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COMPREHENSIVE CONSERVATION PLAN

I. Background

INTRODUCTION

The Lake Wales Ridge National Wildlife Refuge (NWR) is a unit of the Merritt Island National
Wildlife Refuge Complex and is administered by and co-managed with Pelican Island and Archie
Carr National Wildlife Refuges, colloquially termed the Pelican Island National Wildlife Refuge
Complex (PIC) (Figure 1). Lake Wales Ridge NWR (Figure 2) is one of the first refuges of its kind
in the National Wildlife Refuge System (Refuge System) to target community level conservation—
specifically scrub habitat, a unique vegetation type largely restricted to the Central Florida ridge
systems occurring on the remnants of ancient beach and sand dune systems from Ocala National
Forest to southern Highlands County, Florida. At complete acquisition, the refuge is envisioned
to significantly enhance the recovery of 13 federally listed threatened and endangered plants, to
support the recovery of 13 additional plants that at the time were candidates for federal listing,
and to enhance the recovery of four federally listed threatened vertebrate animals across
approximately 19,630 acres [7,944 hectares (ha)] (U.S. Fish and Wildlife Service 1993). The
refuge was authorized on February 15, 1994, and acquisition within the proposed approximate
19,630-acre acquisition boundary began in April 22, 1994. The U.S. Fish and Wildlife Service
(Service) currently owns 1,843.9 acres (746.2 ha) across four management units within the 12-
unit approved acquisition boundary: Flamingo Villas (1,039.1 acres/420.5 ha), Carter Creek
(627.5 acres/253.9 ha), Lake McLeod (38 acres/15.4 ha), and Snell Creek (139.3 acres/56.4 ha).

The refuge manages lands on both the Lake Wales and Winter Haven ridges of the Central Florida
highlands. Lake Wales Ridge is the predominant ridge of the Central Florida ridge system. An ancient
beach and sand dune system composed of xeric uplands, flatwoods, wetlands, and lakes, the Lake
Wales Ridge averages 7.3 miles [11.7 kilometers (km)] wide and 115.7 miles (186.3 km) long (Weekley,
et al. 2008), stretching north to south through the center of the Florida peninsula. The approximately
20,900 hectare-Winter Haven Ridge (80.7 square miles) is located west of the Lake Wales Ridge in
central Polk County, Florida, and is believed to be a remnant of previous widespread uplands (White
1970). Based on species distribution, the Winter Haven and Lake Wales ridges are biogeographically
related (Christman 1988). The central Florida ridge ecosystem was formed approximately 2.5 million
years ago when sea levels were much higher and occurred as an archipelago setting of large islands
separated by sea from the ancient mainland. Atop these ancient islands evolved xeric habitats (most
notably scrub) and species that persist even today. Because of their longer period of evolution, these
interior “ancient” scrubs harbor numerous endemics (plants and animals found only in a particular site
or region). This ecosystem has been disappearing very rapidly in recent decades. It is estimated that
about 80,000 acres of Lake Wales Ridge scrub existed before the arrival of European settlers. By
1990, about 85 percent of the xeric upland communities had been lost (Weekley et al. 2008), or
converted to agricultural (mainly citrus), residential, and commercial development. Many of the
endemic plants found on the ridge face extinction.

This Comprehensive Conservation Plan (CCP) for Lake Wales Ridge NWR was prepared to guide
management actions and direction for the refuge. Fish and wildlife conservation will receive first
priority in refuge management and wildlife-dependent uses will be allowed and encouraged as long
as they are compatible with and do not detract from the mission of the refuge or the purposes for
which it was established.

Comprehensive Conservation Plan 1



Figure 1. Merritt Island NWR Complex
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Figure 2. Lake Wales Ridge NWR management unit location and acquisition boundary
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A planning team developed a range of alternatives that best met the goals and objectives of the
refuge and that could be implemented within the 15-year planning period. The Draft Comprehensive
Conservation Plan and Environmental Assessment (Draft CCP/EA) described the Service’s proposed
plan, as well as other alternatives considered and their effects on the environment. The Draft
CCP/EA was made available to local, state, and federal agencies; non-governmental organizations;
conservation partners; and the general public for review and comment. Substantive comments from
and the Service’s responses to them are provided in Appendix IV.

PURPOSE AND NEED FOR THE PLAN

The purpose of the CCP is to develop an action that best achieves the refuge’s purposes; attains
the vision and goals developed for the refuge; contributes to Refuge System mission; addresses
key problems, issues, and relevant mandates; and is consistent with sound principles of fish and
wildlife management.

Specifically, the CCP is needed to:

o Provide a clear statement of refuge management direction;

o Provide refuge neighbors, visitors, and government officials with an understanding of Service
management actions on and around the refuge;

e Ensure that Service management actions, including land protection and recreation/education
programs, are consistent with the mandates of the Refuge System; and

o Provide a basis for the development of budget requests for operations, maintenance, and
capital improvement needs.

U.S. FISH AND WILDLIFE SERVICE

The Service traces its roots to 1871 and the establishment of the Commission of Fisheries involved
with research and fish culture. The once-independent commission was renamed the Bureau of
Fisheries and placed under the Department of Commerce and Labor in 1903.

The Service also traces its roots to 1886 and the establishment of a Division of Economic Ornithology
and Mammalogy in the Department of Agriculture. Research on the relationship of birds and animals
to agriculture shifted to delineation of the range of plants and animals so the name was changed to
the Division of the Biological Survey in 1896.

The Department of Commerce, Bureau of Fisheries, was combined with the Department of
Agriculture, Bureau of Biological Survey, on June 30, 1940, and transferred to the Department of the
Interior as the Fish and Wildlife Service. The name was changed to the Bureau of Sport Fisheries
and Wildlife in 1956 and finally to the Fish and Wildlife Service in 1974.

The Fish and Wildlife Service, working with others, is responsible for conserving, protecting, and
enhancing fish and wildlife and their habitats for the continuing benefit of the American people
through Federal programs relating to migratory birds, endangered species, interjurisdictional fish and
marine mammals, and inland sport fisheries (142 DM 1.1).

As part of its mission, the Service manages more than 548 national wildlife refuges covering over 147
million acres (59 million hectares). These areas comprise the National Wildlife Refuge System, the
world’s largest collection of lands and waters set aside specifically for fish and wildlife. The majority
of these lands, 77 million acres (31 million ha), occurs in Alaska, while 54 million acres (21.8 million
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ha) are part of four marine national monuments in the Pacific Ocean. The remaining acres are
spread across the other 49 states and several United States territories. In addition to refuges, the
Service manages thousands of small wetlands, 37 wetland management districts, 69 national fish
hatcheries, 64 fishery resource offices, and 81 ecological services field stations. The Service
enforces federal wildlife laws, administers the Endangered Species Act, manages migratory bird
populations, restores nationally significant fisheries, conserves and restores wildlife habitat, and helps
foreign governments with their conservation efforts. It also oversees the Federal Aid program that
distributes hundreds of millions of dollars in excise taxes on fishing and hunting equipment to state
fish and wildlife agencies.

NATIONAL WILDLIFE REFUGE SYSTEM

The mission of the National Wildlife Refuge System, as defined by the National Wildlife Refuge
System Improvement Act of 1997 is:

“...to administer a national network of lands and waters for the conservation,
management, and where appropriate, restoration of the fish, wildlife and plant resources
and their habitats within the United States for the benefit of present and future
generations of Americans.”

The National Wildlife Refuge System Improvement Act of 1997 (Improvement Act) established, for the
first time, a clear legislative mission of wildlife conservation for the Refuge System. Actions were
initiated in 1997 to comply with the direction of this new legislation, including an effort to complete
comprehensive conservation plans for all refuges. These plans, which are completed with full public
involvement, help guide the future management of refuges by establishing natural resources and
recreation/education programs. Consistent with the Improvement Act, approved plans will serve as
the guidelines for refuge management for the next 15 years. The Improvement Act states that each
refuge shall be managed to:

Fulfill the mission of the Refuge System;

Fulfill the individual purposes of each refuge;

Consider the needs of wildlife first;

Fulfill requirements of comprehensive conservation plans that are prepared for each unit of

the Refuge System;

Maintain the biological integrity, diversity, and environmental health of the Refuge System;

¢ Recognize that wildlife-dependent recreation activities including hunting, fishing, wildlife
observation, wildlife photography, and environmental education and interpretation are
legitimate and priority public uses; and

¢ Allow refuge managers authority to determine compatible public uses.

The following are just a few examples of your national network of conservation lands. Pelican Island
National Wildlife Refuge, the first refuge, was established in 1903 for the protection of colonial nesting
birds in Florida, such as the snowy egret and the brown pelican. Western refuges were established for
American bison (1906), elk (1912), prong-horn antelope (1931), and desert bighorn sheep (1936) after
over-hunting, competition with cattle, and natural disasters decimated once-abundant herds. The drought
conditions of the 1930s Dust Bowl severely depleted breeding populations of ducks and geese. Refuges
established during the Great Depression focused on waterfowl production areas (i.e., protection of prairie
wetlands in America’s heartland). The emphasis on waterfowl continues today but also includes
protection of wintering habitat in response to a dramatic loss of bottomland hardwoods. By 1973, the
Service had begun to focus on establishing refuges for endangered species.

Comprehensive Conservation Plan 5



National wildlife refuges connect visitors to their natural resource heritage and provide them with an
understanding and appreciation of fish and wildlife ecology to help them understand their role in the
environment. Wildlife-dependent recreation on refuges also generates economic benefits to local
communities. According to the report, Banking on Nature 2006: The Economic Benefits to Local
Communities of National Wildlife Refuge Visitation, approximately 34.8 million people visited national
wildlife refuges in Fiscal Year 2006, generating almost $1.7 billion in total economic activity and
creating almost 27,000 private sector jobs producing about $542.8 million in employment income
(Carver and Caudill 2007). Additionally, recreational spending on refuges generated nearly $185.3
million in tax revenue at the local, county, state, and federal levels (Carver and Caudill 2007). As the
number of visitors grows, significant economic benefits are realized by local communities. In 2006,
nearly 71 million people, 16 years and older, fished, hunted, or observed wildlife, spending $45.7
billion and generating $122.6 billion (Leonard 2008).

In a study completed in 2002 on 15 refuges, visitation had grown 36 percent in 7 years. At the same
time, the number of jobs generated in surrounding communities grew to 120 per refuge, up from 87
jobs in 1995, pouring more than $2.2 million into local economies. The 15 refuges in the study were
Chincoteague (Virginia); National Elk (Wyoming); Crab Orchard (lllinois); Eufaula (Alabama); Charles
M. Russell (Montana); Umatilla (Oregon); Quivira (Kansas); Mattamuskeet (North Carolina); Upper
Souris (North Dakota); San Francisco Bay (California); Laguna Atacosa (Texas); Horicon
(Wisconsin); Las Vegas (Nevada); Tule Lake (California); and Tensas River (Louisiana) the same
refuges identified for the 1995 study. Other findings also validate the belief that communities near
refuges benefit economically. Expenditures on food, lodging, and transportation grew to $6.8 million
per refuge, up 31 percent from $5.2 million in 1995. For each federal dollar spent on the Refuge
System, surrounding communities benefited with $4.43 in recreation expenditures and $1.42 in job-
related income (Caudill and Laughland 2003).

Volunteers continue to be a major contributor to the success of the Refuge System. In 2005,
approximately 38,000 refuge volunteers donated more than 1.4 million hours. The value of their
service was more than $25 million.

The wildlife and habitat vision for national wildlife refuges stresses that wildlife comes first; that
ecosystems, biodiversity, and wilderness are vital concepts in refuge management; that refuges must
be healthy and growth must be strategic; and that the Refuge System serves as a model for habitat
management with broad participation from others.

The Improvement Act stipulates that comprehensive conservation plans be prepared in consultation
with adjoining federal, state, and private landowners and that the Service develop and implement a
process to ensure an opportunity for active public involvement in the preparation and revision (every
15 years) of the plans.

All lands of the Refuge System will be managed in accordance with an approved comprehensive
conservation plan that will guide management decisions and set forth strategies for achieving refuge
unit purposes. The plan will be consistent with sound resource management principles, practices,
and legal mandates, including Service compatibility standards and other Service policies, guidelines,
and planning documents (602 FW 1.1).

LEGAL AND POLICY CONTEXT
Administration of national wildlife refuges is guided by the mission and goals of the Refuge System,

congressional legislation, presidential executive orders, and international treaties. Policies for
management options of refuges are further refined by administrative guidelines established by the
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Secretary of the Interior and by policy guidelines established by the Director of the Fish and Wildlife
Service. Select legal summaries of treaties and laws relevant to administration of the Refuge System
and management of the Lake Wales Ridge NWR are provided in Appendix C.

Treaties, laws, administrative guidelines, and policy guidelines assist the refuge manager in making
decisions pertaining to soil, water, air, flora, fauna, and other natural resources; historical and cultural
resources; research and recreation on refuge lands; and provide a framework for cooperation
between the Lake Wales Ridge NWR and other partners, such as the Avon Park Air Force Range
(APAFR), Florida Fish and Wildlife Conservation Commission (FWC), Florida Department of
Environmental Protection (FDEP), Florida Park Service (FPS), Florida Department of Agriculture and
Consumer Services (FDACS) Florida Division of Forestry (FDOF), South Florida Water Management
District (SFWMD), Southwest Florida Water Management District (SWFWMD), Polk County,
Highlands County, the Lake Wales Ridge Ecosystem Working Group (LWREWG), The Nature
Conservancy (TNC), Archbold Biological Station (ABS), and private landowners.

Lands within the Refuge System are closed to public use unless specifically and legally opened.
No refuge use may be allowed unless it is determined to be compatible. A compatible use is a use
that, in the sound professional judgment of the refuge manager, will not materially interfere with or
detract from the fulfillment of the mission of the Refuge System or the purposes of the refuge. All
programs and uses must be evaluated based on mandates set forth in the Improvement Act.
Those mandates are to:

Contribute to ecosystem goals, as well as refuge purposes and goals;

Conserve, manage, and restore fish, wildlife, and plant resources and their habitats;
Monitor the trends of fish, wildlife, and plants;

Manage and ensure appropriate visitor uses as those uses benefit the conservation of fish
and wildlife resources and contribute to the enjoyment of the public; and

o Ensure that visitor activities are compatible with refuge purposes.

The Improvement Act further identifies six priority wildlife-dependent recreational uses. These uses
are: hunting, fishing, wildlife observation, wildlife photography, and environmental education and
interpretation. As priority public uses of the Refuge System, they receive priority consideration over
other public uses in planning and management.

The Improvement Act directs the Service to ensure that the biological integrity, diversity, and
environmental health of the Refuge System are maintained for the benefit of present and future
generations of Americans (601 FW 3). The Biological Integrity Policy is an additional directive for
refuge managers to follow while achieving refuge purpose(s) and the Refuge System mission. It
provides for the consideration and protection of the broad spectrum of fish, wildlife, and habitat
resources found on refuges and associated ecosystems. When evaluating the appropriate
management direction for refuges, refuge managers will use sound professional judgment to
determine their refuges’ contribution to biological integrity, diversity, and environmental health at
multiple landscape scales. Sound professional judgment incorporates field experience; knowledge of
refuge resources; role of refuge within an ecosystem; applicable laws; and best available science,
including consultation with others both inside and outside the Service.
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NATIONAL AND INTERNATIONAL CONSERVATION PLANS AND INITIATIVES

Multiple partnerships have been developed among government and private entities to address the
environmental problems affecting regions. There is a large amount of conservation and protection
information that defines the role of the refuge at the local, national, international, and ecosystem
levels. Conservation initiatives include broad-scale planning and cooperation between affected
parties to address declining trends of natural, physical, social, and economic environments. The
conservation guidance described below, along with issues, problems, and trends, was reviewed and
integrated where appropriate into this CCP.

The CCP supports key national and international conservation plans and initiatives including the
North American Bird Conservation Initiative, which includes the Partners-in-Flight (PIF) Bird
Conservation Plan.

NORTH AMERICAN BIRD CONSERVATION INITIATIVE

Started in 1999, the North American Bird Conservation Initiative is a coalition of government
agencies, private organizations, academic institutions, and private industry leaders in the United
States, Canada, and Mexico working to ensure the long-term health of North America's native bird
populations by fostering an integrated approach to bird conservation to benefit all birds in all habitats.
The four international and national bird initiatives include the North American Waterfowl Management
Plan, PIF, Waterbird Conservation for the Americas, and the U.S. Shorebird Conservation Plan.

PARTNERS-IN-FLIGHT BIRD CONSERVATION PLAN

Managed as part of the PIF Bird Conservation Plan, the peninsular Florida physiographic area
represents a scientifically based land bird conservation planning effort that ensures long-term
maintenance of healthy populations of native land birds, primarily non-game land birds. Non-game
land birds have been vastly under-represented in conservation efforts, and many are exhibiting
significant declines. This plan is voluntary and non-regulatory, and focuses on relatively common
species in areas where conservation actions can be most effective, rather than the frequent local
emphasis on rare and peripheral populations. The refuge is not specifically identified in the
peninsular Florida physiographic area database of managed lands, but other naturally managed
lands in close proximity to the refuge with similar habitats and species occurrences are including Lake
Kissimmee State Park, Highlands Hammock State Park, Lake Wales Ridge State Forest, and Avon
Park Air Force Range (PIF 2009).

RELATIONSHIP TO STATE WILDLIFE AGENCY

A provision of the Improvement Act, and subsequent agency policy, is that the Service shall ensure
timely and effective cooperation and collaboration with other state fish and game agencies and tribal
governments during the course of acquiring and managing refuges. State wildlife management areas
and national wildlife refuges provide the foundation for the protection of species, and contribute to the
overall health and sustainment of fish and wildlife species in the State of Florida.

State agency partners of the Lake Wales Ridge NWR include the FWC, FDEP, FDOF, SFWMD, and
SWFWMD.
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Management of state fish and wildlife resources is administered by FWC, FDACS, and FDEP for the
long-term well-being and benefit of people. FWC protects and manages more than 575 species of
wildlife, more than 200 native species of freshwater fish, and more than 500 native species of
saltwater fish; while balancing these species’ needs with the needs of more than 18 million residents
(U.S. Census Bureau 2007) and the over 85 million annual visitors (FDOT 2008) who share the land
and water with Florida’s wildlife.

The FWC responsibilities include:

o Law Enforcement — to protect fish and wildlife, keep waterways safe for millions of boaters,
and cooperate with other law enforcement agencies providing homeland security.

e Research — to provide information for the FWC and others to make management decisions
based on the best science available involving fish and wildlife populations, habitat issues, and
the human-dimension aspects of conservation.

o Management — to manage the state’s fish and wildlife resources based on the latest scientific
data to conserve some of the most complex and delicate ecosystems in the world along with a
wide diversity of species.

e OQOutreach — to communicate with a variety of audiences to encourage participation and
responsible citizenship and stewardship of the state’s natural resources.

FWC, FDACS, and FDEP manage state lands and waters. FWC directly manages 1.4 million acres
(0.57 million ha) and participates with other public land mangers on 2.9 million acres (1.2 million ha)
and 220,000 acres (0.89 million ha) of private lands for recreation and conservation purposes. FDEP
manages 150 state parks covering nearly 0.6 million acres (0.24 million ha) and 57 coastal and aquatic
managed areas, totaling over 5 million acres (2 million ha) of submerged lands and coastal uplands.

FDOF manages over one million acres of state forests in Florida for multiple public uses including timber,
recreation, and wildlife habitat. Operating from 15 field units throughout the state, FDOF maintains a
mission to protect and manage the forest resources of Florida, ensuring that they are available for future
generations. Wildfire prevention and suppression are key components in FDOF’s efforts.

The SFWMD and SWFWMD are two of five state water management agencies. The districts are
responsible for water management, water supply, and the conservation and protection of water
resources while providing environmental, economic, and recreational benefits in all or part of 32 south
and southwest Florida counties. Together, the SFWMD and SWFWMD along with their partners
manage more than 1.05 million acres (0.43 million ha) (SFWMD 2009, SWFWMD 2010-2014) for the
purposes of protecting, supplying, and conserving the region’s water resources.

The state’s participation and contribution throughout this planning process will provide for ongoing
opportunities and open dialogue to improve the ecological sustainment of fish and wildlife in the State
of Florida. An essential part of comprehensive conservation planning is integrating common mission
objectives where appropriate.
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Il. Refuge Overview

INTRODUCTION

Located in Polk and Highlands Counties in the southern and central portion of Florida, Lake Wales
Ridge NWR is one of three refuges (including Archie Carr and Pelican Island NWRs) managed as the
Pelican Island National Wildlife Refuge Complex (PIC), which is part of the larger Merritt Island NWR
Complex (Figure 1). The Lake Wales Ridge NWR is one of the first refuges of its kind in the Refuge
System to target community level conservation. Establishment of the Lake Wales Ridge NWR
emphasized the Service’'s commitment to the conservation of biological diversity, targeting “the
greatest concentration of local endemics in eastern North America” (Service 1990). At the time,
refuge establishment represented an unprecedented opportunity to protect not only a number of
federally listed plants and animals, but also one of the rarest vegetation communities in the Southeast
Region - Florida scrub - and enabled Service representation as a partner in a larger system of scrub
preserves located throughout the central Florida ridge system. At complete acquisition, the refuge
was envisioned to significantly enhance the recovery of 13 federally listed threatened and
endangered plants, to support the recovery of 13 additional plants that at the time were candidates
for federal listing, and to enhance the recovery of four federally listed threatened vertebrate animals
across approximately 19,630 acres [7,944 hectares (ha)] (Figure 2) (Service 1993).

Currently, the refuge owns 1,843.9 acres (746.2 ha) across four management units within the 12-unit
acquisition boundary: Flamingo Villas Unit (1,039.1 ac/420.5 ha), Carter Creek Unit (627.5
acres/253.9 ha), Lake McLeod Unit (38 acres/15.4 ha), and Snell Creek Unit (139.3 acres/56.4 ha)
(Figure 2) where 17 federally listed plants and 7 federally listed/candidate wildlife species are known
to occur. The refuge’s acquisition boundary was updated through the Service’s Realty Office
boundary files. Further updates through the course of preparing this CCP determined an acquisition
boundary of 17,353.1 acres (7,022.5 ha) for the 12 units (Table 1). The partners have acquired
approximately 7,986 acres (3,231.8 ha) of this boundary. In total, approximately 9,829.9 acres (3,978
ha) or almost 57 percent of the lands within the acquisition boundary have been acquired by the
Service and partners. The remaining lands are a mix of privately held inholdings and developed or
planned easements, rights-of-way, and common areas. For fire management purposes and to meet
operational, logistical, and safety requirements, the functional fire management boundary of the
refuge is slightly larger at 2,108.8 acres (853.4 ha) due to the inclusion of private inholdings. The four
units currently managed by the Service as the Lake Wales Ridge NWR are separated by 60 miles
(96.5 km) of urban, rural, and natural lands between the central Florida town of Haines City to the
outskirts of Sebring, Florida (Figure 2).

The refuge, administratively established on April 22, 1994, is relatively new to the Refuge System and
was envisioned to protect the last remnants of scrub ecosystem of a once vast expanse of the central
Florida highlands (ridge) ecosystems. The refuge manages lands within 2 of the 12 major highlands
or “ridges” of central Florida - the predominant Lake Wales Ridge and smaller but similar Winter
Haven Ridge. Weekley et al. (2008) define the Lake Wales Ridge as a 808-square-mile (2,092-
square-kilometer) area of xeric uplands, flatwoods, wetlands, and lakes, which stretches 115.7 miles
(186.3 km) from just south of Lake Harris in Lake County, Florida, to near the Highlands/Glades
County line and averages 7.3 miles (11.7 km) in width (maximum width 11.3 miles/18.2 km) (Weekley
et al. 2008). Though the name implies a single physiographic area, the Lake Wales Ridge actually
consists of three elevated, sandy ridges that were once the beach and dune systems of Miocene,
Pliocene, and early Pleistocene seas (Christman and Judd 1990). These relic dunes and the deep,
sandy, well-drained soils support a number of plant communities that have adapted to xeric
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conditions over millions of years. The approximately 80.7-square-mile (225-square-kilometer) Winter
Haven Ridge is located west of the Lake Wales Ridge in central Polk County, Florida, and is believed
to be a remnant of previous widespread uplands (White 1970). Based on species distribution, the
ridges are biogeographically related (Christman 1988).

Due to the elevation and geologic age of the soils of Lake Wales Ridge scrubs, it has been estimated
that the highest hill tops in this area have supported upland vegetation for about 2.5 million years. On
the LWR, an estimated 200 ancient scrub islands have been identified (Christman and Judd 1990).
Between ridges and the base of hills, soils become fine and compacted and often retain surface
water, forming wetlands and lakes. Rainfall, seepage, and elevated water tables provide the sources
of water for these aquatic systems. Combined with the aquatic and wetland communities that now
exist between and within the ridges, this region consists of a complex mosaic of habitats, some
unique to Florida (Service 1999).

Because of its complexity, the Lake Wales Ridge contains a wide diversity of plant and animal
communities. However, it is the xeric upland plant and animal associations that constitute the
majority of surface area. Although relatively common within the Lake Wales Ridge, these xeric
communities are rare when compared to their relative distribution within the state and nation. Several
major ecological communities found within the Lake Wales Ridge subregion provide important habitat
for imperiled species. The most important of those are scrub, high pine, scrubby flatwoods, lakes,
and freshwater marshes (Service 1999).

It is estimated that about 80,000 acres (32,374 ha) of Lake Wales Ridge scrub existed before the arrival
of European settlers. Today, roughly 85 percent of Lake Wales Ridge scrub and sandhill habitats have
been lost to development and agriculture (Turner et al. 2006). The ecosystem now harbors one of the
highest concentrations of imperiled species in the United States (Turner et al. 2006), and many of the
endemic plants found nowhere else on earth but the ridge ecosystems face extinction.

REFUGE PURPOSES AND HISTORY
REFUGE PURPOSES

Recognizing the need to protect the last vestiges of the Lake Wales Ridge, its plants, and wildlife, the
Lake Wales Ridge NWR was administratively approved on February 15, 1994 and established on
April 22, 1994, with a primary purpose provided for under the Endangered Species Act “to conserve
(A) fish or wildlife which are listed as endangered species... or (B) plants...” (16 U.S.C. 1534,
Endangered Species Act). The primary purpose applies to the entire refuge.

A secondary purpose has also been applied to the refuge: “conservation, management, and restoration of
the fish, wildlife, and plant resources and their habitats for the benefit of present and future generations of
Americans” [16 U.S.C. 668dd (a) (2)], (National Wildlife Refuge Administration Act).

REFUGE HISTORY

Recognizing the uniqueness of the Lake Wales Ridge physiographic area, TNC began purchasing
ecologically sensitive sites along the ridge in the early 1980s. By the mid-1980s, the Florida Game
and Freshwater Fish Commission (FWC) supported Steve Christman’s inventory of rare plants and
animals of the Lake Wales Ridge, which further detailed its uniqueness, importance, and diversity.
Momentum to establish a series of naturally managed lands throughout the Lake Wales Ridge came
together in the late 1980s and early 1990s. John Fitzpatrick, Director, ABS, convened a meeting with
scientists, botanists, and biologists from numerous federal and state agencies and non-profit
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organizations familiar with the Lake Wales Ridge ecosystem, including the Service. The meeting was
designed to focus attention on the uniqueness of the ridge ecosystem, its many endemic plants, and
the alarming rate at which they were disappearing. Soon afterwards, a rapid and concerted effort of
land acquisition among federal and state agencies and non-profit organizations began. The area
conservation and land management partners formed the LWREWG in 1991, as a forum to share
information and coordinate management activities. Also in 1991, ridge sites were submitted to the
State’s Conservation and Recreation Lands acquisition program (CARL).

By November 1993, the Service developed the Final Environmental Assessment (EA) and Land
Protection Plan (LPP) that proposed establishment of the Lake Wales Ridge NWR. The original
acquisition boundary included over 12 separate units, encompassing approximately 19,630 acres
(7,944 ha) in Polk and Highlands Counties (Table 1 and Figure 2), to protect the remnants of this rare
ecosystem containing an unusually high number of endemic plants and animals (Service 1993). In
February 1994, the Service officially approved the refuge and it became a satellite refuge under the
management authority of the Merritt Island NWR Complex due to its proximity to Lake Wales Ridge
interests and its expertise in coastal scrub and fire management.

Concurrent with the establishment of the refuge, partner agencies and organizations also purchased
tracts within the approved refuge acquisition boundary and along the Lake Wales Ridge, which
helped fulfill many of the land acquisition priorities originally described in the refuge’s LPP. The State
of Florida through the CARL (now called the Florida Forever Program), FWC, and FDOF started
purchasing lands in this area. Also, TNC increased its acquisition efforts on the LWR. This was later
followed by Polk County through a proactive approach to acquire environmentally sensitive lands
through bond referendums. Highlands County, SFWMD, and SWFWMD soon followed and became
partners in protection of the Lake Wales Ridge. In a short period, there were more than a dozen
entities buying lands on the Lake Wales Ridge and Winter Have Ridge for conservation.

Congress authorized funding for land acquisition by the Service in 1994. Working with the partners,
the Service developed an acquisition strategy for five units within the approved acquisition boundary
that remained unprotected: Flamingo Villas, Polk #52, Lake McLeod, Snell Creek, and Horse Creek
(see Table 1 for current management and ownership status of the refuge’s 12-Unit acquisition
boundary). Between 1994 and 1997, the Service purchased lands within the Flamingo Villas, Lake
McLeod, and Snell Creek acquisition boundaries. Working with the State of Florida and TNC, and as
a result of unexpected funding opportunities, the Service opportunistically purchased 627.5 acres
(253.9 ha) within the Carter Creek Unit acquisition boundary in 1998. Most of the Horse Creek Unit
was acquired by the State of Florida, while the Polk #52 Unit is currently unprotected.

A further prioritization of the Service’s land acquisition commitments, which takes into consideration
the need to consolidate ownership and management efforts with partners of lands within the refuge’s
approved acquisition boundary, shifted land acquisition priorities from the five targeted units identified
above to the four units where Service acquisition efforts had historically taken place - Flamingo Villas,
Carter Creek, Lake McLeod, and Snell Creek. The acquisition of unprotected, private inholdings is
the Service’s highest acquisition priority. Over $3.48 million in federal funding has been used to
acquire lands from willing sellers within the refuge’s acquisition boundary, targeting the four refuge
management units for habitat protection and management benefiting rare, threatened, and
endangered species (Table 2).
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Table 1. Management status of the Lake Wales Ridge NWR acquisition boundary

Other (i.e.

1993 LPP Service . Partner Unprotected
. Acquisition Realty AL U_pf:l_ated SIS Protected —— Lands
Unit Acquisition Owned Common . .
Boundary Boundary * Lands (inholdings)
Name ; Boundary Lands Areas,
(acres/ File (acres/ha) (acres/ha)
(acres/ha) (acres/ha) Easements)
ha) (acres/ha)
(acres/ha)

Carter 5,740a 5,563.4a 5,506.1a 627.5a 2,376.5a 338.1a 2,164.0a
Creek 2323h 2,251.3h 2,228.2h 253.9h 961.7h 136.8h 875.7h
Flamingo 1,600a 1,429.0a 1,436.2a 1,039.1a 1.0a 151.3a 244 8a
Villas 647h 578.3h 581.2h 420.5h 0.4h 61.2h 99.1h
Gould 320a 310.1a 310.1a 224 .5a 20.2a 65.4a
Road 129h 125.5h 125.5h 90.9h 8.2h 26.5h
Holmes 1,260a 1,297.8a 1,297.8a 493.5a 264.2a 540.1a
Avenue 510h 525.2h 525.2h 199.7h 106.9h 218.6h
532(; 1,030a 935.8a 935.8a 834.4a 28.7a 72.7a
417h 378.7h 378.7h 337.7h 11.6h 29.4h

South
Placid 2,560a 2,179.3a 2,179.3a 1,858.9a 26.9a 293.5a
Lakes 1,036h 881.9h 881.9h 752.3h 10.9h 118.8h
Arbuckle 20a 19.2a 19.2a 18.1a 0.7a 0.4a
8h 7.8h 7.8h 7.3h 0.3h 0.2h
Flaming 5,430a 3,728.0a 3,728.0a 1,249.8a 75.9a 2,402.3a
Arrow 2,197h 1,508.7h 1,508.7h 505.8h 30.7h 972.2h
Horse 790a 837.0a 837.0a 487.9a 9.5a 339.6a
Creek 320h 338.7h 338.7h 197.4h 3.8h 137.4h
Lake 50a 62.0a 46.8a 38.0a 1.0a 7.8a
McLeod 20h 25.1h 18.9h 15.4h 0.4h 3.2h
510a 573.4a 573.4a 232.8a 340.6a
Polk # 52 206h 232.0h 232.0 94.2h 137.8h
Snell 320a 484.2a 483.4a 139.3a 208.6a 24 .1a 111.4a
Creek 129h 195.9h 195.6 56.4h 84.4h 9.8h 45.1h
Total 19,630a 17,417.6a 17,353.1a 1,843.9a 7,986.0a 940.6a 6,582.6a
7,944h 7,049.1h 7,022.5h 746.2h 3,231.8h 380.6h 2,663.9h

* Acreages of the four refuge management units were updated using ArcGIS 9.3.1. The digital version of the acquisition
boundary of the four refuge management units (in bold) were updated using a created digital image representation of the
original, paper acquisition boundary from the 1993 LPP, 2007 Highlands and Polk County digital aerial imagery, the latest
Service Division of Realty refuge boundary image files (from http.//www.fws.gov/data/r4gis/boundary?Meta/lkwbnd.html|
2009c) and the most recent parcel data from Highlands and Polk Counties. The remaining eight units were not updated as
the refuge does not currently manage within these boundaries. Protected lands that are not the four refuge management
units were identified using updated County parcel information and Florida Natural Areas Inventory (FNAI) Conservation
Lands GIS coverage, (FNAI 2009a).
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Table 2. Acquisition history of Lake Wales Ridge NWR CY 1994 through CY 2009

Area*

Cost/Area ($1,000)

Cost
sl Acres Hectares ($1,000) Acres Hectares
1994 65.3 26.4 $126.0 $1.9 $4.8
1995 311.9 126.2 $491.0 $1.6 $3.9
1996 282.8 114.4 $502.5 $1.8 $4.4
1997 27.6 11.2 $215.5 $7.8 $19.3
1998 629.1 254.6 $1,334.5 $2.1 $5.2
1999 518.2 209.7 $610.0 $1.2 $2.9
2000 55 2.2 $11.6 $2.1 $5.2
2001 0 0 N/A N/A N/A
2002 11.0 4.5 $22.0 $2.0 $4.7
2003 2.3 0.9 $4.5 $2.0 $5.0
2004 1.0 0.4 $5.5 $5.5 $6.0
2005 1.9 0.8 $22.5 $11.7 $28.9
2006 1.0 0.4 $12.4 $12.4 $31.0
2007 0.25 0.1 $8.0 $32.0 $79.1
2008 2.25 0.9 $72.0 $28.8 $71.2
2009 1.5 0.6 $46.0 $30.7 $75.8
TOTAL 1,861.9 753.5 $3,486.5 Average $1.9 Average $4.6

*Values based on Service's Annual Report of Lands Under Control of the U.S. Fish and Wildlife Service. GIS analysis
provided in this Plan determined 1,843.9 acres (746.2 ha) using a combination of current Polk and Highlands County parcel
data and 2007 aerial imagery. This discrepancy may be explained in part by spatial differences of parcels represented by
the Service as compared with current local parcel data. For instance, a difference of over 20 acres between the data sets
It is anticipated that mapping discrepancies may be
rectified through the implementation of refuge boundary updates currently being conducted by the Services Division of
Realty. However, these updates were not available for the development of this Plan. Therefore, staff utilized the most
current representation of parcel data represented by local governments and recent aerials to determine refuge acreages,
boundaries, and other spatial needs for the preparation of this Plan.

was identified for one of the larger parcels in the Flamingo Villas Unit.

Today, the refuge is an important part of a network of conservation lands located throughout the
Central Florida ridge system, managed by a variety of land conservation partners including federal,
state, and local agencies, and non-governmental organizations among others (Figure 3).
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Figure 3. Area conservation lands
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SPECIAL DESIGNATIONS
FLORIDA NATURAL AREAS INVENTORY NATURAL COMMUNITIES RANKING

The Florida Natural Areas Inventory (FNAI 1990) standard classification system of 81 natural
communities in Florida ranks many of the natural communities that occur on the refuge as imperiled
or rare on both a global and statewide basis, including sandhill (G3/S2), scrub (G2/S2), xeric
hammock (G3/S3), depression marsh (G4/S4), scrubby flatwoods (G3/S3), baygall/bayhead
(G4/S4), and mesic flatwoods (G4/S4). In addition, many of the rare, threatened and endangered
plants and animals that occur or are thought to occur on the refuge have elemental global and state
status as ranked by FNAI (see Table 6 for species of the upland habitats of the Lake Wales Ridge
and definitions of rankings). As defined, a natural community is a distinct and recurring
assemblage of populations of plants, animals, fungi, and microorganisms naturally associated with
each other and their physical environment. Natural community types are hierarchically categorized
by hydrology and vegetation, landform, substrate, soil moisture condition, climate, fire, and
characteristic vegetation. FNAI uses several criteria to determine the relative rarity and threat to
each community type which are translated or summarized into a global and a state rank, the G and
S ranks respectively. Most G ranks are temporary pending comparison and coordination with other
states using this methodology to classify and rank vegetation types. One of the advantages of the
FNAI classification system is that it is flexible and dynamic, changing as additional data are
accumulated which benefit management, particularly addressing species and ecosystem response
to restoration management and as a result of climate change.

RIDGE SCENIC HIGHWAY

In February 2005, the FDOT officially designated State Road 17 in eastern Polk County a State
Scenic Highway. Although the refuge units do not occur along the Highway 17 corridor now
considered a State Scenic Highway, historic small towns, important natural areas and valuable citrus
farms do, offering additional opportunities to promote awareness about the unique features of the
ridge to travelers. The Ridge Scenic Highway extends 38.7 miles along the Lake Wales Ridge from
its intersection with U.S. 27 south of Frostproof to its intersection with U.S. 17/92 in Haines City. The
scenic highway corridor travels through the historic communities of Frostproof, Hillcrest, Babson Park,
the Village of Highland Park, Lake Wales, Lake of the Hills, Dundee, Lake Hamilton, and Haines City.
The scenic corridor introduces travelers to historic communities and rural agricultural central Florida,
providing access to historical sites and communities that help promote and preserve the local culture.
Winding along Lake Wales Ridge, State Road 17 provides scenic vistas and access to lakes, natural
areas, citrus agricultural fields, and unique Florida attractions (Polk County 2009).

ECOSYSTEM CONTEXT
PENINSULAR FLORIDA LANDSCAPE CONSERVATION COOPERATIVE

The refuge lies within the Peninsular Florida LCC (Figure 4). Comprising one of the 16 delineated
LCCs in the continental U.S., the Service’s Peninsular Florida LCC includes several important areas
with protective designations, including Ocala National Forest, Everglades National Park, Welaka
National Fish Hatchery, and numerous national wildlife refuges. Various other local, state, and
federal conservation areas are also located within the Peninsular Florida LCC. The Peninsular
Florida LCC spans temperate and subtropical climates, numerous physiographic districts, and a wide
variety of habitats. Barrier islands, xeric scrub, pine flatwoods, freshwater marshes, lakes, streams,
springs, mixed hardwood/pine forests, cypress swamps and domes, dry prairies, maritime forests,
hardwood hammocks, estuarine marshes, pine rocklands, sandhill woodlands, coastal strands,
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Figure 4. Peninsular Florida Landscape Conservation Cooperative
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sawgrass prairies, sloughs, and tree islands of the Peninsular Florida LCC serve a variety of native
wildlife, including over 100 federally listed species, as well as interjurisdictional fishes, neotropical
migratory birds, nongame waterbirds, and waterfowl.

The biggest problem facing the Peninsular Florida LCC is the loss of habitat through direct
destruction and fragmentation, as well as through impacts from human activities. The predominant
stresses for the Peninsular Florida LCC are human population growth; tourism; agriculture;
silviculture; mining; water channelization; urbanization; aquifer depletion; fire suppression; exotic
species; nonpoint source pollution; and point source pollution. The actions of the Peninsular Florida
LCC are guided by two categories: trust resources and management issues. The trust resources
include: migratory birds, anadromous fish, endangered species, and marine mammals. The
management issues focus on habitat protection and management, habitat restoration, contaminants,
regulatory compliance, law enforcement, and biodiversity.

Lake Wales Ridge NWR plays an important role in the Peninsular Florida LCC, especially with regard
to the conservation of scrub habitat. The refuge has been managed primarily for the restoration and
maintenance of habitat for rare, threatened, and endangered species. The Peninsular Florida LCC
geography includes both the Lake Wales and Winter Haven ridges, where stakeholders have
acquired thousands of acres of scrub habitat to protect these systems from a variety of stresses
including loss of habitat resulting from urbanization and land conversion.

The South Florida Ecosystem represents a mixture of Caribbean-subtropical, southern temperate,
and local influences, resulting in a wide variety of habitats that support substantial ecological,
community, taxonomic, and genetic diversity, including the 8-mile-wide by 100-mile-long span of
the Lake Wales Ridge. The Lake Wales Ridge feature occurs in the Kissimmee River Subregion of
the South Florida Ecosystem and is characterized by the many diverse habitat types, including
isolated patches of scrub islands imbedded in pine communities occurring on well-drained, sandy
soils. The Kissimmee River Subregion extends for more than 100 miles from an area just south of
Orlando to Lake Okeechobee and includes numerous interconnected lakes and the Kissimmee
River. The drainage forms the headwaters of the Everglades and provides a critical water source
for Lake Okeechobee. The Lake Wales Ridge rises sharply along the western edge of the
Kissimmee River drainage basin and is connected hydrologically through numerous sinkhole lakes
scattered along the 100-mile-long Lake Wales Ridge. These surface lakes recharge the aquifer
and provide an important water source for the Kissimmee River system and Lake Okeechobee
(Service 1998). The Lake Wales Ridge NWR is a vital component of the South Florida Ecoregion,
especially with regard to the conservation of listed plants and the habitats they occupy.

REGIONAL CONSERVATION PLANS AND INITIATIVES

A variety of regional conservation plans and initiatives were reviewed in preparation of this CCP
including recovery plans for federally listed species and the South Florida Ecosystem Plan, as well as
state and local plans, including plans and initiatives from the State of Florida, TNC, ABS, Polk and
Highlands Counties, and the Central Florida Regional Planning Council.

RECOVERY PLANS

The 1999 South Florida Multi-Species Recovery Plan is one of the first recovery strategies specifically
designed to meet the needs of multiple species that do not occupy similar habitats. The refuge plays
a role in the recovery of 17 federally listed plant species and is absolutely critical to the recovery of
Florida ziziphus (Ziziphus celata), Garrett’'s mint (Dicerandra christmanii), and scrub lupine (Lupinus
aridorum); six federally listed animal species, including Florida scrub-jay (Aphelocoma coerulescens),
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sand skink (Neoseps reynoldsi), and bluetail mole skink (Eumeces egregious lividus), and the
Highlands tiger beetle (Cicindela highlandensis), a federally listed candidate species.

The Service is required under Section 4 (c) (2) of the Endangered Species Act of 1973, as amended,
to conduct reviews of each federally listed species. These 5-year reviews are conducted to
determine if a federally listed species should be delisted, reclassified from endangered to threatened
status or from threatened to endangered status, or status of the species should remain the same.
The purpose of the 5-year review is to ensure that listed species have the appropriate level of
protection under the Endangered Species Act. Many of the species identified in the plan have
undergone recent 5-year reviews enabling the most up-to-date information concerning status and
trends for many of the refuges listed species.

STATE WILDLIFE ACTION PLAN

As a requirement for participating in the Service’s State Wildlife Grants Program, each state and
territory created a Comprehensive Wildlife Conservation Strategy for conservation of a broad array of
fish and wildlife. Throughout the development process, the objectives were to identify species of
greatest conservation need and their habitats and to develop high-priority conservation actions to
abate problems for those species and habitats. These objectives have been developed in a prudent
effort to prevent declines before species become imperiled, thereby saving millions of tax dollars. In
addition, the matching requirement has encouraged partnerships and cooperation among
conservation partners. To meet the intent of the Service’s State Wildlife Grants Program, the FWC
created Florida’s Wildlife Legacy Initiative (Initiative).

The goal of the Initiative was to develop a strategic vision for conserving all of Florida’s wildlife.
Florida’s Comprehensive Wildlife Conservation Strategy (FCWCS) was completed and approved in
2005. The FCWCS emphasizes the building of partnerships with other agencies and the private
sector, uses a habitat-based conservation approach, incorporates a broad definition of wildlife (to
include invertebrates, aquatic species, and other species), and favors non-regulatory methods in its
effort to reach conservation goals and objectives, many of which provided useful guidance in
developing CCP benchmarks. The FCWCS identifies 118 state endangered, threatened, and species
of special concern. Twenty-four projects have been identified in the FCWCS specific to interior scrub
and sandhill taxa that utilize the refuge, including sand swimming reptiles and the Florida scrub-jay
(FWC 2005). The refuge manages important scrub habitat which is specifically identified as one of
eight habitats having the highest relative threat status of the 45 habitats identified.

FLORIDA’S ENDANGERED AND THREATENED SPECIES MANAGEMENT CONSERVATION PLAN

Florida’s Endangered and Threatened Species Management and Conservation Plan and annual
Progress Report provide management and conservation guidance as required under Section 5 of the
Florida Endangered and Threatened Species Act of 1977 [372.072, Florida Statures (F.S.)]. The Act
requires the preparation of an initial plan, and any subsequent revisions regarding the management
and conservation of endangered and threatened species to be submitted annually. It addresses
research and management priorities and FWC'’s citizen’s awareness program, and it includes a
progress report on agency actions for listed species. Many state-listed species are known to occur
on the refuge, including Florida mouse (Podomys floridanus), Florida gopher frog (Rana capito)
gopher tortoise (Gopherus polyphemus), Florida scrub lizard (Sceloporus woodi), black bear (Ursus
americana), cutthroat grass (Panicum abscissum), scrub stylisma (Stylisma abdita), nodding pinweed
(Lechea cernua), scrub bay (Persea humilis), and Curtiss’ milkweed (Asclepias curtissii).
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FLORIDA NATURAL AREAS INVENTORY

The Florida Natural Areas Inventory (FNAI) is a non-profit organization dedicated to gathering,
interpreting, and disseminating information critical to the conservation of Florida's biological diversity.
FNAI is the primary source for information on Florida’s conservation lands with an interactive
inventory database that includes boundaries and statistics for more than 1,600 federal, state, local,
and private managed areas, provided directly by the managing agencies. FNAI was founded in 1981
as a member of TNC's international network of natural heritage programs. The databases and
expertise of FNAI facilitate environmentally sound planning and natural resource management to
protect the plants, animals, and communities that represent Florida's natural heritage. All refuge
management units are included in the FNAI database.

FLORIDA FOREVER PROGRAM

The Florida Forever Program, created in 1999 by the Florida Legislature, follows in the footsteps of
earlier successful land acquisition programs in the State of Florida by continuing to focus land
acquisition efforts in several resource categories including natural communities, forest resources,
plants, fish and wildlife, freshwater supplies, coastal resources, geologic features, historical
resources, and outdoor recreational resources. All refuge management units lie within the
boundaries of the Board of Trustees Land Acquisition Projects. Lands have been proposed for
acquisition in the Florida Forever Program because of outstanding natural resources, opportunity for
natural resources-based recreation, or historic and archaeological resources.

