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Abstract 
 
 
Human developments can cause many negative impacts on the ecosystems around the world. 
As the human population grows, it will require more land and resources which may result in the 
degradation of natural lands. Development has occurred at a quick rate in the United State and 
today only two-fifths of the continental U.S. contains natural land cover (Shaffer and Stein 2000). 
The development of natural land can result in habitat fragmentation which has helped to cause 
the extinction of amphibians, birds, invertebrates and mammals (Orff 2011). Recently, the State 
of Florida has created the Sector Planning Program that claims to potentially reduce negative 
environmental impacts while also improving the economic, social and fiscal development in the 
existing communities.  
 
The Sector Planning Program began in 1998 and has since been utilized in several large scale 
developments. This project examined sector planning to see if its implementation has resulted in 
reduced habitat fragmentation, protected or restored landscape connectivity, and protection for 
ecosystem services such as water management. In order to test the results of sector planning, 
four cases studies were analyzed in GIS. The analyses identified the various impacts on three 
types of land-uses that may be caused by each development: agriculture, conservation and 
urban. The developments being studied are Farmton, Plum Creek Alachua County, the West-Bay 
Sector Plan, and Restoration. Restoration is unique because it has two designs; the first design 
from 2006 was sprawling and inefficient and the second design from 2009 is more compact and 
protects more land than the 2006 plan. Farmton was also used as a test case to explore the 
relative character and quality of four alternative plans for the property. These alternate plans will 
then be analyzed with the same GIS models that were used in the case studies to allow for 
comparison so that trends in developmental impacts may be identified.  
 
Each case study was found to significant ly impact habitat fragmentation, landscape connectivity 
and ecosystem services. The West-Bay Sector Plan caused the most impacts when compared to 
the other developments. The 2009 Restoration plan was the least impactful development in this 
study and the improvements from the first iteration of the design were impressive. This project 
found that the Sector Planning Program does not significant ly reduce environmental impacts 
caused by urban development. Instead, the developments studied for this project will likely cause 
significant reduction in connectiv ity and ecosystem services with an increase in urban sprawl. 
However, the Restoration project leaves hope that if a land developer really wishes to be more 
environmentally friendly, less impactful urban planning is possible.  
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Chapter 1: Introduction 
 
 

"Our human economy utilizes, consumes, converts, burns, or clear-cuts annually more 
than 40 percent of the total NPP [net primary production] on land. In short, one species 
- our own - out of 5 million to 30 million species (no one is sure how many there are) is 
directly and indirectly claiming 40 percent of the earth's production for itself ." (Hawken 
2010). 

Human actions on this planet can 
cause considerable impacts to the 
various ecosystems around us. 
Humans overharvest flora, fauna and 
minerals; degrade and destroy 
countless acres of habitat; greatly 
reduce the movements of species; and 
have even begun to change the 
climate. These types of events are so 
common that they have been 
witnessed in almost every corner of 
our world (Sanderson et al. 2002). As 
people continue to develop and exploit 
the land they need to find ways to 
preserve an array of ecologically 
significant lands so that a high level of biodiversity and other ecosystem services provided by 
natural systems can be maintained. However, this may be a very difficult task because 
historically conservation efforts have been reactive rather than proactive (Groves 2003).  
 
There have been various approaches to conservation and urban development; however, these 
new approaches are still continuing to cause various impacts to local  ecosystems. Urban 
developments, along with the construction of roads in and around natural environments, are one 
of the greatest challenges to the protection of ecosystems today  (Clevenger and Wierzchowski 
2006). In order to help protect biodiversity there will need to be a shift in thinking by developers, 
urban planners and conservation planners. This is especially true in states like Florida where a 
very high rate of population growth has led to high rates of habitat destruction and 
fragmentation (Noss and Cooperrider 1994, Hoctor et al. 2008, and Noss 1987).  
 
Interestingly, there is a long history of conservation practices from around the world. When 
people think of conservation they may envision large parks such as Yellowstone National Park or 
the Everglades National Park. Yet, conservation has been around far longer than America. In fact, 
the first known laws protecting forests and game animals were enacted in India by Emperor 
Askoka around 250 BCE (Wright 1996).  While many leaders and individuals understand the need 

Figure 1-1: An endangered Florida Panther. (www.wec.ufl.edu) 
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to conserve some aspect of the nature around us, they have not always approached 
conservation in a way that protects  biodiversity. For example, conservation efforts in America 
have largely focused on landscapes with a high scenic value rather than focusing on unique 
ecosystems or biodiversity (Shaffer and Stein 2000). Planners often like to organize the world 
along geographic and geopolitical boundaries even though ecological systems rarely heed such 
lines (Groves 2003). Fortunately, many approaches to conservation are moving away from a 
focus on single sites and species to a focus on ecological systems. This can also be observed in 
Florida where $3.2 billion has been spent in order to protect a variety of natural areas for more 
than their scenic value (Shaffer and Stein 2000).  
 
Today, reducing habitat fragmentation is the target of many conservation efforts . Many 
conservation experts believe that the process of habitat fragmentation is a primary cause of the 
current level of species extinction around the world (Hoctor et al. 2008 and Noss 1987). Habitat 
fragmentation has many impacts on ecosystems which include reducing biodiversity, reducing 
the mobility of flora and fauna, and encouraging the isolation of populations (Larkin et al. 2004). 
While fragmentation can be caused through natural processes such as the formation of 
mountains, it is typically caused by human development. Both urban sprawl and road 
development greatly contribute to habitat  fragmentation. "As road networks extend across the 
landscape and their weave intensifies, natural areas become increasingly fragmented and 
impoverished biologically" (Clevenger and Wierzchowski 2006, pg. 502). Development has led to 
the extinction of at least 500 native species in North America alone (Shaffer and Stein 2000). The 
numbers in Florida are just as alarming. Urban sprawl has led to a sharp decline in biodiversity at 
various levels ranging from genes to ecosystems (Harris and Scheck 1991). This is why planners 
and developers should begin to reconsider how they approach siting their developments in a 
world with fewer and fewer natural areas. 
 
