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Abstract: The extensive and growing road network in the United States has substantial ecological, economic,
and social impacts. In the case of the endangered Florida Key deer (Odocoileus virginianus clavium), nearly 50
percent of the total mortality is attributed to deer-vehicle collisions. Over half of the deer-vehicle collisions occur
on U. S. Highway 1, the only highway linking the Keys to the mainland. Since the early 1990’s, various agencies
and stakeholders have been trying to address deer-vehicle collisions in the Florida Keys. Initially, underpasses in
combination with fencing were chosen to address deer-vehicle collisions. An apparently simple solution, however,
was complicated due to access management issues and environmental regulations related to urban development.
The Florida Department of Transportation (FDOT) was instrumental in resolving many of these issues, and provided
resources and expertise which served as a catalyst in this process. The FDOT’s U. S. Highway 1 improvement project,
testing of a bridge grating system, and a habitat conservation plan illustrate successful conservation strategies in the
Florida Keys.
In the continental United States, roads and roadsides cover approximately 1 percent of the surface area, and impact
22 percent of it ecologically (Forman 2000). For species that readily cross roads, wildlife-vehicle collisions can have
serious costs in several forms. For example, each year in the United States, deer-vehicle (Odocoileus virginianus)
collisions cost $1.1 billion in property damage or losses, and cause an estimated 29,000 human injuries and 211
human fatalities (Conover et al. 1995). Continued urban sprawl and suburban development are likely to increase
costs associated with deer-vehicle collisions.
Florida Key deer (O. v. clavium) occupy 20-25 islands in the lower Florida Keys and are the smallest sub-species of
white-tailed deer in the United States (Hardin et al. 1984, Lopez 2001, fig. 1). Approximately 75 percent of the overall
population is found on Big Pine and No Name keys (Lopez et al. 2003a). Since 1960, urban development and habitat
fragmentation have threatened the Key deer (Lopez 2001, Lopez et al. 2003c). In addition to a loss of habitat, an
increase in urban development is of particular concern because highway mortality accounts for the majority of the
total deer mortality. Over half of the deer-vehicle collisions occur on U. S. Highway 1 (US 1), the only highway linking
the Keys to the mainland (fig. 1, Lopez et al. 2003c). Since the late 1980’s, U. S. Fish and Wildlife Service (USFWS),
Florida Department of Transportation (FDOT), and local residents have been trying to address deer-vehicle collisions
on Big Pine Key (Lopez et al. 2003c). In 1993, FDOT began efforts to reduce Key deer mortality along the US 1
corridor on Big Pine Key. This proactive effort resulted in the formation of the Key Deer Ad-Hoc Committee in 1993.
Based on recommendations from the committee, the Key Deer/Motorist Conflict Concept Study was initiated in 1995
to evaluate viable solutions in reducing Key deer mortality along US 1 (Calvo 1996, Calvo and Silvy 1996).