GREEN HORIZONS LAND TRUST

The Green Horizons Land Trust was created to preserve environmentally valuable or sensitive lands
and open space in and around the central Florida ridge systems for the benefit of the general public,
and to educate the public as to the importance of such lands and their preservation. Green Horizons
is a local, nonprofit, 501(C)(3) Florida corporation incorporated in 1991 and governed by a Board of
Directors consisting of local individuals from such diverse fields as business, law, banking, real
estate, land planning, and conservation. Green Horizons uses a variety of creative methods to
achieve its land conservation goals and to financially benefit donors. Conservation may be
accomplished through outright purchases, bargain sales, donations, conservation easements, limited
development agreements or similar techniques as landowners may be able to take advantage of
income, estate, or property tax benefits that can help make land conservation affordable. The trust
has acquired thousands of acres, mostly in Polk, Osceola, and Citrus Counties, and placed them in
preservation for protection of habitat and for the enjoyment of the public in perpetuity. Some lands
are managed directly by Green Horizons, but many have been acquired by donation or purchase then
placed in the stewardship of cities, counties, or Florida water management districts for the benefit of
the public. With the exception of properties that are inaccessible by roads, all are planned to be or
are currently open to the public for low impact recreation such as hiking, biking, canoeing, bird
watching, or environmental education (Green Horizons Land Trust 2009).

SOUTH FLORIDA WATER MANAGEMENT DISTRICT GENERAL MANAGEMENT PLANS

Lake Marion Creek/Reedy Creek Management Area Five-Year General Management Plan (2005-
2010) identifies the Snell Creek Unit within the influence of its program. The Lake Marion/Reedy
Creek Management Area is a Save Our Rivers project that lists management goals and objectives,
provides historic and current site information, and describes specific management issues and
activities relating to natural resources, public use, and project administration from 2005 through 2010.
Natural resource management of Lake Marion/Reedy Creek Management Area includes
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maintenance of natural vegetative communities, wildlife management, and the protection of
threatened and endangered species. Current natural resource management activities focus on
prescribed fire, vegetation management, and forest management, including exotic plant control,
prescribed burning, and environmental restoration of these scrub sites (SFWMD 2005).

THE NORTHERN EVERGLADES AND ESTUARIES PROTECTION PROGRAM (NEEPP)

In May 2007, the Florida legislature passed the Northern Everglades and Estuaries Protection Program
(NEEPP) which expanded the existing Lake Okeechobee Protection Act (LOPA) to include
Caloosahatchee and the St. Lucie Rivers and Estuaries. The program promotes a comprehensive,
interconnected watershed approach to protecting these systems and recognizes the importance and
connectivity of the entire Everglades ecosystem from the Kissimmee Chain of Lakes south to Florida
Bay. The Florida legislation charged the SFWMD, the FDEP, and the FDACS to effectively coordinate
in order to create the NEEPP with the primary goal to restore and protect surface water resources by
addressing water quality, quantity, and the timing and distribution of water to the natural system.
Refuge managed units play a role in the surface water quality objectives identified through NEEPP as
the Flamingo Villas, Snell Creek, and Carter Creek units are within the Kissimmee River Basin.

THE NATURE CONSERVANCY CONSERVATION ACTION PLAN FOR LAKE WALES RIDGE

The Nature Conservancy plays a vital role in conservation of the central Florida ridge system. The
TNC’s Lake Wales Ridge program, utilizing standards developed by the Conservation Measures
Partnership—a partnership of 10 different biodiversity non-governmental organizations—developed a
Conservation Action Plan (CAP) and associated Conservation Project Management Workbook,
providing a straightforward and proven process for developing conservation strategies and measuring
the effects of those strategies based on biodiversity interests, threats, stakeholder input, and habitat
and species response outcomes. The interactive model identifies project scopes and targets; assesses
the viability of conservation strategies; identifies stresses and sources of stress to the ecosystem;
develops objectives, strategic actions, and action steps to take; and describes a monitoring plan to
measure success of management practices — specifically for ridge species and habitats, including
Florida scrub-jay, sand dwelling organisms, rare upland plants of concern, cutthroat grass communities,
xeric uplands matrix, and Florida ziziphus populations. Identifying the viability and success of regional
conservation projects is a key to the successful implementation of refuge management projects,
especially in this setting of scattered naturally managed areas (TNC 2009a).

STATE OF THE SCRUB

Produced by ABS, written in 2006 by Will Turner, David Wilcove, and Hillary Swain, this document
represents the most current information on conservation progress, management responsibilities, and
land acquisition priorities for imperiled species of Florida’s LWR (Turner et al. 2006). The report
collates and synthesizes data on 36 of the ecosystem’s rare and endemic species (Turner et al.
2006) and evaluates the success of land acquisition efforts in reducing threats to imperiled species
using a new quantitative approach (Turner et al. 2006). In addition, the report estimates the
effectiveness of the reserve network that is likely to result from planned and future acquisitions
(Turner et al. 2006). The State of the Scrub identifies several species on the LWR that merit special
attention from land managers, and quantification of the importance of each site to each of the rare
species is provided, thereby highlighting those sites that are likely to the survival of particular species
(Turner et al. 2006). Finally, high-priority sites are determined for future acquisition based on their
biological value and cost-effectiveness (Turner et al. 2006). Based on the known occurrence data
and as synthesized by Turner et al. (2006), the Lake Wales Ridge NWR management units contain
21 of the 36 reported species.

22 Lake Wales Ridge National Wildlife Refuge



HEARTLAND 2060 INITIATIVE

Heartland 2060 is a collaborative, creative planning process sponsored by the Central Florida
Regional Planning Council (CFRPC) designed to craft a shared regional vision and growth strategy
for the future of the 7-county CFRPC region, which includes Highlands and Polk Counties. The
CFRPC is a planning and public policy agency which works with public and private leadership in the
central Florida region to achieve a healthy and sustainable future (CFRPC 2009). Through a
participatory process, Heartland 2060 will develop a regional blueprint to guide growth and
development over the next 50 years (CFRPC 2009). The process will establish priorities for
protecting and enhancing conservation areas, natural resources, recreational areas, and open
spaces and develop a host of social and economic initiatives, including guiding transportation
corridors and planning future land-use within the 7-county central Florida region. The Service and
refuge have participated in visioning sessions and regional conservation task force initiatives to
participate in and foster partnerships with Heartland 2060 regional members.

HIGHLANDS COUNTY COMPREHENSIVE PLAN

Highlands County is a major contributor of natural area acquisition and protection in Highlands
County, primarily through the vision and implementation of the Highlands County Comprehensive
Plan. The Highlands County Comprehensive Plan identifies acquisition of natural resources including
scrub and sandhill habitats (xeric habitats); endemic populations of threatened or endangered
species, including species of special concern; wetlands and cutthroat seeps, and un-canalized
freshwater estuaries feeding the lakes; important aquifer recharge functions; and unique scenic or
natural resources through the plan’s Natural Resources Element utilizing the Conservation Trust
Fund account. Acquisition can be in the form of fee purchase, easements, donations, and other less
than fee mechanisms) of natural resources listed above for the enhancement, required maintenance,
and/or management of publicly owned conservation-valued lands, as determined by the Highlands
County Board of County Commissioners (Board). The Conservation Trust Fund is funded through
voluntary contributions, mitigation or impact fees, matching grants, and referendum while other
sources of funding as recommended by the Highlands County Natural Resources Advisory
Commission (NRAC) are considered by the Board. NRAC was established in 1991 by the Board
whose members include 11 full-time residents of Highlands County, including environmental,
developmental, agricultural, professional, and at-large representatives, who function as an advisory
body to the Board on matters of natural resource protection, environmental clearance, and the
stewardship of conservation efforts by, in, and for Highlands County (Highlands County 2009).

POLK COUNTY ENVIRONMENTAL LANDS PROGRAM

Polk County is a major contributor of natural area protection, acquiring more than 12,000 acres of
diverse lands in the county through the Polk County Environmental Lands Program (Program).
The Program accepts site nominations and then gathers pertinent information for each
nomination. The Environmental Lands Criteria are used by the County’s Technical Advisory
Group and Conservation Land Acquisition Selection Advisory Committee (CLASAC) to rank sites
and recommendations for or against acquisition of sites are forwarded to the Board of County
Commissioners (BoCC) for consideration and approval. Costs for acquisition are shared with
partners whenever possible. Once acquired, interim management begins and may include site
security, debris removal, exotic species removal, and creation of visitor service amenities. A final
management plan for each site is finalized and adopted by the BoCC based on evaluations of
nature-based recreation opportunities and resource inventories to ensure compatibility with the
site, and through input received via public review, CLASAC, and Polk County staff. Acquisition,
management, and restoration of environmentally sensitive lands, water resources, and important
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wildlife habitat in Polk County are funded through a 1994 bond referendum utilizing ad valorem
taxes (0.2 mil) administered over a 20-year life span (Polk County 2009).

CRITICAL LANDS AND WATERS IDENTIFICATION PROJECT

The Critical Lands and Waters ldentification Project (CLIP) is the Florida Century Commission’s
flagship project led by Thomas Hoctor, Ph.D., of the GeoPlan Center at the University of Florida and
Jonathan Oetting of FNAI at Florida State University. CLIP uses science and the best available
statewide spatial data to depict Florida's critical environmental resources in a database that can be
used as a decision-support tool for collaborative statewide and regional conservation and land use
planning to envision and ensure the sustainability of Florida’s green infrastructure and vital
ecosystem services (Century Commission for a Sustainable Florida 2010).

CLIP science recommendations will be vetted with rural landowners, state agencies, regional
planning councils, and other stakeholders through the Cooperative Conservation Blueprint Initiative,
led by FWC in partnership with the Century Commission and the Cooperative Conservation Blueprint
steering committee. The goal is to develop a strategic plan for land and water conservation in
Florida, using a new and broader range of conservation incentives with a shared view of the priorities.

CLIP priorities, depicting areas of opportunity for protecting biodiversity, landscapes, and water
resources across the state, identified the Lake Wales Ridge NWR management units in a class of P1
lands—its highest priority as a result of high suitability for any G1S1 species (FNAI global rank) and
multiple-less rare species. The Global (G) element rank is based on a species' worldwide status; the
State (S) rank is based on the species' status in Florida (FNAI 2009); the 1 rank denotes species
which are critically imperiled/extremely rare (five or fewer occurrences or less than 1,000 individuals)
or extremely vulnerable to extinction.

ECOLOGICAL THREATS AND PROBLEMS

Lake Wales Ridge NWR faces major threats and various challenges resulting from the direct and
indirect impacts of population growth and land development, including habitat loss and fragmentation,
the spread of exotic plants and feral animals, illicit use of refuge resources, and added constraints on
the ability to manage resources. Issues relating to a growing population are likely to increase in
Highlands and Polk Counties as population growth is expected to increase by 126 and 75 percent
respectively by 2060 (Zwick and Carr 2006).

Florida scrub habitat is ranked as the 15" most endangered ecosystem nationally (Noss and Peters
1995) and is identified as an “extreme risk” endangered ecosystem in the southeastern United States
(FWC 2005). To date, roughly 85 percent of Lake Wales Ridge scrub and sandhill habitats have
been lost to development and agriculture (Turner et al. 2006). Since 1945, land-use changes on the
ridge have greatly reduced the native upland habitats of oaks and pines and the populations of plants
and animals dependent on them (Menges et al. 1998).

The xeric upland habitats of Lake Wales Ridge harbor many rare and endemic species (Dobson et al.
1997, Chaplin et al. 2000 in Turner et al. 2006). Turner et al. (2006) reports that the LWR harbors
one of the highest concentrations of imperiled species in the United States, including 29 species
federally classified as endangered or threatened. Public and private institutions have invested
substantial money and expertise over the past two decades to protect the remaining undeveloped
areas on the Lake Wales Ridge, resulting in the acquisition of over 87 km? of scrub and sandhill
habitat (Turner et al. 2006). These protected fragments are surrounded and impacted by residential
neighborhoods, citrus groves, and other anthropogenic habitats, and they are managed by a variety
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of state and federal agencies and private organizations, representing additional management
challenges (Turner et al. 2006). Regionally, development of the remaining Lake Wales Ridge natural
areas severely limits the ability of species to successfully migrate from one natural area to another-a
life need central to species persistence and success. Throughout the Lake Wales Ridge, this notion
is severely challenged as a result of land development and consequential habitat destruction.
Specific to the Lake Wales Ridge NWR, conversion from proximal agriculture lands to residential
uses challenges management options, including the ability to provide for a prescribed burning plan.
Virtually all species investigated in the 2006 State of the Scrub depend upon some form of active
management (most often prescribed fire) for their long-term persistence (Turner et al. 2006).

Fire management is essential for the recovery of the suit of endangered and threatened species
found on the refuge. Increased development of lands proximal to refuge interests threatens the
ability to provide necessary fire management activities. In addition, habitat fragmentation resulting
from land development has degraded remaining undeveloped and unmanaged natural areas due to
the reduction in the frequency and extent of wildfires (Turner et al. 2006). Mimicking natural
frequencies to take the place of the loss of wildfire is therefore essential to the health and integrity of
scrub/sandhill and ridge habitats (Turner et al. 2006).

The Heartland Coast to Coast Corridor and the Heartland Parkway are major transportation
expressway systems proposed though the central Florida region. The path of the north-south and
east-west expressways connect the central east coast of Florida (Fort Pierce) with the central
west coast (Tampa area) and the southwest coast (Ft. Myers area) to central Florida’s 1-4 corridor
(Lakeland) by way of new, multi-lane roads. The refuge and other natural areas throughout
central Florida and the Lake Wales Ridge may be directly impacted by expressway construction
and indirectly impacted by future development made possible by access to undeveloped lands
provided by the expressway.

Most inholdings within the acquisition boundaries of the four refuge units are currently undeveloped.
Flamingo Villas’ inholdings are particularly susceptible to potential development with roughly 30
percent of the lots (316 lots) within the platted and approved Flamingo Villas subdivision currently
undeveloped and privately owned (Figure 5.3.2). In 2005 and 2006, Highlands County sold tax
deeds on approximately 125 lots within the Flamingo Villas Unit of the refuge. While none of the tax
sale lots have been developed at this time, the sale has increased the potential for development.
Due to underwriting requirements of title insurers, the Service has not been able to acquire any of the
tax sale lots; however, the Service may purchase lots free of the tax deed title starting in the summer
of 2010, and is in the process of preparing interest letters and purchase agreements for some of
these parcels. Development of inholdings at Flamingo Villas would reduce the ability to manage the
refuge for threatened and endangered species, specifically for prescribed fire planning and
administration, the principle management action needed to recover listed species and maintain
habitat structure and function.

Major utility and rail rights-of way exist or are proposed on or adjacent to the refuge. A railroad right-
of-way exists through the Flamingo Villas Unit and major natural gas lines are proposed along the
western border of the Carter Creek Unit. Florida Power and Light powerline easements exist on both
the Carter Creek and Flamingo Villas Units. Further, roadway rights-of-way and undeveloped
common areas exist on the eastern portion of Flamingo Villas. While all units are, or could be,
adversely impacted by the consequences of urbanization, management of Lake McLeod is
particularly challenged by the existence of residential development within its acquisition boundary and
its adjacency to the surrounding urban interface.
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The proliferation and impact of invasive plants on natural communities in Florida has been well
documented (Simberloff et al. 1997). The most direct effect of invasive plants is the alteration of
natural communities, either by changes in community structure or composition (Hutchinson et al.
2003). It appears that the xeric communities of the Lake Wales Ridge are not as susceptible to
invasive plants as the more mesic communities are that lie to the east and west of the ridge
(Hutchinson et al. 2003). However, refuge units provide a mix of habitat types, including pine
flatwoods, cutthroat seeps, bayhead swamps, hammocks, and seasonal ponds which are all highly
susceptible to invasive plants such as Old World climbing fern (Lygodium microphyllum), melaleuca
(Melaleuca quinquenervia), downy rosemyrtle (Rhodomyrtus tomentosa), air potato (Dioscorea
bulbifera), Brazilian pepper (Schinus terebenthifolius), Indian rosewood (Dalbergia sissoo), strawberry
guava (Psidium cattleianum), para grass (Urochloa mutica), cogongrass (Imperata cylindrica), and
other plants (Hutchinson et al. 2003). The refuge continues to treat non-native, invasive plants, but
continued invasions are an on-going threat due to proximity to seed and spore sources. Maintenance
of exotic invasive and feral species, including the feral hog (Sus scrofa), is necessary to conserve and
manage for listed species and habitats.

Federally listed plants are provided some protection through the take and trade provisions of the
Endangered Species Act and the preservation of native Flora of Florida Act. Protection from take
(i.e., removal and reduce to possession) refers to species occurring on federal lands. Take on private
lands is prohibited only in violation of state criminal trespass laws. Thus, neither act fully protects
federally listed plants from destruction by private landowners (Service 1991). As the landscape
continues to develop, these rare plants may become even rarer.

Other threats to the remaining scrub include off-road vehicle use and trash dumping. Off-road vehicle
use may destroy the roots and underground stems of scrub vegetation and facilitate invasion of
nonnative species. Dumping of domestic garbage in scrub areas is more of a nuisance, but may
further degrade some sites (Service 1991).

PHYSICAL RESOURCES
CLIMATE

The climate for the central ridge of Florida is characterized by hot, humid summers and mild, dry
winters. Average summer temperatures range from an average high of 91°F (33°C) to an average
low of 70°F (21°C). Winter temperatures range from 48°F (9°C) to 75°F (24°C). Several freezes can
be expected during the winter, with the coldest temperature recorded at ABS being 13°F (-11°C).

Average annual rainfall reported from Avon Park over the 30-year period from 1971 to 2000 is 49
inches (124.5 cm) (NOAA 2002). This rainfall tends to be seasonally distributed, with 60 percent
occurring in the summer in the form of thunderstorms. Fall, winter, and spring precipitation are
associated with cold fronts. These rains tend to be more widespread than the localized summer
showers. Highest average monthly participation occurs in June with an average of 8.25 inches (21
cm). Lowest average precipitation occurs from October through April at between 2 and 3 inches
(5.1 cm to 7.6 cm). Tropical cyclones also contribute to rainfall totals in some years. The 2004
hurricane season was very active, and the area between Lake Wales and Sebring received direct
hits from three named storms, which did a great deal of damage to the area and to several of the
refuge’s management units.
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GEOLOGY AND TOPOGRAPHY

Refuge lands in Polk and Highlands Counties are found on the Lake Wales and Winter Haven ridges’
ecosystems characterized by hills and lakes. The highest elevation is over 300 feet [91.4 meters (m)],
while the lowest elevation in the region is 40 feet (12.2 m) (Soil Survey Staff 1989). Slopes range from
nearly level in the bayheads and flatwoods to 12 to 15 percent in the sandhills and sand ridges. Lakes in
the region are generally sinkholes, formed by the dissolution and collapse of underlying limestone.

The Lake McLeod Unit in Polk County is the western-most property of the refuge and is located on
the Winter Haven Ridge (Soil Survey Staff 1989). This area also has sinkhole lakes and rolling hills.
The refuge property itself drops in elevation from east to west, eventually reaching Lake McLeod.
Slopes on this unit are 0 to 5 percent. The Snell Creek Unit lies in Polk County as well and portions
of it lie on the Lake Wales Ridge. The two other refuge management units, Flamingo Villas and
Carter Creek, are located along the southern portion of the Lake Wales Ridge in Highlands County,
which is underlain by the Avon Park Limestone formation from the Middle Eocene era. This is
overlain by the Late Eocene Ocala Limestone formation and the Hawthorn Group from the Miocene
period. This layer contains phosphate and is mined in many areas of central Florida. In the ridge
section of the county, the Cypresshead Formation overlies the Hawthorne Group. It consists of sand,
clay, and gravel that are generally red to orange in color. The top of this group is commonly exposed
in clay pits along the ridge. Over most of the county, Pleistocene and Holocene sand and peat are
found at the surface. These vary in thickness from 1 to 100 feet (30.5 m).

SOILS

The soils on the refuge can be grouped into uplands, flatwoods, and hydric classifications (Table 3).
Upland soils are typically entisols, which are soils with very little profile development. These soils,
which support sandhill and scrub vegetation, are well-drained to excessively well-drained. Usually,
the watertable is 4 to 6 feet below the surface. These soils are very rarely flooded. Scrubby
flatwoods are a type of scrub found on less xeric soils than sandhill or other types of scrub, but have
drier soils than flatwoods soils.

Flatwoods soils are generally spodosols. These soils have a well-defined internal profile with a
spodic horizon (a zone of accumulated organic matter, clay, and aluminum - a hardpan). The
watertable is within a foot of the surface during the rainy season, and can be as deep as 40 inches
(101.6 cm) during dry periods. Since the spodic horizon is relatively impermeable, perched
watertables can occur. The native vegetation is slash and longleaf pine with gallberry, palmetto, and
Lyonia spp. in the understory. The soils of the Basinger, St. Johns Placid soil complex are often
associated with cutthroat seeps.

Hydric soils are found around lake edges, in bayheads, and in the depression marshes. Most of these
soils have either a mollic epipedon (Mollisols) or are organic soils (Histosols). These soils remain flooded
for most of the year. Native vegetation varies. In the bayheads, one can find bay trees, maples, and
other hydric trees, while in the depression marshes the primary vegetation is grasses and forbs.

Menges et al. (2007) determined soil preferences for federally listed plants on the Lake Wales Ridge
species by overlaying Global Positioning System (GPS) points on soil polygons in nine major protected
areas on the ridge in Highlands County. This effort identified 1,173 GPS points representing 2,577
occurrences of 18 species of vascular plants and one terrestrial lichen (Menges et al. 2007). Menges et
al. (2007) identified a continuous variation among species in degree and type of specialization for soil
groups. Six species were specialized for xeric yellow sands, two species were specialists for xeric white
sands, and one species specialized in xeric scrubby flatwoods (Menges et al. 2007). Ten species were
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soil generalists (Menges et al. 2007). Xeric white sands (especially St. Lucie) supported the greatest
number of occurrences of these listed species, but xeric yellow sands and satellite soils (supporting xeric
scrubby flatwoods) were also important (Menges et al. 2007). Other scrubby flatwoods soils, flatwoods
soils, and depressional soils were not important for these plants (Menges et al. 2007). Among the
Highlands County locations surveyed, soil specialists (as compared to soil generalists) were less likely to
be post-fire resprouters and had fewer occurrences, but had higher population sizes (Menges et al. 2007).
Many locations of suitable soils are unoccupied by these species, most likely because of fire suppression
and dispersal limitations (Menges et al. 2007).

Table 3. Soils of Lake Wales Ridge NWR

Soil Series Order Vegetation Flamingo Carter Lake Snell
Types Villas Creek McLeod Creek

Adamsyville Fine Entisol Scrub land X

Sand

Anclote Muck Mollisol Lake shore X

Astatula Sand Entisol Sandhills & X X
scrub land

Basinger_Fine Sand Entisol Depression X

(Depressional) marsh X

Basinger, St Johns Entisol & Bayheads, X

Placid Soils Spodosols flatwoods

Brighton Muck Histosol Bayheads X

Duette Fine Sand Spodosol Scrub land X

Immokalee Sand Spodosol Flatwoods X X X

Placid F|r_1e Sand Inceptisol Flatwoods X X

(Depressional)
Flatwoods &

Pomello Sand Spodosol scrubby X X
flatwoods

Samsula Muck Histosol Bayheads X X X

St. Lucie Fine Sand | Entisol Scrub land X

Tavares Fine Sand Entisol Sandhills X X

Tavares, Basinger, | p g Sandhills X

Sanibel Complex

(United States Department of Agriculture (USDA) Web Soil Survey 2009)
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HYDROLOGY, WATER QUALITY, AND WATER QUANTITY

Surface Water Hydrology

All of the four units that make up Lake Wales Ridge NWR are within the Kissimmee River basin.
While there are several streams and creeks that are near refuge lands, no significant water
courses traverse refuge property. However, during wet periods, water from bayheads and
seasonally flooded areas can flow into to these nearby waterways. Runoff from the Snell Creek
Unit courses to Snell Creek itself. Water from the Lake McLeod Unit flows through the bayhead
at the west end and then into Lake McLeod. Arbuckle Creek accepts outflow from the Carter
Creek Unit which empties into Lake Istokpoga. Urbanization has altered the sheet flow from the
northern part of the Flamingo Villas Unit, but it is likely that it still goes into Arbuckle Creek. The
part of the Flamingo Villas Unit south of the railroad easement flows into Red Beach Lake and
Yellow Bluff Creek to Lake Istokpoga. As is the case with the entire Kissimmee River Basin,
water coming off the refuge ends up in Lake Okeechobee.

The Lake Wales Ridge has numerous lakes, many of which are the result of sinkhole formation (Carter et.
al. 1989). Only two of these are associated with refuge property. The Lake McLeod Unit is located on the
eastern side of Lake McLeod, and Red Beach Lake is adjacent to the Flamingo Villas Unit.

An important surface water feature in the Carter Creek and Flamingo Villas Units is depression marshes.
Both of these units have numerous low areas which are seasonally flooded. While overland flow can
occur between these ponds during very wet times, these areas are usually isolated from one another. In
the past few years, extended drought conditions have caused many of these to dry up.

Surface Water Quality

Much of the area surrounding refuge lands is either urbanized or in agriculture. This would raise
the possibility of contamination of the water from both point and non-point sources. While there
has been no sampling of water quality on the refuge itself, there has been monitoring done in
some of the nearby water bodies. The U.S. Geological Survey (USGS) report on water quality in
Florida (Kane and Dickman 2005) shows data from three sites near the Carter Creek and
Flamingo Villas Units of the refuge (Table 4).

Table 4. Selected USGS water quality data from three sites near the Carter Creek and
Flamingo Villas Units

Site Ammonia N't."te = Total N e Total P
Location mg/L EE mg/L HrEElieiE mg/I
mg/L mg/L

Carter Creek .02-.04 20-.77 .87-.95 <.02 .02-.05
Josephine Creek near 03-18 |  .07-47|  .81-1.30 01-.03 04-.06
De Soto City

Livingston Creek near

Lake Arbuckle .10-.06 .13-.41 | 1.33-1.66 .01-.04 11-.14
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In addition, the FDEP monitors water quality including Total Maximum Daily Loads (TMDL)
throughout Florida as part of the Integrated Water Resource Monitoring network (IWRM) Program — a
multi-level or “tiered” approach to answer questions about Florida’s water quality at differing scales.
The program is supported by several FDEP water quality monitoring groups in Tallahassee and in
regional (district) offices (FDEP 2010). In general, Tier | addresses statewide and regional questions,
Tier Il focuses on basin-specific to stream-segment-specific questions, while Tier Il answers site-
specific questions. The refuge is a part of FDEP’s Kissimmee River watershed monitoring basin
network where basin wide water quality is sampled at least once every 5 years. Within the
Kissimmee River basin, FDEP random samples are collected from water resources including
aquifers, streams, rivers, and lakes in order to assess water quality trends and status. Water quality
information is also available for Red Beach Lake near the Flamingo Villas Unit. Lakewatch data from the
Highlands County Soil and Water Conservation District (1999) report that phosphorus levels are low
averaging 15 parts per billion (ppb). Nitrogen is also low averaging 754 ppb. Water clarity is good due to
the low levels of nutrients. Secchi depths in the lake average 3.8 feet (1.2 m).

Ground Water Resources

The ground water resources for the refuge include a sequence of aquifers and confining units. The
uppermost of these is the surficial aquifer system. This system is unconfined. Most of the water
contained in this aquifer comes from precipitation although there is some leakage from underlying
aquifer in places (Bishop 1956). Most of the water in the surficial aquifer flows downward to recharge
the Upper Floridan aquifer. However some flows laterally and is directed by the topography.

The thickness of this aquifer varies with the base of the system being defined by the first persistent beds
of Miocene or Pliocene age sediments that contain a substantial amount of clay and silt (Spechler and
Kroening 2007). The upper limit of the surficial aquifer varies from one physiographic region to another.
In low poorly drained areas, such as the bayheads on the refuge, the top of the water table is at or near
the surface for much of the year. On the other hand, in some of the higher sand hills and scrub areas of
the refuge the water table may be as much as 100 feet (30.5 m) below the surface, although the refuge
lacks baseline information to confirm.

An intermediate aquifer can occasionally be found between the surficial aquifer and the upper Floridan
aquifer. This aquifer is present in much of the northern and eastern parts of Polk County (Spechler and
Kroening 2007). This would include the Snell Creek Unit and possibly the Lake McLeod Unit. This
system may not be present in the vicinity of the Carter Creek and Flamingo Villas Units.

The Floridan aquifer is the principle ground water source for both Polk and Highlands Counties. It
can be divided into two sub systems—the upper Floridan and lower Floridan aquifers. In between
these two is a less permeable area. The upper Floridan aquifer is the primary source of drinking
water in many places including Polk and Highlands Counties. The lower Floridan aquifer is more
mineralized and is rarely used as a water source.

Ground Water Quality

The surficial aquifer system is primarily insoluble quartz sand the water generally has low mineral
content and hardness. However, when considering other water quality factors, one must remember
that the surfical aquifer is open to the surface and contaminants can easily enter the system. Even if
no contaminants entered through the refuge’s soils, the lateral movement of the aquifer could bring
material in. Iron is one element that is most assuredly present. Other chemicals that could be
present include chlorides, sulfur, and nitrates. These all occur in some amount even if there were no
urbanization or agriculture in the area. The presence of human activity would increase the chances
of these appearing in higher concentrations. Human activity also increases the risk of pesticide
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contamination. Since there has been little sampling activity on refuge lands, a definite answer to
what is really there cannot be answered.

The upper Floridan aquifer is primarily freshwater (Spechler and Kroening 2007). The water here is
hard due to the presence of calcium and magnesium. There are some nitrates in the upper Floridan
aquifer. These enter the system through breaches in the intermediate confining layer caused by
sinkholes and other gaps in the confining unit. Sampling from wells has also detected small amounts
of chlorides and sulfur. There are few wells that reach into the lower Floridan aquifer. Since wells
are the primary source of sampling data, there is little known of the actual chemical makeup other
than that it is heavily mineralized.

AIR QUALITY

The Clean Air Act of 1970 (as amended in 1990 and 1997), required the U.S. Environmental Protection
Agency (EPA) to implement air quality standards to protect public health and welfare. National Ambient
Air Quality Standards (NAAQS) were established based on protecting health (primary standards) and
preventing environmental and property damage (secondary) for six pollutants commonly found throughout
the United States: lead, ozone, nitrogen oxides (NO,), carbon monoxide (CO), sulfur dioxide (SO.), and
particulate matter less than 10 and 2.5 microns in diameter (PM4o and PMy5).

Criteria air pollutants in Florida include carbon monoxide, lead, nitrogen dioxide (NO,), ozone O3,
particulate pollution (2.5 and 10 ug/m?®), and sulfur dioxide (SO,) (FDEP 2006). These pollutants are
monitored by a network of monitoring stations throughout Florida and analyzed in order to better
understand general air quality trends and to locate exceedances. Primary sources of pollutants in
Florida are vehicle emissions, power plants, and industrial activities. In 2006, there were 216 ambient
monitors in the statewide air monitoring network and the EPA designated Florida an attainment area
for all criteria pollutants, based on data collected in the previous 3 years (FDEP 2006).

The Florida Division of Air Resource Management operates National Ambient Monitoring Stations
(NAMS) and State and Local Ambient Monitoring Stations (SLAMS) to measure ambient
concentrations of these pollutants. In 2005, ambient air quality data were collected by 220 monitors
(in 34 counties) strategically placed throughout the state (FDEP 2006). Areas that meet the NAAQS
standards are designated “attainment areas,” while areas not meeting the standards are termed “non-
attainment” areas. While no pollutant monitoring data are being collected on the Lake Wales Ridge
NWR per se, air quality is monitored on a regular basis by six monitors in Polk (5) and Highlands (1)
Counties. The Highlands County monitoring station is located at ABS. Table 5 provides air quality
data collected for Polk, Highlands, nearby counties, and national level standards. Florida's 2006
monitoring results indicate that both Polk and Highlands Counties qualify as an attainment area for all
monitored pollutants (FDEP 2006).
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Table 5. Air quality statistics by county, 2007

co Pb NO; 0O, 0O; PM4o PM; PM_ 5 PM_ 5 SO, SO,
8-hr Qmax AM 1-hr 8-hr Wtd AM 24-hr Wtd AM 24-hr AM 24-hr

(ppm) | (g/m3) | (ppm) | (ppm) | (ppm) | (ug/m3) | (pg/m3) | (ug/m3) | (ug/m3) | (ppm) | (ppm)

2000

Saals Population

Home Counties of the Refuge

Polk County 483,924 ND ND ND ND 0.077 66 9.3 19 ND ND ND

Highlands County 87,366 ND ND ND 0.079 0.071 ND ND ND ND ND ND

Nearby Counties

Osceola County 172,493 ND ND ND ND | 0.073 ND ND ND ND ND ND

g”'Sbomugh 998,948 2 165 | 0007 | ND | 0.083 ND 86 10.1 27 0.004 | 0.031
ounty

Lake County 210,528 ND ND ND ND | 0.078 ND ND ND ND ND ND

United States

National Ambient

Air Quality 9 1.5 0.053 0.125 0.085 50 150 15 65 0.03 0.14
Standards

CO - Highest second maximum non-overlapping 8-hour concentration (applicable NAAQS is 9 ppm)

Pb - Highest quarterly maximum concentration (applicable NAAQS is 1.5 ug/m3)

NO, - Highest arithmetic mean concentration (applicable NAAQS is 0.053 ppm)
Os (1-hour) - Highest second daily maximum 1-hour concentration (applicable NAAQS is 0.125 ppm)
Os (8-hour) - Highest fourth daily maximum 8-hour concentration (applicable NAAQS is 0.085 ppm)
PM;, -  Highest weighted annual mean concentration (applicable NAAQS is 50 ug/m°)
- Highest second maximum 24-hour concentration (applicable NAAQS is 150 pg/m3)
PM,s-  Highest weighted annual mean concentration (applicable NAAQS is 15 ug/m°)
- Highest 98" percentile 24-hour concentration (applicable NAAQS is 65 ug/m°)
SO; - Highest annual mean concentration (applicable NAAQS is 0.03 ppm)
- Highest second maximum 24-hour concentration (applicable NAAQS is 0.14 ppm)
ND - Indicates data not available IN — indicates insufficient data to calculate summary statistic
AM - Annual mean
pg/m3 - units are micrograms per cubic meter
Qmax - Quarterly maximum
Ppm - units are parts per million
Notes:  Data from exceptional events are not included. The monitoring data represent the quality of air in the vicinity of the monitoring site and, for some pollutants,
may not necessarily represent urban-wide or parish/county-wide air quality.
Source: U.S. EPA 2009
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The Air Quality Index (AQI) is a summary index developed by EPA for reporting daily air quality. It
indicates how clean or polluted the air is, and what associated health effects might be concerns. The
AQI focuses on health effects that may be experienced within a few hours or days after breathing
polluted air. EPA calculates the AQI for five major air pollutants regulated by the Clean Air Act:
ground-level ozone, particle pollution (also known as particulate matter), carbon monoxide, sulfur
dioxide, and nitrogen dioxide. Lead is also considered a major air pollutant under the Clean Air Act.
However, because all areas of the United States are currently attaining the NAAQS for lead, the AQl
does not specifically address lead. For each of these pollutants, EPA has established national air
quality standards to protect public health (AIRNow 2009).

Highlands County AQl is derived from ozone concentrations recorded at one station. From 2002
through 2006, ozone AQI was in the “good” range (0-50 AQI) from 326 (2004) to 355 (2002) days. The
county experienced a low of 3 days in the moderate (51-100 AQI) range in 2002 to a high of 19 days in
2006. Data suggest increasing trends of moderate days in Highlands County with no days in the
reporting period reported as “unhealthy.” Polk County AQI over the same reporting period is based on
Ozone, PM,y and PM,sinputs over five reporting stations. Polk County AQl is in the “good” range a
minimum of 326 days (2006 levels) from which 38 days are reported in the moderate range during the
same year (2006). Polk County AQI trends indicate an apparent decreasing air quality based on
increasing moderate days and decreasing good days over the reporting period (FDEP 2006).

BIOLOGICAL RESOURCES

The Lake Wales Ridge NWR is located along prehistoric ridges between Orlando and Lake
Okeechobee. Ancient scrubs are largely restricted to three interior ridges: Lake Wales, Winter
Haven, and Lake Henry. The LWR is by far the largest and longest of the three. The ridges were
formed as the slender southern tip of a much smaller Florida peninsula. McCartan (1992) dates the
beach and dune complex of the LWR at 2.5 million years old. Over this period there have been
several warm wet periods and cool dry periods where the vegetation communities underwent some
change. Nonetheless, Florida scrub has been present for tens of thousands of years with flora and
fauna possibly going back millions of years. Scrub habitats on the Lake Wales and other central
Florida ridges are ancient compared with vegetation elsewhere in eastern North America. The ebb
and flow of scrub, resulting from the changing climate, may have created the opportunity for
speciation in isolated patches of scrub, resulting in the patterns of endemism seen today, particularly
among short-lived plants and those related to disturbance (Menges et. al 2006).

LAKE WALES RIDGE OVERVIEW

The Lake Wales Ridge supports a wide diversity of species including at least 30 federally listed
species and one candidate species, some of which are found nowhere else on earth. Table 6 lists
threatened, endangered, and rare species of the upland habitats of the Lake Wales Ridge (Swain et
al. 2000, Turner et al. 2006, supplemented with species occurrence information specific to the Lake
Wales Ridge NWR from staff, researchers, and volunteers).
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Table 6. Rare, threatened, and endangered species of the upland habitats of the LWR

- Legal Status FNAI
Scientific Name Common Name Federal State Designation
Plants
Asclepias curtissii Curtiss’ milkweed N E G3/S3
Bonamia grandiflora Florida bonamia T E G3/S3
Calamintha ashei Ashe’s savory N T G3/S3
Chionanthus pygmaeus pygmy fringe-tree E E G3/S3
Cladonia perforata Florida perforate cladonia E E G1/G1
Clitoria fragrans scrub pigeon-wing T E G3/G3
Conrandina brevifolia short-leaved rosemary E E G1/81
Crotalaria avonensis Avon Park harebells E E G1/81
Dicerandra christmanii Garrett’'s mint E E G1/81
Dicerandra frutescens scrub mint E E GA4T/S3
ggl:gﬁglﬁzifnqgifolium var. scrub buckwheat T E G1/91
Eryngium cuneifolium wedge-leaved bution E E G1/S1
Gymnopogon chapman ianus Chapman'’s skeletongrass N N G3/S3
Hypericum cumulicola Highlands scrub hypericum E E G2/S2
Hypericum edsonianum Edison’s St. John’s-wort N E G2/S2
llex opaca var. arenicola scrub holly N N G5T3/S3
lllicium parviflorum yellow star anise N E G2/S2
Lechea cernua nodding pinweed N T G3/S3
Lechea divaricata pine pinweed N E G2/S2
Liatris ohlingerae scrub blazing star E E G2T1/81
Lupinus aridorum scrub lupine E E G2/S2
Nolina brittoniana Britton’s beargrass E E G2/S2
Panicum abscissum cutthroat grass N E G3/S3
Sﬁ;?t';}é Z;ia chartacea ssp. papery whitlow-wort T E G3/S3
Persea humilis scrub bay G3/S3
Polygala lewtonii Lewton’s polygala E E G3/S3
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Legal Status

Scientific Name Common Name I.:NAI.
Federal State | Designation
Polygonella basiramia wireweed E E G3/S3
Polygonella myriophylla sandlace E E G3/S3
Prunus geniculata scrub plum E E S2/S3
Salix floridana scrub willow N E G2/S2
Schizachyrium niveum scrub bluestem N E G1/51
Stylisma abdita scrub stylisma N E S2/S3
Warea amplexifolia clasping warea E E G1/S1
Warea carteri Carter’'s warea E E G1/S1/S2
Ziziphus celata Florida ziziphus E E G1/81
Amphibians and Reptiles
Rana capito gopher frog N SSC G3/S3
Eumeces egregious lividus bluetail mole skink T T G4T2/S2
Gopherus polyphemus gopher tortoise N SSC G3/S3
Neoseps reynoldsi sand skink T T G2/S2
57’%?[;’;’3 melanoleucas Florida pine snake N ssC G5T3/S3
Sceloporus woodi scrub lizard N N G3/S3
Stilosoma extenuatum short-tailed snake N T G3/S3
Invertebrates
Cicindela highlandensis Highlands tiger beetle C N G2/S2
Birds
Aphelocoma coerulescens Florida scrub-jay T T S3
Falco spaverius paulus E:;trg?asmm American N T G5T3T4/S3
Grus Canadensis pratensis Florida sandhill crane N T G5T2T3/S2S3
Haliaeetus leucocephalus bald eagle N T G4/S3
Mycteria americana wood stork E E G4/S2
Polyborus plancus audubonii crested caracara T T G5/S2
ﬁﬂgggﬁm us savannarum grasshopper sparrow E E G5T1/81
Grus canadensis pratensis sandhill crane N T G5T2T3/S2S3
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- Legal Status FNAI
Scientific Name Common Name . .
Federal State | Designation

Falco peregrinus peregrine falcon N E N
Picoides borealis red-cockaded woodpecker E T G3/S2
Mammals
Podomys floridanus Florida mouse N SSC G3/S3
Sciurus niger shermani Sherman’s fox squirrel N SSC G5T2/S2
Ursus americanus floridanus Florida black bear N SSC G5T2/S2
Puma concolor coryi Florida panther E E G5T1/81
Eumops floridanus Florida bonneted bat C E G1/81

Key:

Federal and State Listings: E = Endangered, T = Threatened, C = Candidate for Listing, N = Not Listed, SSC = Species of
Special Concern

FENAI -Status Rank: The Global (G) element rank is based on a species' worldwide status; the State (S) rank is based on
the species' status in Florida; N = not ranked.

1: Critically imperiled. Extremely rare (5 or fewer occurrences or less than 1000 individuals) or extremely vulnerable to
extinction.

2: Imperiled. Very rare (6 to 20 occurrences or less than 3000 individuals) or vulnerable to extinction.

3: Either very rare or local throughout its range (21-100 occurrences or less than 10,000 individuals) or found locally in a
restricted range or vulnerable to extinction.

4: Apparently secure globally (may be rare in part of its range).

5: Demonstrable secure globally.

T: Rank of a taxonomic subgroup, the G portion of the rank refers to the entire species and the T portion refers to the
specific subgroup.

According to Weekley et al. (2008), the Lake Wales Ridge includes 209,345 ha (808.1 square
miles) of xeric uplands, flatwoods, wetlands, and lakes stretching 186.3 km (115.7 miles) from
just south of Lake Harris in Lake County, Florida, to near the Highlands/Glades County line and
averages 11.7 km (7.3 miles) in width. The Lake Wales Ridge was never blanketed by scrub
vegetation, but rather has “over 200 isolated, recognizable scrub islands imbedded in high pine,
turkey oak, flatwood, and bayhead habitats” (Christman 1988). Few existing scrubs are larger
than a few hundred acres (the largest is 2,866 acres measured by Christman 1988) and no site
contains all of the ridge’s endemic species. Conserving plant species requires protection of
numerous sites in Polk and Highlands Counties and conservation of a number of small or
medium-sized tracts, rather than of just a few large tracts.

Christman (1988) attempted to rank scrub by size to see whether larger scrub areas have more species
than small ones. Neither this study nor one by Connery (1984) showed a correlation between the size
of a scrub and the number of species present, nor between size and number of endemic species.

Small sites, such as Lake McLeod (38 ac/15.4ha), where 10 federally listed species are known to occur
helps demonstrate this point. Maintaining a patchwork of small, medium, and large tracts of scrub
habitat seems to be an effective strategy in protecting the Lake Wales Ridge’s endemic species.
Nevertheless, the restricted nature of scrub endemics, spotty distribution, and poor dispersal across
non-scrub habitats emphasizes the importance of maintaining connections between sites.
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Accenting the importance of the ecosystem to the narrowly endemic species occurring here can
perhaps be best expressed by determining how much of these ancient habitats have been lost since
post-Columbian settlement. Weekley et al. (2008) defined the Lake Wales Ridge extent and
assessed post-Columbian habitat loss based on soils, topography, vegetation, land use, and species
distribution. In addition, Weekley et al. (2008) determined the aerial extent of pre-Columbian xeric
habitat loss on the Lake Wales Ridge based on soils maps overlain on aerial photographs (1979-
2000). Weekley et al. (2008) determined that, overall, 78 percent of xeric upland communities were
lost by 1990 with more recent estimates suggesting losses of greater than 85 percent (Weekley et al.
2008). Losses were greatest on yellow sands at the northern end of the ridge, and least on white
sands near the southern end (Weekley et al. 2008).

WINTER HAVEN RIDGE OVERVIEW

The Winter Haven Ridge is located in central Polk County and rises from the Polk uplands with a
base elevation of 100 (30.5 m) to 130 feet (39.6 m) (White 1970). The refuge’s Lake McLeod Unit is
located on the Winter Haven Ridge, which is believed to be a remnant of previous widespread
uplands (White 1970). Soils are composed of clayey, micaceous, quartz pebbly sands in the past
described as “Miocene coarse clastics,” but presently thought to be Pliocene in age (Campbell 1986).
These unconsolidated deposits (sand and sandy clay) are as much as 150 feet (45.7 m) thick and
overlie a mantle of limestone (Sinclair and Reichenbaugh 1981).

The area of the Winter Haven Ridge is about 80.7 square miles (20,900 ha). The highest elevation is
about 190 feet (60 m). The primary soils types are sands including Candler, Tavares, Sparr,
Adamsville, Smyrna, Myakka, and Apopka (Soil Conservation Service 1990). Based on these soils
types, up to 72 percent (37,057 ac/14,996 ha) of the Winter Haven Ridge area could be scrub (U.S.
Soil Conservation Service 1980) (Table 7). As of 2004, only 6 percent remains as natural
communities (SWFWMD 2006) (Table 8).

Based on species distribution, the Winter Haven and Lake Wales ridges are biogeographically related
(Christman 1988). Two federally listed skinks, the bluetail mole skink (Eumeces egregius lividus) and
sand skink (Neoseps reynoldsi), are found on the Winter Haven Ridge (Christman 1988, Service
1999), both of which have been identified on the Lake McLeod Unit.

Listed plant species found include Hypericum cumulicola, Lupinus aridorum, Polygonella basiramia,
and Chionanthus pygmaeus (Service 1999) and Liatris ohlingerae, Paronychia chartacea,
Polygonella myriophylla, and Prunus geniculata (Christman 1988). Christman (1988) could not find a
potential preserve for Lupinus aridorum (scrub lupine) and predicted that it would go extinct in 5 to 10
years. This species occurs on the refuge’s Lake McLeod Unit, one of only two protected areas where
a population of scrub lupine exists.
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Table 7. Area of typical scrub vegetation communities based on soil types

Longleaf pine - turkey oak

Source: U.S. Soil and Conservation Service (1980)

Pomona, Myakka, Immokalee

Table 8. Summary of land use on the WHR based on 2004 FLUCCS

hills (Sandhill) Primary 22,641 | Candler, Taveres, Apopka

. . Pomello, St. Lucie, Archbold,
Sand Pine Scrub Primary 1,469 Duette, Satellite
Upland Hardwood Sparr, Millhopper, Zolfo, Kendrick,
Hammocks Secondary 4,968 Lochoosa, Ft. Meade
South Florida flatwoods Secondary 7,978 Adamsville, Smyrna and Myakka,

Source: SWFWMD (2006)

Developed 23,227 45
Agriculture 15,443 30
Water 9,827 19
Natural 3,136 6
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FIRE HISTORY OF FLORIDA

Fire has played an important ecological role on the Lake Wales Ridge for thousands of years. The
use of fire will be essential in efforts to restore and maintain the vegetative communities found on the
Lake Wales Ridge NWR. In order to understand the role fire plays in Lake Wales Ridge ecosystems,
some knowledge of the long history of fire is needed.