 

Research Questions 
 
Throughout America, there are countless examples of the ways human developments damage 
the natural systems that they inhabit. Unfortunately, many of the damages caused by humans, 
such as extinctions, are irreversible. One solution under development is improved planning and 
design of urban areas to reduce impacts to the natural land.  
 
In Florida, there have been numerous attempts to  reduce the negative impacts of urban 
development. These include the development of regional impacts (DRIs) review process and the 
use of comprehensive plans. Another is the Sector Planning Program which was created in 1998 
(Sector Planning Program 2015). This large-scale planning program has been piloted and is now 
an officially endorsed planning process that is being used in many areas around the state.  
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Question:  
Have sector plans, allowed under Florida Statute 163.3245, resulted in reduced habitat 
fragmentation, protected or restored landscape connectivity, and/or  protection for valuable 
ecosystem services such as water management? 
 
Hypothesis: 
As development becomes more compact and less fragmented, it will have fewer impacts on the 
environment. Planning processes that succeed in promoting compact urban developments will 
also reduce environmental impacts by reducing habitat fragmentation and increasing or 
restoring connectivity and valuable ecosystem services.  
 
The purpose of this thesis project is to investigate how effective sector planning is at reducing 
impacts. By learning how typical urban development degrades the environment, planners will be 
able to focus on better solutions and alternatives. In the future, planning and design must allow 
for the growth and success of human populations as well as native flora and fauna.  
 
The hypothesis will be tested by analyzing the impacts of multiple case studies that use different 
planning methods. If sector plans are effective at reducing impacts such as habitat 
fragmentation, then the plans utilizing these methods should produce the fewest impacts when 
compared to other large scale planning strategies. In total, this project will look at four case 
studies in the state of Florida. Two of the case studies are utilizing the sector planning program, 
one was reviewed by the development of regional impacts process and the last obtained 
approval through an amendment of a comprehensive plan. The case studies in this project will 
be selected by looking at various factors of each potential case's development plans. These 
factors will include an analysis of fragmentation, conservation impacts, and changes to existing 
land-uses.  
 
These case studies will help to illustrate some of the negative and positive impacts of 
development on its surrounding systems. One case study will be selected from the group to 
undergo additional analysis. After a more detailed analysis of the focus case study, alternative 
plans will be developed based on Land-Use Conflict Identification Strategy analysis (LUCIS) (Carr 
and Zwick 2007).The case studies will provide examples of ways that planning and development 
practices can be improved. Standards and recommendations will be derived from the case study 
analysis.  
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Chapter 2: Literature Review  
 
 
Planning for the future can be a difficult task, especially when there is a large degree of 
uncertainty associated with what the future will bring. Today, planners are faced with a wide 
array of challenges that have not previously been encountered by our culture. Some of these 
challenges include global climate change, mass extinctions, and resource scarcity. This chapter 
will discuss some of the issues planners face today in detail. The subject of conservation will 
take the lead with issues involving biodiversity, fragmentation, connectivity, the effects of edges 
and ecosystem services. The next topic will involve planning strategies with a focus on reserve 
design, road network design, and urban planning and the third section will briefly discuss some 
planning programs in the State of Florida to include sector planning, developments of regional 
impacts and comprehensive planning. The final section will provide some basic information 
about the geographic information system that will be used in this project. 
 
 

Part I: Conservation Issues 
Biodiversity 

"More than 200,000 species have been formally documented for the United States....No 
other country equals the United States in its diversity of salamanders, freshwater 
mussels, or freshwater turtles, for instance, and our freshwater fishes and coniferous 
trees are also impressive on a global scale" (Shaffer and Stein 2000). 

Biodiversity has become a focal subject in conservation planning in recent years in part due to 
experts finding that biodiversity is essential for the function of ecosystems and critical in the 
maintenance of life on the planet (Baydack et al. 1999). Many others have also come to the 
conclusion that many protected areas are simply not large enough to protect biodiversity over 
time (Hoctor et al. 2000 and Cooperrider 1991). However, before any meaningful discussion on 
biodiversity can begin there is a need to define the term for the purpose of this project. 
 
While the topic of biodiversity is very important it can also bring about a diverse array of 
thoughts. The diversity of just the definition of biodiversity can be seen in Practical Approaches to 
the Conservation of Biological Diversity by Baydack, Campa and Haufler where 17 different 
definitions of the term are given! With such an assortment of definitions, it is not surprising that 
many of the sources define biodiversity in a similar method. Some definitions speak specifically 
to genetics while others remain very broad and vague. For example, in Conserving our heritage-
America's biodiversity, the U.S. Forest Service broadly defined biodiversity simply as "the variety of 
life and its processes." On the other end of the spectrum, in Conserving biological diversity- A 
strategy to maintain biodiversity and ecosystem function in the Northeast, The U.S. Fish and Wildlife 
Service defines biodiversity as "the variety of life in an area, including genetic composition, 
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richness of species, distribution and abundance of ecosystems and communities, and the 
process by which all living things interact with one another and their environment."  
 