Key Deer Dilemma

Recommendations from the Key Deer/Motorist Conflict Concept Study proposed the construction of barriers
(fences) with two wildlife crossings (underpasses) to prevent Key deer access onto US 1 (fig. 2, Calvo 1996,
Calvo and Silvy 1996). Underpasses in combination with fencing have been successfully used to reduce
wildlife- (Foster and Humphrey 1995, Clevenger and Waltho 2000) and deer- (Bellis and Graves 1971, Falk
et al. 1978, Reed et al. 1975, Ford 1980, Reed et al. 1974, Reed et al. 1975) vehicle collisions in many parts
of the country. Furthermore, FDOT has successfully reduced road mortality for other federally-listed species
(e.g., Florida panther (Puma concolor coryi) and Florida black bear (Ursus americanus floridanus) with the use
of wildlife crossings. At this point, an apparently simple solution was complicated due to access management
issues and environmental regulations related to urban development.
First, access management is a critical factor in the success of fence/underpass-type wildlife crossings. For
example, along the US 1 corridor there are a number of access points (e.g., side roads, driveways) making
continuous fencing impossible (fig. 2). Previous studies (Reed et al. 1974, Reed et al. 1975, Sebesta 2000)
proposed modified cattle guards or “deer guards” (defined as cattle guards adapted for deer) as a method to
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allow unrestricted vehicle access while excluding deer. The use of traditional deer guards in preventing Key
deer access into the corridor, however, were considered a hazard to pedestrians and cyclists, unproven in
supporting heavy vehicular loads, and a skid hazard due to their required length (Rick Crooks, EAC Consulting,
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Florida. and testing of an effective and safe
deer grate (defined as rectangular bridge grating material used to prevent deer crossing) that could be used in
preventing Key deer access into the proposed project area (Peterson et al. 2003).
Second, environmental regulations prohibited road improvements on Big Pine and No Name keys without a
habitat conservation plan (HCP). As previously mentioned, US 1 is the only highway linking the Keys to the
mainland (Fig. 1). Safe and expedient evacuation during hurricanes depends on the US 1 level of service
(Lopez et al. 2003b). In 1995, Monroe County authorities imposed a building moratorium due to the failure
in level of service on the US 1 segment servicing Big Pine and No Name keys. Highway improvements, such
as intersection widening and/or adding a third lane northbound (traffic direction towards mainland), were
proposed that would improve the level of service and lift the building moratorium (Lopez 2001). Because
additional traffic and development on Big Pine and No Name keys also might result in an incidental take of
Key deer, however, highway improvements could only be permitted with the initiation and approval of a HCP
(Endangered Species Act, Section 10a, 16 U.S.C. §1539a). In short, efforts to reduce Key deer mortality
along the US 1 corridor could effectively increase Key deer mortality on other areas of the island, thus, our Key
deer dilemma.

Complex Problem, Multi-Dimensional Solution

Engineering constraints and environmental regulations complicated the solution in reducing Key deer mortality.
Due to the complexity of the Key deer dilemma, multiple solutions were necessary in achieving the overall
project objective – reducing Key deer mortality on Big Pine and No Name keys. Furthermore, solutions to
reduce Key deer mortality required coordination with several agencies (e.g., USFWS, Florida Fish and Wildlife
Conservation Commission, Florida Department of Community Affairs [DCA], and Monroe County), stakeholders
(e.g., Key Deer Protection Alliance, Big Pine Key Chamber of Commerce, ), and the public. In 1998, efforts
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Fig. 2. U.S. Highway 1 corridor enhancement project, Big Pine Key, Florida. Arrows

Figure 2. U.S. Highway 1 corridor enhancement project, Big Pine Key, Florida. Arrows represent
represent beginning and end points of fencing; star represent wildlife underpasses.
beginning and end points of fencing, stars represent wildlife underpasses.