Pre-human Fire

Fire has been a component of Florida ecosystems since before humans occupied the area. The central
Florida area has an extremely high incidence of lightning strikes and, therefore, a high incidence of
lightning-caused fires. Charcoal deposits in lake sediments show that fires have occurred in south
central Florida for 50,000 years (Watts and Hansen 1988). Those authors also report that 18,000 years
ago, the climate was similar to what we have today. This climate should have produced thunderstorms
during the late spring through the early fall. We can speculate that, without roads and other human-
made barriers, fires burned large areas, and most of them occurred during the summer months. This
would lead us to the conclusion that lightning fires have been instrumental in favoring the selection of
fire-adapted traits in the plants and animals in Florida. One can also assume that the pre-human fire
season would be from late spring through the end of summer.

Aboriginal Fire Use

There is evidence that Indians used fire extensively prior to the arrival of the first European explorers
(Robbins and Myers 1992). The journals of many of the early explorers indicate that the
southeastern Indians used fire to clear fields, drive game, and for communication. Many of the fires
set by the Indians were outside of the natural fire season.

European Settler Fire Use

The early European settlers used fire extensively to improve forage, drive game, and for other
reasons. Turpentine operations used fire in the winter, cattlemen used fire in the spring, and hunters
used fire in the fall. These activities, combined with the natural summer fires, resulted in fire
throughout the year.

Recent Fire Use

In the past 50 years, there has been conflict over the use of fire. Ranchers, timber companies, and
others have continued to use fire, much of the time outside of the natural fire season. During the
1950s and 1960s, there was a strong effort in the southeast to stop burning and to suppress all
unwanted wildland fires. This led to changes in the ecosystem and an increase in fuel loading.
Ecological changes and severe wildfires brought many to realize the necessity of fire and, therefore,
prescribed burning programs were developed.

FIRE HISTORY OF THE LAKE WALES RIDGE NWR

There have been nine documented unwanted wildland fires on the refuge (Table 9). The largest was
the Red Beach Fire that occurred in February and March 2001, which burned over 600 acres (242.8
ha) of the Flamingo Villas Unit. Initial attack was handled by the FDOF, but the fire was eventually
managed under a Unified Command consisting of the FDOF and Service personnel. The Service
and FDOF have a long history of shared responsibility for wildfire throughout Florida. Due to the
distance between Lake Wales Ridge NWR and Merritt Island NWR, where the fire crew is stationed,
some of unwanted wildland fires occurring on the refuge were suppressed by FDOF personnel.
Similarly, several additional fire actions have occurred throughout the Lake Wales Ridge region off
refuge lands where Service fire personnel has assisted FDOF with fire suppression.
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Table 9. Fire activity on Lake Wales Ridge NWR

Fire Name Fire Type Date Unit Acres/Hectares
Carter Creek 1 Wildfire Unknown | Carter Creek 0.2/0.08
Lake McLeod 1 Wildfire Unknown | Lake McLeod 0.1/0.04
Red Beach Wildfire 02/18/2001 | Flamingo Villas 640.0/259
Ziziphus Rx Burn 08/16/2001 | Carter Creek 63.0/25.5
Love Seat Widfire | 04/22/2004 | [hreatio Sarter Creek 250.0/101.2
Natal Wildfire 02/19/2005 | Lake McLeod 3.0/1.2
SFWMD1 Rx Burn 04/2005 Snell Creek 102.5/41.5
Silver Bullet Wildfire 04/08/2006 | Carter Creek 1.0/0.4
Flamingo Wildfire 05/29/2006 | Flamingo Villas 27.0/10.9
Tubbs Wildfire 05/30/2006 | Assist to FDOF 0.2/0.08
Grasshopper Wildfire | 06/08/2006 ;B"gaFt;sti;?mmgo Villas 1.0/0.4
Green Dragon Wildfire 06/09/2006 | Flamingo Villas 1.0/0.4
Cactus Wildfire 06/14/2006 | Assist to FDOF 472.0/191
Warehouse Wildfire 02/18/2007 | Flamingo Villas 1.0/0.04
Flamingo Wildfire 06/11/2007 | Flamingo Villas 5.0/2.0
CC1&2 Rx Burn 12/03/2007 | Carter Creek 145.0/58.7
FV 1 Rx Burn 12/05/2007 | Flamingo Villas 125.0/50.6
CC1,23,&4 Rx Burn 06/08/2009 | Carter Creek 600.0/242.8
Flamingo Units RxBurn | 06/08/2009 | Flamingo Villas 327.0/132.3
3,9,10,12,13
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Other than the fires mentioned above, information on wildfires on the lands now owned by the
Service or designated for future purchase is incomplete. There are anecdotal records of several fires
in the late 1990s, and surveys of the Carter Creek and Flamingo Villas Units indicated that portions of
these areas have had wildfires within that time span. Most of the lands in question have been
subjected to total fire suppression, and there are numerous plow lines on the refuge.

Prescribed burning on Lake Wales Ridge NWR has been limited. The remoteness of the area from
Merritt Island NWR has a large impact on the ability to plan, prepare, and execute burning activities.
In spite of these difficulties, a burning program has been initiated. It began in 2001 with the Ziziphus
fire at the Carter Creek Unit (Table 9). The objective of this prescribed burn was to prepare a site for
the re-establishment of Ziziphus celata on the refuge. Three other burns for fuels reduction and
habitat improvement have since been completed (Table 9).

LAKE WALES RIDGE NWR MANAGEMENT UNITS

As mentioned, the refuge includes four management units — Flamingo Villas, Carter Creek, Lake McLeod,
and Snell Creek — separated by 60 miles (96.5 km) of urban, rural, and natural areas along the Lake
Wales Ridge and Winter Haven Ridge within Polk and Highlands Counties (Figure 2). The following
review summarizes the land status, land cover, and priority management projects of each unit.

Flamingo Villas Unit

Flamingo Villas - Existing Conditions and Management

The Flamingo Villas Unit is the southernmost of the four refuge units (Figure 2). The name Flamingo
Villas is derived from a platted, approved, and to date unbuilt subdivision, which bears the name.
Schultz et al. (1999) provided a comprehensive survey of the Flamingo Villas Unit as part of an FNAI
analysis of rare plant species and natural communities of 26 CARL sites in the Lale Wales Ridge
ecosystem. Schultz et al. (1999) describes the Flamingo Villas as a diverse mosaic of sand pine scrub,
oak scrub, scrubby flatwoods, depression marshes, baygall, and lakes. The Flamingo Villas Unit has a
small grid of sand roads which are currently used for site access by refuge staff, researchers,
volunteers, and as access for private inholders in addition to functioning as fire lines and fire unit
breaks. The site is partially owned by the Service. As of January 2010, approximately 28 percent of
the land within the Flamingo Villas Unit acquisition boundary is unprotected including over 86 acres of
inholdings (34.8 ha) in the Flamingo Villas subdivision, where 316 unprotected lots (includes five
subdivision common areas) are scattered throughout the unit. Refuge land acquisition efforts began at
the Flamingo Villas Unit with the purchase of a quarter-acre lot in April 1994. Today, over $1.6 million
in funding has been used to purchase 1,039.1 acres (420.5 ha) within the Flamingo Villas Unit.

The unit contains both a powerline and railroad easement within the acquisition boundary. The
powerline easement traverses the middle of the unit running east/west with a north/south jog in the
unit's center. The railroad easement runs southeast/northwest and separates the northern and
southern portions of the unit. The railroad track bed was constructed by a dredge and fill process and
the resulting borrow canal exists adjacent (south) to the track bed. Dicerandra christmanii and other
endangered plants are found along sections of both easement corridors.

The Flamingo Villas unit contains a diversity of habitats including sandhill, yellow sand scrub, and
scrubby flatwoods; however, much of the scrub is currently in an overgrown condition due to long-
term fire suppression. Schultz et al. (1999) reports the site’s most outstanding natural features are
the large high-quality scrub and the high number of listed species, including Dicerandra christmanii.
This species is not known to exist on any other protected lands but the Flamingo Villas Unit. Land
cover types are detailed in Figures 5.1.1-5.1.3.
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Figure 5.1.1 Land cover - Flamingo Villas Unit (East)
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Figure 5.1.3. Land cover - Flamingo Villas Unit (Southwest)
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The northeast portion of the property contains a combination of habitats including a yellow sand scrub
ridge which transitions downslope to scrubby and mesic flatwoods to the east and through scrubby
flatwoods to mesic flatwoods and basin marsh/depression marshes to the west. The overstory is a mix of
longleaf, slash, and sand pine. About 59 acres (23.9 ha) of turkey oak/wiregrass sandhill occur in the
north central part of the unit, transitioning south into scrubby flatwoods, basin/depression marshes then to
bayhead. The south side of the property (south of the railroad tracks) is dominated by xeric scrub and
scrubby flatwoods. In total, 140 acres (56.6 ha) of scrubby flatwoods exists throughout the unit,
interspersed with close to 200 acres (81 ha) of basin marsh/depression marsh. A large portion of the
southern section also contains bayhead habitat and ephemeral wetlands where elevations are at times 30
feet (9.1 m) less than the top of the yellow sand ridge located only 500 feet (152.4 m) away in places.
The xeric habitat exhibits a longleaf pine overstory. Shrubs including Quercus geminata, Quercus
myrtifolia, Quercus chapmanii, Carya floridana, Lyonia ferruginea, Serenoa repens, and Sabal etonia
cover the entire area, except for the sand roads. Smaller shrubs and herbaceous plants, including rare,
threatened, and endangered species, occupy roadsides, fire lanes, and the few remaining gaps in the
overgrown shrub. Ground lichens are abundant in white sand gaps.

Over 387 acres (157 ha) of bayhead habitat occurs within the western portions of the unit from the
northeast end of Red Beach Lake and east of the yellow sand scrub ridge north to the sandhill setting.
The east area has a mature canopy of large southern magnolia (Magnolia virginiana) and slash pine.

Perhaps the most interesting habitat feature of Flamingo Villas Unit is the existence of 239 acres (96.7
ha) of yellow sand scrub that quickly rises 20 feet (6 m) above contiguous scrubby flatwoods and
cutthroat seeps. The yellow sand scrub ridge is part of a much larger ridge of yellow sand scrub
extending from the southwest to the northeast through the unit then northward to the southern portion of
the Carter Creek Unit acquisition boundary. Schultz et al. (1999) described this ridge as one with
numerous undulations and abrupt edges with sands varying from white to yellow, depending on location
within the scrub. Shultz et al. (1999) characterized the ridge as being covered by dense oak scrub with
a thin canopy of mature slash pine where dense shrubs cover the entire area, except for the few sand
roads and historic off-road vehicle trails. Dominant shrub species are Quercus germinata, Q. myrtifolia,
Q. inopina, Q. chapmanii, Carya floridana, Serenoa repens, Sabal etonia, and Lyonia ferruginea. Low
shrubs and herbs are mainly restricted to the small gaps and roadsides with Vaccinium mysinites,
Licania michauxii, and Polygonella myriophylla being most prominent (Schultz et al. 1999). Dicerandra
christmanii (Garrett’s mint) currently occupies gaps in the yellow sand scrub habitat on the refuge where
individual plants are monitored by ABS. Since 2003, however, Garrett's mint populations at the
Flamingo Villas Unit have been declining due in part to historic fire suppression on the refuge.

Droughty conditions over the last few years (2007/2008) have also increased mortality and reduced
seedling recruitment (Menges, E.S. pers. com. in email to Service 2008a).

Utilizing both Schultz et al. (1999) and Turner et al. (2006), coupled with species accounts by staff,
researchers, and volunteers, 15 federally listed species (10 plants, 5 wildlife species) and 1 candidate
species are known to occur on the Flamingo Villas Unit. Most of these species have been
documented over the eastern (subdivision) portion of the refuge. In addition to the federally listed
species, many state listed and rare species have been documented. Refer to Tables 14 and 15 for
rare, threatened, and endangered species of the Flamingo Villas Unit.

ABS has established permanent sample plots to monitor rare, threatened, and endangered plants, as
part of their Population Dynamics of Endemic Plants project. This project collects standardized
monitoring data from managed sites across the Lake Wales Ridge. The plots are visited annually
and counts of each species are recorded for each plot. In addition, ABS carries out detailed
demographic monitoring of Garrett’s mint at the Flamingo Villas Unit. Individual plants are marked
and tracked from seedling to mortality. Seedling recruitment, growth rate, fecundity, and mortality of
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individuals are recorded annually. Demographic data collected over a period of several years can be
used to construct a population viability analysis.

Trash and debris cleanups have also been conducted through the assistance of volunteers. Periodic
inventorying and monitoring of rare species have been conducted through a Service contract with
ABS, and through volunteer efforts. The Flamingo Villas Unit is part of Jay Watch, a Florida scrub-jay
monitoring project administered through TNC. Scrub-jay monitoring through the Jay Watch program
has been conducted annually since 2002. Feral hog (Sus scrofa) trapping and removal has been
conducted through the help of the refuge’s volunteers. Treatment of non-native plants has been
conducted through Service contract, volunteer efforts, and with the assistance of the Service’s
Southeast Region Invasive Species Strike Team. Most of the Flamingo Villas Unit has been fenced
and administrative signage is present along State Highway 98.

A detailed inventory of exotic vegetation was conducted in 2006 through a contract with North
Wind, Inc. According to this inventory, disturbance areas including the multiple roads, trails, and
a railway line that transect the unit, are sparsely, but uniformly infested with a variety of invasive
exotic species. These include Natal grass (Melinis repens), Caesar’'s weed (Urena lobata),
Brazilian pepper (Schinus terebinthifolius), cogongrass (Imperata cylindrica), Old World climbing
fern (Lygodium microphylluym), and rosary pea (Abrus precatorius). Much of the unit is covered
by bayhead, marshland, and dense intact scrubland dominated by scrub oak and gallberry, with
invasive exotics almost exclusively limited to areas immediately adjacent to roads and the
railway. Within the Flamingo Villas Unit, the highest densities of invasives appear to be along the
railway line and near the western entrance to the parcel (North Wind Inc., 2006). Table 10

identifies exotic species present on the Flamingo Villas Unit in 2006 (North Wind Inc., 2006).

Table 10. Exotic plant species present on the Flamingo Villas Unit in 2006

. Density*

Scientific Name Common Name 1 2 3 Total
Flamingo Villas
Casuarina equisetifolia Australian pine 0 0 3 3
Sansevieria hyacinthoides bowstring hemp 0 1 0 1
Schinus terebinthifolius Brazilian pepper 7 21 4 32
Urena lobata Caesar’s weed 4 48 13 65
Cinnamomum camphora camphor tree 2 1 0 3
Ricinus communis castor bean 1 1 0 2
Imperata cylindrica cogongrass 0 8 14 22
Albizia julibrissin mimosa 3 1 1 5
Melinis repens natal grass 4 80 12 96
Lygodium microphyllum Old World climb fern 2 12 2 16
Abrus precatorius rosary pea 3 27 7 37
Panicum repens torpedo grass 0 2 3 5
Solanum viarum tropical soda apple 0 3 0 3
Total 26 205 59 290

Source: North Wind Inc. 2006

*Density Key: 1=single occurrence, 2=scattered, 3=abundant
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In 2007 the refuge conducted one prescribed burn on Flamingo Villas Unit totaling 250 acres (101 ha).
Five Flamingo Villas Units totaling 327 acres (132 ha) were burned under prescription in June 2009
(Table 9). The Flamingo Villas Unit has the highest known occurrence of wildfire compared to the other
refuge units. Since records have been kept (2001), five wildfires (Table 9) have occurred on the unit,
the biggest of which was the Red Beach fire in 2001 that burned 640 acres of the unit’s interior. Due to
logistical constraints including distance to Merritt Island NWR fire program and lack of on-site staff,
wildfire reporting is sketchy. The refuge maintains a statewide memorandum of understanding (MOU)
with the FDOF for wildfire initial attack but these resources are stretched throughout the region which
further limits reporting. Two prescribed fire events have occurred on the unit since 2007, targeting the
sandhill habitat to the north (FV 1) and yellow sand scrub and mesic flatwoods/cutthroat phase (FV 3, 9,
10, 12, 13, see Figure 5.2 for location of the Flamingo Villas Unit Fire Management Units). Through the
application of prescribed fire, the refuge is targeting restoration of lands to pre-fire exclusion conditions
to benefit rare, threatened, and endangered species and the habitats they occupy. In addition, fire
lines are maintained by Service staff and through contract by FDOF.

Flamingo Villas - Land Status

The Flamingo Villas Unit acquisition boundary includes a varied and wide array of ownership and land
use/zoning designations. The Flamingo Villas Unit acquisition boundary is 1,436.2 acres (581.2 ha) of
which the Service and State of Florida have combined to acquire 1040.1 acres (420.9 ha) [Service -
1,039.1 acres (420.5 ha), State of Florida 1.0 acre (0.4 ha)], together comprising approximately 72
percent of the total lands within the unit’s acquisition boundary (Figure 5.3.1). Of the remaining lands
within the unit’s acquisition boundary, easements, rights-of-way, and common areas account for 11
percent of the existing or planned land use, while 245.8 acres (99.5 ha) or 17 percent of the Flamingo
Villas Unit remain as parcels under private ownership, the majority of which (316 parcels) are located in
the Flamingo Villas subdivision (Figure 5.3.2). For fire management purposes and to meet operational,
logistical, and safety requirements, the functional fire management boundary of the unit is slightly larger
at 1,253.4 acres (507.2 ha) due to the inclusion of private inholdings. Detailed analysis of the originally
approximated 1,600-acre acquisition boundary (Service 1993) was performed for the development of
this Plan utilizing ArcGIS 9.3.1 software, current digital aerial imagery, Highlands County parcel data,
rectified images of the original LPP map, and the Service’s Division of Realty refuge boundary files to
determine boundary, ownership, and land cover acreages.

West Flamingo Villas Subunit

The 1020.6 acre (413 ha) western portion of the Flamingo Villas Unit (Figure 5.3.1) has future land
use designations of Conservation and Agriculture, the latter designated on inholdings within the
acquisition boundary (Highlands County 2008). The western portion of the Flamingo Villas Unit has
inholdings totaling 158 acres (63.9 ha), two of which are nested within the east-central part of the
subunit and are land-locked from improved roads with access attained only through refuge-owned
property. Two inholdings are located adjacent to Red Beach Lake where a home is currently under
construction on the southernmost parcel. An additional area comprised of three inholdings is located
to the northwest of the refuge’s management boundary (Figure 5.3.1). Two of the inholdings have
recently been approved for development of residential homes, while the third (an inholding adjacent
to the refuge’s management boundary) is lightly developed and zoned by Highlands County for
agricultural use. Agricultural use designations may entitle residential zoning for single family use in
cases where lots were vested, a process provided for through Highlands County in the early 1990s.
A right-of-way exists adjacent to the refuge’s west management boundary running west to east and is
associated with the now vacated Ben Bruno subdivision (Hanna, D. Highlands County Planning
Department pers. com. 2009, Highlands County Plat Book 3, p. 22) that once comprised 36 lots in
three strips of 13 lots.
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Figure 5.3.1. Land status - Flamingo Villas Unit (Overview)
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Flamingo Villas Subdivision (east subunit)

The 415.6-acre (168.2-ha) Flamingo Villas Subdivision is a checkerboard mix of ownership where the
Service has acquired 203.6 acres (82.4 ha) and the State of Florida has acquired 1.0 acre (0.4 ha)
(Figure 5.3.2). The remaining area is a combination of single family home lots totaling 86.8 acres
(35.1 ha) and 124.2 acres (50.3 ha) of platted easements, common areas, and rights-of-way. The
subunit is currently zoned for agriculture based on Highlands County’s 2003 Future Land Use Map
(FLUM) and is also zoned for residential housing (R1 zoning). FLUM agriculture use designation
permits residential development as-of-right, depending on a vesting determination, as is the case with
the Flamingo Villas Subdivision. However, development requests for Flamingo Villas currently
require special approval of the Highlands County Board of County Commissioners. In the case of
Flamingo Villas, inholdings maintain vested rights for residential development in addition to approved
agricultural uses. The State of Florida owns four parcels scattered throughout the unit (Figure 5.3.2)
for which no official management agreement exists. The remaining lots are platted and unimproved,
and typically exist as quarter-acre lots. A series of platted roads and common areas are identified
throughout the subunit (Figure 5.3.2). To date, no development has occurred in the subdivision.
Common areas and roads are not available for purchase, however, if the plat is ever vacated, these
areas may then be transferred to the Service under approval and agreement by the Highlands County
Board of County Commissioners.

In 1999, the Florida Ziziphus Ad Hoc Recovery Team proposed an experimental reintroduction of
Florida ziziphus at the then newly acquired Carter Creek Unit (acquired in 1998). In keeping with the
Service’s recovery plan for Florida ziziphus (Service 1999), the reintroduction necessitated the
application of prescribed fire to the long-unburned Carter Creek sandhill community. ABS provided
an experimental design for the prescribed fire that included a plan for the experimental reintroduction
of Florida ziziphus plants and seeds. In July 1999, the Florida ziziphus recovery team carried out a
peer review of an experimental reintroduction at the Carter Creek Unit, which received the
endorsement of the team. The proposal called for transplanting potted plants and planting seeds to
create a new viable population and to learn more about the micro habitat preference and
management needs.

In June 2002, after a prescribed fire in August 2001 to prepare the site, 144 two- to three-year-old
potted plants and 1,728 seeds were introduced to 36, 16.4 feet (5 m) radius plots at the Carter Creek
Unit representing three experimental treatments: burn-only, chainsaw felling subcanopy followed by
burning, and an untreated control (Weekley and Menges in Soorae, P.S. 2008a). Introduced
transplants were monitored at least quarterly for the first year and at least annually thereafter; seed
arrays, each containing 24 seeds, were monitored at least monthly for 4 to 6 months for seedling
emergence (Weekley and Menges in Soorae, P.S. 2008a). Research results indicate that transplants
outperformed seeds as effective propagules. Weekley and Menges in Soorae, P.S. (2008a) reports
that cumulative transplant survival 4.5 years post-reintroduction stood at 76.4 percent, while the
1,728 introduced seeds resulted in only three surviving seedlings, an establishment rate of 0.17
percent, however, growth rates of transplants was negligible at only a 1.6 percent increase after 4.5
years (Weekley and Menges in Soorae, P.S. 2008a).
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Figure 5.3.2. Land status - Flamingo Villas Unit (Subdivision)
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Carter Creek Unit

Carter Creek - Existing Conditions and Management
The Carter Creek Unit is located in Highlands County, near Sebring (Figure 2), roughly 3.5
miles (5.6 km) north of the Flamingo Villas Unit.

The Carter Creek Unit exhibits over 378 acres (153 ha) of turkey oak/wiregrass sandhill habitat, by far
the largest contiguous area of xeric sandhill of the refuge’s four management units (Figure 6.1).
Schultz et al. (1999) described the unit as divided between open sand pine scrub to the northeast and
dense yellow sand oak scrub to the southwest, with the sand pine scrub including areas of both
rosemary and oak scrub. Schultz et al. (1999) characterized sand pine cover as varying in density
from dense patches of young trees to widely spaced mature trees. In some areas, abundant
Ceratiola ericoides and Quercus inopina occur with abundant white sands gaps, in others, dense
patches of Q. inopina, Q. germinata, Serenoa repens, and Sabal etonia dominate (Schultz et al.
1999). Recent observations by Service staff indicate that the Carter Creek Unit is dominated by
sandhill on the north half of the property with dominate cover of longleaf pine, live oak, turkey oak,
and scrub oak. The property gradually drops in elevation to the south, exhibiting a 20-foot (0.5 m) to
25-foot (0.6 m) drop in elevation from north to south. Bayhead and ephemeral marsh habitats occur
throughout the south end of the Carter Creek Unit. Sand pines are very sparsely scattered across
the northern half of the property while slash pine cover and density increases from north to south.

According to Schultz et al. (1999), rare, threatened, and endangered species occurring on the Carter
Creek Unit include Asclepias curtissii, Chionanthus pygmaeus, Hypericum cumulicola, Liatris
ohlingerae, Paronychia chartacea ssp. chartacea, Persea humilis, Polygonella basiramia, P.
myrophylla, Prunus geniculata, Stylisma abdita, Gopherus polyphemus, Neoseps reynoldsi, and
Sceloporus woodi, Eriogonum longifolium var. gnaphalifolium, and Prunus geniculata. Since the time
of Schultz’ inventory, Ziziphus celata has been introduced to the unit. Turner et al. (2006)
synthesized and collated existing data on 36 of the LWR ecosystem’s rare and endemic species. Of
the 36 study species, Turner et al. (2006) identified 12 species found on the Carter Creek Unit,
including Z. celata, C. highlandensis, P. lewtonii, W. carteri, S. abdita, P. geniculata, N. brittoniana, E.
longifolium, C. fragrans, C. pygmaeus, A. coerulescens, and S. woodi. Ultilizing both Schultz et al.
(1999) and Turner et al. (2006), coupled with species accounts by staff, researchers, and volunteers,
15 federally listed species (13 plants, 2 wildlife species) are known to occur on the Carter Creek Unit
in addition to one candidate species. In addition to the federally listed species, many state listed and
rare species have been documented (Tables 14 and 15).

The Carter Creek Unit is fenced and signage identifying the refuge is located along the Arbuckle
Creek Road boundary.

In the 2008 census, conducted by ABS a few weeks following the December 2007 experimental burn,
none of the 16 top-killed Florida ziziphus in the burn area had resprouted and only 1 of the 15
scorched plants had green leaves. These plants were provisionally recorded as dead. In the 2009
census, 100 percent of scorched plants and 93.8 percent of top-killed plants had refoliated or
resprouted. For plants in the control blocks and unburned plants in the burn blocks, percent annual
survival was 90.7 percent and 95.8 percent, respectively. Thus, both scorched and top-killed plants
have survival rates equal to or greater than unburned plants (Weekley and Menges 2009).
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Figure 6.1. Land cover - Carter Creek Unit
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A detailed inventory of nonnative, exotic vegetation was conducted in 2006 through a contract with
North Wind, Inc. (Table 11). According to this report, occasional trails and feral hog pathways
transecting the dense, intact oak scrublands were found to be free from infestations. However, the
northern portions of the perimeter firebreak roads are uniformly covered with moderately dense natal
grass. Some cogon grass is present along the northern road boundary, and rosary pea is present
along the northwestern fence. Threatened and endangered species in close proximity to invasive
exotics are predominantly scrub plum and Lewton’s polygala, although the interior scrubland contains
many more threatened and endangered species occurrences, including transplanted Florida ziziphus.
The survey concluded that the unit does not appear to be a high priority for treatment, as natal grass
is unlikely to spread beyond the disturbed firebreak roads.

Table 11. Exotic plant species present on the Carter Creek Unit in 2006

Density*
Scientific Name Common Name Total
1 2 3

Carter Creek
Imperata cylindrica Cogon grass 0 3 3 6
Melinis repens Natal grass 0 54 10 64
Abrus precatorius Rosary pea 0 3 0 3
Total 0 60 13 73

Source: North Wind Inc. 2006
*Density Key: 1=single occurrence, 2=scattered, 3=abundant

Three prescribed burns have been conducted by the Service on the Carter Creek Unit since the unit
was acquired in March 1998. As mentioned, a prescribed burn was conducted in the northwest unit
in August 2001, in preparation for the Florida ziziphus reintroduction project totaling 63 acres (25.5
ha). Species response was considered good with orders of magnitude increases in polygala lewtonii
experienced. This unit along with a second unit to the east was burned in December 2007, totaling
145 acres (58.7 ha). This prescribed fire was patchy compared to the 2001 prescribed burn with
fewer than half of the data loggers put in place to monitor fire condition including temperature
experiencing fire. In June 2009, the entire Carter Creek Unit was targeted with prescribed fire and
600 acres (242.8 ha) were burned. Results from the June 2009 prescribed burn are not yet available,
however, response of introduced Florida ziziphus are of particular interest to recovery efforts. Very
few wildfires (n=2) have been documented at the Carter Creek Unit and those that have were small in
area. None have been documented since 2006. Additional fire management includes fire line
maintenance and construction. Between 2004 and 2006, FDOF was contracted to conduct fire line
maintenance and installation. Firelines were improved using a bulldozer and roller chopper and a
Gyrotrac at the Carter Creek Unit before funds were exhausted. In 2007, a new firebreak was
installed through Service contract, providing an east to west break to secure quarter section burn
units. Refer to Table 9 for documented fire history on the Carter Creek Unit and to Figure 6.2 for
mapped representation of fire units.
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Figure 6.2. Fire management units - Carter Creek Unit
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Carter Creek - Land Status

The Carter Creek Unit acquisition boundary encompasses 5,506 acres (2,228.2 ha) (Figure 6.3). The
Service owns and manages 627.5 acres (253.9 ha) south of Arbuckle Creek Road, while the State of
Florida, TNC, and Highlands County own/manage 2,376.4 acres (961.7 ha). These lands are
managed by FWC as part of the LWRWEA. Together, Service and partner lands protect 3,003.9
acres (1,215.7 ha) or 54 percent of the Carter Creek acquisition boundary. Unprotected or already
developed inholdings total 2,164 acres (875.7 ha), with the remaining 338.1 acres (136.8 ha) as
easements, rights-of-way, and common lands. Area values for the refuge boundary were determined
using the most up-to-date ESRI GIS software (ArcGIS 9.3.1), utilizing 2008 aerials images, property
maps from Highlands County, Florida, and the Service’s Division of Realty Lake Wales Ridge NWR
boundary files. According to the 1993 LPP, the Carter Creek acquisition boundary was reported as
one of three top priority acquisitions for the proposed refuge.

The lands within the Carter Creek acquisition boundary contain 22 rare, threatened, and endangered
species and are considered one of the most biologically rich sites on the LWR (Service 2005). In
1993, when the Congress authorized funding for the refuge, portions of Carter Creek (the area north
of Arbuckle Creek Road) were being acquired by FWC, and due to the state’s interest and acquisition
efforts, the Service did not initially target acquisition of these portions. However, in 1998, TNC crafted
an acquisition agreement with the principal landowner to acquire his property at Carter Creek. The
Service, working with FWC and TNC, provided funding support and TNC was able to acquire the
property with FWC purchasing 872 acres (352.9 ha) north of Arbuckle Creek Road and the Service
utilizing $1.33 million dollars to purchase 627.5 acres (253.9 ha) south of the road. TNC acquired a
small tract separating the north and south units.

The largest out-parcel remains a 1,124-acre (454.9-ha) tract located just south and continuous to the
Carter Creek Unit. The eastern half of the unit is high-quality scrub and is reported to be rich in species.
If acquired, this addition would provide better connection to the Flamingo Villas Unit to the south.

Lake McLeod Unit

Lake McLeod - Existing Conditions and Management

The Lake McLeod Unit is the westernmost refuge unit and is located in Polk County, between Winter
Haven and Bartow (Figure 2). Field surveys of the Lake McLeod Unit were conducted by Schultz et
al. (1999) in August 1998, reporting that the most outstanding natural feature was the robust
population of scrub lupine (Lupinus aridorum).

Schuliz et al. (1999) characterizes the Lake McLeod Unit as an open, white sand scrub with a small
area of xeric hammock, and a dense scrub west of the Gerber Dairy Road. About 30 acres (12.1 ha)
of extremely open scrub occur east of Gerber Dairy Road. Widely spaced oak clumps and sand pine
form small islands in the sea of white sand, which has been kept open by a history of illegal off-road
vehicle use. The shrub stratum is dominated by Quercus geminata, Q. inopina, Q. chapmanii,
Serenoa repens, and Polygonella myriophylla, while the ground cover consists mainly of lichens with
abundant Cladonia leporina and occasional Cladina evansii, C. subtenuis, and Cladonia prostrata
(Schultz et al. 1999). Recently, Cladonia perforata has been discovered (Stout pers. comm. to
Service 2009). About 2 acres of the north edge of the west side has a closed canopy of Quercus
geminata up to 30-foot tall, growing over abundant Serenoa repens. An area of transitional sand pine
scrub occurs from the Lake McLeod shoreline to the east about 750 feet. This area includes an
historic citrus grove site. Sand pine disturbed by the historic use of off-road vehicles is the primary
habitat cover of the eastern portion of the unit apart from the disturbed inholdings. While this habitat
is not in prime condition due to many years of disturbance, it sustains the highest known
concentration of scrub lupine currently found on public lands (Figure 7.1).

56 Lake Wales Ridge National Wildlife Refuge



Figure 6.3. Land status - Carter Creek Unit

A R U.S. Fish & Wildlife Service

YR | Lake Wales Ridge National Wildlife Refuge Lond Status: Corier Creek Unit

[_] REFUGE ACQUISITION BOUNDARY

T ZgSMEiEEE LAND STATUS
2 MR [+ E 7| SERVICE OWNED
[ 4
dzgﬁ = LJWE; | | sTATE OWNED
bbT‘ lMF: I CouNTY OWNED
mEw 0o
S || THE NATURE CONSERVANCY
= —:5; B 7777 INHOLDINGS
il ink 22g = EASEMENTS, RIGHTS-OF-WAY,
. =t = Zéﬁ$g & COMMON AREAS
-
if ) ma—:&é_
= ' g B
R
'Z_‘Z_‘E‘_‘_l =iy = \_,_y/':
—Fllmz o A ?i| = ':iEE
Bonnet TG = ?E‘ -
Lake = -
= P EE T ~
2%%—# QE Efi:%g
FF e Bl e
g = E=
Powerline Road AN E% 5%5’: Ej
i '_:E'_ %r_v_c A [T
S = ] Mol L 7
/—\ Arbuckle Creek Road

i

RN

|

I

ENSRRNNY

18
hliles
2 25

Kilometers —\

Comprehensive Conservation Plan

57



Lake McLeod Uni

Figure 7.1. Land cover —

™ cizawoiy
S0

salw

T |

i Wi

: .. ; . i poao
$%0078 3ul4 _H_ = P : 4 29 T 27
AYYANNOE NOLLISINDOY 3on43y [ _. ko : _

MU POITIIN DT SHUT RPUDSDUDIY 2L wm_._h_.wm wh_.__—o__?? |eudaljenN wm—o_m mw_m>> o9yeT L)
SJNAIDS UIPIM B YS! 'S'N

Lake Wales Ridge National Wildlife Refuge

58



Schuliz et al. (1999) reported that swaths of exposed white sand have allowed vigorous populations
of rare, threatened, and endangered species to become established at the Lake McLeod Unit. Over
400 plants of all sizes of Lupinus aridorum occur on site; Bonamia grandiflora is widespread; and
Polygonella myriophylla is an abundant ground cover. A pair of Eumeces egregius lividus was
observed on February 12, 1998. Occurrences of Bonamia grandiflora, Lupinus aridorum, and
Polygonella myriophylla, Asclepias curtissii, Lechea cernua, Nolina brittoniana, Paronychia
chartacea, Persea humilis, Polygonella basiramia, Prunus geniculata, Stylisma abdita, Eumeces
egregqius lividus, and Sceloporus woodi were recorded (Schultz et al. 1999). Schultz et al. (1999)
found no occurrence of Lupinus aridorum west of Gerber Dairy Road. Utilizing occurrence
information conducted by Schultz et al. (1999), coupled with species accounts by staff, researchers,
and volunteers, 10 federally listed species (8 plants, 2 wildlife species) are known to occur on the
Lake McLeod Unit. In addition to the federally listed species, many state listed and rare species have
been documented (Tables 14 and 15). Fringe trees (Chionanthus pygmaeus) no longer occur on the
east side of the refuge at Lake McLeod but six individuals do occur on the west side of Gerber-Dairy
Road (Stout pers comm. 2010).

Prior to Service fiscal commitments to the unit and up to 1997, the site was severely impacted and
heavily used by off-road vehicles. In addition, the site was covered with mounds of trash and debris.
To this day, it is the only publically owned site that offers protection for the endangered scrub lupine
(Lupinus aridorum). Management actions on the Lake McLeod Unit include erecting signage and
fencing in 2005. The refuge has conducted non-native plant control periodically on the unit. Periodic
prescribed burns to reduce vegetation and debris associated with exotic and vegetation control
activities also occur. Debris and trash removal provided though the help of dedicated volunteers is
the most consistent management action on the unit, while these volunteers also help with
inventorying and monitoring of rare species. Two homes were demolished after acquisition of the
larger tract of the eastern subunit. A secure, tin-roofed outbuilding is in place and being used by the
refuge for equipment storage. Since March 1997, Scrub lupine research has been conducted by the
University of Central Florida through a Service contract to document survival, size germination, and
flowering of scrub lupines (Stout, pers comm. 2010).

A detailed inventory of exotic vegetation was conducted in 2006 through a contract with North Wind,
Inc. According to that report, the Lake McLeod Unit contains substantial areas infested by rosary
pea, lantana, Caesar’s weed, and Brazilian pepper, intermingled with rare, threatened, and
endangered species, predominantly scrub bay and scrub holly. The eastern part is sparsely
vegetated, where much of it consists of open white sand supporting multiple individuals of a variety of
rare, threatened, and endangered species, principally scrub lupine, nodding pinweed, wireweed, and
sandlace. The eastern area is uniformly infested by scattered clumps of natal grass, with Caesar’s
weed and a few Brazilian peppers confined to the perimeter of the parcel. Table 12 identifies exotic
species present on the Lake McLeod Unit.
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Table 12. Exotic plant species present on the Lake McLeod Unit 2006

Scientific Name Common Name

Lake McLeod

Density*

2

Total

Source: North Wind Inc. 2006
*Density Key: 1=single occurrence, 2=scattered, 3=abundant

Sansevieria hyacinthoides | bowstring hemp 0 1 0 1
Schinus terebinthifolius Brazilian pepper 3 16 1 20
Urena lobata Caesar’s weed 3 16 5 24
Imperata cylindrica cogon grass 1 2 0 3
Lantana camara lantana 7 18 1 26
Catharanthus roseus Madagascar periwinkle 1 3 0 4
Melinis repens natal grass 6 94 7 107
Tradescantia spathacea oyster plant 1 0 0 1
Abrus precatorius rosary pea 6 21 10 37
Total 28 171 24 223

At least two wildfires have occurred on the Lake McLeod Unit since the Service has been acquiring
lands within the unit’s acquisition boundary. Both fires occurred on the west side of Gerber Dairy
Road (on the lake side of the property) and totaled little over 3 acres (1.2 ha). No landscape level
prescribed burn has been conducted at the Lake McLeod Unit by the Service. There have been
approximately 30 brush piles burned along the boundaries of the Lake McLeod Unit. These burns
were primarily conducted to reduce fuels and to increase openings for native vegetation. Refer to
Figure 7.2 for location of fire management units on the Lake McLeod Unit.
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Figure 7.2. Fire management units — Lake McLeod Unit
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Lake McLeod - Land Status

The Lake McLeod Unit acquisition boundary totals 46.8-acres (18.9 ha) (Figure 7.3) of mostly sand pine
scrub of varying quality due in large part to historic impacts of off-road vehicles and fire suppression.
The unit is surrounded by agriculture and residential development to the north, south, and east, and
boarders Lake McLeod to the west. The 1993 LPP approximated the acquisition boundary at 50 acres
(20.2 ha), while the Service’s Realty Office boundary files calculate the boundary at 62 acres (25.1 ha).
As part of the preparation for this CCP, Service staff sought to update the Lake McLeod Unit acquisition
boundary due in part to these discrepancies. Staff utilized the latest ArcGIS (9.3.1) technology and the
most current digital parcel and image data available (2009 Polk County parcel data and 2007 Polk
County aerial imagery), comparing these references to the Service’s Realty Office spatial data and
digitally rectified images of the original LPP maps. Based on this methodology, results suggest an
acquisition boundary of 46.8 acres (18.9 ha) represented in Figure 7.3. The Service owns and
manages 38 acres (15.4 ha) within the boundary while the remaining 8.8 acres (3.5 ha) includes

10 unprotected developed inholdings (8 single family dwellings and 2 scarified lots), 2 undeveloped
inholdings, and 1 easement surrounded by Service-owned property.

Of specific notation is an area encompassing a 5-acre (2-ha) inholding not characterized on the current
Service boundary file but provided for in the original LPP. A range of historic aerial photos provided for by
refuge volunteers was used to compare historic conditions to present. According to historic aerial photos
(University of Florida Map and Digital Imagery Library Center) from 1941, 1958, 1971, 1984, and 1995 of
the Lake McLeod Unit area, significant habitat loss to agricultural conversion on the lands surrounding the
current Lake McLeod Unit are evident. By 1984, most of the natural area to the north of the current
management boundary was converted to agricultural use, but for one distinct 5-acre (2-ha) area, which
can be identified in the 1984 and 1995 aerials — the time period during which the refuge was planned and
established. We believe this area was intended within the original acquisition boundary as its estimated
extent is represented in the original 1993 LPP paper maps.

Snell Creek Unit

Snell Creek - Existing Conditions and Management

The Snell Creek Unit is the northernmost refuge management unit and is located in Polk County, near
Haines City (Figure 2). Very little is currently known about the unit’s trust resources as baseline
species occurrence and habitat condition are lacking. The Snell Creek Unit was identified by Turner
et al. (2006); however, no species were documented. Schultz et al. (1999) did not include the Snell
Creek Unit in the inventory. Five federally listed (4 plants, 1 wildlife species) and one candidate
species have been documented on the Snell Creek Unit through staff observation, however, status
and trends of these species are unknown (Tables 14 and 15).

The Snell Creek Unit is dominated by flatwoods habitat of varying elevations and soil moistures. The
scrubby flatwoods habitat, which is found on small ridges, makes up the majority of the property. For the
most part, this habitat is open, well-maintained by fire, and has a rich diversity of herbaceous plants. At
the southern end of the property, there is an open ephemeral pond, which is surrounded by well-managed
scrubby flatwoods containing several gopher tortoise burrows. Scrubby flatwood habitat occurs on the
units xeric soils and is interspersed by wet soils where both ephemeral wetlands and mesic flatwoods
occur. There are healthy stands of trees on this property, dominated by Pinus elliottii in the wet areas,
Pinus palustris on the ridges, and some scattered Pinus clausa. On the north and eastern edges of the
property, the elevation drops further and bayhead habitat is found. These areas are not large in size but
are densely vegetated and dominated by sweetbay (Laurus nobilis) and southern magnolia (Magnolia
grandiflora). Refer to Figure 8.1 for land cover occurring on the Snell Creek Unit.

62 Lake Wales Ridge National Wildlife Refuge



slajawio
¥0

Salln
SZ0

za

SzLn

]

pecy sucLnD

SY3IYHY NOWWOD 7
‘AYM-40-SLHOIM "SINIWISYI

SONIQTOHNI [/

aanmo 301Adas [
SNLVYLS ANV
AdYANNOE NOLLISINDIY Ionazu [

12

.

Gerber Dairy Road

PO
Uy

63

Figure 7.3. Land status — Lake McLeod Unit

B} poa TIRF 23T SHIDIS puny

abnyay aJlIpIIm [euolEN aBpry sajem e [
IDIAIRS IIPIIM '8 YSId SN

Comprehensive Conservation Plan



According to North Wind Inc., (2006) invasive exotics plant species mapping efforts, scattered natal
grass (Melinis repens) occurs on the Snell Creek Unit and these occurrences were not found in close
proximity to threatened or endangered species.

The SFWMD has conducted prescribed burns on portions of the Snell Creek Unit, including a 102.4-
acre (41.3 ha) burn in April 2005. This informal arrangement between the refuge and the SFWMD is
in place due to logistic and safety concerns. SFWMD conducts many controlled burns in the area
and there are currently no firebreak boundaries on the Snell Creek Unit. In the case of Snell Creek
where SFWMD burns are allowed to partially burn onto adjacent refuge lands, prescribed fire
management is safely facilitated. This fire management direction reduces burn complexity by limiting
the need for ground support to unnecessarily hold fire at common boundaries. This approach has the
added benefit of limiting development of unnecessary perimeter fire lines and reduces costs. Refer to
Figure 8.2 for fire management units of the Snell Creek Unit.

Snell Creek - Land Status

The current Snell Creek management boundary is 139.3 (56.4 ha) acres, comprising 29 percent of
the original 483.4-acre (195.6-ha) unit acquisition boundary (Figure 8.3.). The State of Florida owns
and manages 208.6 acres (84.4 ha) within the approved unit acquisition boundary, while 135.5 acres
(54.8 ha) of unprotected inholdings and road rights-of-way make up the remaining lands. Detailed
analysis of the originally approximated 320-acre (129.5-ha) acquisition boundary (Service 1993) were
performed for the development of this Plan, utilizing ArcGIS 9.3.1 software, current digital 2007 Polk
County aerial imagery, 2009 Polk County parcel data, and rectified images of the original LPP maps.
According to this analysis, the refuge’s acquisition boundary calculates to 483.4 acres (195.6 ha) for
which the refuge owns and manages 139.3 acres (56.4 ha).

The Service purchased interest in the unit’'s acquisition boundary in September 1996. The owner,
Hall Communications, retained its transmission tower and roadway right-of-way currently located to
the south of the refuge unit (Figure 8.3). The SWFWMD currently owns the remaining 208.6 acres
(84.4 ha) of the original acquisition boundary and through agreement, the tract is managed by the
SFWMD as part of the Lake Marion and Reedy Creek management areas. The SFWMD developed a
management plan for these lands (Lake Marion Creek and Reedy Creek Management Areas Five-
Year General Management Plan 2005-2010) and as mentioned, has implemented frequent
prescribed burns to reduce fuels and restore and maintain habitats. No formal agreements exist that
provide for SFWMD management of the Snell Creek Unit and the refuge is fortunate to receive law
enforcement assistance by FWC. There are no inholdings within the current management boundary
at the Snell Creek Unit.