The term biodiversity comes from the phrase "biological diversity" which was first used in a 
formal method by Norse and McManus in 1980 (Baydack and Campa 1999). Norse and 
McManus's definition of the phrase contained two concepts which focused on genetic variation 
in a species and the number of species in a community. While all of the previous definitions are 
probably sufficient for this project, I would like to utilize the definition provided by E.O. Wilson in 
the introduction to Biodiversity II: Understanding and Protecting Our Biological Resources:  

"It is, in one sense, everything. Biodiversity is defined as all hereditarily based variation 
at all levels of organization, from the genes within a single local population or species, 
to the species composing all or part of a local community, and finally to the 
communities themselves that compose the living parts of the multifa rious ecosystems 
of the world." 

This definition of biodiversity really covers all the various scales biodiversity could be used. It 
starts out in an incredibly vague statement, that biodiversity is everything, and then whittles it 
down from a very large scale of ecosystems to a very small scale of genetics.  
 
Biodiversity is a complex term and it is a term that is applicable at almost any scale. Some have 
explained the word in terms of levels such as a genes, species, and ecosystems (Cooperrider 
1991). These levels are essentially a biological scale with genetics being the smallest scale which 
builds species who then build the ecosystems. Another way to look at biodiversity is through its 
geographic scale. Poiani et al. (2000) listed four scales of biodiversity in geographic terms which 
were: 1) local geographic (meters to thousands of hectares), 2) Intermediate Geographic 
(hundreds to tens of thousands of hectares), 3) coarse geographic (tens of thousands to millions 
of hectares) and 4) regional geographic (millions of hectares or more). Thinking in terms of 
geographic scale is important because biodiversity levels can be very different at these scales 
and the types of species and ecosystems in these areas will be changing. For example, a local 
geographic scale would contain species like the Bay checkerspot butterfly (Euphydryas editha 
bayensis) which may not be able to travel far whereas a species like the Florida black bear that is 
able to travel great distances would be listed in a coarse or regional geographic scale (Poiani et 
al. 2000). The geographic scale is important because the approaches to maintain biodiversity in 
a small forest with a few species and single habitat type is very different than the approach 
needed to maintain biodiversity levels of a region composed of numerous species and 
ecosystems.  
 
Along with the various scales of biodiversity it has three main components which include 
composition, structure and function (Groves et al. 2002). These components are also described 
by Noss (1990) and in his description the composition component contains the species and 
genetic elements of diversity. The structure component centers on how various elements are 
arraigned and it includes the pattern and complexity of the systems or communities while the 
function component focuses on time sensitive elements such as gene flow, evolutionary 
processes and disturbance cycles. Basically, these components allow biodiversity to again follow 
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another scale where the species elements form patterns in the ecosystem and then changes in 
that ecosystem may be seen over time. After looking at both the definition and scale of the 
concept of biodiversity, its importance is hard to discredit. However, having only a definition of 
the term does not convey enough of its meaning and importance to conservation practices. 
 

Biodiversity is important in all locations and across all scales of life. Value can be found in all 
scales and levels of biodiversity and this value can be described in economic terms. For example, 
biodiversity has provided a wide array of plants and microorganisms that are valuable to the 
medical field. One quarter of prescription drugs have an active ingredient that is composed of 
plants and 3000 antibiotics are made from microorganisms (Noss and Cooperrider 1994). People 
also utilize the biodiversity on the planet by harvesting large amounts of food by hunting and 
fishing. The amount of food collected from the world's oceans is staggering. In 1988, 100 million 
tons of food were extracted from fisheries around the globe (Noss and Cooperrider 1994). 
Clearly, maintaining high levels of biodiversity will benefit the global economy as well as the 
ecosystems of the world.  
 
Economics are just one reason to preserve biodiversity. The environmental services provided 
through biodiversity are a little harder to put a price tag on. The varieties of ecosystems that exist 
each provide different types of services. Some of the basic benefits provided by various 

Figure 2-1: Florida has a significantly high level of biodiversity as demonstrated in this map from The Nature 
Conservancy. (www.secpnc.wordpress.com) 
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ecosystems are air and water filtration, stormwater drainage and recreation opportunities 
(Bolund and Hunhammar 1999). Forests can help with air quality by reducing the amount of CO2 
in the atmosphere and the same trees and plants in a forest can help to absorb water after a 
storm. Wetlands also provide a great way to control stormwater and they can also help to filter 
out contaminants in the water at the same time. Proper management of ecosystem services is a 
great way to help planners with problems such as water quality which will be discussed later in 
this chapter.  
 
When looking at the world around us it is important to remember how much we need the natural 
lands for all the activities mentioned above. By maintaining high levels of biodiversity it will be 
possible to meet the diverse economic demands for natural resources while at the same time 
protecting the functionality of the ecosystems around the world (Baydack and Campa 1999). So 
why is biodiversity so important to ecosystem functionality? To start, an ecosystem 
encompasses a wide assortment of relationships and components that create a product that is 
greater than the sum of its parts (Noss and Cooperrider 1994).  The world is a highly complicated 
system that people may never be able to truly understand how all the components (species) of 
the world really interacts. Therefore, it is very possible that a particular species may be vital to 
the function of an ecosystem without being noticed. Then, if that one species or group of species 
is removed it may cause the system to collapse. Without the protection of the various species, 
ecosystems and processes around us it is possible that ecosystems will degrade to the point 
where they cannot function (Cooperrider 1991).  
 
Unfortunately, there are many threats to biodiversity today and these threats are largely the 
results of human actions. Some factors that may threaten biodiversity are water quality, human 
development, livestock overgrazing, extraction process, fragmentation, and climate change 
(Cooperrider 1991). Of these threats, human development is essentially the largest threat to 
biodiversity because it is often the cause of fragmentation, poor water quality, over consumption 
and even climate change. With global populations continuing to rise, the demand for natural 
resources have created many of the conservation issues that are being faced today (Baydack et 
al. 1999). Human actions and developments have also caused the loss of many species around 
the world. Developments help to fragment the land causing extinctions around the world and in 
North America where more than 500 species have been lost and overall this represents a 
significant reduction in biodiversity at a global scale (Shaffer and Stein 2000, Noss 1987, and 
Baydack et al. 1999). 
 

