pine-cutthroat 

seepage flatwoods/ 
seepage slope G? 20 10 9 N Y 
Sponge bed G2 20 2 2 N N 
Spring-run streams G2 13 19 13 Y Y 
Streamhead atlantic white-

cedar forest G? 13 2 2 N Y? 
Swamp lake G4 5 2 2 N N 
Temperate seagrass beds G2 10 10 10 Y Y 
Terrestrial cave G3 13 15 13 Y Y 
Tidal marsh G4 5 11 11 Y Y 
Unconsolidated substrate G5 5 1 1 Y? Y? 
Upland hardwood forest G? 5 16 11 Y Y 
Upland mixed forest G? 5 21 15 Y Y 
Wet flatwoods G? 9 13 19 Y Y 
Wet prairie G? 13 19 12 Y N 
Worm reef G1 20 0 0 N N 
Xeric hammock G? 13 15 12 Y Y 
 

 



 
 
 
 

 
APPENDIX L 

GOAL STATUS FOR NATURAL COMMUNITES IN THE TROPICAL FLORIDA 
ECOREGION 

 
Table L-1. Goal status for natural communities in the Tropical Florida Ecoregion 

Name 
Global 
rank Goal 

Total 
included 

EO's 

Total 
portfolio 

sites 

Overall 
goal 
met 

Subregion 
goal met 

Algal bed G3 10 0 0 N N 
Aquatic cave G3 13 0 0 N N 
Beach dune G4 5 10 6 Y Y 
Blackwater stream G4 5 0 0 N N 
Coastal berm G3 25 19 11 N N 
Coastal grassland G3 13 7 3 N N 
Coastal rock barren G3 25 19 9 N Y 
Coastal strand G3 9 8 4 N N 
Composite substrate G3 10 14 2 Y N 
Consolidated substrate G3 10 3 1 N N 
Coral reef G2 20 4 4 N Y 
Flatwoods/prairie lake G4 10 0 0 N N 
Floodplain marsh G3 6 3 2 N Y 
Florida scrub G2 25 25 6 Y? N 
Hatrack cypress G? 10 13 6 Y N 
Hypersaline coastal salt flat G? 13 5 2 N N 
Mangrove G3 9 15 11 Y Y 
Marl prairie G? 18 13 7 N N 
Marsh lake G4 5 0 0 N N 
Mesic flatwoods G? 10 10 8 Y Y 
Mesic/prairie hammock G4 10 3 1 N Y 
Mollusk reef G3 13 0 0 N N 
Octocoral bed G2 20 0 0 N N 
Pine rockland G1 18 40 5 Y Y 
River floodplain lake G4 5 0 0 N N 
Scrubby flatwoods G3 25 9 6 N N 
Seepage stream G4 5 0 0 N N 
Shell mound G3 13 15 7 Y N 
Sinkhole G? 13 2 2 N N 
Sinkhole lake G3 20 0 0 N N 
Sponge bed G2 20 1 1 N N 
Spring-run streams G2 13 0 0 N N 
Subtropical seagrass beds G2 10 10 10 Y N? 
Swamp lake G4 5 4 1 N N 
Terrestrial cave G3 13 0 0 N N 
Tidal marsh G4 6 6 3 Y N 
Tropical bayswamp G? 25 25 5 Y Y 
Tropical hardwood 

hammocks G? 20 72 18 Y Y 
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Table L-1. Continued       

Name 
Global 
rank Goal 

Total 
included 

EO's 

Total 
portfolio 

sites 

Overall 
goal 
met 

Subregion 
goal met 

Tropical hydric flatwoods G? 9 11 5 Y Y 
Tropical strand swamp 

forest G? 18 15 7 N Y 
Tropical swale G? 10 12 7 Y Y 
Unconsolidated substrate G5 5 12 2 Y N? 
Worm reef G1 20 0 0 N N 
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