Habitat

Habitat descriptions for Lake Wales Ridge NWR were adapted from FNAI's Guide to the Natural
Communities of Florida (FNAI 1990) and the Florida Land Use/Land Cover Classification System
(FLUCCS) (FDOT 1999) and include basin wetland, bayhead, depression marsh, grove, hardwood
hammock, human modified, mesic flatwoods, roads, ruderal, ruderal sandpine scrub, sandhill, scrub,
scrubby flatwoods, and xeric hammock (Table 13). In addition, landcover data for Carter Creek and
Flamingo Villas Units were defined and mapped (Figures 5.1.1-5.1.3, 6.1) by ABS under a contract
awarded by the Service (Main 1999), while land cover data for the Lake McLeod and Snell Creek
Units (Figures 7.1 an 8.1) were derived from 1999 State of Florida’s Florida Land Use Land Cover
Classification System (FLUCCS) (FDOT 1999).
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Figure 8.1. Land cover — Snell Creek Unit
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Figure 8.2. Fire management units — Snell Creek Unit
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Figure 8.3. Land status — Snell Creek Unit
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Table 13. Major habitat types of the Lake Wales Ridge NWR

Habitat Type Flamingo | Carter Lake Snell ;or::;l
Villas Creek | McLeod | Creek

Ac/Ha
. . 234.2a
Basin Marsh/Depression Marsh X X 94.8h
335.4a
Bayhead X X 135.7h
Flatwoods - Mesic Flatwoods X X 108.9a
Cutthroat Phase 44 .1h
Flatwoods - Mesic Flatwoods X X 159.2a
Gallberry-Palmetto Phase 64.4h
Flatwoods - Mesic Flatwoods X X 65.6a
Wiregrass Phase 26.6h
Flatwoods - Scrubby Flatwoods X X X 12?';;‘
cgs 58.2a
Human Modified X X X X 2351
0.5a
Lake X 0.2h
. 31.5a
Mesic Hammock X 12.7h
. 83.3a
Scrub - Sand Pine Scrub X X 33.7h
. s 7.7a
Scrub - Sand Pine Scrub Transitional X 3 1h
171.0a
Scrub - Yellow Sand Scrub X X 69.2h
. . 437 .3a
Turkey Oak/Wiregrass Sandhill X X 177.0h
. 48.0a
Xeric Hammock X 19.4h

Basin Marsh/Depression Marsh

Florida Natural Areas Inventory (FNAI 1990) identifies basin marsh as freshwater marsh areas that
are shallow, closed basin with outlet usually only in time of high water; peat or sand substrate, usually
inundated; and wetland woody and/or herbaceous vegetation. Depression marshes are similar in
vegetation and physical features to, but are generally smaller than, basin marshes. These habitat
types are mapped together due to the similar nature of habitat conditions and the role played in the
refuge landscape, however, they are described separately below.
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Basin Marsh. Basin marsh is characterized as an herbaceous or shrubby wetland situated in a
relatively large and irregularly shaped basin that usually develops in large solution depressions that
were formerly shallow lakes. The lake bottom has slowly filled with sediments from the surrounding
uplands and with peat derived from plants. Thus, the soils are usually acidic peats. The hydroperiod
is generally around 200 days per year. Fire maintains the open herbaceous community by restricting
shrub invasion. The normal interval between fires is 1 to 10 years, with strictly herbaceous marshes
burning about every 1 to 3 years, and those with substantial willow and buttonbush having gone 3 to
10 years without fire. Fires during drought periods will often burn the mucky peat and will convert the
marsh into a marsh lake (FNAI 1990).

Basin marshes are associated with and often grade into wet prairie or lake communities. They may
eventually succeed to bog, if succession is not reversed by a muck fire. Many of the plants and animals
occurring in basin marshes also occur in floodplain marsh, slough, swale, and depression marsh. Large
examples of the depression marsh, in fact, may be very difficult to distinguish from small examples of
basin marsh. Normal hydroperiods must be maintained, or basin marsh vegetation will change.
Shortened hydroperiods will permit the invasion of mesophytic species, while longer hydroperiods will
convert marsh into lake. Fire is also necessary to control hardwood encroachment. However, fires during
droughts should be avoided to reduce the possibility of a muck fire (FNAI 1990).

Depression Marsh. FNAI (1990) characterizes depression marsh as a shallow, usually rounded
depression in sand substrate with herbaceous vegetation often in concentric bands. The ground
cover in the depression marshes is primarily cutthroat and other grasses. There are clumps of
palmetto, and in many cases, other woody brush species have begun to grow. Some of the ponds
have slash pine in them.

Larger and more permanent depression marshes may have many of the same plants and animals
listed as typical of basin marshes. However, because of their isolation and small size, many
depression marshes support a very different assemblage of species than that found in larger, more
permanent wetlands. Depression marshes are considered extremely important in providing breeding
or foraging habitat for such species as the flatwoods salamander (Ambystoma cingulatum), mole
salamander (Ambystoma talpoideum), tiger salamander (Ambystoma tigrinum), dwarf salamander
(Euycea quadridigitata), striped newt (Notophthalmus perstriatus), oak toad (Bufo quercicus),
southern cricket frog (Acris gryllus), pinewoods tree frog (Hyla femoralis), barking treefrog (Hyla
gratiosa), squirrel treefrog (Hyla squirella), little grass frog (Pseudacris ocularis), southern chorus frog
(Pseudacris nigrita), ornate chorus frog (Pseudacris ornata), narrowmouth toad (Gastrophryne
carolinensis), eastern spadefoot toad (Scaphilopus holbrooki), gopher frog (Rana capito), white ibis
(Eudocimus albus) wood stork (Mycteria americana), and sandhill crane (Grus canadensis).
Depression marshes occurring as isolated wetlands within larger upland ecosystems are of critical
importance to many additional wetland and upland animals (FNAI 1990).

Depression marshes are typical of karst regions where sand has slumped around or over a sinkhole
and thereby created a conical depression subsequently filled by direct rainfall, runoff, or seepage
from surrounding uplands. The substrate is usually acid sand with deepening peat toward the center.
Some depressions may have developed or be maintained by a subsurface hardpan. Hydrological
conditions vary, with most depression marshes being dry in most years. Hydroperiods range widely
from less than 50 days to more than 200 days per year (FNAI 1990).

Fire is important to maintaining this community type by restricting invasion of shrubs and trees and
the formation of peat. Fire frequency is often greatest around the periphery of the marsh and least
toward the center. A severe peat fire can lower the ground surface and create a pond at the center of
the marsh (FNAI 1990).
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Depression marshes are often associated with and grade into wet prairie, seepage slope, wet
flatwoods, mesic flatwoods, dome swamp, or bog. They also may occur in association with various
types of lakes, such as those found in sandhill or flatwood communities (FNAI 1990).

Bayhead

Bayheads are characterized by dense stands of bay (Persea spp.) and other wetland shrubs and
trees. These areas also have some slash pines present. Palmetto (Serenoa repens) occurs in the
midstory, and cutthroat grass (Panicum abscissum) is found from time-to-time. There are almost no
bare areas.

FNAI (1990) characterizes bayheads as densely forested, peat-filled seepage depressions often at
the base of sandy slopes. The canopy is composed of tall, densely packed, generally straight-boled
evergreen hardwoods dominated by sweetbay, swamp red bay (Persea palustris), and loblolly bay
(Gordonia lasianthus). A more or less open understory of shrubs and ferns commonly occurs, while
sphagnum mats are often interlaced with the convoluted tree roots. Other typical plants include
dahoon holly (/lex cassine), fetterbush (Leucothoe racemosa), male-berry (Lyonia ligustrina), myrtle-
leaved holly (llex myrtifolia), large gallberry (/llex coriacea), wax myrtle (Myrica cerifera), odorless wax
myrtle (Myrica inodora), hurrah-bush (Arctium lappa), dog-hobble (Leucothoe fontanesiana), white
alder (Alnus rhombifolia), possumhaw (llex decidua), red chokeberry (Aronia arbutifolia), Virginia
willow (/tea virginica), laurel greenbrier (Smilax laurifolia), poison ivy (Rhus toxicodendron), cinnamon
fern (Osmunda cinnamomea), chain fern (Woodwardia virginica), wild grape (Vitus rotundifolia),
netted chain fern (Woodwardia aerolata), sweetgum (Liquidambar styraciflua), bald cypress
(Taxodium distichum), lizard's tail (Saururus cernuus), and needle palm (Rhapidophyllum hystrix).
Typical animals include mole salamander, southern dusky salamander (Desmognathus auriculatus),
southern mud salamander (Pseudotriton montanus montanus), opossum (Didelphidae spp.),
southeastern shrew (Sorex longirostris), short-tailed shrew (Blarina carolinensis), marsh rabbit
(Sylvilagus palustris), black bear (Ursus americanus), raccoon (Procyon lotor), southern mink
(Mustela vison), and bobcat (Felix rufus) (FNAI 1990).

Bayheads typically develop at the base of a slope where seepage usually maintains a saturated peat
substrate. They may also be located at the edges of floodplains or in other flat areas where high
water tables help maintain soil moisture. Bayhead soils are generally composed of peat with an
acidic pH (3.5 - 4.5). Since bayheads rarely dry out enough to burn, the normal fire interval in these
communities is probably 50-100 years or more. After a fire, bay trees usually resprout from the roots
and replace themselves, but severe fires may change a bayhead into a different plant community. If
only a small amount of surface peat is removed, a bayhead may be replaced by a wet flatwoods
community. If the ground surface is lowered considerably, willows may invade, followed by a
cypress-gum community. With recurrent fire, the site will become a shrub bog (FNAI 1990).

Bayheads are often associated with and may grade into seepage slope, floodplain forest or floodplain
swamp. The species composition of bayheads frequently overlaps with bog, dome swamp, basin
swamp, strand swamp, bottomland forest, wet flatwoods, and hydric hammock. Bayheads are
dependent upon seepage flow and a high water table. Alterations in the local or regional hydrology
could impact bayhead communities. They may also need fire protection during droughts, especially if
water tables are lowered (FNAI 1990).
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Flatwoods

There are four classifications of the flatwoods found on the refuge, mesic flatwoods including
cutthroat phase, gallberry/palmetto phase, and wiregrass phase, and scrubby flatwoods. They vary
in soil type and understory vegetation. All of them have some pine overstory. FNAI (1990) synonyms
for mesic flatwoods including a cutthroat phase, gallberry-palmetto phase, and wiregrass phase are
pine flatwoods, pine savannahs, and pine barrens.

According to FNAI designations (FNAI 1990), mesic flatwoods are characterized as an open canopy
forest of widely spaced pine trees with little or no understory, but with a dense ground cover of herbs and
shrubs. Several variations of mesic flatwoods are recognized, the most common associations being
longleaf pine, wiregrass - runner oak, and slash pine - gallberry - saw palmetto. Other typical plants
include: St. John’s-wort (Hypericum perforatum), dwarf huckleberry (Gaylussacia dumosa), fetterbush,
dwarf wax myrtle (Myrica pusilla), stagger bush (Lyonia mariana), blueberry (Vaccinium spp.), gopher
apple (Licania michauxii), tar flower (Befaria racemosa), bog buttons (Lachnocaulon beyrichianum),
blackroot (Pterocaulon virgatum), false foxglove (Agalinis spp.), white-topped aster (Sericocarpus
linifolius), yellow-eyed grass (Sisyrinchium striatum), and cutthroat grass. Typical animals of mesic
flatwoods include: oak toad, little grass frog, narrowmouth toad, black racer (Coluber constrictor priapus),
red rat snake (Elaphe guttata), southeastern kestrel (Falco sparverius paulus), brown-headed nuthatch
(Sitta pusilla), pine warbler (Dendroica pinus), Bachman's sparrow (Aimophila aestivalis), cotton rat
(Sigmodon hispidus), cotton mouse (Peromyscus gossypinus), black bear, raccoon, gray fox (Urocyon
cinereoargenteus), bobcat, and white-tailed deer (Odocoileus virginianus) (FNAI 1990).

Mesic flatwoods occur on relatively flat, moderately to poorly drained terrain. The soils typically
consist of 1 to 3 feet of acidic sands generally overlying an organic hardpan or clayey subsoil. The
hardpan substantially reduces the percolation of water below and above its surface. During the rainy
seasons, water frequently stands on the hardpan's surface and briefly inundates much of the
flatwoods; while during the drier seasons, ground water is unobtainable for many plants whose roots
fail to penetrate the hardpan. Thus, many plants are under the stress of water saturation during the
wet seasons and under the stress of dehydration during the dry seasons.

Mesic Flatwoods - Wiregrass. This version of the flatwoods occurs on more moist sites than the
scrubby flatwoods. The shrub layer is palmetto with some other flatwoods species mixed in.
Overstory is primarily slash and longleaf pine with a few sand pines. The ground cover is largely
wiregrass, but there are recurrent areas of cutthroat grass. Patches of bare sand are infrequent.

Mesic Flatwoods - Cutthroat Grass. This category of flatwoods also occurs on moist soils. It has a
palmetto midstory with an average height of less than 3 feet. However, in this type, cutthroat grass is
the dominant ground cover and wiregrass is not present. Areas of bare ground are seldom found. The
overstory of pines is denser than that of the wiregrass flatwoods, covering over 40 percent of the area.

Mesic Flatwoods - Palmetto/Gallberry. The final version of the flatwoods has a palmetto/gallberry
midstory. Wax myrtle (Myrica cerifera) and Lyonia sp. are also present. The average shrub height is
typically between 3 and 6 feet. The overstory is chiefly slash pine covering between 16 percent and
40 percent of the area. Scattered sand pine is present on the drier sites. Wiregrass and cutthroat
grass are present.

Another important physical factor in mesic flatwoods is fire, which probably occurred every 1 to 8
years during pre-Columbian times. Nearly all plants and animals inhabiting this community are
adapted to periodic fires, while several species depend on fire for their continued existence. Without
relatively frequent fires, mesic flatwoods succeed into hardwood-dominated forests whose closed
canopy can essentially eliminate the ground cover herbs and shrubs. Additionally, the dense layer of
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litter that accumulates on unburned sites can eliminate the reproduction of pines, which require a
mineral soil substrate for proper germination. Thus, the integrity of the mesic flatwoods community is
dependent on periodic fires. However, fires that are too frequent or too hot would eliminate pine
recruitment and eventually transform mesic flatwoods into dry prairie (FNAI 1990).

Mesic flatwoods are closely associated with and often grade into wet flatwoods, dry prairie, or
scrubby flatwoods. The differences between these communities are generally related to minor
topographic changes. Wet flatwoods occupy the lower wetter areas, while scrubby flatwoods occupy
the higher drier areas. Mesic flatwoods are the most widespread biological community in Florida,
occupying an estimated 30 to 50 percent of the state's uplands. However, very few undisturbed
areas of mesic flatwoods exist because of habitat mismanagement and silvicultural, agricultural, and
residential development. Mesic flatwoods are often fairly resilient, and with proper management they
can generally be restored (FNAI 1990)

Scrubby Flatwoods. Scrubby flatwoods occur on drier soils. The shrub layer is a mixture of palmetto
and scrub oaks, with an average height of 3 to 6 feet. The overstory is scattered slash pine with some
sand pine. Less than 15 percent of the area is covered by pines. Cutthroat grass (Panicum abscissum)
and wiregrass (Aristida spp.) are found as groundcover. Areas of bare ground are infrequent.

FNAI (1990) characterizes scrubby flatwoods by an open canopy forest of widely scattered pine trees
with a sparse shrubby understory and numerous areas of barren white sand. The vegetation is a
combination of scrub and mesic flatwoods species and scrubby flatwoods often occupy broad
transitions or ecotones between these communities. Typical plants include longleaf pine, slash pine,
sand live oak (Quercus geminata), Chapman's oak (Quercus chapmanii), myrtle oak (Quercus
myrtifolia), scrub oak (Quercus ilicifolia), saw palmetto, staggerbush, wiregrass, dwarf blueberry
(Vaccinium coymbosum), gopher apple, rusty lyonia (Lyonia ferruginea), tarflower, golden-aster
(Chrysopsis villosa), lichens, silkbay (Persea humilis), garberia (Garberia heterophylla), goldenrod
(Solidago spp.), runner oak (Quercus margarettae), pinweeds (Lechea spp.), and frostweed
(Verbesina virginica) (FNAI 1990).

Scrubby flatwoods generally occur intermingled with mesic flatwoods along slightly elevated relictual
sandbars and dunes. The white sandy soil is several feet deep and drains rapidly. However, the
water table is unlikely to be very deep. Scrubby flatwoods normally do not flood, even under
extremely wet conditions. Temperature and humidity of air and soil in scrubby flatwoods fluctuate
substantially more than in most other communities because the scattered overstory, sparse
understory, and barren sands of scrubby flatwoods do not ameliorate daily (FNAI 1990).

Although the elevated, deeper sandy soils of scrubby flatwoods engender a drier environment than the
surrounding mesic flatwoods, the general scarcity of ground vegetation and the greater proportion of
relatively incombustible scrub-oak leaf litter reduce the frequency of naturally occurring fires. Only after
a long absence of fire and during periods of drought does the leaf litter become sufficiently combustible
and concentrated enough to support an ecological burn. Several species of plants in scrubby flatwoods
are typical scrub plants, which endure only when long intervals between fires occur. Thus, a periodicity
of approximately 8 to 25 years between fires appears to be natural for this community. Scrubby
flatwoods are associated with and often grade into mesic flatwoods, scrub, dry prairie, or sandhills.

This community is essentially a mesic flatwoods with a scrub understory (FNAI 1990).

Human Modified (Includes ruderal lands, human modified lands, and roads).

In addition to the more or less natural vegetation types described in this section, there are several
areas where human influence has significantly altered the landscape. On the Lake McLeod Unit, for
instance, most of the eastern portion of the site has had extensive off-road vehicle use. Although the
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area is still populated with scrub species, including numerous threatened and endangered plants, the
continuity of the vegetation has been broken up to such an extent that management with fire would
be difficult. Other areas of disturbed land occur in the Flamingo Villas Unit, including railroad and
powerline rights-of-way, and cleared lands. According to FNAI designations (FNAI 1990), the ruderal
land use description applies to areas that have been cleared for development, agriculture, demolition,
or habitat restoration. Some have no positive indicators of the intended land use. The grounds
appear scraped and worked, usually with angular or geometric boundaries. Little to no vegetation
exists in these settings, or the vegetation is in a state of transition without stable community structure.

Lake

Lakes (clastic upland lakes) are generally characterized as shallow to relatively deep, irregular
depressions or basins in uplands on clay substrates. They are lentic water bodies with surface
inflows but often without significant outflows. Water is generally dissipated through evaporation and
transpiration, but it may also disappear, especially during periods of prolonged drought, through sinks
that connect with the aquifer. Lakes are generally densely vegetated by concentric bands of
emergents, floating, and submersed aquatics. Clastic upland lakes are important areas for many
terrestrial and semi-aquatic amphibians and are frequently important feeding and nesting areas for
many wading birds, ducks, reptiles, and fish (FNAI 1990).

Mesic Hammock

Mesic hammock is defined by FNAI (1990) as a hardwood forest community of open or closed canopy
dominated by live oak (Quercus virginiana), with cabbage palm (Sabal palmetto) often present in the
canopy and subcanopy. Epiphytes (ferns orchids and bromeliads) are often found and may become
abundant in undisturbed stands. Shrubby understory may be dense or open, tall or short, and is
composed of saw palmetto (Serenoa repens), beautyberry (Callicarpa americana), and wax myrtle
(Myrica cerifera), with the addition of tropical shrubs, such as nakedwood (Myrcianthes fragrans) and
wild coffee (Psychotria nervosa), in the south. The herb layer is often sparse or patchy and consists of
various grasses, including low panic grasses (Dichanthelium spp.) and basket grass (Oplismenus
hirtellus), and sedges. Mesic hammock usually occurs as fringes or small patches on the borders of, or
in higher parts of, rivers, swamps, marshes, and large lakes, and ranges from central and south Florida
(Polk to Dade and Collier Counties) northward along the Atlantic and Gulf coasts to North Carolina and
Texas. Soils are sand mixed with organic matter and are normally dry underfoot. It is distinguished
from prairie hammock by its situation bordering wetlands in an upland landscape, rather than on rises in
a marshy, wetland landscape; it differs from hydric hammock in the absence of wetland trees such as
sweetbay (Magnolia virginiana) and black gum (Nyssa biflora), and from xeric hammock in the absence
of sand live oak (Quercus geminata), myrtle oak (Quercus myrtifolia) and other scrub species. Itis
distinguished from maritime hammaock by its inland occurrence on non-dune substrates and from
upland hardwood and upland mixed forests to the north by its low species diversity and lack of many
characteristic deciduous broad-leaved trees in the canopy and subcanopy, such as Quercus michauxii,
Carpinus caroliniana, and Cornus florida, as well as by its occurrence on sandy soils in contrast to the
loamy or clay-based soils on which upland forests occur. It is found primarily in Florida where its area
may be between 100,000 and 500,000 acres, although this is difficult to estimate since it occurs as
scattered small stands or fringing borders in a matrix of dry prairie, mesic flatwoods, floodplain
marshes, or hydric hammock. Examples may be found around large lakes in Osceola and Polk
Counties, and along the St. Johns River marshes (FNAI 1990).

Scrub

FNAI (1990) describes sand pine scrub as a scrub community type, together with yellow sand scrub,
Florida scrub, sand scrub, rosemary scrub, and oak scrub. For discussion purposes scrub habitat is
generally discussed with yellow sand scrub and sand pine scrub specifically addressed.
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Scrub occurs in many forms, but is often characterized as a closed to open canopy forest of sand
pines with dense clumps or vast thickets of scrub oaks and other shrubs dominating the understory.
The ground cover is generally very sparse, being dominated by ground lichens or, rarely, herbs.
Open patches of barren sand are common in scrub that does not have a history of fire suppression or
is being managed with prescribed fire. Where the overstory of sand pines is widely scattered or
absent altogether, the understory and barren sands are exposed to more intense sunlight. It is within
these gaps that most of the herbaceous endangered plant species thrive, reproducing in most cases
from the soil seed bank after fire. Typical plants include sand pine, sand live oak, myrtle oak,
Chapman's oak, scrub oak, saw palmetto, rosemary (Rosmarinus officinalis), rusty lyonia, ground
lichens, scrub hickory (Carya floridana), saw palmetto, hog plum (Prunus umbellata), silk bay, beak
rush (Rhynchospera cephalantha), milk peas (Galactia spp.), and stagger bush. Typical animals
include red widow spider (Latrodectus bishopi), scrub wolf spider (Geolycosa spp.), oak toad, Florida
scrub lizard (Sceloporus woodi), bluetail mole skink (Eumeces egregius lividus), sand skink (Neoseps
reynoldsi), sixlined racerunner (Cnemidophorus sexlineatus), coachwhip (Masticophis flagellum
flagellum), ground dove (Columbiana passerina), scrub-jay (Aphelocoma coerulescens), loggerhead
shrike (Lanius ludovicianus), yellow-rumped warbler (Dendroica coronata), eastern towhee (Pipilo
erythrophthalmus), Florida mouse (Podomys floridanus), and spotted skunk (Spilogale putorius).
Scrubs of the LWR are notable for the large number of narrowly endemic plants and animals that
occur in them (FNAI 1990).

Scrub occurs on sand ridges along former shorelines. Some of the sand ridges originated as wind-
deposited dunes, others as wave-washed sand bars. Some scrub soils are composed of well-
washed, deep sands that are brilliant white at the surface, while some scrubs occur on yellow sands.
The loose sands drain rapidly, creating very xeric conditions for which the plants appear to have
evolved several water conservation strategies (FNAI 1990).

Scrub is essentially a fire-maintained community. The characteristic dense canopy of oaks, pine, and
hickory is periodically top-killed by fire. Ground vegetation is extremely sparse and leaf fall is
minimal, thus reducing the chance of frequent ground fires. As the sand pines mature, however, they
retain most of their branches and build up large fuel supplies in their crowns. When a fire does occur,
this fuel supply, in combination with the resinous needles and high stand density, ensures a hot, fast
fire. Such fires allow for the regeneration of the scrub community, which might otherwise succeed to
xeric hammock. Fire opens shrub canopies and consumes litter. Most perennials in the community
resprout vigorously after fire, re-establishing the canopy. Others, including Dicerandra christmanii
and other listed plant species, are killed by fire and must regenerate from a persistent seed bank
(Menges et al. 2006). The gaps maintained by fire are the key habitat element required for most of
the listed plant species. The minerals in the vegetation are deposited on the bare sand as ashes,
and the heat of the fire generally facilitates the release of pine seeds. The natural fire return interval
varies by the type of Florida scrub. Scrub vegetation tends to burn infrequently (every 10 to 60 years)
and intensely (Myers 1985). Yellow sand scrub becomes extremely dense after 30 years, crowding
out herbaceous gap specialists (Menges 1992). Based on PVA modeling Menges et al. (2006)
recommended a fire return interval of 6 to 21 years in xeric oak scrub to maximize persistence of
herbaceous gap specialist.

Scrub is associated with and often grades into sandhill, scrubby flatwoods, and xeric hammock.
Some xeric hammocks are advanced successional stages of scrub, making intermediate stages
difficult to classify. Because scrub occurs on high dry ground, this ecosystem and its many
threatened and endangered species are rapidly being lost to development. Scrub is also readily
damaged by off-road vehicle traffic or even foot traffic, which destroys the delicate ground cover and
allows the loose sand to erode. Ground lichens may require 50 years or more to recover from such
disturbances (FNAI 1990).
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Sand Pine Scrub. (Includes Sand Pine Scrub Transitional) Approximately 38 acres (15.4 ha) of
Lake McLeod are designated as ruderal sand pine according to (FNAI 1990) designations. The
refuge considers this area sand pine scrub as human influence in the form of illicit off-road vehicle
use has impacted habitat, but not to the extent that habitat is not functional or unrestorable.

Dominant canopy cover in sand pine scrub is sand pine with thickets of scrub oaks as understory with
sparse ground cover typically dominated by ground lichens. Fire is necessary for the regeneration of
sand pine (Brendemuehi 1990). The serotinous cones of this species require heating before the
cones will open and seeds are released. Since sand pine is a short-lived species, long periods of
time without fire could eliminate this component of the ecosystem.

Yellow Sand Scrub. Yellow sand scrub occurs on deeper sandy soils. The principle vegetation is
scrub oaks, and there are some patches of rosemary scrub. Palmetto is also present in significant
numbers. The average shrub height is between 9 and 12 feet. Scattered longleaf pine and sand pine
can be found. Wiregrass occurs in many places, while areas of bare sand are frequent.

Yellow sand scrub vegetation sprouts vigorously after fire. There is little change in species
composition or richness, but dominance changes for a short period of time since palmetto recovers
quicker than oaks (Schmalzer and Hinkle 1991). Scrub communities soon recover to their preburn
structure and species composition (Menges and Hawkes 1998). Most of the larger plants sprout
vegetatively, while many herbaceous species are obligate seeders (Menges and Kohfeldt 1995). The
fire return interval in the yellow sand scrub is quite long, between 20 and 50 years. Fire intensity is
high, burning most of the stand. Recovery comes from both sprouting and seeds stored in the soil.

Turkey Oak/Wiregrass Sandhill

According to FNAI (1990), sandhill includes turkey oak/wiregrass sandhill among other habitat
variants including longleaf pine - turkey oak, longleaf pine - xerophytic oak, longleaf pine - deciduous
oak, and high pine. Sandhills are characterized as a forest of widely spaced pine trees with a sparse
understory of deciduous oaks and a fairly dense ground cover of grasses and herbs on rolling hills of
sand (FNAI 1990).

Turkey oak/wiregrass sandhill occurs on the higher ridges on the refuge. Overstory vegetation is
scattered longleaf (Pinus palustris) and slash pine (P. elliottii). Some sand pine (Pinus clausa) can
also be found. Turkey oak (Quercus laevis) makes up most of the midstory and stems can be quite
numerous. The shrub layer consists primarily of a mixture of saw palmetto (Senora repens) and
scrub palmetto (Sabal etonia). Shrub height varies from 3 to 6 feet. Wiregrass (Aristida stricta) is
present over much of the area. Areas of bare sand are frequently encountered.

In general, sandhills occur on hilltops and slopes of gently rolling hills. Their soils are composed of
deep, marine-deposited, yellowish sands that are well-drained and relatively sterile. The easily
leached soil nutrients are brought back to the surface by the burrowing habits of some sandhill
animals. Sandhills are important aquifer recharge areas because the porous sands allow water to
move rapidly through to the aquifer with little runoff and minimal evaporation. The deep sandy soils
help create a xeric environment that is accentuated by the scattered overstory, which allows more
sunlight to penetrate and warm the ground. The absence of a closed canopy also allows sandhills to
cool more rapidly at night and to retain less air moisture. Thus, temperature and humidity fluctuations
are generally greater in sandhills than in nearby closed canopy forests (FNAI 1990).

Fire is a dominant factor in the ecology of this community. Sandhills are a fire climax community,
being dependent on frequent ground fires to reduce hardwood competition and to perpetuate pines
and grasses. The natural fire frequency appears to be every 2 to 5 years. Without frequent fires,
sandhills may eventually succeed to xeric hammock. Unburned or cutover sandhills may be
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dominated by turkey oak (FNAI 1990). The wire grass ground cover in turkey oak/wiregrass sandhill
responds well to fire. Sufficient fuel is available to carry fire within 18 months of a burn. Fire return
interval is believed to be between 2 to 5 years. Fires are low in intensity and move across the
landscape rapidly. Burn out of the grasses is quick and residence time of the flaming front is short.

Sandhills are often associated with and grade into scrub, scrubby flatwoods, mesic flatwoods, upland
pine forest, or xeric hammock. Sandhills were widespread throughout the Coastal Plain, but most
have been degraded by timbering, overgrazing, plowing, and excluding fire, as well as other
disturbances. Much of Florida's sandhill communities have been converted to citrus groves,
pastures, pine plantations, or residential and commercial developments. Thus, the importance of
properly managing the remaining tracts is accentuated (FNAI 1990).

Xeric Hammock

FNAI synonyms for xeric hammock include: xeric forest, sand hammock, live oak forest, oak
woodland, and oak hammock. Xeric hammock is characterized as either a scrubby, dense, low
canopy forest with little understory, other than palmetto, or a multi-storied forest of tall trees with an
open or closed canopy. Several gradations between these extremes exist. Typical plants include live
oak (Quercus virginiana), sand live oak, laurel oak (Quercus laurifolia), turkey oak (Quercus laevis),
blackjack oak (Quercus marilandica), red oak (Quercus rubra), sand post oak, staggerbush, saw
palmetto, sparkleberry (Vaccinium arboreum), pignut hickory (Carya glabra), southern magnolia,
redbay (Persea borbonia), American holly (llex americana), wild olive (Cordia boissieri), black cherry
(Prunus serotina), fox grape (Vitus labrusca), beautyberry (Callicarpa americana), bluejack oak
(Quercus incana), Chapman's oak, persimmon (Diospyrus virginiana), and yaupon (/lex vomitoria).
Typical animals include barking treefrog, spadefoot toad, gopher tortoise (Gopherus polyphemus),
worm lizard (Amphisbaena alba), fence lizard (Sceloporus occidentalis), black racer, red rat snake,
hognose snake (Heterodon platirhinos), crowned snake (Tantilla coronata), screech-owl (Megascops
asio), turkey (Meleagris gallopavo), blue jay (Cyanocitta cristata), eastern mole (Scalopus aquaticus),
and gray squirrel (Sciurus carolinensis).

Xeric hammock is an advanced successional stage of scrub or sandhill. The variation in vegetation
structure is predominantly due to the original community from which it developed. In all cases,
however, the soils consist primarily of deep, excessively drained sands that were derived from old
dune systems. The sparsity of herbs and the relatively incombustible oak litter preclude most fires
from invading xeric hammock. When fire does occur, it is nearly always catastrophic and may revert
xeric hammock into another community type. Xeric hammock only develops on sites that have been
protected from fire for 30 or more years.

Xeric hammocks are often associated with and grade into scrub, sandhill, upland mixed forest, or
slope forest. The species composition of xeric hammock is also often similar to prairie hammock and
maritime hammock. Xeric hammock is often considered the climax community on sandy uplands.

Xeric hammock occurs generally as isolated patches that rarely cover extensive areas. Mature
examples are rare, and scrub-derived types have always been scarce. Because of its general
location on high ground with big trees, xeric hammock is prime residential property, especially when
near the coast. Remaining tracts of xeric hammock require protection from fire and development.

PLANTS
Seventeen federally listed plants are known to occur on the Lake Wales Ridge NWR (Table 14). Of

particular priority to refuge management interests are scrub lupine (Lupinus aridorum), Florida
ziziphus (Ziziphus celata), and Garrett’'s mint (Dicerandra christmanii), due to the limited occurrence
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of these species on public lands of the Lake Wales and Winter Haven Ridges. These species are

specifically monitored and managed for on refuge units. Agreements to monitor the status of re-

establishing Florida ziziphus at the Carter Creek Unit and to identify trends and status of Garrett’s
mint have been and currently are being conducted by ABS. Scrub lupine status and trend monitoring
have been provided by the University of Central Florida and monitoring is currently ongoing at the
Lake McLeod Unit through the assistance of volunteers.

Recovery plans, species status, trend information and recovery objectives for federally listed species
found in Table 14 can be found in the Service’s 1999 South Florida Multi-Species Recovery plans
and available 5-year reviews.

Table 14. Status of rare plants known to occur or potentially occurring on the Lake Wales

Ridge NWR
Agency S_tatus in Occurance
s Florida
Scientific Name Common Name
Federal | State FV CcC LM SC
Asclepias curtissii Curtiss’ milkweed N E X X X X
Bonamia grandiflora | Florida bonamia T E X X X
Calamintha ashei Ashe’s Calamint N T
Chionanthus Pygmy fringe-tree E E X X X X
pygmaeus
Cladonia perforate FIorlda_ perforate E E X
cladonia
Clitoria fragrans Pigeon-wing T E X X
Conradina brevifolia | SnertLeaved E E
Rosemary
Crotalaria avonensis Avon Park E E
Harebells
Dicerandra Scrub Mint E E
frutescens
br c_erandr? Garrett’'s mint E E X
christmanii
Drosera intermedia | SPOon--eaved N T
Sundew
Eltroplectris Spurred Neottia N E
calcarata
Eriogonum
longifolium var. Scrub buckwheat T E X X
gnaphalifolium
Enyn gium Snakeroot E E
cuneifolium
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Agency Status in

. Occurance
Florida
Scientific Name Common Name
Federal | State FV cC LM SC
Hypericum Highlands scrub
. : E E X
cumulicola hypericum
Lechea cernua Nodding pinweed N T X
Liatris ohlingerae Florida blazing star E E X X
Lupinus aridorum Scrub lupine E E X
Nolina brittoniana Britton’s beargrass E E X X
Panicum abscissum | Cutthroat grass N E X X
Paronychia Paper-like nailwort
chartacea spp. (Papery Whitlow- T E X X X
chartacea wort
Persea humilis Scrub bay N N X X X X
Polygala lewtonii Lewton’s polygala E E X
Polygonella Wireweed E E X X X
basiramia
Polygonella Sandlace E E X X X
myrophylla
Prunus geniculata Scrub plum E E X X X X
Pleroglossaspis Giant Orchid N T
ecristata
Sph/zachy nium Scrub Bluestem N E
niveum
Stylisma abdita Scrub stylisma N E X X
Warea amplexifolia Wide-Leaf Warea E E
: Carter’s warea
Warea carteri (Carter's mustard) E E X X X
Ziziphus celata Florida ziziphus E E +

Key: E =endangered; T = threatened; N = Not listed or not being considered; + = Re-introduced, LM = Lake McLeod,
CC = Carter Creek, FV = Flamingo Villas, SC = Snell Creek
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The following plant discussions summarize the biologic condition of the federally listed plants present
on the refuge as described by Service staff, partners, research, and synthesis reporting. Much of the
information used to prepare this section was compiled from the U.S. Fish and Wildlife Service’s South
Florida Multi-Species Recovery Plan (MSRP) of 1999 and current 5-year reviews, when available.
Where these two series of documents were used to populate the wildlife and habitat management
review conducted for the refuge, a citation is provided either throughout the body of the discussion or
at the end of main paragraphs. Literature cited in the MSRP or 5-year plans is provided in the body
of the biological summaries and referenced in Appendix B.

Bonamia grandiflora (Florida bonamia)

Bonamia grandiflora is a member of the morning glory family (Convolvulaceae), and is the only
species of its genus in the continental United States. This endemic scrub is found only on scrub
areas of central and south Florida. Destruction of Florida’s scrub habitat for residential housing and
agricultural expansion has dramatically reduced the size and number of B. grandiflora’s population,
resulting in its federal listing as a threatened species in November 1987 (Service 1999). Bonamia
grandiflora is currently found in the Flamingo Villas, Lake McLeod, and Snell Creek Units (Turner et
al. 2006, Schultz et al. 1999).

Bonamia grandiflora formerly occurred in central Florida from Volusia and Marion Counties south to
Highlands and Charlotte Counties (Wunderlin et al. 1980). It is a scrub endemic of central Florida
where all of its known populations occur within or near scrub or on the edge of scrub habitat in the
white sands associated with the ancient Pleistocene dune systems of the central ridge system (Ward
1979). The substrate is associated with a sand pine scrub vegetation consisting of evergreen scrub
oak (Quercus myrtifolia and Q. germinata) and sand pine (Pinus clausa) with openings between trees
and shrubs occupied by lichens and herbs. The openings are cleared by infrequent fires or by
mechanical disturbance. Bonamia grandiflora is also known to live in disturbed areas near roadways
and clearings caused by logging operations (50 FR 42068). This species is not found on altered soils
such as the clay applied to logging roads (Miller 1989, Service 1999).

As the scrub community reaches maturity, encroachment and shading from overstory pines and oaks
cause the decline of this species as well as other associated endemics (Wunderlin et al. 1980). It
seems that this species prefers an open canopy in full sunlight in order to avoid competition from the
surrounding shrubs. For example, in Ocala National Forest, bonamia grows in a variety of growth
stages of sand pine, but flowers profusely only in open, sunny conditions of regeneration stands, and
sparsely if at all in older stands (Service 1999).

Bonamia grandiflora was federally listed as threatened on November 1987, due to habitat destruction,
excessive collection, and habitat degradation due to invasive exotics, off-road vehicles, and lack of
proper management (52 FR 42068). Because Bonamia grandiflora is limited to small areas of scrub
surrounded by residential housing and cultivated lands, habitat destruction or degradation often
occurs because of trash dumping, invasion by exotics and weeds (e.g., cogon grass, Imperata sp.),
and off-road vehicle use (Service 1999).

No systematic surveys have been conducted for this species throughout its range. Rare plant
surveys have been conducted periodically on the Lake Wales Ridge State Forest since the late 1980s
and the extent of surveys has increased as management activities and public property ownership
have expanded (Weekley 1996, 1998; Cox 2003; Hardin and Schrift 2006; Clanton 2007a).

The demography of Florida bonamia has not been extensively studied. Romano (1999) described
the reproductive system as mixed and occasionally apomictic (production of seeds without
pollination), but noted that pollinators were essential to ensure substantial seed production by self
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and cross-fertilization. Hartnett and Richardson (1989) described basic demographics of this species
when comparing effects of fire on plant and seed bank dynamics, stem densities, seedling
recruitment, flowering, and seed production than in habitat that had not been disturbed recently and
that was considered successionally mature (Hartnett and Richardson 1989). In another study
evaluating pre- and post-burn responses of bonamia, Weekley and Menges (2003) did not find a
significant difference in the mean number of stems for pre- and post-burn individuals and found no
evidence of increased recruitment. They did, however, confirm previous conclusions (Hartnett and
Richardson 1989, Menges and Hawkes 1998) that Florida bonamia is a strong resprouter following
fire. Additionally, they did note that unpublished data were available indicating a substantial increase
in the number of seedlings within one year following a prescribed fire in a long unburned yellow sand
scrub community and suggested that a more fine-scaled survey design may be needed to evaluate
this finding more thoroughly (Service 2008a).

Florida bonamia is currently represented in the Center for Plant Conservation’s national collection of
endangered plants at Historic Bok Sanctuary (HBS). Two hundred and six individuals representing
five populations are included in this collection, which includes both seed and individual plants rescued
from areas previously destroyed by development (C. Peterson, HBS, pers. comm. 2008). HBS has
evaluated seed germination of Florida bonamia under controlled conditions and found best results
when seeds are scarified first and then soaked in water for 12 hours. Germination rates in these
studies were 30-35 percent, but seed viability declined with age — 8-year-old seeds had a 6 percent
germination rate (C. Peterson, HBS, pers. comm. 2008). Furthermore, propagation by cuttings was
not found to be reliable. Success in transplantation efforts have been mixed with small plants having
lower mortality rates than larger specimens (Service 2008a).

According to Hartnett and Richardson (1989), fire stimulates seed production and germination as well
as regrowth from clonal stems. The first season after fire, clonal stem production is the greatest and
then declines. However, seed production is greatest during the second season after a fire. The lag is
probably due to the increased energy needed for regrowth following fire; seed production is
postponed to conserve energy. New seed production replaces the seed banks that are often
destroyed by fire (Service 1999, Service 2008a).

Bonamia grandiflora is dependent on the sunny cleared areas left by periodic fires or physical
disturbance (Service 1999). Historically, lighting fires swept through the scrub and surrounding
communities, burning large tracts of land. Today, fragmentation of habitat and fire suppression
has interrupted the natural burn regime. Reduced fire frequency has left many of the scrub
sites overgrown and unsuitable for highly specialized scrub endemics that require open, sunny
patches (Service 1999).

Florida bonamia evolved in fire-maintained white and yellow sand xeric vegetative communities,
including rosemary scrub, oak dominated scrub, and sandhills (Service 1999, Weekley and Menges
2003, Menges et al. 2007). Because systematic range-wide surveys have not been conducted, we
have little information about habitat conditions for many of the known localities where bonamia
occurs. This is especially true for locations that are in private ownership where conditions are not
optimal for the long-term persistence of bonamia because most landowners suppress naturally
ignited fires and/or do not use prescribed fire. Fire suppression leads to changes in composition and
structure within vegetative communities (Weekley and Menges 2003), which typically results in taller
and denser vegetation that may shade-out Florida bonamia. However, there is anecdotal information
indicating Florida bonamia may be more shade tolerant than previously thought (Weekley, ABS pers.
comm. 2008a in Service 2008a) and this may extend the time that bonamia will persist in fire-
excluded communities (Service 2008a).

80 Lake Wales Ridge National Wildlife Refuge



The sand pine scrub community historically burned every 20 to 70 years, and like many other scrub
plants, Bonamia grandiflora needs fire or mechanical disturbance to reduce competition and
maintain a healthy population. Periodic fire also stimulates flowering and seed production of
mature plants, stimulates germination of seed, and causes turnover of stored seed bank. This
species resprouts after fire and can withstand mechanical site preparation or low-intensity mowing,
but the timing of the mowing is very important. If mowed repeatedly while growing or blooming,
energy stores would be used for regrowth and not reproduction. Postponing reproduction for a full
growing season could have long-term detrimental effects. However, mowing may be a useful
management tool if used after seed set or before leaf out (Romano, University of Florida, pers.
comm. 1997 in Service 2008a, Service 1999).

Chionanthus pygmaeus (Pygmy fringe-tree)

Chionanthus pygmaeus is a large shrub that occurs primarily in scrub, as well as in high pineland, dry
hammocks, and transitional habitats in central Florida. Much of this species’ habitat has been lost
because of land clearing for citrus production and residential development. As a result, it was listed
as a threatened species In January 1987 (52 FR 2234). This ruling was based on loss of habitat
primarily by conversion of sand scrub habitat to citrus groves or residential subdivisions (Service
1999). Chionanthus pygmaeus has been identified on the refuge’s Flamingo Villas and Carter Creek
Units (Schultz et al. 1999, Turner et al. 2006) and is known to occur on the refuge’s Lake McLeod
Unit in open patches west of Gerber Dairy road.

Chionanthus pygmaeus is known from west of Lake Apopka in Lake County, northwestern Osceola
County, and the LWR in Polk and Highlands Counties. One of the largest populations is in the Carter
Creek scrubs in Highlands County, where is occurs with turkey oak (Quercus laevis), a species more
typical of high pine community (Service 1996a). Chionanthus pygmaeus inhabits excessively drained
sandy soils on the LWR (and historically on the Mount Dora Ridge which is part of its historic range,
but where it is no longer found). This species is found on the low-nutrient St. Lucie fine sand which is
subject to rapid drying (Wunderlin et al. 1981, Service 1999).

Chionanthus pygmaeus colonizes and thrives in areas of bare sand that are exposed to full sun,
although it also occurs and flowers in areas of deep shade and pine canopy. Fire prevention, habitat
fragmentation, or other factors that may preclude the creation or maintenance of a mosaic of open,
sandy patches could threaten this species (Service 1999).

Chionanthus pygmaeus is long-lived and persists in areas that are burned on a frequency of 20 to 70
years. Very little is known about the fire ecology of Chionanthus pygmaeus, however, we know that it
is a fire-dependent species that resprouts after fire events. This species has above-ground stems
growing from rootstocks or buried stems that have survived the infrequent fires that are characteristic
of the habitat (Kral 1983, Ward and Godfrey 1979). Fire may have an important indirect effect on
Chionanthus pygmaeus by regulating the numbers and sizes of plants that might shade or otherwise
compete with it (Kral 1983, Service 1999).

Cladonia perforata (Florida perforate cladonia)

Cladonia perforata is a member of the family Cladoniaceae, commonly called the reindeer lichens.
Cladonia perforata is restricted to the high, well-drained sands of Florida scrub. The species was
listed as endangered in April 1997 (58 FR 25746) because of the significant loss of scrub habitat in
Florida (Service 1999). Cladonia perforata has been identified on the refuge’s Lake McLeod Unit
(Stout, University of Central Florida, pers. com. 2009, Schultz et al. 1999).
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Florida scrub, which is characterized in part by persistent, open patches of sand, supports a relatively
rich assemblage of these terrestrial lichens. Up to eight species of reindeer lichens commonly occur
in Florida scrub. Cladonia perforata is a habitat-specialist, usually restricted to openings in very xeric
sites. It can occur in monospecific mats or in mixed-species mats with Cladonia leporine, Cladonia
prostrate, Cladonia pachycladodes, Cladina evansii, Cladonia subsetacea, and/or Cladina subtenuis
(Service 1999). Cladonia perforata is the most unique member of the scrub-lichen community by
virtue of its restricted and unusual disjunct distribution and overall global rarity (Service 1999). The
loss of habitat is the primary reason Cladonia perforata is listed as endangered (58 FR 25754). Land
conversion to citrus and residential development continues to diminish scrub habitat (Service 1999).

Typical habitat for Cladonia perforata is found on the high sand dune ridges of Florida’s peninsula,
including the Atlantic Coastal and Lake Wales ridges. In these areas Cladonia perforata is restricted
to the highest, xeric white sands in sand pine scrub, typically in the rosemary phase (Abrahamson et
al. 1984). Such rosemary scrubs are particularly well-drained and structurally open and include the
following associated plant species: scrub oaks (Quercus inopina, Q. geminate, Q. myrtifolia), sand
pine (Pinus clausa), and Florida rosemary (Ceratiola ericoides), which dominate the shrub layer.
Cladonia perforata typically occurs in open patches of sand between shrubs in areas with sparse or
no herbaceous cover (Service 1999). In Highlands and Polk Counties on the LWR, Cladonia
perforata occurs at relatively higher elevations than surrounding areas, on excessively well-drained,
nutrient-poor, white sands of the St. Lucie series (Buckley and Hendrickson 1988, R. Yahr, personal
communication 1995 in Service 1999).

Little is known about the life history and ecology of Cladonia perforata, and demographic features and
trends remain poorly understood. This species’ growth rate and seasonality are unknown (Yahr
1997), but it appears to grow slowly and branches once a year (Yahr 2003, Yahr and DePriest 2005).
The main form of reproduction is presumably through vegetative reproduction (fragmentation), which
can happen via trampling or natural breakage after decades of growth in situ (Yahr 2003). No
primary thallus (body), apothecia (reproductive structure), and spermagonia (cavity or receptacle in
which spermatia are produced) of this species are known (Evans 1952, Moore 1968, Hammer 2000,
Yahr 2000, Cox 2003). Yahr (2003) indicated that this lichen consists of strictly asexual, branching
structures, which reproduce via vegetative fragmentation and that genetic studies have so far
supported an asexual life history.

Basic status surveys and demography of lichens is challenging due to lack of determinate life stages
and slow observable responses to environmental changes (Yahr and DePriest 2005). Counts of
individual fragments are generally not feasible and probably not informative, since individuals cannot
be readily defined (Service 1999). In addition, the vagrant habit of Cladonia perforata is such that
fragments are unattached to any substrate and are free to drift; fragments can be carried by wind,
water, or animals (Yahr and DePriest 2005). Yahr (2003) suggested that density and area occupied
are probably better measures of abundance for this species than count data.