Figure 2-2: Pictured above are the results of some human behaviors that can have an impact on a regions biodiversity 
levels. (Smokestacks: www.maxisciences.com/pollution/wallpaper), (Fish kills: www.glogster.com), (Clear cuts: 
wikipedia.org/wiki/Clearcutting)  
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Some regions are facing more threats to biodiversity than others and one such region is Florida. 
The state of Florida continues to experience a large influx of people and the state also has a very 
high rate of development to support its increasing population and this has led to an erosion of 
native biodiversity in the state (Harris and Scheck 1991). This loss in biodiversity is occurring at 
multiple scales including genetic losses, population losses and ecosystem losses (Harris and 
Scheck 1991). With various ecosystems and species being lost at an unprecedented rate, it is 
important for the development of a more holistic concern and response to environmental 
planning in the future (Cooperrider 1991).  
 
In the past conservation efforts worked to protect lands that were most beneficial to human use 
such as scenic landscapes or areas that contained a needed resource for human development. 
This has gradually changed and in the 1970's, biodiversity conservation began to focus on the 
protection of hotspots of biodi versity like the Hawaiian Islands and today it is focusing on the 
protection of genes and populations throughout various types of habitats (Poiani et al. 2000). 
Now, more research is showing the importance of protecting larger and more connected 
landscapes as a key to combat threats to biodiversity. The need for larger and more connected 
landscapes can be seen in states like Florida where rapid growth in population has seen the 
destruction of habitat that may best be countered by a connected network that is implemented 
at a large scale (Hoctor et al. 2000) 
 
As mentioned previously, conservation efforts have typical worked to protect individual parks and 
scenic landscapes across the country. These protected areas may be relatively small like Hot 
Spring National Park in Arizona which is only 5,550 acres (22.46 km2) or they may be incredibly 
large like Alaska's Wrangell - St. Elias National Park which is the largest national park in America 
at 13,175,799.41 acres (53,320 km2)(NPS 2013). However, these parks were not designed to 
protect diversity which is why it is not surprising that evidence has been found that they are 
ineffective at maintaining biodiversity over time. Fortunately, the practice of conserving 
biodiversity is now a major force behind many projects and land management goals (Noss and 
Cooperrider 1994). By recognizing the complexity of the ecosystems around the world and 
working to develop a comprehensive approach that can function at various scales it will be 
possible to conserve the current levels of biodiversity around the world (Cooperrider 191 and 
Hoctor 2003).  

"The long-term success of biodiversity conservation efforts will hinge on local 
communities' embracing the need for healthy ecosystems and flourishing wildlife 
populations. It will also depend on an enlightened economics that has learned to value 
not just individual species but the very fabric of biodiversity" (Shaffer and Stein 2000). 

 
 
 
 



18 | P a g e 
 

Fragmentation 
 
As the human population continues to grow, more land will be required to support the race. This 
land may be utilized for food production, transportation, manufacturing, housing, business 
opportunities and even recreational activities. However, these activities will also have impacts on 
the natural areas that remain in proximity to human developments. The rate of development in 
America is rather surprising and this has resulted in a large reduction of natural lands. In fact, it is 
estimated that only two -fifths of the continental United States contains natural land cover 
(Shaffer and Stein 2000). If development continues and the remaining natural lands are not 
protected, development will cause the land to be fragmented into smaller and smaller pieces. 
Eventually the land may become so fragmented that it will not be possible to support any 
functioning ecosystem.  
 
So what is fragmentation and why is it so vital for biodiversity and the persistence of various 
populations? Well, fortunately, fragmentation is a much easier term to define than biodiversity. 
The Oxford English Dictionary defines fragmentation as: "the process or state of breaking or being 
broken into small or separate parts." So habitat fragmentation occurs when a patch of habitat is 
broken into smaller and smaller pieces. While the process of fragmentation is very simple, the 
effects of that process are very complicated. Habitat fragmentation can cause the reduction of 
viable habitat, the reduction in species mobility, increases of eurytopic and opportunistic species 
and increased human presence (Noss and Harris 1986). Each of these impacts can reduce the 
beneficial levels of biodiversity in any region.  
 
Habitat fragmentation is very detrimental to the quality of existing habitats and many experts 
agree that the most serious threat to biodiversity is the process of habitat fragmentat ion (Hoctor 
2003 and Noss 1987). Some natural causes of fragmentation include streams and rivers cutting 
through a landscape or a mountain range that slowly divides a region. These natural processes 
are very slow and most species are able to handle the pace of change.  Another natural process 
that moves more quickly could be a wild fire. As the fire burns an area it can leave cleared space 
next to forested areas. However, the most damaging causes of fragmentation are caused by 
anthropogenic events which include the development of road networks, utility lines, urban sprawl, 
drainage ditches and even fence lines (Noss and Harris 1986). These long linear structures can 
impact populations by reducing the connectivity between habitat fragments while also reducing 
the size of the reaming patches. These smaller remaining patches may then become unoccupied 
over time due to increases in mortality and reductions in recolonization (Trombulak and Frissell 
2000).  
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The reduction in core habitat and 
connectivity between other patches of 
habitat is one of the greatest issues 
caused by fragmentation. In large, most 
of the concern for species loss due to 
fragmentation centers on animals yet 
plants can also be impacted. Various 
plants rely on animals for seed dispersal 
and they may also need areas to migrate 
in order to survive a warmer climate. 
While fragmentation can spell doom for 
plant species it can more quickly impact 
wide ranging animals that may be 
referred to as area sensitive species 
(Harris 1985). All species have a 
functional minimum habitat requirement 
and when their habitat becomes too 
fragmented they may begin to perish. 
For example, many of Florida's bird 
species that rely on hardwood forests 
will not reproduce in forest fragments 
when they are located in a matrix of 
agricultural land (Harris and Scheck 
1991). It is possible for a species to be 
able to exist in a small patch although; if 
that same patch is unable to support 

breeding activities then the population within that patch will have effectively become a sink 
population. 
 