to address Key deer mortality began with (1) engineering design of improvements to US 1 (fencing and
underpasses), (2) testing and implementation of a bridge grating system, and (3) the initiation of an HCP
for Big Pine and No Name keys. Initial testing of a bridge grating system was completed in August 2002.
Construction on the US 1 corridor was completed in February 2003. An HCP draft was submitted in May
2003 to USFWS for final review and approval. At this point, we will present and discuss preliminary results for
actions implemented in resolving the Key deer dilemma separately, though in reality these solutions were not
mutually exclusive.
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US 1 Improvement Project
In June 2002, road construction along the “undeveloped” segment of US 1 between mile markers 31-33
consisted of two underpasses placed one mile apart in areas of high road mortality (mile markers 31.5 and
32.5), and fencing along the corridor to prevent Key deer access onto US 1 and to help direct deer toward
underpasses (fig. 2). Underpasses consisted of concrete bridge structures with an effective crossing width
of 25 feet and height of 8 feet, and were designed to provide safe crossing opportunities for Key deer. A
vinyl-covered, chain link fence (8 feet in height ) was installed, with four inches of ground clearance to allow
movement of the Federally-endangered Lower Keys marsh rabbit (Sylvilagus palustris hefneri) but restrict Key
deer movement into the project area. The fencing was continuous except for five access points where deer
guards were used. FDOT also created a travel corridor parallel to the fencing between mile markers 31 and 33
to promote Key deer use of underpasses. The corridor was created through selective trimming of mangrove
wetland vegetation along the outside (not on the roadway side) of the fencing.
Bridge Grating System
In May 2001, Peterson et al. (2003) evaluated 3 types of bridge grating material for Key deer-exclusion
efficiency that were deemed safe for pedestrians, cyclists, and motorists by FDOT engineers. Each grate
consisted of 20-ft x 20-ft bridge grating material (L. B. Foster, Pittsburgh, Pennsylvania) each with a different
grate pattern: deer grate 1 had 4-in x 5-in openings with a diagonal cross member; deer grate 2 had 4-in x 3in openings with no diagonal; deer grate 3 had 3-in x 4-in openings with no diagonal (Peterson et al. 2003).
Peterson et al. (2003) reported deer grate 1 excluded less than 99 percent of Key deer crossing attempts,
while deer grates 2 and 3 were greater than 75 percent effective. Thus, in addition to aforementioned use of
fencing and underpasses, 5 Key deer grates were installed along the US 1 corridor (4 side roads, 1 at project
terminus on US 1). Each Key deer guard consisted of bridge grating tailored to the width of the roadway and
having a standard length of 25 feet.
Habitat Conservation Plan
In 1998, a planning process began with FDOT, Monroe County, and Florida Department of Community Affairs
(DCA) representatives to draft and submit a regional Key deer HCP to USFWS biologists. The HCP applicants
(i.e., FDOT, DCA, and Monroe County) employed a population viability analysis (PVA) to determine the effects of
development (roadway improvement and houses) on the Key deer population. A PVA is a method or a collection
of methods used to evaluate the viability of threatened or endangered species using computer simulation
models (Boyce 1992, Burgman et al. 1993). Species viability is often expressed as the risk or probability of
extinction, population decline, expected time to extinction, or expected chance of recovery (Akçakaya and
Sjogren-Gulve 2000). PVA models attempt to predict such measures based on demographic and habitat data,
and provide outputs or predictions that are relevant to conservation goals (Akçakaya and Sjogren-Gulve 2000).
A demographic and spatially-structured Key deer model was developed for this purpose (Lopez 2001, Lopez
et al. 2003b, Fig. 3), and was used in evaluating proposed development scenarios a priori in the final HCP
draft submitted to USFWS in May 2003. Proposed development included limited residential and commercial
building, improvement to public facilities (e.g., parks, fire station), and road improvements (e.g., three-laning
US1, paving of unimproved roads). Currently, the Key deer HCP is being reviewed by USFWS.

Formual for Success

Although many wildlife crossing projects have been implemented throughout the country, this project was
unique in several ways. First, although every aspect of the project was based on the expertise of Key deer
biologists, there was no precedent project elsewhere; thus, the probability of success was somewhat uncertain.
This did not deter FDOT as it collaborated and used best science to keep the project moving forward. In
resolving the Key deer dilemma, FDOT was proactive, and preliminary results from the US 1 project indicate
100 percent efficiency in the first six months of the project. The HCP also is unique in that a spatiallystructured population model was used to evaluate development scenarios a priori and as a conservationplanning tool in making conservation decisions for the next 20 years on Big Pine and No Name keys. The Key
deer model promises to serve this island community by providing some relief from building restrictions and
traffic congestion without seriously impairing the viability of the Key deer population.
Second, collectively these efforts were conducted for the purpose of benefiting an endangered species; there
was no regulatory requirement to implement the project. The Key deer project represents FDOT’s dedication
to work with the local community, regulatory agencies, and USFWS to implement a plan that maintains the
continuity of vehicular traffic, while achieving the objectives of reducing Key deer mortality. The FDOT formed a
collaborative partnership with several agencies, stakeholders, and the public in this process. FDOT’s initiative
resulted in improved trust and strengthened the relationship between all stakeholders. This partnership
also illustrates the successful balancing of the (often competing) needs of the motoring public, businesses,
residents, and the environment.
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Fig. 3. Conceptual model used in the Key deer population
viability analysis, Big Pine and No Name Keys, Florida.
Finally, what best illustrates the unique nature of this project was that environmental needs led the project, and
that aspects of traditional engineering had to be adjusted in order to accomplish these needs. There
Figure
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through
engineering design. Currently (August 2003), no Key deer mortalities have been recorded within the
project area.
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