Although some lichens can colonize disjunct habitat patches via spores or specialized long-distance
dispersal units, Cladonia perforata has only large, bulky, vegetative fragments, which are poor
dispersers (Yahr and DePriest 2005). Limited dispersal may be the most important demographic
feature of this species (Yahr 2000a, Yahr and DePriest 2005). Unoccupied but otherwise suitable
sites can support lichen, since survival of transplants into recently burned or unoccupied suitable
sites is nearly 100 percent (Yahr 2000, Yahr and DePriest 2005) (Service 2008b). Population
recovery via dispersal may be slow and decrease with distance from source due to relatively large
and heavy vegetative fragments (Yahr 1997). Yahr (2000) suggested that dispersal of this species
beyond occupied rosemary scrub patches may be physically impeded by dense accumulations of leaf
litter or plant stems in adjacent habitat types.
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Menges and Kohfeldt (1995) found that Cladonia perforata decreases in dominance in sites that have
gone unburned for more than 20 years. This decrease in dominance on unburned sites may be a
result of a combination of factors that influence microhabitat, such as decreased insulation or
increased litter accumulation (Service 1999).

Florida scrub has historically experienced variable fire frequencies and patchy high-intensity fires.
Scrub plant communities are therefore fire-adapted, and recover relatively quickly. In sand pine and
rosemary scrub, however, recovery of dominant species is slower than in oak-dominated scrubs and
open spaces between shrubs persist longer. In fire-maintained systems, low-fuel, bare sand patches
may serve as refugia from fire for Cladonia perforata and other lichen species which cannot survive
fire. These refugia provide a local source for recolonization and population recovery (Service 1999).

At other sites, management practices have generally favored maintenance of the rosemary phase of
xeric oak scrub communities inhabited by Cladonia perforata. In some cases, management for other
scrub endemics may conflict with management for the lichen. For example, lichens and some rare
forbs prefer open sandy areas between shrubs, but as lichen cover becomes more complete, open
sandy habitat needed by rare forbs may decrease (A. Johnson, FNAI, pers. comm. 2007 in Service
2008b). Populations of rare forbs may be maximized by more frequent burning, but this may pose a
conflict in managing for lichens (A. Johnson, pers. comm. 2007 in Service 2008b). Preliminary results
from a study to examine the effects of mechanical treatments and fire on Florida scrub vegetation
suggests that lichens are killed by fire, but not by mowing (Rickey et al. 2006).

Population trends need further study, but based on inferences from observations of occupied sites, it
is probably important to provide a mosaic of times-since-fire in the landscape and to encourage
patchy burns if fuels have become continuous due to long-unburned conditions. Because Cladonia
perforata, like other lichens, cannot survive fire and likely can recolonize sites slowly and from local
sources, such as unburned patches within sites, it is important to avoid complete burns in sites which
support this species (Service 1999)

Human activities, including off-road vehicle use, trash dumping, and inadvertent trampling during
outdoor recreation activities, as identified at the time of listing (58 FR 25746), continue to threaten
this species. Physical destruction of the lichen itself and destabilization of its habitat is a concern at
some sites. Crushing or trampling by vehicles, animals, and humans may break up thalli into small
fragments that are easily carried away by the wind into unsuitable habitats (swales, areas of heavy
leaf litter, or other vegetation), easily covered by wind-swept sand, or too small to recolonize suitable
habitats (Service 2008b). It has a limited aerial extent and its management is further complicated by
its limited reproduction and dispersal capability (Service 1999).

Clitoria fragrans (Pigeon-wing)

Clitoria fragrans is an erect perennial herb belonging to the pea family (Fabaceae). The distribution
of the species is limited mainly to the rapidly disappearing scrub habitats of the LWR in Highlands
and Polk Counties (Fantz 1977, Wunderlin et al. 1980, Christman 1988). The total number of Clitoria
fragrans has been estimated to be less than 3,000 in Orange, Polk, and Highlands Counties (Muller
et al. 1989). Loss of habitat to agriculture and residential development resulted in the listing of this
species in April 1993 (Service 1999). Clitoria fragrans has been identified on both the refuge’s Carter
Creek and Flamingo Villas Units (Schultz et al. 1999, Turner et al. 2006).

Some confusion exists with respect to the vegetative community inhabited by Clitoria fragrans.
Christman (1988) indicates that the species is found primarily within habitats intermediate with high
pine and scrub. Christman and Judd (1990) reported the species from scrub, turkey oak barrens, and
the edges of high pines. Others report Clitoria fragrans from scrubby high pine, more typical of
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hickory-dominated scrub (hickory phase of high pineland) (E. Menges, ABS, pers. comm. 1997 in
Service 1999). There is also disagreement about the plant’s preference for white sand soils versus
yellow sand soils. As mentioned above, the species has been found in turkey oak barrens and scrub
hickory, both of which occur on yellow sand soils. However, Fantz (1979) regards the pigeon-wing as
a species of white sand soils. The species has also been in white sand scrub at Carter Creek and
has been noted in the LWRSF on both white (Archbold) and yellow (Tavares) sands (Service 1996a,
C. Weekly, FDOF, pers. comm. 1998 in Service 1999; Service 1999).

Though the species may exist in a continuum of scrub to high pine habitat, it appears that it is
most prevalent in an intermediate vegetative complex referred to as the turkey oak barrens. In
this habitat, wiregrass (Aristida beyrichia) may be locally patchy or scattered with longleaf pine
(Pinus palustris) scattered, while bluejack (Quercus cinerea) and turkey oak (Q. /aevis) are
usually permanent. Scrub buckwheat (Eriogonum longifolium var. gnaphalifolium) and Lewton’s
polygala (Polygala lewtonii) also appear to be more common in the turkey oak barrens than in
other habitats (Christman 1988, Service 1999).

As more recent studies of Clitoria fragrans have shown, the species occupies several xeric upland
habitats on white, yellow, and gray sands (Menges et al. 2007, Stout and Lewis 2006), however, the
species appears to require the appropriate use of fire to manage and maintain its habitat. The
occurrence of pigeon-wing in both frequent and infrequent fire return interval habitats (i.e., both
sandhill and scrub) suggests that it is tolerant of a range of fire return intervals. However,
determining the optimal fire return interval (Menges 2007) for pigeon-wing populations requires data
that are not currently available (Service 2008c).

ABS’s Population Dynamics of Endemic Plants (PDEP) project is currently surveying sites
managed by the FWC (e.g., Carter Creek North, Lake Blue, and Silver Lake) and the refuge’s
Carter Creek and Flamingo Villas Units to map new locations and to collect abundance data for
federally listed and selected state listed plants. As of May 2008, surveys had included 5 sites, 14
species, 402 species occurrences, and 4,541 counted individuals. PDEP surveys recorded 92
pigeon-wing plants at 3 sites (Service 2008c).

Clitoria fragrans has probably never been abundant since intermediate high pines/scrub habitat is
not a major vegetative complex associated with central Florida ridges. At specific sites where
Clitoria fragrans has been located, it had never been found in large numbers; typically 20 to 30
plants per site (D. Richardson, pers. comm. 1995 in Service 1999). On private lands, the species
is threatened by habitat loss due to conversion for agriculture, residential, and commercial uses.
Other threats to Clitoria fragrans include off-road vehicle use, trash dumping, and trampling
(Service 1993). Clitoria fragrans is especially at risk because it is found in small, fragmented
populations (Fantz 1979, Service 1999).

Pigeon-wing is a soil generalist, occurring on yellow, white, and gray sands (Menges et al. 2007; S.
Orzell, APAFR, pers. comm. 2008; J. Stout, pers. comm. 2008a in Service 2008c). It occurs in a
range of xeric habitats on the Lake Wales, Winter Haven, and Bombing Range ridges and on xeric
upland sites west of Bombing Range Ridge within the APAFR. On the LWR in Polk and Highlands
Counties, it is also known from yellow, white, and gray sands (Service 2008c). Within Highlands
County, it occurs primarily on yellow sands (e.g., Astatula, Paola, and Tavares) in sandhill and oak-
hickory scrub, but also on moderately well-drained white sands (Archbold) and on gray sands
(Satellite) (Menges et al. 2007).
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Studies at ABS have documented positive post fire responses in flowering and vegetative growth of
Clitoria fragrans (Menges 1997 pers. comm. ABS in Service 1999). Decreased flowering within one
year after burning suggests fire suppression and canopy closure adversely affect this plant, resulting
in reduced vegetative vigor and reproduction. However, this plant has been observed flowering in a
location that had not been burned in 30 years, indicating that Clitoria fragrans will persist for many
years under suboptimal conditions. Even though plants may persist with infrequent fire, it is believed
that fire management is essential to the long-term survival of this species. Clitoria fragrans’
dependence on fire is particularly evident when considering the quick and profuse blooming in
response to fire (Service 1999).

In a study of postfire responses of 12 Florida scrub endemics, Weekley and Menges (2003)
characterized pigeon-wing as a moderate resprouter based on the percentage of tagged
aboveground individuals present two years postburn (48.4 percent). However, aboveground pigeon-
wing populations may fluctuate annually due to belowground dormancy (C. Weekley, pers. comm.
2008b in Service 2008c). Anecdotal evidence also indicates that dramatic increases in postburn
aboveground population sizes may be short-lived (Weekley, pers. obs. 2008c in Service 2008c).
Thus, population densities may increase by postfire and decline with time-since fire. High percent
flowering by postburn plants also suggests that they are more likely resprouts than seedling recruits
(Weekley, pers. obs. 2008c in Service 2008c).

Christman (1988) recorded the presence of pigeon-wing in 21.8 percent (42 of 193) of the scrub sites
he surveyed in the late 1980s and these records have been incorporated into the FNAI database.
Element occurrence records (EORs) compiled by FNAI represent a species occurrence that is a
minimum of 1 km from another occurrence of the same species. FNAI lists 77 EORs for pigeon-wing,
70.1 percent on protected sites on the LWR or WHR or on the APAFR (Service 2008c).

Heavy vertebrate and invertebrate predation, including the destruction of entire seed crops of the
complete removal of aboveground individuals, have been documented for pigeon-wing (e.g., Stout and
Lewis 2004; Lewis 2007; A. Faivre, pers. comm. 2008 in Service 2008c). Clitoria spp. are host species
of the hoary edge (Achalarus lyciades) and long-tailed (Urbanus proteus) skippers and the southern
cloudywing (Thorybes bathyllus) butterfly (Minno et al. 2005). Long-tailed skippers and southern
cloudywings are both known to use pigeon-wing as a host plant (Stout and Lewis 2004; Weekley, pers.
obs. 2008c in Service 2008c). The impact on pigeon-wing plants of partial or complete defoliation is
unknown. Other likely invertebrate predators on pigeon-wing include orthopterans and possible seed
predating coleopterans. Vertebrate herbivores probably include white-tailed deer (Odocoileus
virginianus) and eastern cottontail rabbits (Sylvilagus floridanus). Herbivory may threaten the
persistence of local populations. Pigeon-wing plants overgrown by Cuscuta sp., a parasitic plant, at
one study site at APAFR failed to flower (Stout, pers. comm. 2008b in Service 2008c), suggesting that
competition for light or resources may limit flowering (Service 2008c).

Dicerandra christmanii (Garrett’s Mint)

Dicerandra christmanii, a member of the mint family (Lamiacaeae), is a partially woody, short-lived
(less than 10 years) perennial shrub growing to 50 centimeters (cm) (Huck et al. 1989). Small white
flowers with purple splotches are produced July through October. The leaves of this species produce
a strong odor of eucalyptus oil when crushed (Huck et al. 1989).

Dicerandra christmanii is endemic to the LWR and occurs only in Highlands County, Florida,
approximately 5 to 8 kilometers (km) southeast of the town of Sebring. The species was first
collected by Ray Garrett in 1948 and was originally identified as scrub mint (D. frutescens). Huck et
al. (1989) subsequently reclassified it as new species and assigned the name Dicerandra christmanii.
Ranges of the two species do not overlap. The range of Dicerandra christmanii begins just 10.5 km
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north of the nearest population of D. frutescens. It is distinguished from scrub mint by anther color,
odor, leaf length, and chemistry of the compounds found in leaves (Huck et al. 1989).

Dicerandra christmanii was listed as endangered on September 21, 1989 (54 FR 38947); however, it
was protected as D. frutescens since 1985. Loss of habitat to residential and commercial
development, compounded by an extremely small distribution, as well as fire suppression in tracts of
remaining habitat, are the principal threats to this species (Service 1999). There are only four
locations recorded for Dicerandra christmanii. Three of the four known occurrences are located on
private land, and their present status is unknown. The habitat has been largely converted to citrus
groves and scattered single family residences.

The refuge’s Flamingo Villas Unit is the single protected area supporting Dicerandra christmanii
(Turner et al. 2006, Schultz et al. 1999, Menges et al. 2007). At Flamingo Villas, estimates of the
number of plants in the population began in 1994. From 1994 to 1998, the number of plants ranged
from 2,266 to 3,507 (Menges and Weekly 1999). In the 2008 census of study plots at Flamingo
Villas, ABS recorded 445 plants, up from 303 in 2007 (Weekley, ABS, pers. comm. 2008d). Overall,
ABS annual surveys indicate that the population has been in decline since 2003, probably due to lack
of fire (Menges, ABS, pers. comm. 2008a).

Acquisition of the Flamingo Villas Unit of the Lake Wales Ridge NWR is not complete and numerous
small private inholdings still exist in the area where Dicerandra christmanii occurs. Notably, Schultz
et al. (1999) reports Dicerandra christmanii occurring on a private tract southeast and outside of the
Carter Creek acquisition boundary, found on the same yellow sand scrub ridge exhibited in the
Flamingo Villas Unit to the south.

Habitat for Dicerandra christmanii is yellow sand xeric oak-hickory scrub. Oak-hickory scrubs are
dominated by scrubby evergreen oaks (Q. myrtifolia, Q. geminata, and Q. chapmanii) and scrub
hickory (Carya floridana) and may also have an overstory of pines (P. clausa and P. elliottii var.
densa). All populations are found in areas with moderately well-drained Tavares yellow sands
(Menges et al. 1999). These soils support scrub and sandhill vegetation, but have largely been
converted to citrus cultivation (Menges 1992). Within the habitats where it occurs, Dicerandra
christmanii is a gap specialist, growing almost exclusively in openings in between shrubs.
Occupied microhabitats typically have shallow leaf litter (less than 2 cm) and partial to no canopy
cover (Menges et al. 1999).

Regeneration occurs exclusively through episodic recruitment of seedlings, with germination
occurring mainly in winter and early spring (Menges and Weekley 1999). Most mortality occurs in
seedlings during the dry, hot spring typical of central Florida, suggesting that drought or
temperature may affect survival. Annual seedling recruitment varies widely from year-to-year
dependent on spring rainfall. A normal good year may have 50 times the number of seedlings as
a drought year (Menges et al. 1999).

Lack of natural fire regime is currently the most important threat to the Dicerandra christmanii
population at Flamingo Villas. Fire suppression started on a regional scale on the LWR about 70
years ago. In the absence of fire, yellow sand scrubs become extremely dense after 30 years,
crowding out gap specialist species such as Dicerandra christmanii (Menges 1992). Based on
population viability analysis modeling for its congener, scrub mint, Menges et al. (2006)
recommended a fire return interval of 6 to 21 years in xeric oak scrub to maximize persistence of
populations. Long-unburned oak scrub sites have dense shrub growth and litter accumulation.
Within the long-unburned sites at Flamingo Villas, Dicerandra christmanii occurs primarily in areas
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with regular small-scale soil disturbance (e.g., foot trails and abandoned fire lanes), in the limited
remaining natural gaps, and rarely in overgrown scrub (Menges et al. 1999, Weekley et al. 2001).

Reintroducing fire to long-unburned sites presents complications for species recovery (Evans et al.
2004). Areas with excessive fuel loads may burn hot and completely through a site, killing all plants,
and thus requiring populations to regenerate entirely from the seed bank. However, recent seed
production may be low in overgrown sites. Fuel reduction treatment of shrubs around patches of
scrub mint could allow for patchier burns and survival of some existing plants, and improve post-fire
regeneration (Evans et al. 2004). Successfully mitigating the impacts of fire suppression may require
mechanical control including hand removal of woody species in the general vicinity of individual
plants. Removal of shrub material after cutting is important, as any medium or heavy fuels will
increase fire residence time and potentially destroy the seed bank.

Drought exacerbates declines due to lack of fire and prevents strong post-fire recovery of populations
of scrub mint, and the same is likely true for Dicerandra christmanii. Regeneration of populations
from seed after fire appears to be lower due to reduced seedling survival when a “dry” year follows a
fire (Menges, ABS, pers. comm. 2008a). To decrease the possibility of drought causing a
catastrophic decline of an entire occurrence, prescribed fire should be implemented on a staggered
schedule, with occurrences split into multiple burn units that are burned in different years.

Fruit and seed dispersal is limited to a few meters from the parent plant (Menges et al. 2001). It may
be limited from dispersal beyond existing patches. It may be persistent in the soil seed bank for
years, but numbers are expected to be reduced in long-unburned sites (Menges et al. 2006).
Assisted dispersal of Dicerandra christmanii seed within suitable habitat may be necessary to
recolonize long-unburned scrub after fire.

While fire is the predominant disturbance factor in Florida scrub, some degree of soil disturbance may
also be a critical perquisite for the persistence of Dicerandra christmanii population (R. Huck, Florida
Museum of Natural History, pers. comm. 2009). For this reason, limited and targeted manual soil
scarification around existing Dicerandra christmanii plants after seeds have ripened and fallen also
may be a useful technique to increase seedling establishment.

Turner et al. (2006) identified Dicerandra christmanii as “critically endangered” and identified it as one
of at least eight LWR species in which translocation and/or captive propagation may be necessary to
ensure its survival due to inadequate representation on conservation lands (Turner et al. 2006).

Eriogonum longifolium var. gnaphalifolium (Scrub buckwheat)

Eriogonum longifolium var. gnaphalifolium was federally listed as threatened in 1993 due to rapid loss
of suitable habitat. The species occurs in high pine and in turkey oak barrens in Marion, Pasco,
Hillsborough, Lake, and Orange Counties in central Florida (Christman 1988). In Polk and Highlands
Counties, it is found on the LWR as far south as ABS, south of Lake Placid (Service 1999). Scrub
buckwheat has been identified on the refuge’s Flamingo Villas and Carter Creek Units (Schultz et al.
1999, Turner et al. 2006). The northern range limits for Eriogonum longifolium var. gnaphalifolium are
in Ocala National Forest and in areas of mixed scrub and high pine south of Ocala in Marion County.
Suitable habitat and possibly the plant extend south into northern Sumter County. Eriogonum
longifolium var. gnaphalifolium historically occurred near Eustis in Lake County (where it was
collected around the turn of the century) and it still occurs near Clermont in remnants of high pine with
Polygala lewtonii and several other endangered plant species (Service 1999).

Comprehensive Conservation Plan 87



Eriogonum longifolium var. gnaphalifolium occurs in several xeric plant communities that may be
burned at intervals of 1 to 8 years for sandhill to 5 to 12 years for oak-hickory scrub. Lands managed
under these general fire return intervals are presumed to have maintained suitable habitat for
Eriogonum longifolium var. gnaphalifolium (Service 2008d).

The principle cause of decline of central Florida’s plants is conversion of high pineland and scrub for
agricultural purposes (principally citrus groves) and for commercial, residential, and recreational
purposes. In addition to habitat loss, this species is threatened by invasive species such as cogon
grass and centipede grass. Recreational motorized off-road vehicles (all-terrain vehicles and
motorcycles) in publically owned pinelands also have the potential to severely impact Eriogonum
longifolium var. gnaphalifolium (Service 1999).

Twenty-seven of the 48 known populations (56 percent) of Eriogonum longifolium var. gnaphalifolium
occur on public conservation lands, but the species’ status is still not known. Although the species’
status was listed as decreasing in 2007, this determination was based on the fact that some
populations occur on unprotected, private lands that are vulnerable to destruction or decline in the
future if properties are developed and/or continue to be unmanaged. Available data for several
monitored populations on public lands indicate populations there are stable, but data for scrub
buckwheat on the Ocala National Forest suggest this species may be in decline. No data is currently
available for the majority of populations on public lands (Service 2008d).

Demographic data have been collected at six sites since 1989 at ABS and these data have been
used to evaluate the effects of fire on demographic performance (Menges 2007). Additional
demographic monitoring has been conducted by ABS on the refuge’s Carter Creek Unit since 2001
(Menges et al. 2008a) and populations at Ocala National Forest and LWRSF, representing 15
percent of the populations that occur on public lands (4 of 27) (Service 2008d). There are no data
available to assess the abundance of Eriogonum longifolium var. gnaphalifolium throughout its range.
However, based on the four areas for which Eriogonum longifolium var. gnaphalifolium has been
monitored, including the Carter Creek Unit, inferences concerning relationships to differing fire
regimes have been made. Of the six ABS monitored sites, the total number of plants (~5,000
individuals) had fluctuated by about 20 percent over the monitoring period (Menges 2007). Slight
increases have occurred in areas where prescribed fire has been used recently (Menges, ABS, pers.
comm. 2007 in Service 2008d). Overall, these populations seem to be stable given the fire return
interval used at ABS (Service 2008d).

On the Carter Creek Unit, monitoring began in 2001 after use of prescribed fire. Initially, Eriogonum
longifolium var. gnaphalifolium responded positively to the burn, however, over the next 6 years in which
there were no additional prescribed fires, monitoring results indicated that Eriogonum longifolium var.
gnaphalifolium populations declined slightly (Menges, ABS, pers. comm. 2007 in Service 2008d). Given
the positive demographic response of Eriogonum longifolium var. gnaphalifolium to fire, the population
appears stable even though it is now in post-fire decline (Service 2008d).

From 1988 to 2005, Eriogonum longifolium var. gnaphalifolium numbers increased and their range
expanded on LWRSF (Clanton 2005), suggesting this population may be increasing due to
implementation of an active fire management program. Prescribed fire has been introduced to long-
unburned scrub habitat over this time period and is repeated regularly in some of the management units
(Service 2008d).

The demographics of Eriogonum longifolium var. gnaphalifolium are largely influenced and
dependent on fire frequency. Eriogonum longifolium var. gnaphalifolium resprouts, flowers, and
recruits seedlings following fire and is able to do so where fire return intervals are relatively short
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(McConnell and Menges 2002, Satterthwaite et al. 2002, Menges 2007). Flowering and seedling
recruitment decline rapidly 2 to 3 years following fire and the remaining vegetative individuals tend to
stabilize or decline in number. Demographic modeling suggests that Eriogonum longifolium var.
gnaphalifolium population viability is highest when fire return intervals are 5 to 20 years (Satterthwaite
et al. 2002). These fire frequencies are typical of fire regimes in sandhill and oak-hickory scrub, the
main habitats of Eriogonum longifolium var. gnaphalifolium (Menges 2007). In modeled populations,
the probability of a decline increased with increasing fire return intervals. Extinction risks also
increased with longer fire return intervals. Satterthwaite et al. (2002) indicated that small Eriogonum
longifolium var. gnaphalifolium populations may be more susceptible to the adverse effects of long
fire return intervals. Nonetheless, Eriogonum longifolium var. gnaphalifolium is long-lived in its
vegetative state and populations may persist long-term and remain viable for many years in fire
suppressed habitats, if a sufficient number of individual plants survive the fire-suppressed time period
(Menges 2007) (Service 2008d).

Even though Eriogonum longifolium var. gnaphalifolium can persist for long periods in fire suppressed
conditions, a reduction in flowering and seedling recruitment can be expected in long-unburned habitats
(McConnell and Menges 2002, Satterthwaite et al. 2002, Menges 2007). These adverse effects are
expected to continue into the future on unprotected and unmanaged parcels (Service 2008d).

Hypericum cumulicola (Highlands scrub hypericum)

Hypericum cumulicola is a rare species that is endemic to the LWR in central Florida and only known
from Polk and Highlands Counties. The scrub hypericum is threatened by habitat loss, isolation of
populations, and fire suppression threats, factors which led to its listing as an endangered species in
January 1987 (Service 1999). Schultz et al. (1999) reports Hypericum cumulicola present on the
Carter Creek Unit.

Hypericum cumulicola is a small, short-lived perennial herb reaching 20 to 70 centimeters in height.
Hypericum cumulicola is limited to upland areas with well-drained, sterile, white sands (Judd 1980). It
is almost exclusively found in the sunny openings in rosemary balds. Rosemary balds are unique
vegetative communities that occur as patches within the more expansive scrub ecosystems. These
habitat patches provide suitable habitat for a number of rare scrub endemics (Christman and Judd
1990). Hypericum cumulicola occurs occasionally in openings in well-drained scrubby flatwoods or
among turkey/oak scrubs in yellow sands (Ascencio-Quintana, ABS pers. comm. 1995 in Service
1999). Where it is found, it is locally common and can occur even in large groups of several
thousand individuals (Judd 1980). Population increase of this species is associated with the
occurrence of fires that may release local populations from competitive exclusion (Abrahamson 1984,
Johnson and Abrahamson 1990, Quintana-Ascencio and Morales Hernandez 1997, Quintana-
Ascencio and Menges 1996) (Service 2008e).

Hypericum cumulicola is locally abundant at ABS, five properties of the Lake Wales Ridge Wildlife
Environmental Areas (LWRWEA) — a series of 19 separate tracts scattered over 75 miles managed
by FWC to sustain the widest possible range of native wildlife in their natural habitats (FWC 2009a),
FDEP's Lake June in Winter Scrub State Park, TNC’s Saddle Blanket Lakes Preserve, and FDOF’s
Arbuckle Tract of LWRSF. Despite the list of large populations, most other populations of Hypericum
cumulicola are relatively small. The median size for 34 populations was 539 individuals and most
populations are smaller than 1,000 plants, while the largest population was estimated to be greater
than 300,000 plants (data summarized in Table 1 of Menges et al. 2001) (Service 2008e).

Population sizes of Hypericum cumulicola vary considerably over time, being highest in the first
decade after fire (Dolan et al. in revision). In addition, higher fecundity, survival, establishment, and
population growth rates occur after fire than in unburned populations (Quintana-Ascencio et al. 2003).
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Fire return intervals less frequent than once every 50 years increase substantial extinction risk
(Quintana-Ascencio et al. 2003). The population dynamics of Hypericum cumulicola at LWRSF have
been characterized by volatile changes, especially roadside populations. Scrub populations
subjected to fire generally show sharp initial decline, as plants directly affected by fire are killed. In
most cases, there is a partial or full recovery of population size a few years after fire (Quintana-
Ascencio et al. 2007) (Service 2008e).

A recent analysis of Florida scrub conservation progress (Turner et al. 2006) includes Hypericum
cumulicola among 36 rare species of the LWR. This analysis confirmed that nearly all (98 percent)
occurrences were on the LWR. Turner et al. (2006) calculated Hypericum cumulicola Hypericum
cumulicola as a species of high conservation concern; in fact, it was included in a list of eight species
thought to require intensive management (Service 2008e).

Hypericum cumulicola is found almost exclusively in upland areas with excessively drained white
sand soil (Judd 1980, Menges et al. 2007). These areas have fire return intervals of 5 to 30 years
(Menges 2007) or 10 to 100 years (Myers 1990). The species is not found in all areas of suitable
habitat (Quintana-Ascencio et al. 1998), probably because of dispersal limitations. Because of this,
patch occupancy is more likely in larger and less isolated patches (Quintana-Ascencio and Menges
1996) (Service 2008e).

Within these types of Florida scrub, Hypericum cumulicola is a gap specialist (Quintana-Ascencio and
Morales Hernandez 1997) and a poor competitor with shrubs (Quintana-Ascencio and Menges 2000). In
rosemary scrub, gap sizes are smallest in areas that have not burned in decades (Menges et al. 2008b).
Shrinking gaps in long-unburned areas may be one explanation for the decline in population viability in
Hypericum cumulicola in the absence of fire (Quintana-Ascencio et al. 2003) (Service 2008e).

In addition, Hypericum cumulicola grows in disturbed areas such as sandy roadsides that often occur
adjacent to scrub populations. These roadside populations are demographically divergent from scrub
populations: they are less stable with more variable life spans, earlier flowering, and higher fecundity
(Quintana-Ascencio et al. 2007). These weedier tendencies could represent phenotypic plasticity or
have a genetic basis. If the latter is true, these roadside genotypes might be able to invade scrub
sites, perhaps to the detriment of adaptation to scrub conditions (Service 2008e).

Translocations of Hypericum cumulicola to degraded sites undergoing restoration may be a way to
increase its distribution and local population sizes. Ongoing research includes introducing seeds and
transplants into degraded scrub and pasture, respectively (Menges et al. 2008c). Field seed
germination of Hypericum cumulicola is low (<2 percent) and restricted to open sites, consistent with
its habitat preferences in more pristine scrub. Of eight species transplanted, Hypericum cumulicola
suffered the greatest morality due to transplant shock (Menges et al. 2008c) (Service 2008e).

Hawkes (2004) concluded that Hypericum cumulicola germination is higher with soil crust present,
suggesting that this species may be vulnerable to vehicle disturbance or trampling. In contrast, the
presence of ground lichens appears to have a negative effect on recruitment of Hypericum cumulicola
(Hawkes and Menges 2003), although these effects were slight given low rates of germination.
Allelopathy from Florida rosemary may limit recruitment of Hypericum cumulicola as well (Hunter and
Menges 2002, Hewitt and Menges in press, in Service 2008e). In scrub, Hypericum cumulicola
occurs mainly in gaps (Quintana-Ascencio et al. 2003, Dolan et al. in revision). These results suggest
that recently burned, untrampled sites with inter-shrub gaps provide the best conditions for
recruitment of this species (Service 2008e).
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Even on protected lands, Hypericum cumulicola may be threatened by habit modifications due to lack
of fire. The effect of mechanical surrogates or pre-treatments for fire, which are widely used by land
managers on the LWR, on Hypericum cumulicola is not fully known, although one study (Weekly et al.
2007) suggests that fire alone is most effective in maintaining this species (Service 2008e).

Inappropriate fire regime, mechanical treatments, damage from vehicles and pedestrian trampling, and
invasive exotic species threaten the continued existence of Hypericum cumulicola. The main habitat for
Hypericum cumulicola, Florida rosemary scrub, may be threatened by too frequent fire (more than once in
15 years may cause local extirpation of Florida rosemary) or infrequent fires (longer than every 50 years
may lead to decline of Florida rosemary). Infrequent fires are probably the greatest threat on both
managed and unmanaged sites, although specific data are lacking. Most scrub sites supporting
Hypericum cumulicola are not burned frequently enough to support viable populations and mechanical
pre-treatments or surrogates may not provide the same benefits as fire (Service 2008e).

Liatris ohlingerae [Florida (scrub) blazing star]

Liatris ohlingerae belongs to the aster family (Asteracea) within the genus of perennial, long-lived herbs
that live in open, usually fire-maintained, habitats. The Liatris ohlingerae was listed as an endangered
species in 1989 due to habitat loss associated with land clearing for agricultural, residential, and
commercial purposes (54 FR 31190). Most remaining scrub habitat continues to be degraded due to fire
suppression (Service 1999). As with most of the plant species occurring on the refuge, it does not
currently monitor and evaluate populations of Liatris ohlingerae on a regular basis. Liatris ohlingerae has
been identified on the refuge’s Flamingo Villas Unit (Schultz et al. 1999, Turner et al. 2006).

Liatris ohlingerae is endemic to the Lake Wales Ridge in Highlands and Polk Counties. During
comprehensive surveys in the mid-1980s, the Liatris ohlingerae was found at 93 localities, 71 of them in
Highlands County (Christman 1988). The species’ range extends from Lake Blue in Polk County (Service
1996a), south along the Lake Wales Ridge to ABS at the south end of the ridge in Highlands County
(Service 1999).

Liatris ohlingerae is one of the endemic plants found in rosemary balds. It is also found along the
ecotone between these balds and surrounding scrub habitats on white or rarely on yellow sands
(Christman and Judd 1990). It can also be found scattered in surrounding scrub. Rosemary balds
are a unigue community type within the scrub ecosystem. They are represented by small islands
separated from each other, often by considerable distances. These islands provide suitable habitat
for a number of scrub endemics (Christman and Judd 1990) that have evolved within well-drained,
droughty, low-nutrient soils. These limiting habitat conditions have resulted in a vegetative complex
whose above-ground biomass is sparse and does not support frequent fires. Rosemary balds
typically burn every 40 to 100 years (Johnson 1982, Myers 1990), while the surrounding scrubs burn
more frequently. Fire may either burn a section of rosemary scrub or it may sweep through the entire
bald (Herndon 1996). The ecotone between rosemary balds and surrounding scrub is a dynamic
vegetative complex dependent on the frequency and intensity of fire (Service 1999).

Herndon (1996) found that Liatris ohlingerae has important microhabitat requirements, particularly its
preference for shade. Unlike most other scrub endemics, it appears to thrive in lightly shaded areas.
Generally, it is found in highest densities on the lower slopes of rosemary balds especially where low,
thin-canopied scrub oaks (Q. chapmanii, Q. germinata, and Q. inopina) or patches of palms (Sabal
etonia and Serenoa repens) dominate the vegetation and where patches of open sand exist. These
habitat conditions are also frequently found under individual sand pine (Pinus clausa) crowns, but
never in dense groves of sand pines (Service 1999).
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Over time, however, shady microhabitats are not fixed within rosemary balds. Large-scale disturbance,
such as intense fire, may change the mosaic pattern of scrub vegetation and thus decrease the amount of
shade in scrub habitat. Twenty-five percent of Liatris ohlingerae are found in open areas in direct sun
while 25 percent are found along the edges of canopies in partial shade. Half of the plants are typically
found under canopies of other rosemary bald vegetation (Service 1999).

Flowering and fruiting in this species are more abundant in shaded microhabitats. Individuals in open
and edge habitats only produced one-quarter as many mature flower heads (Herndon 1996). The
seed of this species are short-distance wind dispersers, with bristles and hairs that assist in planting
the seeds correctly. Low germination on leaf litter-covered soils suggests that many seeds in shade
(the favored microhabitat) may get trapped in the leaf litter and fail to sprout or die shortly after
sprouting (Herndon 1996) (Service 1999).

Herndon (1996) found that the number of buds on Liatris ohlingerae plants is highly variable from
year-to-year, from site-to-site, and from plant-to-plant. His study revealed an overall germination rate
of 21 to 62 percent and hypothesized that the difference could be attributed to climatic factors such
as rainfall and temperature. However, the factor most affecting germination rates was not the
environmental conditions or where the plants were located, but the soil conditions in the vicinity of the
plant. Seed on bare sand had a higher germination rate, 30 percent in contrast to 21 percent for all
the plots. Though no germination rates were observed in relation to light intensity, survival of
seedlings was greater in the shaded sites (Service 1999).

The seedling growth rate for Liatris ohlingerae is slow compared to most other scrub endemics.

Many others grow to reproductive maturity in only one growing season, while juvenile stage for Liatris
ohlingerae was found to be at least two years by Herndon (1996). Cultivated Liatris ohlingerae can
flower in 8 months. Limited water and nutrients are believed to be responsible for the difference
between wild populations and cultivated ones (Herndon 1996) (Service 1999).

In contrast to other rosemary bald endemics, Liatris ohlingerae prefers shade and is not as productive
in sunny, open gaps. It occupies areas that would be too overgrown for other scrub endemics. Some
rosemary bald endemics, such as Ceratiola ericoides (sand heath) produce chemicals that have
allelopathic effects. Liatris ohlingerae probably is not affected by these chemicals, since it commonly
grows under rosemary bushes (Herndon 1996). However, Liatris ohlingerae is missing from dense
stands of Ceratiola ericoides. Herndon (1996) found the shade of dense stands of Ceratiola ericoides
was more limiting than their allelopathic effects. However, single or widely spaces Ceratiola ericoides
were not dense enough to preclude Liatris ohlingerae (Herndon 1996) (Service 1999).

Though mortality of Liatris ohlingerae appears to be low, recruitment and colonization rates are
severely limited, as indicated by the number of seedlings in the vicinity of adult plants. Liatris
ohlingerae occurs sparsely over the landscape and in highly clumped within rosemary balds.
Connectivity between the islands of habitat is very important to this species due to its cross-
pollination needs. Lack of connectivity or loss of pollinators may be responsible for loss of Liatris
ohlingerae at some isolated sites (Service 1999).

Liatris ohlingerae is not abundant in rosemary balds because early seral stages do not provide
sufficient shade. Following devastating fires, rosemary bald endemics generally recover via the seed
bank (Menges and Kohfeldt 1995). Several years are then required to replace shade-bearing
vegetation. For example, limited shade may be afforded to the scrub blazing star by Ceratiola or
Pinus clausa. Mature individuals of these species may be killed by fire and must then recover from
seedlings. The temporal lag of little to no shade is not suitable for the re-establishment of Liatris
ohlingerae (Service 1999). Vegetation occurring on the ecotone of rosemary balds and surrounding
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scrub reacts differently to fire events. These species typically respond to ground-clearing fires by re-
sprouting (Menges and Kohfeldt 1995). Re-sprouting results in the re-establishment of shade-
bearing vegetation within one to several years. Liatris ohlingerae may become re-established more
rapidly under these conditions (Abrahamson 1984, Service 1999).

Lupinus aridorum (Scrub lupine)

Lupinus aridorum is an herb endemic to Orange and Polk Counties, Florida, and is known to occur on
the refuge’s Lake McLeod Management Unit (Schultz et al. 1999, Kane 2003). Lupinus aridorum is
known from two distinct areas. In western Orange County (Orlando area), it is found on the southern
Mount Dora Ridge from the Apopka-Plymouth area south, past Lake Buena Vista. In south Florida, it
is found in north-central Polk County on the Winter Haven Ridge near Audurndale and Winter Haven
(Service 1999). The species is an unusual central Florida scrub plant because it is absent from the
LWR. Like many other scrub species, however, it is threatened by loss of habitat due to land
conversion for agriculture and residential construction. Lupinus aridorum was federally listed as
endangered (52 FR 11172) in April 1987.

Current management of Lupinus aridorum includes habitat manipulation, exotic control, and periodic
prescribed fire at the Lake McLeod Unit in addition to periodic monitoring conducted by volunteers
and research conducted by the University of Central Florida focusing on inventorying plants, marking
individual plants, determining cause of death, and monitoring disease dispersal.

Lupinus aridorum is found in open disturbed areas in sand pine and rosemary scrub communities of
central Florida. Other federally listed species found in association with it are Florida bonamia (Bonamia
grandiflora), papery whitlow-wort (Paronychia chartacea), sandlace (Polygonella myriophylla), and
scrub plum (Prunus geniculata) (Service 1999). Lupinus aridorum grows primarily on well-drained
sandy soils of the Lakewood or St. Lucie series (Wunderlin 1984). These soils are very dry and have
very little organic accumulation (Lowe et al. 1990 in Service 2008f). The sands are white or
occasionally yellow and generally support sand pine (Wunderlin 1984). They are also quite acidic with
a pH from 4.0 to 4.5 (Stout, University of Central Florida, pers. comm. 1996 in Service 1999).

The natural habitat for Lupinus aridorum is believed to be sand pine and rosemary scrub (Stout,
University of Central Florida, pers. comm. 1996 in Service 1999). Lupinus aridorum probably existed
in sunny gaps until succession of the scrub resulted in excessive shading and closure of open, sunny
patches. After long periods without disturbance, gap specialists usually become less common in
scrub communities. Regrowth of Lupinus aridorum after fire or other disturbances occurs from
seedbanks stored in the sand (Service 1999).

Most of the sites where Lupinus aridorum is now found are moderately to severely disturbed by soil
scraping activities, road construction, land clearing activities, or off-road vehicles (Stout in press in
Service 1999). With these disturbances and associated vegetative responses, it is difficult to
determine what the natural vegetative cover may have been. However, Wunderlin (1984) found the
predominant overstory for this species to be sand pine (Pinus clausa), longleaf pine (Pinus palustris),
and occasionally turkey oak (Quercus laevis). The shrub layer tends to be sparse at Lupinus
aridorum sites; however, this may be a result of human made disturbances to the soil. Shrub species
most frequently found in association with Lupinus aridorum include rosemary (Ceratiola ericoides),
scrub line oak (Quercus geminata), rusty lyonia (Lyonia ferruginea), Palafoxia feayi, tallowwood
(Ximenia americana), and an occasional cabbage palm (Sabal palmetto). The herbaceous layer is
mostly corkscrew threeawn (Aristida gyrans) (Stout, pers comm. 2010).
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A 1998 census of 40 locations where Lupinus aridorum had previously been reported and five
additional locations reported, but not recorded in the FNAI database, found individual plants at 19
sites (TNC 1999). Thirteen of the 40 historic sites had been developed for commercial or residential
uses and contained no Lupinus aridorum by 2008 (Service 2008f).

At the time of the 1998 census, an estimated 1,054 non-seedling plants and 474 seedlings were
unknown to exist, This is higher than the 936 non-seedling plants (which includes the maximum
number of individuals reported at any specific location) and 30 seedlings previously reported in the
FNAI database. However, comparison of these data is difficult because actual numbers were not
recorded for some localities in the FNAI database (e.g., some locations contained “some”, “many”,
“>100", or “unknown” as the reported number of individuals). Comparing only locations where FNAI
records contained discrete numbers of individual plants resulted in 324 non-seedling plants and 30
seedlings (FNAI) versus 596 non-seedling plants and 154 seedlings found at these same locations in
1998 (TNC 1999). Much of the increase in numbers of non-seedling plants and seedlings is
attributed to two locations, one of which is a managed conservation parcel. Combined, the two
locations accounted for 566 (54 percent) of the 1,054 non-seedling plants and 142 (30 percent) of the
seedlings known to have existed in 1998 (Service 2008f).

Kane (2003) subsequently conducted a rangewide census between 2002 and 2003 and, although
she was unable to compare her findings with all historic locations, she did count 1,019 non-seedlings
and 236 seedlings in 2002 and 980 non-seedlings and 4,919 seedlings in 2003 within 10 extant
lupine populations (11 extant populations were cited, but one location was excluded because it was
not visited in 2002). The refuge’s Lake McLeod Unit had the largest number of non-seedlings and
seedlings counted during 2002 and 2003 (Kane 2003) (Service 2008f).

Stout (University of Central Florida, pers. comm. 2005 in Service 2008f) indicated that long-term
monitoring at seven sites on the Lake McLeod Unit showed an increase in the number of seedlings.
However, comparison of the number of seedling plants between 2003 and 2007 on the unit showed a
decline from 511 to 357 plants and the distribution on this unit declined as well (Service 2008f).

Long-term monitoring has also been conducted at one site in Orange County that is held in a
conservation easement (J. Stout, pers. comm., University of Central Florida, 2007 in Service 2008f).
Since 1990, around 45 non-seedling plants have persisted, but drought conditions since about 1998
have resulted in low or no recruitment in this population (Service 2008f).

The abundance and range-wide population trend of Lupinus aridorum is declining due principally to
habitat loss. The number of known populations has declined from a historical record of 40, to 19 in
1998 and 11 in 2003. Seedling recruitment varies annually; therefore the number of seedlings
present is not a good indicator of population size or status (Service 2008f).

There has been a documented decline in the spatial distribution and historic range of Lupinus
aridorum (Kane 2003, C. Peterson, HBS, pers. comm. 2007 in Service 2008f). As of 2003, the
historical records of 40 populations had declined to 11 extant populations occupying about 23 acres.
Three of four of these populations have been extirpated since 2003, leaving only six to seven scrub
lupine populations (Service 2008f).

Lupinus aridorum evolved in fire-maintained vegetative communities (scrub and sandhill). Many of
the remaining locations where Lupinus aridorum is found are private properties that are not managed.
As a result, vegetation density and canopy cover are high and bare sandy patches are small or non-
existent (Service 2008f).
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Several populations occur on public lands. Orange County Parks and Recreation Division maintains
Shadow Bay Park (formerly Lake Cane-Marsha Park), but this site is not currently managed for Lupinus
aridorum and is principally used for active and passive recreation. Orange County does not use
prescribed fire in this park because of urban interface concerns (A. Eidam, Orange County Parks and
Recreation Division pers. comm. 2007 in Service 2008f). Mechanical management is proposed at this
site in the future. Orange County also holds a conservation easement on a parcel that contains about
45 mature plants. This site is not actively managed, but is currently in relatively good condition due to
ongoing experiments evaluating the effects of grass and tree removal on Lupinus aridorum survival (J.
Stout, University of Central Florida pers. comm. 2007 in Service 2008f) (Service 2008f).

In Polk County, the refuge’s Lake McLeod Unit contains Lupinus aridorum in areas where historic off-
road vehicle use created informal trails and other bare sandy patches that persist today. Vegetative
density and canopy closure are not currently limiting Lupinus aridorum where it occurs. Lupinus
aridorum seeds may be stored in soils in other areas of the refuge, but have not germinated because
competing vegetation is too dense in these areas. Recent burning of brush piles may enhance
habitat and result in additional recruitment of seedlings (S. Morrison, TNC, pers. comm. 2007 in
Service 2008f) (Service 2008f).

Threats due to exotic or invasive plants are documented on the Lake McLeod Unit (North Wind, Inc.
2006), where a total of nine exotic plants infest the unit in varying densities and locations.

Lupinus aridorum plants suffer high mortality when transplanted. This fact has limited plantings of
seedlings produced at HBS and is considered one of the primary obstacles to reintroduction of Lupinus
aridorum to suitable, natural habitat. Recently, however, seeds have been germinated in native soil
mixes in peat pots and transplant success of seedlings grown in these mixtures has been promising.
Additional experimentation is underway to refine substrates and containers to maximize germination
and early seedling survival (HBS 2006) (Service 2008f).

Wilt has been reported in Lupinus aridorum populations grown in green house conditions and only
recently has been suspected in the extirpation of one wild population (A. Eidam, pers. comm. 2007 in
Service 2008f). The bacterial pathogen Xylella fastidiosa is responsible for wilt affecting Lupinus
aridorum (Stout et al. 2001). Disease is likely a threat, but more work is needed to determine risks.
Predation is not thought to pose a risk at this time (Service 2008f).

Successful recruitment appears to decline during prolonged periods of drought. In one well-studied
population, recruitment of seedlings has been low since 1988 and is attributed to drought conditions
(J. Stout University of Central Florida pers. comm. 2007 in Service 2008f).

Nolina brittoniana (Britton’s beargrass)

Nolina brittoniana is a long-lived species of Agavaceae and is found from the south end of the LWR in
Highlands County north to Orange County and northern Lake County, Florida. It is a relatively
widespread species with highest concentrations in Polk and Highlands Counties. The species was
federally listed as endangered in April 1993 and is threatened by habitat loss or modification due to
land conversions for agriculture and development (Service 1999). Nolina brittoniana is known to
occur on the refuge’s Lake McLeod and Carter Creek units (Schultz et. al. 1999, Turner et al. 2006).

Nolina brittoniana occurs in a wide range of habitat types, from relatively open scrub to hammocks with
closed canopies. It has been reported in scrub, high pine, and occasionally in hammocks (Christman
1988). The wide range of habitat types that Nolina brittoniana occupies are very different in
appearance, physiognomy, species composition, fire dynamics, and land use history, but are closely
linked ecologically and historically (Myers 1990). In all habitats where Nolina brittoniana occur, soil is
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droughty and infertile, and all are considered upland sites (Myers 1990, C. Weekly, pers. comm. 1996
in Service 1999). These habitats are also fire-maintained and fire-dependent ecosystems that are
presumably replaced by hardwoods in the absence of fire (Myers 1990, Service 1999).