Birds are not the only species that can be heavily impacted by habitat fragmentation. Wide-
ranging animals face an array of impacts in a matrix of highly fragmented lands. Large 
carnivores are especially vulnerable to the impacts of fragmentation due to their "low population 
densities, wide-ranging movements, and the potential for conflicts with humans" (Dixon et al. 
2006, 156). These animals often require large areas for migration or food purposes and the 
fragmentation of the land can cut off their migration routes or their access to food. For instance, 
the Florida black bear requires a large amount of land partially due to changes in their foraging 
habitat thought the seasons (Hoctor 2003). Black bears have even been recorded traveling as far 
as 83 km (51.5 miles) in order to reach a desired resource and that movement was not for 
dispersal purposes (Hoctor 2003). Some impacts of fragmentation on the Florida black bear can 
be seen in the genetics of the remaining populations. Today, the Florida black bear has 
developed five larger sub-populations in Florida, Georgia and Alabama due to the isolating effects 

Figure 2-3: These are diagrams, made from aerials photos taken of 
forests in the Willamette National Forest, show how fragmentation 
can occur over time (Harris 1984, 39). 
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of habitat fragmentation (Hoctor 2003). While fragmentation has greatly impacted the Florida 
black bear population it has had much greater consequences for another well-known carnivore. 
 
The Florida panther has also been affected by fragmentation due to its restrictions on panther 
movements. Increases in forest patchiness and fragmentation have been connected to the high 
levels of variability in the population of the Florida panther (Maehr et al. 2002). Fragmentation 
has really impacted the panther's ability to move between patches of habitat. Human 
development and infrastructures have created many barriers for panthers that are very difficult 
to cross. These barriers may take various forms and one of the most common forms is a 
highway. Highways and roads are often a source of mortality for both panthers and black bears 
that attempt to cross them (Harris 1985). These systems can create very abrupt changes to an 
environment while continuing to fragment the area into large pieces. More significantly though, 
these systems also disrupt and alter wildlife patterns along with the functions of the ecosystem 
they are fragmenting (Clevenger and Wierzchowski 2006). The development of roads can cause 
a wide range of issues for all species in an ecosystem and their additional impacts will be 
discussed later in this chapter. 
 
Canals are another form of 
infrastructure that can create a 
highly impermeable barrier to 
panther movements. The 
Caloosahatchee River, which was 
extended to help control water 
levels in Lake Okeechobee, now 
has a wide channel that is capable 
of accommodating shipping along 
with step banks that make even 
reaching the water a difficult task 
(Maehr et al. 2002). This canal, which is over 400 feet wide in some locations, presents a 
significant  barrier to dispersal for the Florida panther. The river helps to stop movement into 
central Florida and also helps to fragment the habitats regularly used by panthers. Areas south of 
the Caloosahatchee contain forested habitats with buffer patches in large patches that support 
the current breeding population of the Florida panther while the habitats north of the river are 
progressively isolated and fragmented (Kautz et al. 2006).This is a great example of how 
fragmentation can prevent a species' ability to recolonize an area that they previously inhabited. 
While a small group of male panthers have been recorded crossing this large canal, it is still very 
doubtful that the more cautious females will ever cross the infrastructure without some form of 
human intervention (Kautz et al. 2006).  

"No small isolated population can maintain its demographic and genetic integrity 
indefinitely, thus modification to the environment that preclude natural movement 
patterns between habitat areas may be as devastating in the long run as is direct 
destruction of the habitat" (Harris and Scheck 1991).  

Figure 2-4: The Caloosahatchee River Basin is 1,400 square miles and is 
70 miles long. This river is also known as the C-43 Canal.  
(http://www.protectingourwater.org/watersheds/map/caloosahatchee/)  
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The above quote really sums up what has happened in south Florida in regard to the panther 
population. Due to fragmentation of their habitat, panthers were left isolated in the everglades. 
The source of the fragmentation, roads and canals, made it very difficult for the panthers to 
move into new habitats while their population numbers were continuing to fall. The population 
finally reached a point where inbreeding was threatening the survival of the Florida panthers. 
Evidence of this inbreeding could be seen in the physical traits of the panthers which included 
kinked tails and undescended testicles (Land and Lacy 2000). To combat this inbreeding, eight 
female panthers from Texas were introduced into Florida in 1995 (Land and Lacy 2000). This act 
increased the genetic diversity of the population in a way that could have occurred naturally if the 
Florida panthers were able to interact with the Texas panthers as they have in the past. The 
result was a huge success for the Florida panthers and has increased the population nearly 
threefold (Fei et al. 2011).  
 
The Florida panthers demonstrate how fragmentation can destroy species even when its 
processes do not destroy all the viable habitat the species needs to survive. Beier (1996) 
presents another example of how fragmentation can impact a species. Beier found that a 
population of cougars went extinct by 1990 after they were isolated due to urbanization that 
occurred in the 1970s. When a species is unable to roam freely it may not be able to meet its 
food requirements and it may also not be able to maintain enough species interaction to counter 
interbreeding (Hoctor 2003 and Harris 1985). The current state of the Florida panther population 
also shines a bit of light on the fact that it is not too late to save various species from the effects 
of fragmentation. As time moves forward planners are moving away from historic planning 
practices of conserving areas just for their ability to produce a needed resource (Waller 1991). 
This change in perception is happening in America as well as other countries. 
 
Europe as a whole has been paying more attention to the environment and this can be seen in 
countries like Germany where they are working to use more renewable energy sources. The 
Netherlands are also focusing on new approaches to infrastructure so that the environment is 
better protected. One specific program being implemented in the Netherlands involves the 
practice of forestry and is described by Dramstad (1996). The Dutch are using simulation models 
to plan their timber plantations. The models determine better locations for particular tree species 
and more importantly the models also have helped to cluster the plantations into larger habitats 
rather than keeping them in small patches. They then use these larger tracts of forests to act as 
stepping stones which are more helpful for dispersal movements (Dramstad 1996).  
 
Using simulation models is an effective way to structure large scale conservation planning. The 
case study in the Netherlands is a great example of how more planners are beginning to work 
against fragmentation. Florida is also discovering new ways to reduce fragmentation on a 
regional scale. The state of Florida may have one of the highest rates of human population 
growth but it has also been spending an equally impressive amount of money to conserve land 
across the state (Shaffer and Stein 2000 and Noss 1987). Florida has conducted a few studies 
that have identified important lands for conservation purposes. These studies involve the 
identification of critical lands and water otherwise known as CLIP (Critical Lands and Waters 
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Identification  Project). Other studies, such as the FEGN project (Florida Ecological Greenways 
Network), also involve the identification of wildlife corridors to help maintain connectivity 
between fragmented lands.  
 
The CLIP and FEGN 
projects that are being 
carried out in Florida show 
how a region can work to 
combat fragmentation 
when it deems it important. 
However, it is important to 
note that while the state of 
Florida has been 
outspending the rest of the 
United States on 
conservation focused 
projects, the amount being 
spent is still insignificant 
when compared to other 
areas of spending. While 
Florida spent $320 million a 
year (roughly $3.2 billion) to 
conserve land in the 1990s, 
the annual budget for the 
state was $45 billion in 
1998 (Shaffer and Stein 
2000). In fact a single B-2 
stealth bomber costs 
approximately $2 billion so 
for the price of a couple of 
stealth bombers we could easily fund ambitious habitat acquisition projects around the country 
(Shaffer and Stein 2000). 
 
 
Corridors and Connectivity 

"If native fauna and flora are to be maintained in perpetuity in human dominated 
landscapes such as exists in Florida there will need to be widespread adoption of the 
faunal movement corridor principle" (Harris and Scheck 1991, 204).  

One of the best ways to combat the fragmentation of natural lands is to increase connectivity 
with the use of corridors. By serving as linkages between existing reserves and various protected 
areas, corridors can help to improve a population's resilience in the face of climate change. The 
use of corridors to connect fragmented habitats may be the best option to work against the 

Figure 2-5: CLIP identifies and assigns priority on various types of lands that are 
important for conservation. This map is from the CLIP 3.0 Technical report. 
(www.fnai.org/clip.cfm)  
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impacts of habitat fragmentation, reduce isolation and encourage the colonization of various 
species (Dixon et al. 2006 and Larkin et al. 2004). Connectivity may be a more functional way to 
maintain biodiversity as well because even the largest national parks have been losing species 
(Harris 1985). While studying the local loss of species in various national parks, experts have 
found that only an interconnected system of parks can function in preserving fauna diversity 
(Hoctor 2003 and Harris 1985).  
 
Corridors and landscape connectivity are very important for the protection of both flora and 
fauna species. It is especially important in light of the fact that the habitat matrix around the 
world has been changing from a landscape that was dominated by natural areas to a matrix of 
land that is dominated by a human dominated landscape (Harris and Scheck 1991). Corridors 
can bring many benefits to fragmented and unconnected landscapes. They are able to increase 
movement between isolated patches of habitats, they can aid interactions between flora and 
fauna and they also augment the exchange of genetics between populations (Dixon et al. 2006).  
 
The concept of landscape connectivity and the development of corridors have proven to be 
difficult to implement around the country. Planners and city managers often side with developers 
even though many of these people, including strong critics of corridors, understand that 
configuring habitats in a way that increases connectivity also enhances recolonization efforts 
and population viability (Beier and Noss 1998). Unfortunately, our market based economy places 
the needs of the free market ahead of the needs of the environment. Many markets cause real 
harm to the environment by hiding the true costs of products and services (Hawken 2010). This 
can be seen in various urban development plans around the country as well as in the state of 
Florida. There is a very specific example of growth and development being valued more by a city 
than the protection of an imperiled species in Beier (1996). In this article about metapopulation 
models, Beier discusses how the city of Anaheim approved a development plan that would ruin a 
wildlife corridor (the Coal Canyon Corridor) that was needed in order to protect the pumas in that 
region. Even after Beier was able to convince the city to acknowledge that development at the 
mouth of the corridor would destroy the corridor, the city still approved the plan "because other 
jurisdictions could destroy other parts of the corridor" (Beier 1996, 314). 
 
The case in Anaheim is a clear example of how many debates over conservation of wildlife 
corridors play out in real life. Even though there has not been a study that demonstrates 
conservation corridors causing negative impacts, many still fight the implementation of 
connected natural systems (Beier and Noss 1998). With many studies and experts suggesting 
that corridors help to provide benefits to species in the landscape, it is important to learn how 
corridors can be designed to maximize those benefits and how these corridors are actually being 
used successfully (Beier and Noss 1998). To begin this design process, corridors first need to be 
sited in the landscape. The location of a corridor can determine if it will be effective or not. For 
carnivores and many animals, connectivity is needed in order to allow for movement around 
some type of barrier (Noss et al. 1996). These barriers could be something natural such as a 
river, mountain range, or a fragmented landscape. However, the more common barriers to animal 
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movements are human developments. The above mentioned developments may include roads, 
urban sprawl, or utility corridors. 
 