Nolina brittoniana was listed as endangered because of habitat loss from agricultural and residential
development. The Lake Wales Ridge continues to experience population growth and expansion of
citrus groves, resulting in further destruction of scrub habitat. Fire exclusion is also degrading much
of the remaining scrub habitats. Overgrown scrub can shade this species, which results in a reduction
in sexual reproduction (Wunderlin et al. 1980). Nolina brittoniana can remain vigorous in fire-
suppressed habitat, but trends of populations under these conditions are unknown (Reese and Orzell
1995). In 1989, the total number of Nolina brittoniana was estimated to be less than 1,000 plants
(Muller et al. 1989, Service 1999).

Like many of Florida’ ecosystems, scrub is pyrogenic and its flora and fauna have developed
adaptations to fire (Myers 1990). The mosaic of scrub habitats is attributed to variable fire
frequencies and patchiness of burn-intensities (Myers 1990). Studies have shown that Nolina
brittoniana responds to fire with increased flowering at one year post fire (Menges et al. 1996). This
is important in that it represents a pulse of reproduction and potential recruitment of new individuals
to the population. Although Nolina brittoniana can persist in an area that has experienced fire
suppression for many years, it may only exist in a vegetative state under these conditions. Adequate
fire management is needed to maintain population diversity (Service 1999).

Paronychia chartacea spp. chartacea (Papery whitlow-wort)

Paronychia chartacea is a short-lived dioecious herb, forming small mats. There are two
geographically isolated subspecies of this small herb: P. chartacea ssp. chartacea in central Florida
and P. chartacea ssp. minima in northwestern Florida. Both subspecies are federally listed as
endangered due to habitat loss to agricultural, commercial, residential, and recreational purposes (52
FR 2227) (Service 1999). Paronychia chartacea is currently protected on 26 managed areas on the
Lake Wales Ridge, including the refuge’s Carter Creek and Flamingo Villas Units. Paronychia
chartacea is also known to exist on preserved lands of the Winter Haven Ridge including the refuge’s
Lake McLeod Unit and of the Lake Wales Ridge at the refuge’s Flamingo Villas Unit (Schultz et al.
1999, Turner et al. 2006).

Paronychia chartacea is endemic to the scrub community of the LWR (Kral 1983), in Highlands, Polk,
Osceola, Orange, and Lake Counties (Anderson 1991). The natural habitat for the papery whitlow-
wort is rosemary scrub, which is also known as the rosemary phase of sand pine scrub (Abrahamson
et al. 1984, Christman 1988, Menges and Kohfeldt 1995). At ABS, rosemary scrubs are found only
on the higher ridges and knolls in the intra-ridge valley at 40 to 50 meters in elevation, and are largely
restricted to St. Lucie and Archbold soil types (Abrahamson et al. 1984), which are both well-drained
white sands (Carter et al. 1989) (Service 1999). Surveys specific to rosemary bald elevations on
refuge units are unavailable.

Within these scrub communities, Paronychia chartacea is more abundant in disturbed, sandy
habitats, such as roadway rights-of-way and recently cleared high pine (Abrahamson et al. 1984,
Christman 1988, Service 1996a). In rosemary scrub, Paronychia chartacea can become very
abundant after a fire or on disturbed sites such as along fire lands or trails (Service 1996a, Johnson
and Abrahamson 1990) (Service 1999).

Based on surveys on the Lake Wales Ridge in Highlands County, Menges et al. (2007) characterized
Paronychia chartacea as a soil generalist. Forty percent of occurrences in Highlands County were
recorded from xeric scrubby flatwoods soils (e.g., Satellite sand) and an almost equal percentage
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from Florida rosemary scrub soils (e.g., Archbold and St. Lucie sands). Paronychia chartacea was
rarely recorded on sandhill or flatwoods soils (<10 percent for each category). Although soil
preferences for Paronychia chartacea elsewhere on the Lake Wales Ridge have not been qualified, it
is well known from white, gray, and yellow sands throughout its range, but is most abundant on white
sands (Service 2008g).

Because of its preference for open sand gaps within Florida rosemary scrub (Schafer et al. in revision
in Service 2008q), Paronychia chartacea is characterized as a gap specialist (Menges et al. 2008b).
As time-since-fire increases, gaps decrease in area (Menges et al. 2008b) and Paronychia chartacea
decreases in abundance (Schafer et al. in revision). This dynamic may be reinforced by the adverse
effects of the allelopathic litter of Florida rosemary on germination of Paronychia chartacea (Hunter
and Menges 2002) and by increases in cover of terrestrial lichens (Hawkes and Menges 2003) and
biotic soil crusts (Hawkes 2003) (Service 2008g).

Current range-wide status of Paronychia chartacea is unknown. The long-term species status was
reported as unknown because while some populations are protected, detailed data for those
populations are lacking, threats are continuing, and population trends are unknown (Service 2008g).

Abundance surveys typically either note the presence of Paronychia chartacea (Level 1 monitoring
sensu Menges and Gordon 1996) or make broad estimates of population sizes (e.g., hundreds and
thousands). However, two recent datasets contain data based on counts. Clanton (2007b in Service
2008g) reported 17,106 individuals of Paronychia chartacea from global positioning system (GPS)
surveys at the LWRSF conducted in 2006. Schafer (University of Florida, pers. comm. 2008a in
Service 2008g) recorded 1,425 plants from 16 rosemary scrub and four roadside plots censused at
ABS from February to March 2003. Plant density was over three times higher in roadsides than in
scrub populations (12.7 per m? vs. 4.29 per m?) (Service 2008g).

Between May 2003 and June 2008, Schafer (pers. comm. 2008b in Service 2008g) followed over
3,400 Paronychia chartacea at ABS. These data confirm that it is a short-lived perennial, as
described by Anderson (1991). For seven seedling cohorts tagged between 2003 and 2005, survival
after one year varied from 7.5 percent to 34.2 percent. Thus, most plants survived less than one
year. However, most cohorts produced individuals that survived for 2 or more years, and the
maximum lifespan observed to date is 5 years (Service 2008g).

Schafer et al. (in revision in Service 2008g) investigated the distribution and density of Paronychia
chartacea populations in Florida rosemary scrub adjacent to roadside populations in relation to fire
history and microhabitat. These authors found that population sizes in rosemary scrub decreased
with time-since-fire, a result consistent with the observations of Johnson and Abrahamson (1990) and
Menges and Kohfeldt (1995). Within rosemary scrub, abundance was greatest in the centers of large
gaps (as opposed to small gaps or the edges of large gaps). The density of roadside populations
was similar to recently burned scrub populations (Service 2008g).

Sullivan (pers. comm. 2008 in Service 2008g) found surprisingly low levels of germination across
microhabitats (despite supplemental watering and the application of gibberellic acid (GA3), a plant
growth hormone known to stimulate germination). However, other studies have shown higher
rates of field germination (e.g., Hawkes and Menges 2003, Petru and Menges 2003). In
particular, germination is promoted by the removal of terrestrial lichens (Hawkes and Menges
2003) and biotic soil crusts (Hawkes 2003), both of which increase with time-since-fire in Florida
rosemary scrub (Service 2008g).
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Maintenance of viable populations of imperiled plant species depends largely on the determination of
the appropriate management regime of populations on managed areas. For Paronychia chartacea,
inadequate use of fire or the use of mechanical treatments as a surrogate for fire may reduce
population sizes or adversely impact demographic performance. Appropriate management means
burning Florida rosemary scrub often enough to maintain large gaps within the rosemary scrub
matrix. According to Menges (2007) habitat for Paronychia chartacea needs to be maintained
through burning Florida rosemary scrub within the modal fire return interval defined by other gap
specialists and by Florida rosemary (Service 20089).

Polygala lewtonii (Lewton’s polygala)

Polygala lewtonii is a perennial herb that occurs in oak scrub and in high pine, but is more common in
the transitional areas between these two community types (Service 1999). Both Schultz et al. (1999)
and Turner et al. (2006) report the occurrence of Polygala lewtonii on the refuge’s Carter Creek Unit.
Polygala lewtonii was listed as an endangered species in April 1993, due to land conversion and
habitat destruction for agricultural and residential housing construction (58 FR 25754). In the Lake
Wales Ridge, the south portion of Carter Creek, including the refuge managed unit and the
unprotected unit to the south, have the largest known population of Polygala lewtonii (Service 1999).

Polygala lewtonii is a relatively short-lived (5- to 10-year) perennial herb. Each plant produces one to
several annual stems. This species is closely related to the widespread P. polygama. Polygala
lewtonii occurs in scrub and high pine communities of Highlands, Polk, Osceola, Orange, Lake, and
Marion Counties within the Lake Wales and Mount Dora ridges of central Florida (Service 1999).

Polygala lewtonii is not strictly a scrub species and is found in widely scattered populations that
frequently occur in transitional habitats between high pine and turkey oak barrens. Polygala
lewtonii also occurs in both habitats (Wunderlin et al. 1981, Christman 1988). It depends on fire
to maintain its habitat. It is found in sunny openings and often colonizes disturbed sites, such as
roadsides and fire lanes. Its preference for transitional habitats between high pine and turkey oak
barrens suggests a preference for a burn frequency that is less frequent than high pine, but more
frequent than turkey oak barrens (Service 1999). It seems to favor the ecotonal habitat where the
burn frequency is highly variable. In general, this species responds favorably to fire, as it
resprouts quickly and there is an increase in seedling recruitment. After an initial increase in
recruitment, populations tend to fluctuate widely. However, large changes in population size
coupled with its cryptic nature makes monitoring difficult in many situations. Though more
research is needed on the species’ response to fire frequencies and intensities, it is clear that
periodic fire is needed for the persistence of this species (Service 1999).

Polygala lewtonii may have experienced some degree of range expansion due to artificial fire regimes
(Clutts 1995). The practice of winter burning may have allowed Polygala lewtonii to expand its
distribution from scrub vegetation into high pine. Winter burns prohibit the sexual reproduction of
wiregrasses in the high pine habitat and have resulted in an increase in the openings that would have
naturally occurred in this habitat. More open areas favor establishment and persistence of Polygala
lewtonii (Service 1999).

Polygonella basiramia (Wireweed)

Polygonella basiramia is an herbaceous perennial endemic to the central ridges of the Florida
peninsula and is one of a suite of herbs found primarily in the rosemary phase of sand pine scrub.
Polygonella basiramia was federally listed as endangered in January 1987 (52 FR 2234), because of
habitat loss and modification. It is restricted in distribution with a small number of remaining sires and
is faced with continued and dramatic habitat loss. In addition, trampling and off-road vehicles impact
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the species (Service 1999). Turner et al. (2006) reports its occurrence on the Flamingo Villas Unit
while Schultz et al. (1999) reports its occurrence on both the Carter Creek and Lake McLeod Units.

The Lake Wales Ridge in central Florida is the center of diversity for the genus Polygonella, whose
species have remarkably diverse growth habits ranging from tall and leafy, to upright and virtually
leafless (wireweeds), to prostrate (Horton 1960). Wireweed is endemic to Lake Wales and Winter
Haven Ridges of central peninsular Florida. It ranges from Lake Pierce in Polk County southward to
Venus near the southern tip of the Lake Wales Ridge in Highlands County. Christman (1988) found
Polygonella basiramia at 123 scrub sites (Service 1999).

Polygonella basiramia is most commonly found in rosemary scrub, also known as rosemary phase of
sand pine (Abrahamson et al. 1984, Menges and Kohfeldt 1995). Polygonella basiramia occupies open
spaces or gaps between shrubs and can be found in abundance along sandy fire lanes, which provide
similar habitat. Open space (bare sand) in rosemary scrub was found to be a good indicator of
Polygonella basiramia density: higher plant densities are associated with greater amounts of open space
(Hawkes and Menges 1995). Within rosemary scrub sites at ABS, density of Polygonella basiramia
ranged from 0.000 to 0.085 plants per square meter. Along fire lanes where open sand is abundant,
densities were much higher, with a mean of 8.1 plants per square meter (Hawkes and Menges 1995).
Compared to other herbs, Polygonella basiramia can persist in gaps of smaller size and is often found in
the small, ephemeral gaps of scrubby flatwoods which boarder rosemary scrub (Hawkes pers. comm.
1995 in Service 1999). As gaps begin to close, there may be a shift in species composition among
Eryngium cuneifolium, Hypericum cumulicola, and Polygonella basiramia; with the bare sand specialist
Eryngium cuneifolium being lost to fire, followed by Hypericum cumulicola, then Polygonella basiramia
(Quintana-Ascencio, ABS, pers. comm. 1995 in Service 1999), (Service 1999).

In rosemary scrub, open space decreases from nearly 100 percent immediately after fire to approximately
30 percent 4 years after fire when a great deal of habitat variation exists (Hawkes and Menges 1996).
Gaps are affected by the fire cycle, because they are originally created by fires. No relationship, however,
was found between time-since-fire and Polygonella basiramia density (Hawkes and Menges 1995).
Small-scale gap dynamics may be more important than the fire regime for Polygonella basiramia (Hawkes
and Menges 1995). Polygonella basiramia is an obligate seeder (Menges and Kohfeldt 1995) often not
present in the first few years after fire, but whether it recovers through delayed post fire germination from
soil seed bank or disperses into sites remains unknown (Service 1999).

Density and seed production of Polygonella basiramia, in relation to open sand and time post fire was
studied by Hawkes and Menges (1995). Their analysis showed that its densities and burn interval
were not related, so it appears that it can persist for many years without fire in the long-lasting sandy
areas of rosemary balds. However, this species may require small-scale disruptions of the soil crust
for populations to persist. Density and seed production both increased with the area of open sand
and were highest along firelanes where the soil curst had been disturbed by chopping (Hawkes,
University of Pennsylvania, pers. comm. 1998 in Service 1999). Large areas of open sand have
especially dense populations of the plant, and seed production is greater on high-density than it is on
low-density sties. They suggest that Polygonella basiramia plants are sensitive to competition from
shrubs, and only slightly sensitive to competition from each other. The lack of intraspecific
competition probably is due to Polygonella basiramia plants having shallow root systems bearing their
leaves at ground level. Dense populations may also be especially attractive to pollinators that may
also account for the high seed production (Service 1999).
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Persistence of appropriate habitat for Polygonella basiramia is dependent on disturbance processes
which periodically create gaps. Historically, fire has been a large-scale disturbance with maintained open
patches of different ages across the landscape. Although it also appears to be able to take advantage of
smaller-scale disturbances which disrupt soil crust and create space (such as animal paths and burrow
mounds), this has not been studied and such disturbances may only be suitable for colonization if created
at the right place and time. In unmanaged areas, lack of disturbance, especially in less xeric sites where
open space is fleeting, is a major threat to Polygonella basiramia (Service 1999).

Florida scrub is a fire-adapted community experiencing shifting fire intensity and frequency (Myers
1990). The fire cycle for rosemary scrub can range from 10 years to as long as 100 years (Johnson
1982, Myers 1990). This species is an obligate seeder that does not mature from 10 to 15 years and
is adapted for a 10- to 40-year fire interval (Johnson 1982). Unlike oak-dominated scrubs, rosemary
scrubs recover slowly from burns (Johnson et al. 1986) and openings persist longer. Using fire to
manage the habitat is the preferred option for Polygonella basiramia. Menges and Kohfeldt (1995)
suggest a 15- to 49-year burn interval with mosaic burns on large pieces of property (Service 1999).

Polygonella myrophylla (Sandlace)

Polygonella myrophyilla is found in moderately disturbed scrub and is one of many plants endemic to
central Florida’s upland ridge that have been listed as endangered (April 1993) because of increasing
threats from agricultural, commercial, residential, and recreational conversion of natural habitat.
Schultz et al. (1999) reports the occurrence of Polygonella myriophylla at the Flamingo Villas, Carter
Creek, and the Lake McLeod Units of the refuge (Service 1999).

Polygonella myriophylla is a sprawling shrub that forms many branches that zigzag along the ground
and root at the nodes, forming low mats. The species occurs in scrub habitats along the Lake Wales
Ridge in the Davenport-Poinciana area in Polk County and in Highlands County south to ABS.
Polygonella myriophylla has also been found in Orange and Osceola Counties (Service 1999).

This low, spreading shrub thrives in areas of bare white or yellow sand created by moderate
disturbance. It is not known whether regular fires are needed to maintain bare sand habitat for this
species. Polygonella myriophylla is believed to be an allelopathic species (Richardson 1985). This
allelopathic nature may create suitable habitat conditions to maintain sufficient bare sand for the
species to persist. Where found, Polygonella myriophylla is a dominant part of the ground cover
vegetation in young scrubs. In many localities, however, the herbaceous layer of this habitat is
dominated by oaks (Quercus spp.) and ericaceous plants. Any overstory trees are usually widely
spaced, forming an open canopy (Wunderlin et al. 1980) (Service 1999).

Polygonella myriophylla can become established in bare spots within scrub that are created by
intense fires within sand pine scrub. Once established, the allelopathic tendencies of this species
may limit growth and survival of other herbs and shrubs (Service 1999).

Polygonella myriophylla persists in scrub habitats with substantial bare ground. These patchy
habitats are commonly found after intense fires in sand-pine scrub. This habitat condition is also
common within rosemary scrub due to extreme xeric conditions and the allelopathic nature of several
species that limits vegetative growth. Persistent, patchy, open sands are not prevalent in oak
dominated scrubs, since fires are more frequent and less devastating. Many of the factors that
influence Polygonella basiramia distribution, abundance, and recruitment may also affect Polygonella
myriophylla (Service 1999).
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Prunus geniculata (Scrub plum)

Prunus geniculata is a small shrub endemic to the oak scrub and high pine communities of the Lake
Wales Ridge. Prunus geniculata has declined with the destruction and fragmentation of its scrub
habitat for agriculture and residential housing and was federally listed as endangered in January
1987 (52 FR 2234). ltis also collected by ornamentalists because of its small, fragrant flowers.
Schultz et al. (1999) describes Prunus geniculata at the Lake McLeod, Carter Creek, and the
Flamingo Villas Units of the refuge.

Prunus geniculata is a scrub endemic known to occur on the ridges of central Florida in Lake,
Orange, Osceola, Polk and Highlands Counties. In these areas, Prunus geniculata occurs in both
high pine and in oak scrub communities (Johnson 1982, Stout 1982) (Service 1999).

Prunus geniculata prefers dry, sunny, nutrient-poor sites (Harper 1911). It has been found on soils of
the St. Lucie series and on other fine sands or fine sand Entisols that are excessively drained. These
soils are acidic; are subject to rapid drying; and have little silt, clay, or organic matter (Service 1999).

Prunus geniculata is native to the high pine and oak scrub community types. The high pine
community has a grassy understory and is subject to frequent fires (every 1 to 5 years) of low
intensity. The oak scrub community has shrubby vegetation and is subject to infrequent fires of
greater intensity. Fires are important for the maintenance of both habitats. In the absence of fires,
high pine vegetation is typically invaded by sand pines and evergreen oaks, eventually succeeding to
upland hardwood forest if fires do not occur for long periods (Myers 1985). Similarly, scrub is likely to
succeed toward upland hardwood forest if fire is absent from the habitat for long periods (Myers
1985). This succession of scrub to upland hardwood forest is likely to result in the shading out of
Prunus geniculata (Service 1999).

The demography of the species is generally well understood based on research initiated in 1996 by
ABS staff (Weekley and Menges 2001, 2002, 2003, 2007, Menges et al. 2008a). From these
research efforts, we now know that Prunus geniculata: (1) has a rare breeding system characterized
by the presence of male and bisexual flowers on the same plant; (2) is partially self-incompatible and
that inbreeding depression is high in self-compatible individuals; and (3) experiences high rates of
fruit loss due to abortion and pre-dispersal predation. Recent research has also confirmed that scrub
plum is long-lived and populations persist for long periods in the absence of fire (Pace-Aldana et al.
2006, Menges et al. 2008a). Current information also supports previous reports that this species is a
strong postburn resprouter (Weekley et al. 2007a, Weekley and Menges 2003, 2007, Menges et al.
2007) and that recruitment is low (Service 1999, Weekley and Menges 2003, 2007). Weekley and
Menges (2008b) are currently evaluating effects of various land management treatments on a
number of scrub-endemic plants, including Prunus geniculata (Service 2009a).

Evaluating population trends for Prunus geniculata is difficult because this species is long-lived.
Furthermore, efforts to monitor population trends could be confounded by the fact that this species
experiences low non-seedling plant mortality, has low recruitment, can persist for long periods in fire-
excluded habitat, and vigorously resprouts and flowers following fire. The two long-term monitoring
efforts have shown the number of non-seedling plants to be in slight decline over the past 7 to 12
years (Pace-Aldana et al. 2006; Weekley et al. 2007a), but, more alarmingly, recruitment into these
populations is extremely low (Service 2009a).
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As described above, low recruitment appears to be one of the primary factors impacting this species,
and it is believed this factor alone is sufficient to conclude that the demographic trend for this species
is in decline. The cause for this poor demographic performance is not fully understood at this time,
but pre-dispersal fruit predation and intra- and inter-plant incompatibility may be factors contributing to
low recruitment (Weekley et al. 2007a, Service 2009a).

The majority of records maintained by the FNAI indicate this species occurs primarily on the Lake
Wales Ridge (as defined by Weekley et al. 2008). However, six records occur on ridges that are not
currently described as being part of the Lake Wales Ridge (Turner et al. 2006). All indications are
that the spatial distribution of this species has declined because the number of extant populations
representing element occurrence records has declined (Cox et al. 2004). During the 2004 survey,
there was a net decline of 10 populations (19 destroyed and nine new records) (Cox et al. 2004).
Using the number of known populations as an indicator of spatial distribution, one could conclude that
the distribution of Prunus geniculata in the recent past declined by about 10 percent during the
timeframe that the FNAI has maintained records. This methodology assumes that the fate of known
populations accurately represents the fate of all unknown populations as well (Service 2009a).

Prunus geniculata evolved in fire-maintained white and yellow sand xeric vegetative communities,
including rosemary and oak scrub, scrubby flatwoods, and sandhills (Service 1999, Weekley and
Menges 2003, Menges et al. 2007). Menges (2007) described natural fire return intervals of 2 to 5
years in sandhill and scrubby flatwoods, 7 to 15 years in oak scrub, and 15 to 30 years in rosemary
scrub. These intervals would likely maintain suitable habitat for Prunus geniculata, although
population fluctuations might be greater in the rosemary and oak scrub because plants probably
senesce and decline in habitats with longer fire-return intervals (Service 2009a).

The 2004 survey of EORs found that the most robust plants were found in white xeric soils with
exposed sand areas and predominately native vegetation (Cox et al. 2004). High-quality habitat was
typically found on recently burned public lands. Field notes accompanying the 2004 survey results
suggest that many occurrence records on private lands were on small parcels that had few plants and
were in degraded habitat (e.g., pastures, fence rows, and overgrown areas). Habitat conditions on
private lands probably have not improved since the 2004 survey, and in most instances have likely
gotten worse with the continued exclusion of fire or other management efforts. Fire suppression
leads to changes in composition and structure within vegetative communities (Weekley and Menges
2003). Fire exclusion typically results in taller and denser vegetation that may shade-out Prunus
geniculata, leading to a decline in the number of stems, number of individual plants flowering, and
general vigor of individual plants (as suggested by more lichen covered stems) (Menges et al. 20083,
Cox et al. 2004). The overall health of Prunus geniculata declines with increasing time since fire.
Consequently, it is believed that habitat conditions on unmanaged private lands are poor and will
probably continue to decline in the future (Service 2009a).

The most pervasive threat to the species on public land is habitat degradation due to fire
suppression. Most land managing agencies in Florida are not able to use prescribed fire at the rates,
frequency, and/or intensity needed to restore and maintain most of Florida’s fire-adapted ecosystems
(R. Mulholland, FDEP, pers. comm. 2007 in Service 2009a). Consequently, the difficulties land
managing agencies currently face in implementing prescribed fires probably have resulted in the
degradation of the species’ habitat in some areas (Service 2009a).

Prunus geniculata on private lands is also threatened long-term with fire suppression, but habitat
destruction is a more immediate concern in many locations. Except for several privately owned
conservation parcels, most other private landowners are unlikely to use habitat management
techniques such as prescribed fire to maintain or enhance Prunus geniculata habitat. At present,
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there are no incentives available that would encourage private landowners to undertake prescribed
fire, especially for those who own relatively small parcels embedded in urban matrices. As a result, it
is believed that many locality records for Prunus geniculata on non-conservation parcels in private
ownership are threatened with habitat modification due to fire suppression (Service 2009a).

Prunus geniculata that occurs on non-conservation private lands is also vulnerable to destruction due to
urban development, such as construction of roads; installation of utilities and other infrastructure; and
residential, commercial, and industrial development. The species on each private parcel is vulnerable
to this threat at any time; however, we are not aware of any imminent loss due to development (Service
1999). Despite the destruction of suitable habitat resulting from land conversion, the species still occurs
within most of its historic range; however, within range distribution has been decreased. Fire
suppression also poses a threat to Prunus geniculata. Fire suppression has degraded the quality of
scrub and high pine habitats of the species. In addition, seedling establishment in the wild is low in this
species, suggesting that it may not be sufficiently reproducing (Service 1999).

Fire, or equivalent artificial disturbance, appears to be necessary for the perpetuation of Prunus
geniculata (Kral 1983, Myers 1985). This species readily resprouts after fires or mechanical
disturbances (Service 1996a). In addition, fires may benefit the species by regulating the numbers or
sizes of plants that shade or otherwise compete with it (Kral 1983). Though the optimum frequency of
disturbance is unknown, the fire frequencies typical of high pine (2 to 5 years) and scrub (15 to 20
years) are understood (Service 1999).

Warea carteri (Carter’s warea, Carter’s mustard)

Warea carteri is a fire-dependent annual herb occurring in xeric, shrub dominated habitats on the
Lake Wales Ridge of central Florida. The primary threats to Warea carteri are habitat loss to citrus
grove operations and residential developments and long-term fire suppression, both of which cause
local extirpations (Service 1999). Warea carteri was listed as an endangered species in 1987 due to
habitat loss (52 FR 2234). The primary threats to Warea carteri’s persistence are habitat destruction
and fire suppression. Fire suppression is a threat to this species because its demography and
reproduction seem to be closely tied to fire (Service 1999). For the refuge, Tuner et al. 2006
identifies Warea carteri on both Flamingo Villas and Carter Creek Units while Schultz et al. 1999
identifies the species on the Carter Creek Unit. The Service has also identified the species on the
Lake McLeod Management Unit.

From what is known of the historic distribution of Warea carteri, it occurred in scrubby flatwoods and
sandhills of the Lake Wales Ridge in Highlands, Polk, and Lake Counties, in south Florida slash pine
forests in the Miami area, and in coastal scrub in Brevard County (Service 1999). Warea carteri has
occurred through the entire length of the LWR, as well as the WHR (Schultz et al. 1999, Turner et al.
2006) (Service 2008h). The two largest populations of Warea carteri on the LWR occur at ABS and
TNC'’s Tiger Creek Preserve. At ABS, Warea carteri occur in scrubby flatwoods and in turkey oak
and hickory dominated sandhills, and is often found in the ecotone between these two vegetation
types. Because sandhills occur on yellow sands, Warea carteri is often found in or near yellow
sands. Several populations of Warea carteri at ABS are adjacent to roads, firelanes, or in areas with
historic human disturbance. At Tiger Creek Preserve, Warea carteri is found in degraded sandhill
habitat where turkey oak is abundant, in scrubby flatwoods, and in xeric hammocks (Menges, ABS
per.comm.1995 in Service 1999) (Service 2008h).

Warea carteri is found almost exclusively in upland areas and is a soil generalist, being found in
yellow, gray, or white sands (Menges et al. 2007). It is found primarily in sandhills and scrubby
flatwoods, and often at the ecotone between these two vegetation types. In the northern part of its
range, most sites are on sandhill. This is also true for sites at Tiger Creek Preserve, a site in the
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central part of its range, which supports the greatest number of plants. At this site, the species is
found in both high-quality, frequently burned sandhill, as well as in overgrown sandhill that could also
be termed xeric hammock (Menges in litt. 2008b in Service 2008h). Near the end of its range (e.g.,
ABS), Warea carteri is found primarily in scrubby flatwoods, often just downhill from a ridge of yellow
sand (Menges in litt. 2008c in Service 2008h) (Service 2008h).

These habitats have a range of fire return intervals from 2 to 15 years (Menges 2007). Although
Warea carteri has large populations after fire, it can also recover from a persistent soil seed bank
after many years or even decades without fire (Menges in litt. 2008d in Service 2008h). Although
preferring post-fire or disturbed sites, the species is not a gap specialist. Plants often grow among
dense shrubs in scrubby flatwoods or shrubby sandhill sites. It responds well to fire, but its response
to other habitat manipulations such as roller chopping and mowing, is not known. Although several
research projects are examining these effects on sandhill and Florida scrub, Warea carteri is not
abundant enough at these sites to test its responses to treatments (Service 2008h).

Currently, 49 EORSs are listed for Warea carteri as compiled FNAI. Of these, 43 are located on
protected sites. One of these sites occurs on Van Pelt Road to the east of the Carter Creek Unit
(Menges in litt. 2008e in Service 2008h) (Service 2008h).

Fire suppression has caused habitat degradation even in some protected areas. Although the exact
fire return interval that would best benefit Warea carteri is not known, the species clearly benefits
from periodic prescribed fires that are used to manage its habitat (Menges and Gordon 1996,
Quintana-Ascencio et al. 2008). Exotic plant invasion, especially of cogongrass (Imperata cylindrica)
into sandhills, is of concern (Service 2008h).

Sites managed to maintain the scrubby flatwoods and turkey oak (Quercus laevis) dominated by high
pine provide support for the species. It currently occurs in 13 managed areas, most of which receive
at least occasional prescribed fire. However, site-specific information and associated analysis on
past and planned fire regimes are not readily available. Most observers would agree that many sites
are behind schedule in applying fire. Fire management should maintain scrubby flatwoods and turkey
oak dominated high pine, although there is no consistent monitoring effort to evaluate whether these
vegetation types are benefiting from the current management regimes. Both types of vegetation
require prescribed fire, although at different intervals (Menges 2007) (Service 2008h).

Warea carteri populations fluctuate widely from year-to-year (Menges and Gordon 1996). For
burned populations especially, these fluctuations are biennial (peak every 2 years) and damp over
time (Quintana-Ascencio et al. 2008). Fires usually initiate cycles, with the largest population sizes
occurring the year following a fire. These population cycles are caused by demographic delay in
seed germination (Quintana-Ascencio et al. 2008). Seeds produced in the fall on one year
generally enter the persistent soil seed bank, with the first (and largest) pulse of germination in the
second winter following seed production. Because fires remove a cohort of plants, a single cycling
post-fire cohort will create the damped 2-year cycle (Quintana-Ascencio et al. 2008). Population
sizes that are noted in the FNAI EORs are mainly small, often fewer than 10 plants. The largest
populations in the FNAI records were at TNC'’s Tiger Creek Preserve. These populations were
noted as being as large as 1,000 plants, consistent with data collected there by Menges and others
(Quintana-Ascencio et al. 2008) (Service 2008h).

A survey of rare species locations on conservation lands, used to assess soil preferences in a recent
analysis (Menges et al. 2007), collected GPS data and density estimates from 20 species, 10 sites,
1,173 GPS points, and 2,577 species occurrences in Highlands County. These points included 63
occurrences of Warea carteri at five sites [i.e., ABS, Carter Creek North (FDEP), Carter Creek South
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(refuge), Flamingo Villas (refuge), and Lake June in Winter Scrub State Park (FDEP)]. The only
repeated monitoring of Warea carteri is being conducted at TNC’s Tiger Creek Preserve (Pace-
Aldana in litt. 2008 in Service 2008h) to determine presence/absence in grids composed of
contiguous 10 m by 10 m cells. The Flamingo Villas occurrence, as listed by Turner et al. (2006),
was discovered in the 1990s by ABS scientists. The species has been found at the refuge’s Lake
McLeod Unit since publication of Turner et al. (2006). According to refuge staff, one individual was
found next to a fireline (Service 2008h).

More so than other plant species, Warea carteri distributional information may be incomplete,
with occupied sites being unknown and formerly known sites now lacking the species. lIts
fluctuating population size, inconspicuous nature when not flowering, and annual habit make
assessment of its distribution and conservation status more difficult than is the case for perennial
herbs or shrubs (Service 2008h).

Warea carteri is threatened by habitat modification due to fire suppression. Fire suppression has
caused habitat degradation even in some protected areas. Although the exact fire return interval that
would best benefit the species is not known, it clearly benefits from periodic prescribed fires that are
used to manage habitats (Menges and Gordon 1996, Quintana-Ascencio et al. 2008). The effect of
mechanical surrogates or pre-treatments for fire, which are widely used by land managers on the
Lake Wales Ridge, is not known for Warea carteri. We believe that the inadequate application of fire
in these habitats is a primary threat to existing populations of Warea carteri (Service 2008h).

Ziziphus celata (Florida ziziphus)

Ziziphus celata is a thorny shrub in the Buckthorn family (Rhamnaceae), endemic to the Lake Wales
Ridge in Polk and Highlands Counties, Florida. Ziziphus celata was listed as an endangered species
in July 1989 (54 FR 31190) due to habitat loss, potential and genetic limitations, exotic species
invasion, and the potential for over collection and vandalism (54 FR 31190). The species was
believed to be extinct when it was described in 1984 from a 36-year old herbarium specimen.
Between 1987 and 2007, 14 remnant populations were discovered. Ten of the 14 extant populations
are located on private land (Service 2009b). In the most recent survey (2008), a total of 1,088 plants
were counted in the 14 wild populations. Two introduced populations totaled 396 plants. Planted
individuals at two augmented wild sites totaled approximately 60 plants (FNAI 2008, Weekley and
Menges 2008c). Ziziphus celata is found on the refuge’s Carter Creek Unit where 82 individuals still
survive from an introduction in 2002 (Weekley and Menges 2006, 2008c) (Service 2009b).

All Ziziphus celata populations occupy yellow sand sites that historically supported longleaf pine
(Pinus palustris) wiregrass (Aristida stricta var. beyrichiana) sandhills or oak (Quercus myrtifolia)
hickory (Carya floridana) scrub, but most have been converted to pastures or other uses (Weekley
and Menges 2006). Habitat fragmentation has likely played a large role in the current abundance and
distribution of Ziziphus celata. The loss and fragmentation of habitat, which has taken place over the
last few decades, have resulted in scattered remnant, genetically depauperate, and largely sterile
populations persisting on degraded sites (Service 2009b).

Ziziphus celata plants have high annual survival rates, variable rates of clonal reproduction, and
populations lack recruitment from seed (Ellis et al. 2007, Weekley and Menges 2008c). Failure of
sexual reproduction is the factor with the greatest influence on the species’ long-term viability. Studies
have identified the genetic basis of the species' breeding system that is the primary factor. It has a
gametophytic self-incompatibility system (GSI) in which individual plants carry an allele that determines
it compatibility with mates. Pollen donor and recipient must have different self-incompatibility (S-)
alleles for successful seed production. Populations that have failed to reproduce sexually are doomed
to eventual extirpation unless they are augmented with individuals from cross-compatible genotypes

Comprehensive Conservation Plan 105



(Weller 1994, Weekley et al. 2002) (Service 2009b). As a result, the populations consisting of a single
extensive clone are effectively sterile; they cannot reproduce sexually. Compatible crosses that result
in seed production are possible only in the populations that contain multiple genotypes and compatible
mating types (Service 2009b). Three of the wild populations with multiple genotypes have produced
seeds, but no recruitment from seed has been observed at these sites (C. Weekley, ABS, pers. comm.
2008e). Four primary factors (self-sterile uniclonal populations, low seed set, low germination rates,
and low seedling recruitment rates) explain in large part why recruitment from seed has not been
observed in any wild populations of Ziziphus celata (recruitment from seed has been observed in the ex
situ plantings at HBS) (Service 2009b).

Recovery efforts include habitat protection, controlled propagation, reintroduction into unoccupied,
suitable habitats, and management of scrubby flatwoods and high pine communities (Service 1999).
Turner et al. (2006) identified Ziziphus celata as one of at least eight Lake Wales Ridge species in
which translocation and/or captive propagation may be necessary to ensure their survival due to
inadequate representation on conservation lands (Turner et al. 2006) (Service 2009b).

Augmenting populations and the translocation of cross-compatible genotypes to augment single
genotype populations is necessary for long-term persistence of Ziziphus celata. Reintroductions
have occurred at TNC’s Tiger Creek preserve and at the Flamingo Villas Unit. These efforts utilized
multiple genotypes propagated from seed harvested from the HBS ex situ collection (FNAI 2008,
Weekley and Menges 2008c). Cumulative survival for transplants was 56.9 percent after 6 years at
Carter Creek, and 64.7 percent after 3 years at Tiger Creek Preserve (Weekley and Menges 2008c).
All of the plants in reintroduction and augmentation efforts are currently small, vegetative individuals.
Until these plants reach maturity, it is not possible to completely evaluate the effectiveness of these
efforts to creating reproductively viable populations (Service 2009b). /n situ seed germination rate is
low, for example the seed germination rate was 2.75 percent for the Tiger Creek 2007 reintroduction
site (33 seedlings resulted from 1,200 seeds). At the refuge’s Carter Creek Unit reintroduction site,
seed germination rates were less than 5 percent. Of the seeds that germinated, survival was 32.4
percent after 3 years at Tiger Creek Preserve and less than 10 percent after 6 years at Lake Wales
Ridge NWR’s Carter Creek (Weekley and Menges 2008c) (Service 2009b).

The fire ecology of Ziziphus celata is not fully understood. Research by ABS is ongoing at the
refuge’s Carter Creek Unit where an introduced population has been included in a prescribed burn.
Numerous small scale burns have been conducted on populations to control invasive pasture weeds.
These efforts have shown that Ziziphus celata can survive and regenerate after fire by resprouting.
Ongoing monitoring of burned populations aims to provide insight into the post-fire survival and
growth of the species (Weekley and Menges 2006) (Service 2009b). In studies of Ziziphus celata
introduced to a sandhill site at the refuge’s Carter Creek Unit, Menges et al. (2008a) found that
resprouting oaks encroached with negative effects on plant survival. The dominance of oaks
increases under fire suppressed conditions. Weekley and Menges (2006) suggest a fire return
interval of 2 to 8 years for sandhill habitat on the Lake Wales Ridge to reduce cover of oaks and
produce an open understory (Service 2009b).

WILDLIFE

No studies specifically directed towards identifying the complete suite of wildlife on the refuge have
been conducted. However, the survey by FNAI (Schultz et al. 1999) recorded rare, threatened, and
endangered species occurrence throughout the Lake Wales Ridge system. Our conservation
partners have provided valuable species account lists on adjacent lands, including ABS, TNC, FNAI,
and APAFR. Table 15 reflects known occurrences of rare fauna by refuge management units. Some
species are known to actively utilize refuge resources for most or all of life needs including Florida
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scrub-jay and sand and bluetail mole skinks, while others are thought to utilize refuge units as part of
a larger corridor system including the Florida panther and the Florida black bear. An active bald
eagle nest (Vehrs, pers. comm. in Service 2005) has been identified on the Carter Creek Unit, and
there is an active bald eagle nest on the south side of the Flamingo Villas Unit. Florida panthers
(Puma concolor coryi) may use the refuge’s Flamingo Villas, Carter Creek, and Snell Creek Units and
signs of Florida black bear (Ursus americanus floridanus) have been observed by ABS researchers
and volunteers. In December 2006 and September 2009, a motion triggered camera used at the
Flamingo Villas Unit to document the presence and location of feral hogs for trapping purposes
photographed a black bear. In addition, as part of a landscape scale black bear project, ABS
researchers set traps, captured, and radio collard a large male black bear on the Flamingo Villas Unit
in September 2009. In January 2007, an image of a large cat was captured at the same hog baiting
station where the 2006 black bear image was taken; however, the species is unconfirmed. Service
telemetry data verify the occurrence of Florida panthers ranging in close proximity to the refuge’s
Flamingo Villas (one-tenth of a mile), Carter Creek (one-half a mile), and Snell Creek (roughly one
mile) Units, although no telemetry data records occurrence on refuge managed units.

Birds

There are over 100 bird species that have been documented to occur frequently on the LWR and
migratory birds have been detected as flyovers in the area, however, the refuge lacks complete
baseline information concerning bird use. Typically, birds occurring on the refuge utilize oaks and
pines for nesting and perching among other life needs. Other birds such as the wood duck (Aix
sponsa), snipe (Gallinago gallinago), and wading birds use the canals, ephemeral ponds, and Red
Beach Lake at the Flamingo Villas Unit. There are threatened and endangered species of birds that
occur, flyover, or are likely to occur on the refuge such as the crested caracara (Polyborus plancus),
bald eagle (Haliaeetus leucocephalus), peregrine falcon (Falco peregrinus), sandhill crane (Grus
Canadensis), wood stork (Mycteria americana), red-cockaded woodpecker (Picoides borealis), and
Florida scrub-jay (Aphelocoma coerulescens). The red-cockaded woodpecker and peregrine falcon
have not been documented on the refuge but do utilize pine dominated habitat types found on
conservation lands in the area, particularly Avon Park bombing range (red-cockaded woodpecker,
peregrine falcon) and ABS lands (peregrine falcon) (FWC 2009b). The scrub-jay is extensively
monitored and managed for on the LWR and on protected lands where it exists throughout Florida,
including the refuge. The application of prescribed fire is an important management tool for
developing suitable habitat conditions to establish and support scrub-jays.

Mammals

The refuge’s mammalian fauna consists of many species of bats and small mammals, including the
Florida mouse (Podomys floridanus), which is a state listed species of special concern and endemic
to Florida. Other mammals that use the refuge regularly include the white-tailed deer (Odocoileus
virginianus), bobcat (Lynx rufus), eastern cottontail (Sylvilagus floridanus), and raccoon (Procyon
lotor). As mentioned, Service telemetry data of the federally listed Florida panther have been
documented to about one-tenth of a mile from the Flamingo Villas Unit, while signs and presence of
the state listed Florida black bear have been observed by staff, volunteers, and researchers.
Additionally, motion triggered cameras have captured images of Florida black bear and a large, but
unconfirmed cat on the Flamingo Villas Unit. As part of a landscape scale black bear project, ABS
researchers set traps, captured, and radio collard a large male black bear on the Flamingo Villas Unit
in September 2009. These and other megafaunal species suffer from habitat loss and reduced food
resources throughout their ranges. Most of the larger mammals tend to roam in and out of the scrub
habitat and are not permanent residents. Invasive feral hogs (Sus scrofa) are abundant on the
Flamingo Villas Unit of the refuge and have severely disturbed cutthroat seeps and similar ephemeral
wetlands by rooting up the ground in search of food.
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Reptiles

There is a high diversity of reptiles on Lake Wales and Winter Haven Ridges, with over 30 species
occurring on the refuge. Most of the reptiles are secretive and some swim through the lose sands of
the refuge’s desert-like scrub habitats. Common inhabitants include a variety of snakes, turtles, and
lizards. Federally listed species include the American alligator (Alligator mississippiensis) and eastern
indigo snake (Drymarchon corais), bluetail mole skink (Eumeces egregious), and sand skink (Neoseps
reynoldsi). Both skinks are endemic to scrub habitat with the bluetail mole skink occurring only on the
Lake Wales Ridge. The state listed short-tailed snake (Stilosoma extenuatum) and scrub lizard
(Sceloporus woodi) have, like many species on the refuge and throughout the region, been impacted by
loss of habitat. The gopher tortoise (Gopherus polyphemus) is a state listed threatened species due to
habitat loss and illegal harvesting. It inhabits sandhill, scrub, and other upland areas. Tortoise burrows
are opportunistically utilized by a wide range of wildlife species for a host of life needs including but not
limited to protection from predators, fire, daytime heat, nesting, and feeding sites.

Amphibians

Over 15 different species of toads, frogs, and salamanders occur on neighboring partner lands and
have been documented on the ridge. Most amphibians rely on a source of freshwater lacking aquatic
predators thus tend to be found utilizing non-permanent wetlands such as ephemeral wetlands.
Amphibians are noted for being ecological indicators and are very sensitive to climate change and
pollution. Future research would be conducted in an effort to monitor any changes in these animals’
abundance and behavior. In Florida, the Florida gopher frog (Rana capito) is a species of special
concern due to habitat loss, mismanagement of habitat, and fire suppression. Schultz et al. (1999)
identified Florida gopher frog on the Flamingo Villas Unit. The invasive Cuban tree frog (Osteopilus
septentrionalis) has been documented in the area.

Fish

Fish utilize Red Beach Lake at the Flamingo Villas Unit, borrow pits, ponds, and canals. These
waters contain game fish and other freshwater species, such as gar (Micropterus salmoides) and
mosquito fish (Elassoma evergladei). There are high numbers of exotic fish in the canals such as
brown hoplo (Hoplosternum littorale) and walking catfish (Clarias batrachus).

Insects

Arthropods are abundant on the refuge and adjacent lands. There are over 60 species of ants, 70
species of bees, 45 species of spiders, and 120 species of beetles occurring on the ridge. Extensive
research and species documentation has been conducted by staff at ABS on partner and refuge
managed lands. There are a large number of endemic insects including emerald moth (Nemouria
outina) which feeds soely on rosemary, the bee fly (Bombyliidae sp.) which is the primary pollinator
for the scrub balm, and the scrub millipede (Floridobolus penneri). The scarab beetle (Scarabaeidae
sp.) and gopher cricket (Gryllus sp.) are both obligate commensals that are only found in gopher
tortoise burrows. The Highlands tiger beetle (Cicindela highlandensis) is a federal candidate species
due primarily to habitat loss within its original range.

Rare, Threatened, and Endangered Species
Rare, threatened, and endangered wildlife species known to occur on the refuge are identified
in Table 15.
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Table 15. Rare fauna known to occur or potentially occurring on Lake Wales Ridge NWR

Agency Status in

Occurance

Scientific Names Common Names Florida
Federal State Fv | cc | m | sc
Invertebrates
Cicindela . :
hiahlandensis Highlands tiger beetle C N X X X
Amphibians and Reptiles
A'."g‘f‘t°.r P American alligator T(S/A) SSC X
mississippiensis
Drymar_chon corals Eastern indigo snake T T X
couperi
Eumeces egregius | ) otail mole skink T T X
lividus
Rana capito Florida gopher frog N SSC X
Sceloporus woodi Florida scrub lizard N N X X X X
Gopherus gopher tortoise N T X
polyphemus
Neoseps reynoldsi sand skink E E X
Stilosoma short-tailed snake N T
extenuatum
Birds
Aphelocoma Florida scrub-jay T T X | x
coerulescens
Haliaeetus bald eagle N T X
leucocephalus
Mycteria americana wood stork E E
Polyboru_s_ plancus crested caracara T T
audubonii
Grus ca_naden5|s sandhill crane N T
pratensis
Falco peregrinus peregrine falcon N E
Picoides borealis red-cockaded T
woodpecker
Mammals
Podomys floridanus | Florida mouse N SCC X
Puma concolor coryi | Florida panther E E X*
Ursus americanus | ¢4, plack bear N T X
floridanus
Eumops floridanus Florida bonneted bat C E

Key: E = endangered, T = threatened, T(S/A) = listed due to similarity in appearance of a threatened species (American
crocodile), C = candidate (FWS), SSC = species of special concern (State), N = Not listed or not being considered, X* -

unconfirmed
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The following discussions summarize the biologic condition of primary rare wildlife present on the
refuge as described by Service staff, partners, research, and synthesis reporting. Much of the
information used to prepare this section was compiled through the Service’s South Florida Multi-
Species Recovery Plan of 1999, current Service 5-year reviews where available, and Florida’s
Comprehensive Wildlife Conservation Strategy. Literature cited from these documents are provided
for in the body of the biological summaries and referenced in Appendix B.