While the location of a corridor is very important, it is also import to focus on the dimensions of 
the corridor or the level of connectivity needed in a specific landscape. The key here is a specific 
landscape because the size of a corridor and the amount of connectivity a landscape needs 
really depends on the targeted species the corridor is meant to benefit. Target species needs to 
be identified when sizing a corridor due to the high variability in habitat needs from different 
species (Bennett 1999). Some species like raccoons and opossums are tolerant of 
anthropogenic areas and environments while other species such as cougars will actively avoid 
urban developments and roads whenever possible (Bennett 1999 and Noss 1987). 
 
While corridors will need to provide specific types of habitats for the species they intend to 
convey, they will also need to vary in size to accommodate those species. The sizing of a corridor 
is a heavily debated element of a corridor's design. Due to costs, planners and designers push to 
know exactly how small a corridor can be made and still maintain its functionality; however, it is 
very difficult for scientists to know for certain how small a corridor can be. For example, it has 
been suggested that a corridor designed for panther use should be anywhere from 100 meters 
(330 feet) to 1,000 meters in width (3,280 feet) (Beier 1995 and Kautz et al. 2006). To further 
illustrate the variability in space demands, an animal like a salamander may only require a few 
small culverts with a radius of a few feet due to their limited ability to traverse large core areas in 
a single generation (Beier et al. 2006).  
 
With so much variability between species, how can a proper size be determined for a wildlife 
corridor? This question can be answered based on research of the targeted animal's behaviors 
and based on the location of the corridor itself. The real key to sizing a corridor appears to be 
found in the ratio of the corridors length to width. A corridor may be functional even if it is less 
than 100 feet wide when two isolated patches of habitat are only a few hundred feet away from 
each other. In 1991, a series of underpasses were added to I-75 in south Florida. These 
underpasses, which were 70-80 feet wide, functioned as small corridors to allow various species 
to cross the highway which was about 160 feet long (Jansen et al. 2010). While very short 
corridors can be quite narrow, longer corridors will require wider widths. These longer distances 
however bring more debate into the design process. For instance, while Kautz et al. (2006) states 
that a panther corridor that is 6 km (3.7 miles) long should be 0.5 - 1 km (0.3 - 0.6 miles) wide 
Beier (1995) states that for distances less than 7 km (4.3 miles), a corridor can be as narrow as 
0.4 km (0.25 miles). The two sizes are pretty close but 100 meters (330 feet) can make a big 
impact to the effectiveness of the corridor as well as its overall costs.  
 
When a medium sized corridor of 5 to 10 km in length can have some variance in the needed 
width what will happen when a corridor is being designed across an entire state like Florida? 
Unsurprisingly the amount of variance is even more pronounced. Harris and Scheck (1991) 
suggest that such a corridor with a length of hundreds of kilometers, where various plant and 
animal species may migrate, would need to be anywhere from tens of kilometers wide to the 
entire basin of the St. John's River. The general idea being brought up repeatedly in the research 
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is that a wider corridor is better. Broad and heterogeneous linkages will be able to provide higher 
and more functional levels of connectivity than a narrow and well defined corridor (Noss et al. 
1996). Unfortunately, the answer: build the corridor as wide as possible is the opposite of the 
designers approach to make it as small as possible in order to reduce costs.  
 
So why do animals need such wide corridors in the first place? Habitat requirements are the 
main reason that a significant amount of land is required for species to move large distances. 
Some animals can move very large distances in a short amount of time however, most animals 
move at a slow pace or are simply too small to move large distances. Smaller vertebrates like 
lizards and toads may take many generations to move into a new core habitat (Beier et al. 2006).  
Therefore, if these species enter into a corridor that will take three generations to traverse, the 
habitat within that corridor  needs to sustain at least three generations of that species. While a 
lizard will not require a very large amount of space a predator like the Florida panther will require 
an extensive amount of land.  
 
Being a larger and more mobile animal, a panther can traverse distances of hundreds of 
kilometers, especially during dispersal events. In fact, in a study by Maehr et al. (2002), one 
panther in Florida was found to have dispersed 224.1 km (139.25 miles) over a seven month 
period. This panther, number 62, moved out of the everglades and traveled as far north as 
Brevard County before returning to an area just north of the Caloosahatchee River. In total, #62's 
journey took about two and a half years to complete and provided two very significant data 
points. First, #62 was the first documented panther to cross the Caloosahatchee River. The 
crossing of the Caloosahatchee River is an event that was documented by two more panthers 
during this study. The second and possibly more significant data that came from this panther's 
journey was that his collar locations fell within the boundaries of the Florida ecological network 
87% of the time. While #62 is currently an outlier in panther dispersals, it does show how far a 
panther can go when there is a corridor system that allows for its movement.  
 
Fortunately, panther #62 is not the only panther found to be utilizing wildlife corridors. In a study 
of juvenile panthers in California, Beier (1995) found that five out of nine dispersing juvenile 
panthers used corridors. These young panthers used an array of corridors ranging from culverts 
and road underpasses to larger natural corridors like the aforementioned Coal Canyon Corridor. 
One particular cougar in this study, named M6, was a frequent visitor of corridors. M6 was 
documented using the Coal Canyon Corridor at least 22 times and he also used a vehicle 
underpass on 4 separate occasions and a culvert 18 times (Beier 1995). Sadly, some panthers 
that utilize corridors that intersect roads will not get a chance to use them multiple times. While 
M6 was very successful in his use of corridors, M10 was killed crossing a road in the Coal 
Canyon Corridor (Beier 1995). 
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Even though #62's (from Maehr's study) last signal was only about 25 km (15.5 miles) from the 
point where he crossed the Caloosahatchee, he spent years along a functional corridor (Maehr et 
al. 2002). This is why a corridor that is designed for panther use requires so much space. If a 
panther is to survive a number of years inside a corridor then it will need to have enough land 
within that corridor to sustain the normal functions of that feline. For male panthers, the average 
adult range is approximately 250 km2 and female panthers require about 5 km2 (Beier 1995). With 
a sufficiently wide corridor, a panther (or other large mammal) can travel greater distances over a 
greater amount of time. These extra distances and amounts of time will also require nodes or 
temporary points to habitat while moving to a permanent territor y. Nodes built into a corridor will 
require even more space but they can provide vital resources that are normally distributed in non-
random locations in a landscape (Noss and Harris 1986). When thinking about the habitat needs 
of a wide-ranging mammal, it is easy to see why corridors that traverse a significant distance 
require an equally significant amount of habitat.  

Figure 2-6: This map shows the movements made bx o`msgdq "51- Sghr c`s` qdoqdrdmsr sgd o`msgdqƦr lnudldmsr 
from December 1997 until July 2000. (Maehr et al. 2002, 193). 
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Corridors help to promote genetic interchange between separated populations of species and 
they greatly increase the chance of a species survival (Hoctor 2003 and Harris 1985). The effect 
corridors have on a population's ability to persist can be seen in a study focused on grizzly bears 
(Ursus arctos) that is described in Carroll (2006). The study compared how well the grizzly bears 
would fare in two different situations involving the Yellowstone-to-Yukon region. The first 
scenario looked at how the bears would respond to a doubling of the regions park size and the 
second scenario the connectivity of the parks was doubled. The result was that in response to 
the increase of the size in the parks the bear population saw a 47% and 57% increase in projected 
bear persistence while doubling the connectivity resulted in an increase of 81% and 350% in bear 
persistence (the first percentage refers to a developed landscape and the second refers to a 
semi-developed landscape). Increasing connectivity is shown to be more effective than adding 
protected lands and this is primarily because a connected landscape can better support a 
population over a longer time scale (Carroll 2006). The effects of time on an isolated species can 
be seen in the aforementioned situation in south Florida with regard to the panther population.  
 
Increasing connectivity in a landscape with 
corridors can drastically increase the size 
of a habitat. This can be seen in a north 
Florida case that focused on the Pinhook 
Swamp. This case, found in Dramstad 
(1996) and Bennett (1999), shows the 
benefits of joining two large conservation 
areas. These areas are the Okefenokee 
Swamp National Wildlife Refuge and the 
Osceola National Forest which are less 
than 10 miles apart. This corridor plan is 
comprised of three parts: 1) the Okefenokee 
Swamp which is about 400,000 acres, 2) 
the Osceola Forest which is about 160,000 
acres and the Pinhook Swamp which is 
only 60,000 acres. By adding a broad five 
mile corridor resulted in the creation of 
620,000 acres of connected land that may 
now be suitable for sustaining populations 
such as black bears or panthers in the long-
term (Dramstad 1996). 
 
While the level of connectivity in an area is only one factor in determining the ability of a species 
to persist in a fragmented landscape (Carroll 2006), it is an important factor. It is especially 
important when considering possible changes to the world due to climate change. By connecting 
various areas or reserves, linkages can help to counter climate change (Bennett 1999). As the 
world continues to warm, animals may need to move further north or into higher terrain in order 

Figure 2-7: This is a map of the Pinhook Swamp corridor in 
northern Florida (Bennett 1999, 183). 



28 | P a g e 
 

to survive and find adequate food and habitat. A connected landscape can allow and facilitate 
range shifts which maximize species persistence (Bennett 1999). These species movements 
over local and regional scales will become critical as the global climate continues to change 
(Poiani et al. 2000).  
 
 
Edge Effects 
 
Transitions exist all around us and they can be amazing experiences. Transitions bring about a 
tension that adds interest to anything. Life would get very boring if the view outside of a window 
was always the same day after day. Thankfully, the world is full of heterogeneity and has resulted 
in many types of edges between many types of environments. With these edges come 
transitions between habitat types and this section will delve into the issues around the 
transitions between edges and the effects they can have on various species.  
 
We encounter edges each and every day in the environments around us. Some of these edges 
have a high level of contrast that can be startling and others may have an area that smoothly 
transitions between two vastly different ecosystems in a beautiful and calming way. Since the 

world is not a homogenous system there will 
always be changes in the landscape at varying 
degrees and at varying scales. These changes in 
the landscape result in boundaries between 
vegetation patterns which may be created with the 
use of three different mechanisms: 

"Three mechanisms produce vegetation 
boundaries in the landscape: (1) a patchy 
physical environment, such as a mosaic of soil 
types or land forms; (2) natural disturbances, 
including wildfire and tornado; and (3) human 
activities, such as clear cutting and 
development for housing" (Forman 1995).  

No matter how they are created, edges have 
impacts on the surrounding landscapes and the 
species that inhabit them. At times these edge 
effects are beneficial to the landscape and 
biodiversity and other times they can be 
detrimental to the entire system.  
 
The transition area between two edges can create 
a very diverse ecological zone with a high potential 
for productivity (Davis 2013). The space between 
two different environments may lead to the 

Figure 2-8: This diagram illustrates the variety of edge 
combinations that can occur in a forest. The greater 
the contrast between the left and right condition, the 
greater the edge effect (Harris 1984, 132). 




























































































































































































































































































































































































































































































