American Alligator (Alligator mississippiensis)

Historically, the American alligator (Alligator mississippiensis) was depleted from many parts of its
range as a result of market hunting and habitat loss, and 40 years ago the species was nearing
extinction in the wild. Subsequently, the alligator was listed as an endangered species in 1967. A
combined effort by the Service and State wildlife agencies in the southeast allowed the species to
recover. In 1987, the Service pronounced the American alligator fully recovered. The species
remains federally listed in Florida due to its similarity in appearance to the endangered American
crocodile (Crocodylus actus) and it is additionally protected by state laws. On the refuge, alligators
are rare, utilizing Red Beach Lake and drainage ditches of the Flamingo Villas Unit. Alligators are
presumed to exist in Lake McLeod and may utilize wetland habitats associated with Carter Creek and
Snell Creek Units.

Bald Eagle (Haliaeetus leucocephalus)

Pre-colonial era population estimates of bald eagles (Haliaecetus leucocephalus) are in the hundreds
of thousands. Due to hunting, organopesticide use, and habitat destruction, the numbers of these
large raptors fell to threatened levels in the continental United States of less than 10,000 nesting
pairs by the 1950s, and to endangered levels of less than 500 pairs by the early 1960s. Bald eagles
were protected by the Endangered Species Act of 1973 and designated as a threatened species in
the lower 48 states. Due to a successful recovery effort, the species was de-listed in August 2007
(50 CFR 17). The bald eagle continues to be protected by the Bald and Golden Eagle Protection and
Migratory Bird Treaty Acts. In addition, Florida populations remain designated by the state as
threatened. Bald eagles have historically nested on the Flamingo Villas Unit and a nest currently
exists on the Carter Creek Unit.

Bluetail Mole Skink (Eumeces egregius lividus)

The bluetail mole skink (Eumeces egregius lividus) is a small, slender lizard that occupies xeric
upland habitats of the central ridge system in peninsular Florida. It requires open, sandy patches
interspersed with sclerophyllous vegetation. Much of the bluetail mole skink’s habitat had been
destroyed or degraded due to residential, commercial, and agricultural development. Habitat
protection and management are essential for the survival of the species.

The bluetail mole skink occurs in suitable habitat on the LWR in Highlands, Polk, and Osceola
Counties in central Florida and populations are known to occur on the refuge’s Lake McLeod Unit
(Schultz et al. 1999) east of Gerber-Dairy road. It is apparently rare throughout its range, even in the
most favorable of habitats (Christman 1992), and is not uniformly distributed within xeric upland
communities. A study conducted by Turner et al. (2006) on scrub habitat along the central ridge of
Florida indicated that bluetail mole skinks are known to occur in 23 locations, 22 of which are located
on the Lake Wales Ridge. Of the 23 locations on which bluetail mole skink is reported to occur, 12.5
sites are protected and, as of 2004, 10 were managed (Turner et al. 2006). Bluetail mole skinks
seem to be underrepresented in the reserve network of protected public lands, but Turner et al.
(2006) could not determine if their absence reflects actual exclusion or a lack of survey effort.
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Over the last 20 years, a concerted effort by public and private institutions to protect the remaining
undeveloped areas of the Lake Wales Ridge has resulted in the acquisition of 21,498 acres of scrub
and sandhill habitat (Turner et al. 2006). A variety of state and federal agencies and private
organizations are responsible for management of these areas. All of these efforts have greatly
contributed to the protection of imperiled species on the Lake Wales Ridge (Turner et al. 2006).

Little is currently known about the status and trends of the bluetail mole skink and the Service is
not currently able to determine population stability (Service 2007b). The bluetail mole skink
occupies habitat similar to that of the sand skink (Neoseps reynoldsi), however, these species do
not compete because of resource partitioning. Sand skinks are primarily fossorial and take prey
below the surface, whereas the bluetail mole skink hunts at the surface and consumes mostly
terrestrial arthropods (Smith 1977, 1982).

Except for a few locations, we have little information about the abundance and population trends of
the sand skink and bluetail mole skink. Because both species spend much of their time beneath the
surface of the sand, they are relatively difficult to study. More recent studies have merely looked for
presence or absence or densities and had not provided population estimates (Service 2007b).

Density estimates were not available for bluetail mole skinks, as only two individuals were captured in
the Polk and Highlands study (Christman 2005). This was not unexpected because densities of
bluetail mole skinks are typically lower than those of sand skinks (e.g., only 1 bluetail mole skink may
be captured for every 20 sand skinks) (Christman 1986, pers. comm. in Service 1999). However,
Telford (2007 in litt.) suggests that this disparity in relative abundance of the two species may be
explained by seasonal variation in activity and movements, and that year-round surveys should be
conducted over an adequate number of years to minimize the effect of variation in rainfall in order to
obtain better estimates.

Demographic information has been obtained for sand skinks, but no new information is available for
bluetail mole skinks (Service 2007b).

The historic and anticipated future modification and destruction of xeric upland communities in central
Florida were primary considerations in listing bluetail mole skinks as threatened under the ESA in
1987 (52 FR 42662). Protection and recovery of bluetail mole skinks require that habitat loss be
stopped and that unoccupied, but potentially suitable habitat be restored (Service 1999). Fire has
been used and is a preferred tool for managing xeric communities, such as those containing skinks.
The natural patchiness resulting from fire provides suitable bluetail mole skink habitat (Service 1999).
Current efforts to expand the system of protected xeric upland habitats on the Lake Wales Ridge, in
concert with implementation of aggressive land management practices, represent the most likely
opportunity for securing the future of this species (Service 1999).

Eastern Indigo Snake (Drymarchon corais couperi)

The eastern indigo snake (Drymarchon corais couperi) is a large, black, non-venomous snake found
in the southeastern United States. It is widely distributed throughout central and south Florida, but
primarily occurs in sandhill habitats in northern Florida and southern Georgia and has been identified
as an occupant of the refuge’s Flamingo Villas Unit (Schultz et al. 1999).

The eastern indigo snake was listed as a threatened species (43 FR 4028) as result of dramatic
population declines caused by over-collecting for the domestic and international pet trade, as well as
by mortalities caused by rattlesnake collectors who gassed gopher tortoise burrows to collect snakes.
Since its listing, habitat loss and fragmentation by residential and commercial expansion have
become much more significant threats to the eastern indigo snake (Service 1999). Presence of the
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eastern indigo snake has been documented on the Flamingo Villas Unit, however, due to large home
ranges (48.2-114.2 acres) and the use of a variety of habitat types (Legare et al. 1998-2002), it is
difficult to determine presence at a site or monitor population status on the refuge. Due to the
fragmentation of conservation lands along the ridge, a clear threat to indigo snakes using the refuge
is roadway mortality.

Historically, the eastern indigo snake occurred throughout Florida and in the coastal plain of Georgia,
Alabama and Mississippi (Loding 1922, Haltom 1931, Carr 1940, Cook 1954, Diemer and Speake
1983, Moler 1985a). It may have occurred in southern South Carolina, but its occurrence there
cannot be confirmed. Georgia and Florida currently support the remaining, endemic populations of
the eastern indigo snake (Lawler 1977). In 1982, only a few populations remained in the Florida
panhandle, and the species was considered rare in that region. In south Florida, the eastern indigo
snake is thought to be widely distributed.

Over most of its range, the eastern indigo snake frequents several habitat types, including flatwoods,
scrubby flatwoods, high pine, dry prarie, tropical hardwood hammocks, freshwater marsh edges,
agricultural fields, coastal dunes, and human-altered habitats. Eastern indigo snakes need a mosaic
of habitats to complete their annual cycle. Interspersion of tortoise-inhabited sandhills and wetlands
improves habitat quality for this species (Landers and Speake 1980, Auffenberg and Franz 1982).
Wherever eastern indigo snakes occur in xeric habitats, it is closely associated with the gopher
tortoise (Gopherus polyphemus), the burrows of which provide shelter from winter cold and
desiccation (Bogert and Cowles 1947, Speake et al. 1978, Layne and Steiner 1996).

In milder climates of central and south Florida, eastern indigo snakes exist in a more stable thermal
environment, where availability of thermal refugia may not be as critical to the snake’s survival as is
the case in its northern range. In central and coastal Florida, eastern indigo snakes are mainly found
within many of the state’s high, sandy ridges. Even though thermal stress may not be a limiting factor
throughout the year in south Florida, eastern indigo snakes still seek and use underground refugia in
the region. On the sandy central ridge of south Florida, eastern indigo snakes use gopher tortoise
burrows more (62 percent) than other underground refugia (Layne and Steiner 1996, Service 1999).

The eastern indigo snake is an active terrestrial and fossorial predator that will eat any vertebrate small
enough to be overpowered. Layne and Steiner (1996) documented several instances of indigo snakes
flushing prey from cover and then chasing it. While rare, these snakes may also climb shrubs or tress in
search of prey and the overall diet may include fish, frogs, toads, snakes (venomous, as well as
nonvenemous), lizards, turtles, turtle eggs, juvenile gopher tortoises, small alligators, birds, and small
mammals. Indigo snakes range over large areas and into various habitats throughout the year, with most
activity occurring in the summer and fall (Smith 1987, Moler 1985b, Speake 1993, Service 1999).

Florida Scrub-Jay (Aphelocoma coerulescens)

The Florida scrub-jay (Aphelocoma coerulescens) is a relict species of fire dominated oak scrub
habitat that occurs on well-drained sandy soils in peninsular Florida. Scrub-jays are extremely habitat
specific, sedentary, and territorial. Florida scrub-jays form family groups; fledglings remain with their
parents in their natal territory as helpers. The Florida scrub-jay was listed as a threatened species
because of loss, fragmentation, and degradation of scrub habitats throughout Florida, due primarily to
urbanization, agriculture, and fire suppression. During the last 10 to 12 years (era prior to 1999), the
population has declined by an estimated 25 to 50 percent, and they have been extirpated from seven
counties statewide. The distribution of scrub-jays has been most noticeably reduced along
northeastern and southeastern extremes of their former range along the Atlantic coast. Elsewhere,
scrub-jay distribution has declined locally, but they are still found throughout much of their historic
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range (Fitzpatrick et al. 1994) (Service 2007a). Conservation measures for Florida scrub-jays involve
protection and long-term management of suitable scrub habitat (Service 1999).

In 2002, TNC, working closely with ABS, developed Jay Watch by engaging volunteer citizens and
scientists to annually survey scrub-jays, consistently using standardized protocols to detect
population trends along the Lake Wales Ridge (TNC 2007a). The refuge relies on Jay Watch for
survey efforts on refuge units, specifically at Flamingo Villas and Carter Creek. According to 2008
survey results, seven groups totaling 29 birds (20 adults and 9 juveniles) were identified on the
Flamingo Villas Unit in 2008 (TNC 2008). Group size averaged 3.63 birds (2.34 adults) and 1.29
juveniles per group (TNC 2008). In 2007, survey results identified eight groups with an average
group size of 3.13 birds and 0.88 juveniles occupied the Flamingo Villas Unit. Total number of
groups at Flamingo Villas ranged from zero groups in 2002 to 11 identified in 2004, while average
group size ranged from zero in 2002 to a high of 4.13 groups in 2006, and juveniles per group ranged
from zero in 2002 to 1.29 in 2005 (TNC 2007a). A single scrub-jay was identified in both the 2004
and 2005 reporting periods on the Carter Creek Unit, but none have been reported by the survey
since. Stable populations of Florida scrub-jays are characterized by a mean group size of 3.0 adults,
excluding young of the year (Bowman, pers comm. 2010)

A statewide scrub-jay survey was conducted in 1992-1993, at which time there were an estimated
4,000 pairs of scrub-jays in Florida (Fitzpatrick et al. 1994). Of 39 counties within the historic range of
scrub-jays, 32 remained occupied (82 percent). However, 19 of those 32 counties had fewer than 30
pairs of scrub-jays remaining, and nine of these had 10 or fewer pairs. Thirteen counties within the
historic range (33 percent) had 30 or more pairs of scrub-jays. Since the early 1980s, Fitzpatrick et
al. (1994) estimated that in the northern third of the species’ range, scrub-jays declined between 25 to
50 percent. Rangewide, the species may have declined by as much as 25 to 50 percent during the
mid-1980s to mid-1990s (Stith et al. 1996) (Service 2007a).

Following the 1992-1993 census, no periodic, systematic surveys or censuses have been conducted
for the scrub-jay throughout its range. Data exists for several areas where research or monitoring
efforts have occurred or are ongoing, but these data are limited. Where data exists, it typically
includes information about scrub-jay populations or metapopulations (groups of populations that are
close enough for individual birds to periodically breed with birds from an adjacent population).
Consequently, a rangewide assessment of abundance, population trends, and demographic features
and trends since 1992-1993 cannot be provided for the species or metapopulations within the range
of the species (Service 2007a).

On the Lake Wales Ridge, 15 monitored populations declined by an average of about 33 percent
between the 1992-1993 survey and 2006 (R. Bowman, pers comm., ABS, 2007 in Service 2007a;
TNC 2006a). Cumulative declines were greatest on public lands that were not managed and
averaged 63 percent (from 146 to 54 groups), while the average cumulative decline on managed
lands was 7 percent (from 91 to 85 groups) (R. Bowman, pers comm., ABS, 2007 in Service 2007a).
Five of the 15 populations were small in 1992-1993 and increased in size as of 2006, but the greatest
increase was only seven families. In total, 24 additional scrub-jay groups were found in these five
populations compared to 1992-1993 levels. The total net decline in scrub-jay groups between 1992-
1993 and 2006 was 229 (from 699 to 470 groups) in the 15 monitored populations (R. Bowman, pers
comm., ABS in Service 2007a) (Service 2007a).

Bowman and others have been conducting long-term studies of scrub-jay demography along a
suburban-to-rural gradient since 1991 in Highlands County (Bowman and Averill 1993, Bowman et al.
1996, Bowman 1998, Bowman and Woolfenden 2001). Suburban populations experience average to
above average reproductive success through fledging, but survival of both juveniles and adults is
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much lower than in unfragmented habitat (Bowman and Woolfenden 2001). As a result, scrub-jay
populations occupying fragmented habitat interspersed in suburban development remain stable only
through net immigration from surrounding areas. Furthermore, Bowman'’s data, together with those of
Woolfenden and Fitzpatrick (1996a), indicate that unfragmented habitat does not serve as the source
for suburban sinks. Instead, suburban populations draw their immigrants from nearby suboptimal and
vanishing habitats (Service 2007a).

Habitat fragmentation increases the probability of inbreeding and genetic isolation, which is likely to
increase local extirpations (Fitzpatrick et al. 1991, Woolfenden and Fitzpatrick 1991, Stith et al. 1996;
Thaxton and Hingtgen 1996). Thaxton and Hingtgen (1996) concluded that female scrub-jays
dispersing from urban areas have a higher mortality rate than those dispersing from natural scrub
areas. They also suggested that habitat in suburban areas, if abandoned or unoccupied due to death
of the mated pair, had a higher probability of remaining vacant, leading to the conclusion that
populations of scrub-jays in suburban areas were likely to decrease and eventually be extirpated. In
addition, they showed that scrub-jays dispersing in the good (restored) habitat outnumber those that
emigrate into poor suburban patches (of 128 observed dispersals, no birds dispersed from preserve
to suburban territories) and that dispersal distances of these immigrants were longer than those using
intact scrub (Service 2007a).

The condition, or value, of scrub habitat to Florida scrub-jays is largely dependent on the
successional stage of the xeric plant community and its relative size and juxtaposition in the
landscape in relation to other xeric plant communities. In general, scrub-jays only persist long-term in
early successional scrub communities that are relatively large or in close proximity to other scrub
communities. Thus, high-quality or optimal habitat will be in early succession and large or close to
adjacent scrub habitat patches. Habitat condition (i.e., quality) declines with vegetative height (i.e.,
mid- to late-succession) and degree of fragmentation (i.e., distance between habitat patches)
(Service 2007a).

Historically, scrub vegetative communities were affected by, and responded to, periodic lightning-
generated wildfires (Myers 1985, Robbins and Myers 1989). Wildfires burned scrub communities
when adequate fuel loads were present. Natural fire return intervals varied between scrub vegetative
communities and probably ranged from 5 to 60 years (Fitzpatrick et al. 1991, Woolfenden and
Fitzpatrick 1996). However, an increasing human population, fear of property destruction, and safety
concerns resulted in suppression of most naturally occurring fires (Duncan and Schmalzer 2004).
Historical suppression of fire resulted in the degradation of fire-dependant ecosystems, including
scrub (Myers 1985, Brevard County 2007). As a result, scrub-jay habitat typically became degraded
because fire suppression resulted in a succession of scrub vegetative communities from relatively
open, shrub-dominated habitat to a more tree-dominated, mesic environment. Reduced habitat
quality, caused by disrupted fire regimes, was a major fragmentation effect that greatly magnified
impacts of habitat loss (Breininger et al. 2006) (Service 2007a).

Territory-scale habitat conditions are largely unknown throughout much of the range of the scrub-jay.
The only exceptions are for extensively studied scrub-jay populations in central and south Brevard
County. In the Merritt Island-Cape Canaveral scrub-jay metapopulation, Breininger (pers comm.,
cited in Johnson et al. 2006) estimated that only about 13 percent of potential scrub-jay habitat was in
optimal condition, despite mechanical treatment and use of prescribed fire for nearly 15 years. In the
southern Brevard-Indian River-St. Lucie metapopulation recent observations suggest that scrub-jay
populations on several intensively managed parcels in Brevard County may be reversing historic
declining trends (Breininger 2006), but the majority of scrub-jay habitat within this metapopulation has
not been evaluated at the territory scale (Service 2007a).
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Stith et al. (1996) estimated that at least 2,100 breeding pairs of scrub-jays were living in overgrown
habitat statewide. Population declines of scrub-jays within Brevard County between 1991 and 1999
were attributed mainly to habitat degradation resulting from fire exclusion and resulting vegetative
overgrowth of remaining habitat patches (Breininger et al. 2001). Overgrowth of scrub results not
only in the decline of species diversity and abundance but also a reduction in the percentage of open
sandy patches (Fernald 1989; Woolfenden and Fitzpatrick 1996b). In the northern third of the scrub-
jay’s range, fire suppression was likely responsible for the decline of the scrub-jay (Fitzpatrick et al.
1994) (Service 2007a).

Habitat degradation due to fire suppression may exceed habitat destruction as the single most
important limiting factor (Woolfenden and Fitzpatrick 1991, 1996b, Fitzpatrick et al. 1994). Fire is
important in the cyclical maintenance of scrub habitat (Nash 1895, Harper 1927, Webber 1935, Davis
1943, Laessle 1968, Abrahamson et al. 1984). Under natural fire regimes, late successional scrub
habitats would have burned periodically to create early succession habitats (those with no or few
canopy trees). Prevention and/or control of natural fires essentially lock scrub habitats into late
successional stage vegetative communities that are not occupied by scrub-jays. Fire suppression is
likely to continue on private lands and result in further declines of scrub-jays in these areas (Fernald
1989; Fitzpatrick et al. 1994, unpublished data; Percival et al. 1995; Stith et al. 1996; Thaxton and
Hingtgen 1996; Woolfenden and Fitzpatrick 1990, 1996a; Toland 1999) (Service 2007a). The Florida
Scrub-jay Fire Strike Team was organized in 1999 to provide prescribed burning assistance to
various land managers in the LWR. Since 1999, TNC-led Florida Scrub-Jay Fire Strike Team has
helped restore more than 20,000 acres of habitat in central Florida (TNC 2009b).

Destruction of scrub-jay habitat due to land use changes threatens scrub-jays on private property.
Habitat destruction is difficult to quantify but is anticipated based on past and projected human
population growth in Florida. Ten scrub-jay metapopulations are most vulnerable to habitat
destruction on private lands (Service 2007a).

Disease or predation will likely have a greater effect on this species in the future. We expect scrub-
jay populations will become increasingly vulnerable to extirpation due to disease because many
populations are already small and further declines in population sizes can be expected with habitat
destruction and fragmentation. The ability of scrub-jays to recover from episodic disease outbreaks
appears to be significantly improved when population sizes are large and habitat is managed in
optimal condition; however, current trends in population size suggest vulnerability to disease will
increase in the future (Service 2007a).

Florida Panther (Puma concolor coryi)

The Florida panther (Puma concolor coryi) is the last subspecies of puma still surviving in the eastern
United States. Historically occurring throughout the southeastern United States, today the panther is
restricted to less than 5 percent of its historic range in one breeding population located in south
Florida. The panther population has increased from an estimated 12-20 (excluding kittens) in the
early 1970s to an estimated 100-120 in 2007, with the breeding component of this population located
on approximately 3,548 square miles (9,189 square kilometers) (Kautz et al. 2006) south of the
Caloosahatchee River in southern Florida. However, the panther continues to face numerous threats
due to an increasing human population and development.

The Florida panther was listed as endangered throughout its range in 1967 (32 FR 4001) and
received federal protection under the passage of the Endangered Species Act (ESA) of 1973, as
amended (16 U.S.C. 1531 et seq.) and is on the state endangered lists for Florida, Georgia,
Louisiana, and Mississippi. Because it is listed pursuant to the ESA, the panther and its habitat are
protected by the ESA. The panther has a recovery priority number of 6¢ (Service 2008i). This priority
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number identifies the panther as a subspecies with a high degree of threat of extinction, but low
recovery potential because recovery is in conflict with construction, other development projects, or
other forms of economic activity.

Panthers are wide ranging, secretive, and occur at low densities. They require large contiguous
areas to meet their social, reproductive, and energetic needs. Panther habitat selection is related
to prey availability (i.e., habitats that make prey vulnerable to stalking and capturing are
selected). Dense understory vegetation provides some of the most important feeding, resting,
and denning cover for panthers. Telemetry monitoring and ground tracking indicate that panthers
select forested habitat types interspersed with other habitat types that are used in proportion to
their availability (Service 2008i).

Limiting factors for the Florida panther are habitat availability, prey availability, and lack of human
tolerance. Habitat loss, degradation, and fragmentation are the greatest threat to panther survival,
while lack of human tolerance threatens panther recovery. Panther mortality due to collisions with
vehicles threatens potential population expansion. Potential panther habitat throughout the southeast
continues to be affected by urbanization, residential development, road construction, conversion to
agriculture, mining and mineral exploration, and lack of land use planning that recognizes panther
needs. Public support is critical to attainment of recovery goals and reintroduction efforts. Political
and social issues are the most difficult aspects of panther recovery and must be addressed before
reintroduction efforts are initiated (Service 2008i).

Based on 1998 Service telemetry data, Florida panther presence was documented to one-tenth of a
mile from the refuge’s Flamingo Villas Unit, roughly one-half a mile from the Carter Creek Unit and
roughly one mile from the Snell Creek Unit. In addition, motion triggered cameras used to identify
feral hog presence at the Flamingo Villas Unit photographed a large cat in January 2007; however,
the species was not confirmed. Florida panthers presumably utilize the unit as a travel corridor and
may seek prey opportunities made available from feral hog presence, although no documentation has
been conducted to verify. The refuge has not conducted research or monitoring specific to the
Florida panther on refuge units.

Florida Black Bear (Ursus americanus floridanus)

The Florida black bear (Ursus americanus floridanus) is one of three subspecies of American black
bear recognized in the southeastern United States. Although these subspecies are nearly
indistinguishable in the field, they can be differentiated by slight variations in several skull
measurements. Its highly arched forehead and long, narrow braincase generally characterize the
Florida black bear. As with all American black bears, Florida black bears are large, powerful
mammals with a shy, secretive demeanor. Adult males normally weigh 250-450 pounds and adult
females normally weigh 125-250 pounds. Both sexes have soft, black hair, often with blonde chest
markings; small, round ears; short tails; stout, curved claws; and large canine teeth. Black bears are
omnivores that mostly eat vegetation, nuts, berries, and insects, but also consume some meat. In
Florida, black bears are dependent upon saw palmetto plants, black gum, and oak trees for a
significant portion of their diet. They may prey upon animals such as armadillos, deer fawns, and
hogs; but, overall, these food sources make up a small percentage of their diet (FWC 2003)

Florida black bears are habitat generalists that utilize their surroundings at the landscape level. They
are dependent upon forest vegetation, but are not limited to specific forest types. In December 2006,
an image of a black bear was taken at the Flamingo Villas Unit by a motion triggered camera and signs
of black bear have been observed by researchers and volunteers on the Flamingo Villas Unit in August
2009. Motion trigger camera images of a black bear were captured in September 2009 as well. As part
of a landscape scale black bear project, ABS researchers set traps, captured, and radio collared a large
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male black bear on the Flamingo Villas Unit in September 2009. In addition, black bears are known to
occur off refuge on private lands adjacent to the refuge and in natural areas in close proximity to the
refuge, including ABS lands. Florida black bear use is presumably a condition of utilizing forage and
resting opportunities and using movement corridors from other natural areas within their wide range
(FWC 2003). A clear threat to black bears using the refuge is vehicle collisions.

Forested wetlands and bottomland hardwoods provide optimal habitat, but any forested areas of
large size with diverse foods and dispersed cover can support bears. Home range sizes vary greatly
among individuals, age classes, and populations, but average approximately 14.4 miles® (37 km?) for
females and 62.1 miles? (161 km?) for males. Florida black bears are not territorial in the strict sense
of the word and tolerate considerable overlap in home ranges. Individuals tend to be solitary, except
for females with young and groups at abundant food sites (FWC 2003).

Historically, black bears ranged throughout the southeast, with the Florida subspecies inhabiting all of
Florida, including the upper keys and portions of southern Georgia, Alabama, and Mississippi. This
widespread distribution has been severely reduced and fragmented by human activity. Large-scale
land clearing in the early 1900s along with unregulated killing, which occurred up to the mid-1900s,
had the greatest negative impacts. Bear populations in Florida reached their low point between the
1950s and 1970s, with only several hundred to a thousand individuals estimated statewide (McDaniel
1974, Brady and Maehr 1985). Florida’s bear population has since rebounded because of
management actions and maturation of second growth forests across the state. More recently,
however, development associated with Florida’s burgeoning human population has begun to directly
compete for space with the wide-ranging black bear (FWC 2003).

The primary range of bears in Florida has been restricted to six large (Apalachicola, Big Cypress,
Eglin, Ocala, Osceola, and St. Johns) and two small (Chassahowitzka and Glades/Highlands)
populations. These populations range in abundance from a few individuals to several hundred bears
and vary significantly in distribution, habitats occupied, and threats to existence. Dispersing bears
may be found virtually anywhere in the state, and low numbers of bears inhabit lands surrounding the
extant populations and some large undeveloped areas such as the Big Bend region of the state.
Although not under the jurisdiction of FWC, populations of Florida black bears in neighboring states,
such as at Okefenokee Swamp in southern Georgia and Mobile Bay in Alabama, must be considered
when evaluating the status of the Florida subspecies. The Osceola bear population is continuous
with the larger Okefenokee bear population in southern Georgia, and bear populations in the western
panhandle may play an important role in maintenance of small bear populations in Alabama. The
distinct geographic nature of bear populations in Florida in conjunction with their limited connectivity
via dispersal and low-density linkage zones represents a metapopulation, or overall population, that is
influenced by both localized and regional factors. Consequently, because of their fragmented
distribution, the individual populations are more vulnerable to impacts than a single large population
of similar total size would be (FWC 2003).

Currently, there is no accurate, scientifically generated estimate of the number of black bears in
Florida. In 1998, FWC staff estimated the statewide bear population to be 1,282 bears based on
density estimates from past studies and estimates of occupied range (FWC 2003). Results from
more recent studies and consistently increasing trends in bear roadkill, nuisance complaints, and
sightings suggest that bear abundance and distribution are increasing in many bear populations,
particularly in Ocala and Apalachicola National Forests and surrounding areas (FWC 2003).
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Black bears are protected by state statute as a threatened species throughout Florida except those in
Baker and Columbia Counties and Apalachicola National Forest and those held in captivity under
permit. Bears in Baker and Columbia Counties and Apalachicola National Forest were listed as a
game mammal and were hunted until seasons were closed in 1994 (FWC 2003).

Gopher Tortoise (Gopherus polyphemus)

Once abundant, gopher tortoise (Gopherus polyphemus) populations have dwindled to less than 30
percent of their historic population in Florida. Major causes of their decline include loss of habitat,
human consumption, road mortality, and disease (Franz and Puckett 2007). According to Schultz et
al. 1999, Gopherus polyphemus is known to occur on the refuge’s Flamingo Villas and Carter Creek
Units, while refuge staff has observed Gopherus polyphemus at the Lake McLeod Unit where it is
thought that individuals are being released on the unit by members of the public.

The Gopher tortoise prefers xeric habitats with an abundance of herbaceous ground cover, an open
canopy, and sparse shrub cover (Franz 1986, FWC 1987, Fernald 1989). Tortoise dig burrows into
well-drained sandy soil to prevent desiccation and to regulate body temperatures. The gopher tortoise
is a keystone species in scrub and sandhill habitats of the refuge. Without their presence, many other
species would be rare or non-existent. Burrows are known to provide habitat for up to 81 species of
vertebrates and invertebrates, some of which are found on the refuge. Thirty-two commensal
vertebrate species use the burrows, including eastern indigo snake, which is previously described. In
addition, tortoise dung provides major food resources for many invertebrates, which are subsequent
food resources for birds and reptiles (Jackson and Milstrey 1989, FWC 1987, Fenald 1989).

The species’ state protection was upgraded from Species of Special Concern to Threatened in June
2006; however, it is not federally listed in Florida. Gopher tortoises are most abundant in scrub and
sandhill communities and may occur on all refuge units where these habitats exist. The primary
threat to gopher tortoises on the refuge is infrequent prescribed fire in fire-dependent habitats.
Presumably, road related mortality is an additional threat to gopher tortoise populations.

Sand Skink (Neoseps reynoldsi)

Sand skinks are endemic to the sandy ridges of central Florida, occurring on the Lake Wales, Winter
Haven, and Mount Dora Ridges in Highlands, Lake, Marion, Orange, Osceola, Polk, and Putnam
Counties (Service 1999). Schultz et al. (1999) and Turner et al. (2006) reported the occurrence of
sand skinks on the refuge’s Flamingo Villas Unit and Service staff (2009) have reported sand skink
occurrence at the Flamingo Villas, Lake McLeod, and Snell Creek Units, although population
estimates are lacking. It appears that skinks (sand and bluetail mole) are distributed throughout their
historic range, although it is believed their numbers have likely declined substantially because of
habitat loss and degradation (Service 2007b). One study found that sand skink populations were
patchily distributed on the landscape, and distribution was clumped (Gianopulos et al. 2001), but
additional work is needed in this area. The degree of soil compaction affects sand skink activity, with
low soil compaction being favored (Collazos 1998, Hill 1999, Mushinsky and McCoy 1999,
Gianopulos 2001, Mushinsky et al. 2001, Christman 2005). Sand skink presence is also positively
related to soils with a greater proportion of large particle sizes, low soil moisture, and low soil
temperature (Collazos 1998, Hill 1999, Mushinsky and McCoy 1999, Gianopulos 2001, Mushinsky et
al. 2001). Although studies have not determined exact classes of soil sizes that are preferred by
skinks, particles sifted through sieves with 0.38-mm and 0.23-mm mesh openings have been shown
to be positively correlated with skink presence (Collazos 1998, Hill 1999, Mushinsky and McCoy
1999). Vegetation also seemed to affect sand skink presence, as percent of bare, loose surficial
sand and low average understory vegetation are important factors (Collazos 1998, Hill 1999,
Mushinsky and McCoy 1999, Gianopulos 2001, Mushinsky et al. 2001, Christman 2005). Itis
generally thought that bluetail mole skinks require similar microhabitat conditions (Service 2007b)
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These microhabitat conditions are necessary to enable thermoregulation. Presence of vegetation
and loose soils moderate soil temperatures, providing a range of temperature options available to
sand skinks (Hill 1999, Mushinsky and McCoy 1999, Gianopulos et al. 2001). Based on Collazos’
(1998) findings that sand skink density was positively correlated with canopy density, Gianopulos et
al. (2001) surmised that skinks may not do well in areas that have been recently burned or cleared.
Conditions within the soil are still more important to sand skinks than vegetation above it, however,
and vegetation alone cannot be used to predict abundance or distribution (Hill 1999). Sand skink
distribution appears correlated with microhabitat conditions (Service 2007b).

Based upon recapture data, Gianopulos (2001) found that sand skinks did not appear to move large
distances within an active season, probably not much farther than 35 meters (115 feet). However,
this study did indicate that sand skinks may move father at some times of the year than others. Other
studies indicate that dispersal capabilities of sand skinks are generally underestimated but vary
among individuals, with some adults moving more than 140 meters (459 feet) (Mushinsky et al. 2001,
Penney 2001, Penny et al. 2001). Mushinsky et al. (2001) reported that some sand skinks in their
study moved up to 140 meters (459 feet within a 14-day time period and found some evidence that
smaller individuals may move longer distances than large ones. They indicated that this may still be
an underestimate of skink dispersal capability (Service 2007b).

Penney (2001) stated that the movement of a few adults over large distance may be a response to
limited resources, a reflection of large home range sizes, or an indicator that some adults act as
“floaters” and tend to move more than others. Because of these dispersal abilities, natural
colonization of individuals may occur in restored habitat in close proximity to suitable scrub habitat,
but establishment may be difficult or impossible in restored isolated patches of habitat (Mushinsky et
al. 2001, Penney 2001) (Service 2007b).

Approximately 60 enclosures (0.1 acres) (Sutton et al. 1996) have been constructed on the LWR to
calculate absolute densities of sand skinks (Mushinsky 2007a in litt. in Service 2007b). Results
indicate that time since fire is an important factor in determining densities. That is, a greater potential
for high densities exists with longer times since fire. For example, preliminary results from 36
enclosures (0.1 acres) installed March 2007 at ABS show that the mean number of sand skinks is
5.33 (+1.04) in recently burned units, 5.58 (+1.58) in units burned 6-20 years ago, and 11.58 (+1.10)
in units burned more than 20 years ago (Mushinsky 2007a in Service 2007b) (Service 2007b).

Other density estimates of sand skinks in various scrub habitats regardless of fire history in Orange
and Osceola Counties ranged from 100 to 600 skinks per hectare (HA) or approximately 11 skinks
per 0.1 ac (Sutton 1996, Collazos 1998, Mushinsky and McCoy 1999). Christman (2005) estimated
densities to be much lower in Polk and Highlands Counties, averaging approximately six sand skinks
per 0.1-acre. Removing the sites from density calculations where skinks are completely absent, the
averages for Orange and Osceola Counties were 15.6 per 0.1-acre and for Polk and Highlands
Counties were 6.5 per 0.1-acre (Christman 2005). Christman (2005) found possible weak
correlations between sand skink density and depth of loose surface sand, percent cover of bare sand,
percent of soil particles >0.23 millimeter in diameter, and time since fire. Densities of skinks tended
to be higher when the depth of loose surface sand was greater (Collazos 1998, Christman 2005). To
get true baseline information, additional research is needed to address density, habitat, and
microhabitat throughout the range of both species (sand and bluetail mole skink) (Malatesta 2007 in
Service 2007b) (Service 2007b).

Recent demographic studies of sand skinks by Ashton (2005) resulted in findings similar to those of
Telford (1959). Telford (1959) assumed that sand skinks become sexually mature during the first
year following hatching, as the measured distance between snout and vent reaches a length of 45
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mm. He suspected that most of the breeders in his study were in their second year and measured
between 45mm and 57mm snout-vent length (Telford 1959). However, Ashton (2005) determined
that sand skinks become sexually mature between 19 and 23 months of age and have a single
mating period each year from February through May. A single clutch is produced each year between
May and June with a clutch size apparently fixed at two (Ashton 2005). This is similar to Telford’s
(1959) findings in which he examined three gravid females and found each to have two eggs. In field
studies of 2007, sand skinks have been observed with three or four eggs (Mushinsky 2007b,
University of South Florida pers. comm. in Service 2007b) (Service 2007b).

Experimental studies were conducted to investigate the effects of management techniques such as
clear-cutting and prescribed burning on sand skink populations inhabiting sand pine scrub over 5
years (Mushinsky and McCoy 1999, Gianopulos 2001, Gianopulos et al. 2001, Mushinsky et al.
2001). There was a decrease in relative abundance of skinks immediately following treatments
associated with both clear-cutting and burning and then a significant increase in skink captures in the
clear-cut plots over the 5-year period, but there was no apparent trend in the burned plots
(Gianopulos et al. 2001, Mushinsky et al. 2001). Mushinsky et al. (2001) noted significantly larger
skinks captured in the burned plots, indicating that more insect prey may have been available from
decaying logs or that older skinks inhabited these sites (Service 2007b).

Mushinsky and McCoy (1999) reported that the first year after management treatment showed the
greatest effects on sand skink abundance on the plots. Skink populations may take time to increase
after the application of treatments (Mushinsky et al. 2001). Navratil (1999) stated that it was too early
to surmise whether or not there was a difference in skink response to treatment method with only 3
years of data from this study. The most appropriate land management technique for skink
conservation appears to depend more on the microhabitat conditions of the area treated than the
treatment method, as sand skink distribution is correlated with various microhabitat features
(Gianopulos et al. 2001, Mushinsky et al. 2001) (Service 2007b).

Comparisons of persistence, recruitment, and survival were used to determine translocation causes of
sand skinks on two restored scrub sites for 6 years following relocation (Mushinsky et al. 2001, Penney
2001, Penny et al. 2001). One site established a self-sustaining population, while the other did not. It
was determined that site location, habitat suitability, and initial propagule size were the factors affecting
success (Mushinsky et al. 2001, Penney et al. 2001). Researchers concluded that the chances of long-
term survival may improve when habitat is restored and skinks are introduced to sites close to intact
scrub, rather than to isolated sites (Mushinsky et al. 2001, Penney 2001) (Service 2007b).

Continued habitat loss, fragmentation, and changes in land use threaten the existence of bluetail and
sand skinks. Although many of populations are on sites that are publically owned, populations on
private sites are threatened by destruction or habitat modification due to improper or lack of
management. In addition, improper habitat management and invasion by exotic plant species
continues to threaten the existence of skinks. Active management is necessary to maintain suitable
habitat for skinks. Habitat degradation on protected and private sites continues to be a threat
because vegetation restoration and management programs are costly and depend upon availability of
funding. Where prescribed fire is not feasible as a management technique because of smoke
management or other concerns, mechanical treatment is sometimes used. However, heavy
machinery disturbs the soil more than prescribed burning, and it removes often limited nutrients from
the soil (Mushinsky et al. 2001). This changes the nutrient levels in the topsoil, affecting the
vegetative composition of the site, whereas fire releases nutrients (Mushinsky et al. 2001). Also, if
logs are removed from the site after mechanical treatment, prey abundance (termites) may be lower
than it would be after a fire (Mushinsky et al. 2001) (Service 2007b).
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Highlands Tiger Beetle (Cicindela highlandensis)

The Highlands tiger beetle (Cicindela highlandensis) is a member of the beetle family Cicindelidae
(tiger beetles), which includes more than 2,000 species worldwide, more than 100 in the United
States (Pearson and Cassola 1992), and about 25 in Florida (Knisley and Hill 1992) (Service 2008j).
Schultz et al. (1999) and Turner et al. (2006) report occurrence of Highlands tiger beetle at the
Flamingo Villas Unit while Turner et al. (2006) reports occurrence at the Carter Creek Unit. In
addition, staff has observed occurrence at the Snell Creek Unit. The species is thought to occur on
all refuge management units due to its range of distribution over habitats occurring on refuge units.

The Highlands tiger beetle is often associated with evergreen scrub oaks, as well as with high
pineland with deciduous turkey oak (Quercus laevis) and longleaf pines (Pinus palustris). Knisley
and Hill (1996) view high quality habitat as primarily scrub or pine woodland with a high percent of
open sand (greater than 50 percent) and with many natural openings which are continuous or
connected to adjacent open patches, or connected by lightly disturbed trails or paths. Adult tiger
beetles were never found in areas of dense scrub (except along the edges of trails) nor in areas of
low shrubs (Knisley and Hill 1996). The tiger beetle was regularly found on trails with evidence of at
least moderate off-road vehicle traffic and where there was evidence of past vegetation clearing or
other ground disturbance (Knisley and Hill 1992a). This suggests that because of fire suppression,
the vegetation has become artificially dense, harming the beetle. The need for prescribed burning of
the vegetation or alternative methods of clearing openings, such as scraping, has been suggested
Knisley and Hill (1996) and Knisley (2005) (Service 2008j).

Results from surveys conducted during 2004-2005 by Knisley (2005) support previous conclusions
that the Highlands tiger beetle occurs in a diversity of habitats and that there are no key plant or other
specific indicators of habitat, other than open sandy areas within or adjacent to pine-oak woodlands
or scrub. The amount of open area was usually the primary indicator of suitable habitat (Knisley
2005). Knisley (2005) found adults to be most common along the middle and immediate edges of
trails and paths; larvae were more common on the trail edges, closer to vegetation. This suggests
that adults use the open trails for thermoregulation and foraging, but move away from these areas to
oviposit in more shaded microhabitats (Knisley 2005) (Service 2008j).

Analyses by Turner et al. (2006) indicate that while conservation efforts to date have contributed
greatly to protecting imperiled species on the Lake Wales Ridge, many species are likely to remain at
great risk of extinction despite ongoing conservation efforts, primarily because even under the most
optimistic acquisition scenarios, little more than seven percent of the original habitats will be protected
since most have already been destroyed. Habitat conditions for the tiger beetle will likely remain
suitable only with active management. Fragmentation of habitat and in-holdings within protected
sites may limit application of fire and other management (Service 2008;).

Because the Highlands tiger beetle has only been known since it was described in 1984, there are no
records of its past distribution and abundance. It seems likely that it was common, widespread, and
well established throughout the scrub and possibly high pine communities of the Lake Wales Ridge in
Highlands and Polk Counties prior to the widespread destruction of these habitats over the past 50
years (Knisley and Hill 1992a) (Service 2008;j).

The northern limit of the Highlands tiger beetle is near the refuge’s Snell Creek Unit, north of Lake Marion,
about four miles east of Haines City (Knisley and Hill 1996). The beetle has been found southeast of
Lake Marion, in the vicinity of the Poinciana development and in the Allen David Broussard Catfish Creek
Preserve east of Lake Pierce and northeast of Lake Wales. The range continues south through TNC’s
Tiger Creek Preserve, the LWRSF’s Walk-in-Water tract, Lake Weohyakapka and the west side of Lake
Arbuckle (LWRSF), and Carter Creek (LWRWEA) (Service 2008j).
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The Highlands tiger beetle depends on open, sandy areas within the Lake Wales Ridge upland
vegetation. This vegetation has largely been converted to citrus groves and residential areas.
Roughly 85 percent of the scrub and sandhills on Lake Wales Ridge has been lost to development
and agriculture (Friedman et al. 1993 as cited in Turner et al. 2006). This loss of habitat has resulted
in a concomitant reduction in the frequency and extent of wildfires (Turner et al. 2006). An estimated
two-thirds of the species’ habitat has been lost and much of the remaining is degraded (NatureServe
2007). However, it is unlikely that the tiger beetle has declined by only two-thirds and it is possible
that it has declined by more than 90 percent (NatureServe 2007). Further habitat loss is a
widespread threat as development and citriculture continue (NatureServe 2007). Of more than 40
sites supporting the species (Knisley 2005), at least nine are less than 2.47 acres (1 ha) in size and it
is very likely that fewer than five represent viable occurrences (NatureServe 2007) (Service 2008j).

The threat of habitat loss also occurs from increasing vegetation density from ecological succession
and fire suppression (NatureServe 2007). Lack of management of the remaining scrub and high
pineland vegetation may constitute a threat as serious as habitat loss (Knisley and Hill 1992a, 1992b,
1996). The vegetation in which the Highlands tiger beetle occurs is subject to fire, ranging from
relatively frequent and low-intensity in high pineland to infrequent and high intensity in some scrub
(Myers 1990). Years of fire suppression in most upland habitats of the Lake Wales Ridge led to the
vegetation becoming much thicker, with few patches of bare ground. One indicator of ecological
problems caused by fire suppression is that small scrub plants (herbs and smaller shrubs) are now
typically most abundant in artificially disturbed areas such as firebreaks (Service 2008;).

Populations of the Highlands tiger beetle are isolated and appear to occupy relatively small patches
of habitat. Because increased extinction rates are directly correlated with reduction of available
habitat area and increased distances between small populations (Gilpin 1987), the small, isolated
populations may be vulnerable to local extinction from normal fluctuations in population size, genetic
problems from small population size, or environmental catastrophes. Small populations of about 100
adult Highlands tiger beetles in an area of roughly 2.5 to 5 acres (1-2 ha) can persist over the long
term (Knisley and Hill 1996). However, population sizes have not been studied in detail and
metapopulation viability studies have not been conducted. The small sizes of occupied habitat also
reduce the ability of the habitats to buffer against edge effects and other influences from adjacent
developed areas, such as pesticide drift (Service 2008;).

Land managers in the Lake Wales Ridge area have begun to conduct more prescribed burning
to enhance or restore scrub habitat. Prescribed burning on private and public conservation
lands has likely improved habitat for this species and may provide improved habitat conditions
in the future (Service 2008;j).

Wood Stork (Mycteria americana)

Wood storks (Mycteria americana) are one of two species of storks that breed in North America.
Since the 1930s, the U.S. breeding population of wood storks has declined from an estimated
20,000 pairs to approximately 10,000 pairs in 1960. Fewer than 5,000 breeding pairs have been
documented since 1978, and the species was federally listed as endangered in 1984 (Service
1996b). In Florida, wood storks have also been designated endangered by FWC. The two
dominant factors cited in the decline of wood storks are changes in suitable habitat and loss of
preferred breeding sites (Ogden and Patty 1981). Wood storks are large wading birds that use a
unique grope-feeding technique (tacto-location) which requires specific water levels and food
densities. In addition, wood storks are colonial breeders that form colonies in large cypress or
mangroves which limits nest depredation from terrestrial predators. Each of these specific life-
history characteristics has been negatively affected by alterations in water regimes and habitat
loss, especially in the Everglades where historic wood stork densities were highest. Presently,
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wood stork populations are believed to be stable or increasing (Service 2007¢). Although wood
storks are not known to breed on the refuge and foraging opportunities are limited, they may
utilize various wetland features within the refuge, including littoral habitats of lake shores.

Non-Native and Nuisance Species

Species that have established sustaining populations outside their natural range are considered
exotic or non-native. Some non-native species can cause ecological and/or economic damage.
South Florida, in particular, hosts a large number of non-native species compared to many other
areas of the United States (Simberloff, et.al. 1997). Nuisance species are native plants and wildlife
that, under certain conditions, can negatively affect natural resources beyond what is considered
sustainable for that area. Table 16 lists non-native plants and animals documented either on the
refuge or within range to be considered a threat to the refuge.

In Florida, almost one-third of plants occurring in the wild are exotic, and even though a relatively
small percentage of these plants become weeds, their impacts can be harmful and expensive,
especially in natural areas (Langland and Burks 1998). The Florida Exotic Pest Plant Council
(FLEPPC) maintains a list of Category | invasive plants that are altering native plant communities and
Category Il invasive exotic plants that have increased, but have not yet altered native plant
communities (FLEPPC 2007). By FLEPPC definition, Category | species are invasive exotics which
are altering native plant communities by displacing native species, changing community structures or
ecological functions, or hybridizing with natives. This definition does not rely on the economic severity
or geographic range of the problem, but on the documented ecological damage caused (FLEPPC
2007). Category Il species are invasive exotics that have increased in abundance or frequency, but
have not yet altered Florida plant communities to the extent shown by Category | species. These
species may become ranked Category |, if ecological damage is demonstrated (FLEPPC 2007).

Refuge management units were intensively surveyed by North Wind, Inc., under contract to the Service,
for invasive exotic plant species in February 2006. Locations of invasive exotic species on the 2005
FLEPPC list were recorded. Locations and density of threatened and endangered plant species in close
proximity (within 50 feet) to invasive exotic species were also recorded (North Wind, Inc., 2006).

Lake Wales Ridge NWR was methodically surveyed by: 1) walking all roads, trails, and boundaries
and 2) covering remaining areas by walking straight-line transects spaced 100 feet apart. This
transect distance was modified to 200 feet in areas that were discovered to be highly resistant to
exotic species invasion, principally densely vegetated, intact scrublands dominated by scrub oak.
Each location of invasive exotic species was recorded, together with a density assessment for the
species in the immediate area consisting of the following values: 1= single occurrence, 2= scattered
individuals, 3= abundant. Any individuals within an approximately 50-foot radius were considered to
be part of the same occurrence. Individuals more than 50 feet apart were logged as separate data
points. In areas with widespread infestations of an exotic species, data points for that species were
collected every 100 feet (North Wind, Inc., 2006).

The refuge has several Category | and Il plants (Table 16) that are of management concern. Non-
native species can negatively affect native species through increased competition for resources,
alteration of habitat, and other biological interactions. Once invasive species become established,
eradication becomes difficult and long-term management the norm, which is time consuming and
expensive. Infestations of Brazilian pepper and Old-World climbing fern on refuge ponds are of
particular concern (North Wind, Inc., 2006). The survey identified the location of invasive exotic
plants and listed plants in close proximity to invasive exotic plants on the four refuge management
units. The total number of data points collected for each invasive exotic species is summarized in
Table 16. Table 17 lists rare species occurring in close proximity to invasive exotics.
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Table 16. Invasive exotic plants occurring on the Lake Wales Ridge NWR

Scientific Name Common Name Czltfgi':;:** Denstly Total
1 2 3
Flamingo Villas
Abrus precatorius rosary pea I 3 27 7 37
Albizia julibrissin Mimosa I 3 1 1 5
gc?jiuszl;iirf‘glia Australian pine I 0 0 3 3
5;21::(; ?;num camphor tree I 2 1 0 3
Imperata cylindrica cogon grass I 0 8 14 22
rl;%gr?:;r\;:lum ((:)Iilr(:lg}/r?gglgern I 2 12 2 16
Melinis repens natal grass I 4 80 12 96
Panicum repens torpedo grass I 0 2 3 5
Ricinus communis castor bean I 1 1 0 2
ﬁ;:ji?“;:f;:zes bowstring hemp Il 0 1 0 1
tse?'::)r::tshifolius Brazilian pepper I 7 21 4 32
Solanum viarum tropical soda I 0 3 0 3
apple
Urena lobata Caesar’s weed I 4 48 13 65
Flamingo Villas Total 26 205 59 290
Carter Creek
Abrus precatorius rosary pea I 0 3 0 3
Imperata cylindrica cogon grass I 0 3 3 6
Melinis repens natal grass I 0 54 10 64
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Abrus precatorius rosary pea ' 21 10 37

Sansevieria .

hyacinthoides bowstring hemp Il 1 0 1

Catharanthus roseus Magja.gascar 3 0 4
periwinkle

Imperata cylindrica cogon grass | 2 0 3

Lantana camara lantana | 18 1 26

Melinis repens natal grass | 94 7 107

Rhoeo spathacea oyster plant Il 0 0 1

Schinus -

terebinthifolius Brazilian pepper | 16 1 20

Urena lobata Caesar’s weed Il 16 5 24

*Density Key: 1=single occurrence, 2=scattered, 3=abundant (North Wind, Inc., 2006)
**FLEPPC 2007
Source: North Wind, Inc., (2006)
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Table 17. Rare plants in close proximity to exotic plants on the Lake Wales Ridge NWR

Scientific Name

Common Name

Flamingo Villas Management Unit

Tillandsia fasciculate

cardinal airplant

Ziziphus celata

Florida ziziphus

Carter Creek Management Unit

Dicerandra frutescens

scrub mint

Eriogonum longifolium

scrub buckwheat

Nolina brittoniana

Britton’s beargrass

Polygala lewtonii

Lewton’s polygala

Prunus geniculata

scrub plum

Lake McLeod Management Unit

Bonamia grandiflora

Florida bonamia

Chionanthus pygmaeus

pygmy fringe tree

llex cumulicola

scrub holly

Lechea cernua

nodding pinweed

Paronychia chartacea

papery nailwort

Persea humilis

scrub bay

Polygonella basiramia

Florida jointweed

Polygonella myriophylla

Small’s jointweed

Prunus geniculata

scrub plum

Lupinus aridorum

scrub lupine

Snell Creek Management Unit

No rare species found in proximity to invasive exotic plants

Source: North Wind, Inc., (2006)

Nonnative animals also occur on refuge management units, including feral pigs (Sus scrofa). A
complete inventory of nonnative animals has not been conducted on the refuge, however, other
common nonnative and nuisance species are expected to occur based on proximity to agricultural and
urban areas (Table 18). Feral pigs, Nile monitor lizards, walking catfish (Clarias batrachus), and brown
hoplo (Hoplosternum littorale) have been identified on the Flamingo Villas Unit. Refuge volunteers
provide opportunistic control of feral hogs; however, control of nonnative fish has not been conducted.

126

Lake Wales Ridge National Wildlife Refuge




Table 18. Nonnative fauna occurring or potentially occurring on the Lake Wales Ridge NWR

Common Name

Scientific Name

Anolis sagrei

brown anole

Dasypus novemcinctus

nine-banded armadillo

Felis silvestris catus

feral cat

Hemidactylus garnoti

Indo-Pacific gecko

Hemidactylus turcicus

Mediterranean gecko

Mus musculus

house mouse

Rattus norvegicus

Norway rat

Rattus rattus

black rat

Osteopilus septentrionalis

Cuban tree frog

Eleutherodactylus planirostris

greenhouse frog

Clarias batrachus

walking catfish

Sarotherodon melanotheron

blackchin tilapia

Hoplosternum littorale

brown hoplo

Solenopsis invicta

red imported fire ant

Metamasius callizona

bromeliad-eating weevil

Xyleborus glabratus

Asian ambrosia beetle

Sus scrofa

feral pig

Varanus niloticus

nile monitor lizard

CULTURAL RESOURCES

To date, no cultural or archaeological resources have been identified on the refuge. The refuge’s four
management units are located along the western periphery of Florida’s Central Lake District. This
district is poorly known archaeologically, although a number of freshwater shell and black earth
middens have been identified along the Kissimmee River and its associated lakes and the north
portion of the Okeechobee Basin (Milanich 1993). Milanich (1994), however, places this area into the
Okeechobee Region, which includes much of the Kissimmee River watershed in Okeechobee,
Highlands, Osceola, and Polk Counties. A finger of the central highlands extends into eastern Polk
and Highlands Counties giving the area that contains the refuge more topographic relief than the rest
of the Okeechobee Basin.
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The Nalcrest Site (8P015), one of the earliest sites in Polk County with occupation ranging between
7 and 10,000 years ago (Bullen and Beilman 1973), is situated on Lake Weohyakapka, located
approximately 20 miles (32.2 km) northeast of the Flamingo Villas Unit. A microlithic tool assemblage
was recovered from the submerged lake margins. These small artifacts, which included stemmed
points, drills, end scrapers, spurred gravers, and cores, are often associated with Late Paleoindian-
Early Archaic Bolen points. Milanich (1994) observed that this site was occupied during a period of
greater aridity than is present today.

Another group of Middle to Late Archaic sites in other parts of Florida demonstrates the importance of
watercraft. Dugout canoes documented at the Newnans Lake Site (8AL4792), the Lakeland Site
(8P0O6496), and the IMC 1 Site (8P06495) yielded calibrated radiocarbon dates ranging from 2500-5000
years before present (BP). The canoes were manufactured from southern hard pine, though older
examples at Newnans Lake and DelLeon Springs 2 were constructed from cypress. Dugout canoes not
only served as transportation, but also enabled Archaic Period and later groups to exploit a range of
aquatic resources in the Central Lake District and the coastal margins and estuaries of Florida.

Closer to the refuge, shell middens and black earth middens along the Kissimmee River and its
associated lakes have yielded St. Johns, Glades, and Belle Glade ceramics. These ceramic styles and
cultures date from 500 B.C. to 1565 A.D. It is unclear whether these chalky and sand-tempered wares
were independently developed in the Central Lake District or derived from ceramic traditions of the St.
Johns region, the Okeechobee Basin, or the Indian River area. The best known Belle Glade site is Fort
Center, located on the west side of Lake Okeechobee and south of the refuge and the Central Lake
District. The site, named after a nearby Second Seminole War-period fort (ca. 1830s), is a complex of
mounds, linear embankments, a burial mound, an artificial pond, extensive middens, and overlapping
circular ditches that stretch over a mile along Fisheating Creek. It was first occupied during the Late
Archaic between ca. 1000 and 500 B.C. Occupation continued until at least 1700 A.D. One of the
more intriguing items were maize pollen grains recovered from the fill of one of the circular ditches, a
lime-based paint on a wooden carving excavated from the pond, paleofeces from the midden deposit
adjacent to the pond, and other soil samples. The maize pollen from the circular ditch was dated to ca.
450 B.C. The role of maize in the Belle Glade culture and subsistence remains unclear, though
Milanich and Ruhl (1986) postulated that the plant was grown as a high-status food or some other
special purpose and not as a dietary staple. The linear embankments constructed after 1200-1400 A.D.
further muddles the debate as these have been interpreted as raised agricultural fields similar to those
seen elsewhere in the circum-Caribbean region and other areas of North and South America. Milanich
(1994) notes that the Fort Center embankments do not contain features intended to enhance crop yield,
such as deposition of organic matter in the fields, or to prevent erosion.

The arrival of European groups, primarily the Spanish, in the 16th century marked a major turning
point for Florida’s aboriginal population. This population, estimated as 100,000, was greatly impacted
by introduced European diseases (i.e., small pox, measles, and influenza), armed conflicts between
competing European powers, and the slave trade.

During the early 18" century, the Florida Seminoles emerge out of Creek and related groups who
migrated into peninsular Florida. Today, they are divided into three federally recognized tribes: the
Seminole Indian Tribe of Florida, the Seminole Nation of Oklahoma, and the Miccosukee Indian
Tribe. Carr and Steele (1993) compiled a list of archaeological sites and cultural landscapes
associated with the Seminoles. Nine sites were listed for Polk County and no sites were identified in
Highlands County. The sites include the Willoughby Tillis Battle Site (8P01856) and several towns or
camps. One village or camp site, the Lake Hamilton Island Site (8P0O1545), was associated with
Chipco’s band, which resided there for about 10 years prior to relocating to Lake Pierce, Lake
Rosalie, and finally the Everglades. Chief Tallahassee or Taluska hide his band on an island in Lake
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Marion during the Third Seminole War (1855-1858). The band moved to an island in Lake Rosalie
after observing the scouts of federal troops. They remained at Lake Rosalie until game became
sparse and then moved to the Everglades. A third site, the Snodgrass Island Site (8PO3866), may
also be associated with Chief Tallahassee. This site, which is situated on the north end of Lake
Pierce, also has two earlier precolumbian mounds and a later historic period occupation (Carr and
Steele 1993). However, no sites are known to occur on or near the refuge.

The Seminoles and the Miccosukees have a rich history, a sliver of which can be glimpsed on each
tribe’s official web site. More detailed accounts can be found in Covington (1993), Kersey (1987),
Sturtevant (1987), and Weisman (1999 and 2000).

SOCIOECONOMIC ENVIRONMENT

The refuge is located in Polk and Highlands Counties in central Florida along the Lake Wales and
Winter Haven Ridges. Little more than a hundred years ago, this area was a wilderness and escaped
the development and settling of coastal and northern portions of Florida due, in part, to the harsh
environmental conditions and perceived inability to farm the scrubby, parched highlands. Cattle
ranching was one of central Florida’s first main industries around the time of the Civil War (Martin
1998). The introduction of the railroad system developed throughout Florida in the early 1900s
enhanced the ability to export citrus fruit, increasing the value of the central highlands for agricultural
purposes (Martin 1998). At one point, the central Florida citrus industry was considered the most
intense concentration of citrus in the world, despite the fact that citrus production was susceptible to
occasional killing freezes (Martin 1998). The timber industry also gained momentum utilizing old-
growth long leaf (Pinus palustris) pines for pitch and turpentine, and wood for boat and housing
construction (Martin 1998). Florida land booms of the 1920s fell to the economic pressures of the
Great Depression. Tourism, which had begun in the 1800s, has steadily increased as Florida
continues to grow (Martin 1998), currently ranking as the fourth most populated state in America (U.S.
Census Bureau 2008).

From 2000 to 2008, Florida’s population had soared to over 18 million, an increase of over 2.3 million
since 2000, or almost 13 percent over the 8-year period (U.S Census Bureau 2008). Highlands and
Polk Counties grew at similar rates as compared to the Florida average (U.S. Census Bureau 2008).
Highlands County population grew from 87,366 people in 2000 to an estimated 100,011 in 2008 (12.6
percent increase), while Polk County population increased over 16 percent from 483,924 in 2000 to
544,373 people in 2008, ranking these counties as the 34th and 9th populous of Florida’s 67 counties,
respectively (U.S. Census Bureau 2008). Florida population is expected to continue to grow over the
next 51 years, anticipated to reach 21 million by 2015 (Zwick and Carr 2006), over 28 million by 2030
(U.S. Census Bureau 2005-2007), and over 35 million by 2060 (Zwick and Carr 2006).

Economic conditions are dissimilar for the two resident counties of the refuge. According to the U.S.
Census Bureau 2005-2007 American Community Survey statewide, 2007 median household income
grew to less than the national household average of $50,007 to $46,602, however, Florida
experienced an increase of almost 17 percent from year 2000 or 1 percent greater than the national
average of 16 percent over the same period (U.S. Census Bureau 2005-2007). Polk and Highlands
Counties fell below national and State of Florida averages (U.S. Census Bureau 2005-2007). While
median household income in Polk County grew from 2000 by 15 percent, which is quite close to state
and national averages, total income in the County is $42,534 or more than $4,000 below Florida’s
2007 average (U.S. Census Bureau 2005-2007). Highlands County fell well below national and state
averages as median household income grew only 8 percent to $32,903 from 2000 to 2007 or less
than half that experienced by the rest of Florida on average (U.S. Census Bureau 2005-2007).
Nationally, 13.3 percent of the population lives below poverty level in 2007, and in Florida poverty
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levels are less than national levels at 12.6 percent. Highlands County individual poverty levels
exceed national and state levels at 15.3 percent while Polk County is at the national average of 13.3
percent (U.S. Census Bureau 2005-2007). Further, in 2007, unemployment rates for Polk County
(5.6 percent) were below state (6.0 percent) and national (6.6 percent) rates, however, Highlands
County rates exceeded both national and state rates at 7.5 percent (U.S. Census Bureau 2005-
2007). In 2007, populations of Polk and Highlands Counties continue to be predominantly white (76.8
and 84.5 respectively), both exceeding national (74.1) and state (76.3) averages. Hispanic/Latino (of
any race) populations grew the most of any group over the two counties since 2000 (Polk up 5
percent, Highlands up 3.5 percent), both exceeding state (3.3 percent) and national (2.2 percent)
rates (U.S. Census Bureau 2005-2007). Both Polk and Highlands Counties median age has
decreased between 2000 and 2007, while state and national average median ages have increased
over the same period. Highlands County (47.2) is over 7 years older than the state (39.8) average
with 31.4 percent aged 65 and over while Polk County median age is relatively the same (38.2) as the
state average with 17.4 percent aged 65 and over. Both counties rank above the state population
average of 16.9 percent aged 65 and older (U.S. Census 2005-2007).

According to the 2008 Florida Price Level Index, both Polk and Highlands Counties fell below the
state average index value (101.06) and population-weighted average for the state (100) in 2008 due
in part to low population levels in relation to other counties and lower costs associated with the hiring
of equally qualified personnel (University of Florida 2009). According to the Florida County Retail
Price and Wage Indices for 2007, costs for food, housing, medical care, transportation, and other
goods and services in the two counties were below the state average (University of Florida 2008).

Population projections though 2060 indicate that the refuge’s home and neighboring counties are
expected to grow substantially (Zwick and Carr 2006) (Table 19). The projected population of the
State of Florida is expected to more than double by 2060 to over 35 million (Zwick and Carr 2006).
Highest area population growth rates are expected in Osceola County, east of Polk County where
2060 populations are expected to triple from 2008 estimates. Polk County is expected to more than
double its population while Highlands County is estimated to experience a 41 percent increase.

130 Lake Wales Ridge National Wildlife Refuge



Table 19. Projected population growth of area counties

Polk 405,382 483,924 580,594 30.2 631,895 1,257,078 9,095
Highlands 68,432 87,366 100,011 31.6 108,714 170,038 1,378
Okeechobee 29,627 35,910 40,359 26.6 42,716 61,292 423
Desoto 23,865 32,209 33,991 29.8 42,299 69,717 625
Hardee 19,499 26,938 28,888 32.5 31,242 43,922 283
Glades 7,591 10,576 11,175 321 12,329 17,768 120
Osceola 107,728 172,493 263,676 59.1 335,899 779,319 10,114

Source: *U.S. Census Bureau 2005-2007 American Community Survey
**Zwick and Carr 2006

Cities near refuge units grew at an average rate of 27.6 percent from 1990 to 2007 (U.S. Census Bureau 2005-2007), ranging from
37.1 percent in Haines City to 17.4 percent in Sebring (Table 20. Values do not take into account increases in population growth in

unincorporated areas of Polk and Highlands Counties.
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Table 20. Populations change of nearby cities - 1990-2007

. Percent
Iﬁs\l;s :\Invaarlgs eer:gr?t Nearby Cit 1990 2000 2007 Population
Unitg y &1ty Population | Population | Population Change
1990-2007
Flamingo Sebrin
Villas/Carter g 8,900 9,667 10,780 17.4
c (4.5 miles)
reek
Winter Haven
(2.85 miles) 24,725 26,487 32,577 24.1
Lake McLeod Eagle Lake 1,758 2,496 2,670 34.1
(1.16 miles)
Wahneta .
(1.27 miles) 4,024 4,731 5,226 22.9
Haines City
Snell Creek
Davenport
(3.78 miles) 1,529 1,924 2,181 29.9
Source: U.S. Census Bureau 2005-2007 American Community Survey

*U.S. Census data unavailable. Estimate based on average yearly growth rate from 1990 and 2000 = 70.7.

The threat of habitat loss, degradation, and fragmentation is expected to continue and increase. Zwick
and Carr (2006) used geographic information systems to develop a series of graphics depicting what
land use might look like in Florida in the years 2020, 2040, and 2060, assuming a continuation of
current development patterns. Between 2005 and 2060 Florida’s population is projected to double from
approximately 18 to 36 million people (Zwick and Carr 2006). Highlands County, with a 2005-2007
estimated population of 97,392 is projected to nearly double (75 percent increase) to 170,038 by 2060
(Zwick and Carr 2006). Polk County, with a population of 483,924 in 2000, is projected to more than
double (126 percent increase) to 1,029,606 by 2060 (Zwick and Carr 2006). Assuming a similar pattern
of development at current gross urban densities for each county, this translates into the need to convert
an additional 7 million acres of undeveloped land into urban land uses (Zwick and Carr 2006).
Analyses by Zwick and Carr (2006) indicate that the central Florida region is expected to experience
explosive growth, with continuous urban development from Ocala to Sebring; virtually all of the natural
systems and wildlife corridors in this region will be fragmented, if not replaced, by urban development.

Zwick and Carr (2006) performed an analysis to determine the composition of lands within a 1-mile
buffer of existing conservation lands in Florida. Of the roughly 8 million acres in that 1-mile buffer,
almost 1.5 million are already in urban use and it appears an additional 1.9 million acres could be
converted by 2060, or as much as 41 percent of the lands within the 1-mile buffer could be urbanized
by 2060 (Zwick and Carr 2006). Zwick and Carr (2006) concluded that the implications are great for
the long-term management or conservation lands in Florida. According to Zwick and Carr (2006), in
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the worst cases this will leave conservation lands isolated, surrounded by urbanization. In the best
cases management strategies dependent on natural processes like flooding and fire will be
compromised to accommodate new neighbors (Zwick and Carr 2006).

Florida’s economy relies heavily on tourism, but other sectors play important roles in Florida’s economy.
Nearly 40 percent of all U.S. exports to Latin America and South America move through Florida. The
space industry represents $4.5 billion of the state's economy with average annual wage of aerospace
workers at approximately $52,000. The number employed at Kennedy Space Center alone is 15,000 and
Florida ranks 4th among the states in overall aerospace employment with 23,000 jobs. In terms of
agriculture, Florida leads the southeast in farm income, producing about 75 percent of the U.S. oranges
and roughly 40 percent of the world's orange juice supply. The construction industry is particularly strong,
resulting from the steady stream of new residents and visitors to Florida each year. Growth in high tech,
finance, and back office operations is also strong with many small entrepreneurial software companies
recently established. Additionally, more than $500 million per year in sponsored research at Florida
universities provide another major economic factor (Visit Florida 2008).

Florida is the top travel destination in the world (Visit Florida 2008). An estimated 84.5 million people
visited Florida in 2007, up from 72.8 million in 2000 (Visit Florida 2008). Tourism spending increased
over the same period to 65.5 billion dollars from 50.9 billion (Table 21), providing state sales tax
revenue of over 3.9 billion dollars and employing 991,300 people in 2007 (Visit Florida 2008).

Table 21. Total tourism spending in Florida from 1999 to 2007

Year (iﬁpl,oﬁlrliidoi:g)*
1999 $47.2
2000 $50.9
2001 $50.8
2002 $51.1
2003 $51.5
2004 3571
2005 $62.0
2006 $65.0
2007 $65.5

*As a measure of recreation taxable sales
Source: Visit Florida (2008)
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REFUGE ADMINISTRATION AND MANAGEMENT

The Service has been an active partner in acquisition; however, limited funding has restricted the
extent to which active management of owned lands could occur. By working with partners, utilizing
volunteers through the Ridge Ranger Program, and using staff from the Merritt Island NWR and
Pelican Island NWR Complex, projects such as fencing, trash removal, boundary posting, limited
prescribed burning, exotic plant control, and vegetative mapping have occurred. Since the refuge
has no refuge-specific staff and no dedicated funding source, the Pelican Island NWR staff relies
heavily on the Service’s South Florida Ecological Services Field Office, researchers, the LWREWG,
and other partners.

LAND PROTECTION AND CONSERVATION

In response to the substantial development pressures experienced throughout central Florida and the
Lake Wales Ridge area, a coordinated effort to purchase scrub and highlands along the ridge by the
Service, State of Florida, local municipalities, and non-governmental entities has been and is currently
underway. Protecting the Lake Wales Ridge has become the mission of not only the Service, but of
several levels of state and local governments as well as conservation groups. Land acquisition became
a joint venture between the State of Florida (originally through the CARL program), TNC, SWFWMD,
SFWMD, Polk and Highlands Counties, ABS, and the Service. Additionally, land acquisition partners
who have acquired lands for conservation and public enjoyment include the Green Horizons Land
Trust. This collaborative effort shares the resource demands of land acquisition among the partners.
Each management entity is responsible for managing its property and developing management plans.
However, partnerships have been forged between the various organizations to accomplish the
overarching mission of conserving the unique flora and fauna endemic to the ridge habitat. And, the
partners continue to coordinate land acquisition and management activities through the LWREWG.
This combined effort has contributed to the purchase and protection of over 87 square kilometers of
scrub and sandhill habitat (Turner et al. 2006).

Since 1992, the State of Florida has spent over $68 million to acquire nearly 24,711 acres (10,000
ha) of land on the ridge, with plans to acquire an additional 24,000 plus acres (10,000 ha) (Turner et
al. 2006). Non-profit purchases also protected significant amounts of scrub and sandhill habitats on
the ridge. To date, a total of 282 km?* (69,684 acres or 28,200 ha) of land on the ridge has been
protected in parks, refuges, state forests, and wildlife and environmental areas, as well as on private
lands. Some of these acquisitions have been from single owners or from a few owners (such as Lake
June in Winter State Park and the LWRWEA), while others have been added to incrementally over
the years, such as LWRSF. Particularly problematic and challenging have been the acquisition
projects known as megaparcel sites, which include extensive areas of scrub habitat that were
previously subdivided and sold to numerous lot owners (e.g., Flamingo Villas). To date, over 14,000
such lots have been purchased for conservation within the megaparcel sites, in a checkerboard
manner, but nearly as many lots remain to be purchased (Turner et al. 2006).

The Service’s existing land and water management partners in the Lake Wales Ridge NWR area
include: the State of Florida (e.g., FDEP, including the FPS; FWC; SFWMD; and SWFWMD); local
governments, including Polk and Highlands Counties; and federal partners, including US Air Force at
the APAFR and the U.S. Bureau of Land Management. Research partners include: TNC, ABS, HBS,
the University of Central Florida, the University of South Florida, and the LWREWG. Additionally,
other partners include local residents and neighbors, including the Ridge Rangers, businesses, and
political representatives. The local partnerships have proven successful for land acquisition,
research, and public outreach.
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Acquisition Strategy

Efforts to finalize purchase of remaining inholdings of the refuge management units are based on a
willing-seller approach. Currently, the refuge is targeting inholdings of Flamingo Villas and Lake
McLeod Units. Currently, inholders receive inquiries from the Service’s Realty Division for purchase
at fair market value when federal funding is available through either the Federal Land and Water
Conservation Fund or the Inholdings Fund. There is no dedicated land purchase funding for the
refuge. The refuge competes for funding with other federal organizations, including other refuges.

Alternative Acquisition Strategies

Various alternative acquisition strategies have already taken place or are in the planning stages.

In February 2008, the Service suggested changes to Highlands County to the current land use and
zoning designations for the Flamingo Villas Unit and suggested alternative actions to assist with the
final acquisition of the Flamingo Villas Unit, including working with the partners to: 1) change the zoning
from R-1 to Conservation; 2) change the future land use from Agriculture to Conservation; 3) vacate all
of the road and other rights-of-way, especially those where they occur on wetlands or where the
Service owns lots on both sides of the road and public access is not required; 4) use a quit claim deed
to transfer ownership to the Service of the common areas labeled in the plat as parks, lakes, and
churches; and 5) condemn the lots where the owners cannot be located or the owners are unwilling
sellers. The refuge is currently pursuing these suggested possibilities with Highlands County.

An effective, temporary policy moratorium has been in place in Flamingo Villas since October 2000,
which provides additional policy structure in the case where a property owner applies for a building
permit in Flamingo Villas. In this case, the property owner must come before the Highlands County
Board of County Commissioners. Additionally, friendly condemnation in Flamingo Villas was
approved by the Highlands County Board of County Commissioners in 2000, providing additional
acquisition support for the Service and partners.

Gap funding has also been suggested as a possibility at Flamingo Villas, whereby Highlands County
may enter into a Multi-Party Acquisition Agreement and identify a source of gap funding in instances
when fair market value, established by an appraisal, is close to what the property owner will accept.
In instances, such as this, where the Service can only pay up to fair market value, the Highlands
County NRAC may be willing to recommend using the Highlands County Conservation Trust Fund to
pay the difference. This process has proven successful through TNC to facilitate FDEP purchase of
lots in Carter Creek North through the development of a Multi-Party Acquisition Agreement. In
addition, interest in supporting Flamingo Villas inholding acquisition has been provided for by the
NRAC, which oversees and provides guidance and recommendations to the Highlands County Board
of County Commissioners for land acquisition funding though the Conservation Trust Fund.

Through the refuge partners, the Sebring Airport Authority has been approached to ascertain its
willingness to provide funding and have indicated a strong interest in mitigating expansion of the
Sebring Airport through assisting with lot acquisition in Flamingo Villas.

VISITOR SERVICES

The refuge was established to protect rare, threatened, and endangered species and is closed
to public access. The resources on the refuge units are extremely sensitive to human
disturbance and in many areas, the ground is literally covered with rare endemic plants where
disturbing them is difficult to avoid. Very limited approved public access is controlled through a
refuge special use permit and has generally occurred with a Service escort. To date, the
Service has determined that keeping the properties closed is the best strategy to protect rare,

Comprehensive Conservation Plan 135



threatened, and endangered species and the habitats they occupy. Visitor access is available
within the area and throughout the ridge, however, and partners provide numerous
opportunities for public access on their properties (Table 22).

Table 22. Lake Wales Ridge regional visitor service areas

Public Access

Ownership & Management

Main Public Use
Opportunities

Lakeland Highlands Scrub Polk County Hiking, Horses, Biking,

A.D. Broussard Catfish Creek Polk County Hiking, Horses

Preserve State Park

Historic Bok Sanctuary Polk County Hiking, Kiosks, Visitor Center,

Mountain Lake Scrub Polk Count Hiking (planned)

Ridge Audubon Center Polk County Hiking, Visitor Center

Crooked Lake Sandhill Polk County Hiking, Visitor Kiosk

Tiger Creek Preserve Polk County Hiking, Visitor Kiosk

Lake Wales Ridge State Forest | Polk County Hiking, Visitor Kiosk, Hunting

Walk in the Water Tract Horses, Camping

Lake Wales Ridge State Forest | Polk County Hiking, Visitor Kiosk ,Hunting,

Arbuckle Tract Horses, Non-motorized Boating,
Fishing, Camping

SUMICA Polk County Hiking, Horses, Camping,
Fishing, Biking, Visitor Kiosks

Hickory Lake Scrub Polk County Hiking, Kiosk

Lake Kissimmee State Park Polk County Hiking, Camping, Non-

motorized Boating, Horses,
Fishing, Motorized Boating,
Visitor Kiosk

Lake Marion and Reedy Creek
Management Area

Polk and Osceola Counties

Hunting, Fishing

Avon Park Air Force Range

Highlands and Polk Counties

Hiking, Camping, Fishing,
Hunting, Horses, Visitor Kiosk,
Non-motorized Boating

Highlands Hammock State
Park

Highlands County

Hiking, Biking, Visitor Center,
Guided Tours, Camping

Jack Creek

Highlands County

Hiking

Lake June in Winter Scrub
State Park

Highlands County

Hiking

Royce Unit

Highlands County

Hiking, Hunting

Lake Placid Scrub

Highlands County

Hiking

Archbold Biological Station

Highlands County

Hiking, Visitor Kiosk, Guided
Tours,

(Source: LWREWG 2008)
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PERSONNEL, OPERATIONS, AND MAINTENANCE

Currently, the refuge has no dedicated staff or funding and all refuge functions including
management, biology, maintenance, and outreach/environmental education/interpretive programs
are shared with Pelican Island and Archie Carr NWR’s. The refuge was previously managed out of
the Merritt Island NWR Complex headquarters in Titusville, Florida, but was transferred in 2009 to
the staff at Pelican Island NWR in Vero Beach. The refuge’s fire program is administered by Merritt
Island NWR. Current staff (2009) for Pelican Island, Archie Carr, and Lake Wales Ridge NWRs
includes the refuge manager, wildlife refuge specialist (assistant refuge manager), park ranger,
term wildlife biologist, temporary biological science technician, and a term tractor operator (Figure
9). As part of the previous workforce planning efforts of the Service, a full-time administrative
assistant, wildlife biologist, and two biological science technician positions were eliminated.
Biological work and research activities are performed under special use permits or cooperating
agreements, including with ABS, the University of Central Florida, and the University of South
Florida, Historic Bok Sanctuary, and TNC.

Refuge maintenance activities are accomplished by PIC staff, contractors, and volunteers. There is
one, 10-foot by 10-foot pole shed located on the Lake McLeod Unit and Service all-terrain vehicles
are stored at a volunteer’'s home near the Lake McLeod Unit.

All refuge roads are small, unimproved sand roads. The Flamingo Villas Unit was fenced in 2005.
Carter Creek Unit is fenced, as is a portion of the Lake McLeod Unit. Refuge signs are located on
each unit, providing unit name and Service contact information.

Refuge Fire Management

Fire management is provided for by the Merritt Island NWR, which is located 100 miles (161 km) away.
Initial response responsibilities for unwanted wildland fire fall to the FDOF, with Merritt Island NWR
personnel responding, if needed, as soon as possible. Most extended attack suppression activities would
be handled jointly by the FDOF and Merritt Island NWR. In the past, maintenance of firelines and other
presuppression activities have been conducted by contract or Merritt Island NWR personnel. Firelines
have been successfully maintained and several successful prescribed burns have been accomplished,
including a series of prescribed burns which were conducted during the week of June 8, 2009, at the
Carter Creek (600 ac/243 ha) and Flamingo Villas (327 acres/132 ha) (Table 9). The Service and TNC
have entered into a cooperative agreement to facilitate habitat restoration and improvement through the
use of prescribed fire, primarily for the benefit of all federal trust resources that inhabit any fire-dependent
wetland, riparian, and upland habitats on private lands in Florida.

Unwanted wildland fire initial attack is performed by the FDOF. The FDOF fire tower is located 1.5
miles (2.4 km) to the south of the Flamingo Villas Unit and the refuge depends heavily on the FDOF
for initial attack fire suppression. The Service and FDOF currently manage unwanted wildland fire in
Florida under a statewide MOU. Additionally, FDOF has operated under Service contract to maintain
fire lines at the Flamingo Villas and Carter Creek Units. Local fire stations also assist with unwanted
wildland fire response. Due to of the existence of small private in-holdings at some sites, the Service
partners with FDOF to use the Hawkins Act to complete prescribed burns in those areas in an effort
to control the negative impacts of unwanted wildland fire.

Figure 9. Pelican Island NWR Complex Organizational Chart (includes Pelican Island, Archie
Carr, and Lake Wales Ridge NWRs). All staff are assigned to Pelican Island NWR Complex and
shared with Archie Carr NWR.
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Figure 9. Pelican Island NWR Complex organizational chart
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Ill. Plan Development

SUMMARY OF ISSUES, CONCERNS, AND OPPORTUNITIES

The planning process officially began in January, 2008 with the initiation of preplanning activities such
as collecting data and information, meeting with the Pelican Island NWR Complex and Merritt Island
NWR Complex staff, visioning, and preparing for the public scoping phase of the planning process.
Our public scoping phase began on September 25, 2008, and involved an intergovernmental meeting
held during the day and a public scoping meeting held that evening. A myriad of issues, concerns,
and opportunities, including existing and needed data, refuge resources, affected members of the
public, vision ideas, and public participation, were raised by the public, organizations, and
governmental agencies. Issue identification was a major element in determining future management
goals and objectives, as well as future projects.

A Service Core Planning Team was assembled and a series of meetings were held in preparation for
the planning effort and in advance of public scooping. Public scoping commenced on September 25,
2008, including a notice in the Federal Register on June 20, 2008, announcements in local papers
during the week of September 22, 2008, and through the regional public radio website calendar of
events. Additional information about the planning process and public scoping was provided through
informational flyers and postings on the Service’s Internet web site
(http://www.fws.gov/merrittisland/subrefuges/LWR.html, later migrated to
http://www.fws.gov/lakewalesridge/).

Utilizing existing refuge public mailing lists with current information provided by staff and various
refuge partners, more than 200 informational flyers were mailed out inviting participation in the public
scoping process. This flyer invited participation through a variety of means, including the public
meeting, letters, faxes, telephone calls, emails to LakeWalesRidge CCP@fws.gov, and personal
visits. The flyer also announced the time and location of the public meeting, provided contact
information, and described the primary purpose of the refuge.

The public meeting was attended by 23 individuals representing a variety of interests and
organizations. A total of 11 individuals also submitted written comments by comment form at the
meeting, through email, and written letter. Comments from the public were submitted by a variety of
individuals covering diverse subjects, including the desire to contribute with volunteer efforts and the
provision of input concerning management focus and refuge awareness.

In an effort to better include governmental partners in the planning process, an Intergovernmental
Coordination Planning Team was formed (Appendix XlI). A team meeting was conducted on
September 25, 2008, where representatives of federal, state, and local governmental agencies met to
discuss issues, concerns, and opportunities regarding future management of the refuge.

Coordination with governmental partners and the public is essential to ensure support for the CCP
and the identified projects. While some of the issues and concerns raised during scoping are
important to the future of the refuge, many are not within the Service’s management jurisdiction or
authority, and some are outside of its control.

After receiving issues from the public scoping and intergovernmental meetings, a Service Core
Planning Team evaluated the issues raised, identified the priority issues to be addressed over the
next 15 years, evaluated steps to rectify those issues and resource needs, and measured the impact
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of CCP implementation. The Service then developed goals, objectives, and strategies to shape
management of the refuge for the 15-year life of the CCP. The team considered all issues that were
raised throughout the planning process and has developed a CCP that attempts to balance the
competing opinions regarding important issues. All public and advisory team comments were
considered; however, some issues important to the public fall outside the scope of the decision to be
made within this planning process. The Service identified those issues that, in the Service’s best
professional judgment, are most important to future management of the refuge. The priority issues
for future management of the refuge are listed.

Declines in and threats to rare, threatened, and endangered species

Lack of baseline information on refuge resources

Lack of an effective approach to apply fire management and measure fire effects

Existence, persistence, and spread of exotic, invasive, and nuisance species

Management challenges resulting from fragmented conservation lands under multiple jurisdictions
Inability to complete acquisition within the refuge’s approved acquisition boundary

Threats and impacts of an increasing human population

Lack of on-site staff and resources to address refuge needs

Lack of understanding on the effects of global climate change on refuge resources

The CCP identifies management strategies for priority issues in four management categories: wildlife
and habitat management, resources protection, visitor services, and refuge administration. Several
management priorities were identified in response to challenges resulting from the fragmented nature
of protected natural areas of the greater Lake Wales and Winter Haven Ridge systems. These
include identifying and managing through relationships with the partners the threats associated with
ongoing human population growth of the area. Fragmented landscapes challenge many of the core
management practices necessary to restore and maintain fire dependent habitats such as those
found on the refuge. As wildlands are converted through development, the migration and
establishment of species throughout the landscape will be more challenging. This magnifies the
importance of regional initiatives that seek to connect natural areas.

WILDLIFE AND HABITAT MANAGEMENT

The refuge was established in April, 1994 to conserve one of the most imperiled ecosystems on the
globe. About 80 percent of the pre-Columbian Lake Wales Ridge habitats have been cleared and
converted to other land uses leaving only remnant scrub and ridge habitats, many of which are
occupied by species found nowhere else.

As the landscape continues to develop, several impacts will continue to be experienced by the refuge
which challenge the ability to provide management of these important resources, including: the loss
and fragmentation of habitats throughout the Lake Wales and Winter Haven Ridge systems; spread
and impacts of exotic, invasive, and nuisance species; threats and impacts to rare, threatened, and
endangered species; threats and impacts to native wildlife; and decreased habitat quality. The refuge
lacks baseline surveying and monitoring data for most species which impacts the ability to evaluate
status and trends of refuge resources. The lack of an effective approach to apply fire management
and to measure fire effects challenges the ability of the refuge to meet habitat requirements for a
variety of species, including numerous state and federal listed species. And, the lack of
understanding regarding the effects of global climate change on refuge resources also impacts the
abilities of the refuge to manage and protect resources in response to these changes.
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RESOURCE PROTECTION

Ongoing development of the landscape has direct impacts on the resource protection efforts of the
refuge. While real estate prices have fallen from record highs seen in 2004/2005, overall
development pressures experienced in this area have dramatically driven prices upwards, making it
more difficult for the Service and Lake Wales Ridge partner organizations to acquire interests in
these properties through fee title acquisition, easements, and agreements from willing parties.
Further development has spread throughout the Lake Wales Ridge and south central Florida.

Many properties which were undeveloped at the establishment of the refuge in 1994 have since
been developed. This ongoing development of the landscape threatens wildlife and the habitat
necessary to support them, especially for those lands in close proximity to or within the approved
acquisition boundary of the refuge.

The acquisition boundary of the four refuge management units (i.e., Flamingo Villas, Carter Creek,
Lake McLeod, and Snell Creek) encompasses 7,472.5 acres (3,024 ha). As of August 2010, the
Service had acquired 1,843.9 acres (746.2 ha) within the four units, while the partners, including
the State of Florida, TNC, and Polk and Highlands Counties, have acquired 2,586.1 acres (1,046.6
ha). The remaining 3,042.5 acres (1,231.2 ha) includes 514.5 acres (208.2 ha) of easements,
common areas, and rights-of-way and 2,528 acres (1,023 ha) of mostly undeveloped inholdings.
Developed lands do occur or are planned within each of the four management units, ranging from
commercial uses including an antenna at the Snell Creek Unit, to residential uses including single
family home development at the Lake McLeod and Carter Creek Units and an approved platted
subdivision at the Flamingo Villas Unit. Continued development within the refuge’s acquisition
boundary directly impacts and threatens wildlife and habitat, represents ongoing impacts, and
dramatically constrains management activities.

Beyond the fragmentation of conservation lands by developed lands, the refuge also faces
management challenges that result from fragmented conservation lands that are managed under
multiple jurisdictions.

VISITOR SERVICES

The refuge is closed to public access but a range of public use activities do occur on partner
properties (Table 22). The refuge is likely to face increasing demands for recreational use of refuge
properties due to a growing human population in the area. Further, the refuge, the sensitivity of its
resources, and its management activities are impacted by a lack of public awareness and
understanding of the refuge, its purposes, and its role in the landscape.

REFUGE ADMINISTRATION

In reviewing the current and future management needs to serve the purposes, vision, and goals of the
refuge, the Service noted several administrative concerns. The first involves the unilateral ability for the
refuge and its partnering agencies and organizations to manage for trust resources, given the
fragmented and changing status of conservation lands throughout the Lake Wales and Winter Haven
Ridge systems. Increasingly, this paradigm defines the role that the Service plays in meeting the
refuge’s purposes and includes such key elements as animal migration from one naturally managed
area to the next and the development of habitat structure and composition necessary to provide for rare
plant species, many of which are found nowhere else. The conversion of privately owned natural areas
to development alters the direction for the remaining natural lands, especially for lands extremely
susceptible to the developmental pressures witnessed throughout central Florida and the ridge system.
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The Lake Wales Ridge contains one of the largest concentrations of federally listed species in the
continental United States and emphasis as a national conservation priority is warranted. The refuge
lacks a dedicated staff, budget, volunteers, and projects needed to pursue the purposes, vision, and
goals of the refuge. The lack of on-site staff and resources impacts the abilities of the refuge to
address refuge management priorities and needs. A distinct lack of law enforcement presence for
these conservation lands is notable.

WILDERNESS REVIEW

Refuge planning policy requires a Wilderness Review as part of the comprehensive conservation
planning process. A Wilderness Review for the refuge was conducted in 2006. The results of the
wilderness review are included in Appendix VIII. In summary, no areas of the refuge were found to
be suitable for designation as Wilderness at this time.

PUBLIC REVIEW AND COMMENT

Over 200 flyers were mailed to members on our mailing list providing an opportunity to request a CD
or paper copy of the Draft CCP/EA to review. Additionally, a news release was provided to local
media outlets announcing the desire to seek public comment and identifying how and where to
receive a copy of the Draft CCP/EA. A second series of over 200 flyers were mailed to mailing list
members early in the public review period announcing the completion of the Draft CCP/EA and its
availability for review.
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IV. Management Direction

INTRODUCTION

The Service manages fish and wildlife habitats considering the needs of all resources in decision-
making. But first and foremost, fish and wildlife conservation assumes priority in refuge management.
A requirement of the Improvement Act is for the Service to maintain the biological integrity, diversity,
and environmental health of refuges. Public uses are allowed if they are appropriate and compatible
with wildlife and habitat conservation. The Service has identified six priority wildlife-dependent public
uses. These uses are: hunting, fishing, wildlife observation, wildlife photography, and environmental
education and interpretation.

Described below is the CCP, outlining management of Lake Wales Ridge NWR over the next 15
years. This management direction contains the goals, objectives, and strategies that will be used to
achieve the refuge vision.

Three alternatives for managing the refuge were considered: A - Current Management (No Action); B
- Rare, Threatened, and Endangered Species; and C - Wildlife and Habitat Diversity. Each of these
alternatives was described in the Draft CCP/EA. The Service chose Alternative B as the preferred
management direction.

Implementing the preferred alternative will provide increased protection for listed species and is
anticipated to result in increased populations. In addition, other wildlife species and habitats as
well as biodiversity are expected to benefit under this alternative. Prescribed burn activity will be
implemented on a routine basis, enabling restoration and management of the refuge’s fire
dominant cover classes and pyrogenic habitat types. Research opportunities will be increased,
providing opportunities for better understanding of listed species recovery efforts. Resource
protection activities will be enhanced through a greater law enforcement presence and through
enhanced management of inappropriate uses. Public awareness will improve through the
implementation of an annual refuge day and participation in partner sponsored events throughout
the refuge. Finally, refuge administration activities will focus on contributing to the recovery of
listed species, as well as improving wildlife and habitat diversity through streamlined efforts and
by strengthening local and regional partnerships.

VISION

Lake Wales Ridge National Wildlife Refuge is the first refuge of its kind, envisioned to protect the last
vestiges of a globally imperiled ecosystem where plants found nowhere else on earth exist. The Lake
Wales Ridge is a long, narrow series of ancient sand dunes and islands. The “Ridge” emerges from
central Florida to proclaim its uniqueness in an otherwise flat landscape. Because of its age and
once remote placement in North America, species evolved here that occur nowhere else on earth.
Lake Wales Ridge National Wildlife Refuge is a living laboratory where researchers develop their
understanding of the ecosystem. The refuge was established to help protect this ecosystem from
being lost forever to developing Florida. Working with others, including state, local, and private
partners, refuge staff and volunteers will use sound management and science to protect and provide
a home for imperiled plants and animals and the habitats they require.
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GOALS, OBJECTIVES, AND STRATEGIES

The goals, objectives, and strategies presented are the Service’s response to the issues, concerns,
and needs expressed by the planning team, the refuge staff and partners, and the public and are
presented in hierarchical format. Chapter V, Plan Implementation, identifies the projects associated
with the various strategies.

These goals, objectives, and strategies reflect the Service’s commitment to achieve the mandates
of the Improvement Act, the mission of the Refuge System, and the purposes and vision of the
Lake Wales Ridge NWR. The Service intends to accomplish these goals, objectives, and
strategies within the next 15 years.

WILDLIFE AND HABITAT MANAGEMENT

Discussion: Most vegetation types found on the refuge are in some way influenced or maintained by
fire. Sandhills, scrub, flatwoods, and depression pond habitats require periodic fire to maintain
viability. Many of the wetland and mesic communities are influenced by fire on occasion. For
instance, bayheads do not burn during normal times. However, during periods of extreme drought,
fires do move through these areas as evidenced by fire scars found on some of the larger trees. Fire
also plays a role in determining the edges of these bayheads. Fires that occur in the normal dry
season would burn the edges of bayheads, keeping them in check. Conversely, during very wet
cycles, the bayhead species would gradually move out into the flatwoods and scrub communities.
This oscillation has most likely occurred for thousands of years.

Back in the 1950s, there was a concerted effort to suppress all wildfires. As the scientific and land
management communities began to realize the negative ecological effects of the removal of fire from
many ecosystems, fire management began to change. While most unwanted wildland fires are still
suppressed in the ridge, prescribed fire is now used on most conserved lands.

Lack of prescribed fire management on scrub lands leads to degradation of scrub habitat. Without
fire, vegetation types gradually change, succeeding to fire intolerant types such as oak dominated
hardwood, or in the case of fire intolerant habitat types such as bayheads, spatial extent expands. In
the case of the refuge, species that rely on periodic fire to support niches are outcompeted by
species more suited to fire-exclusion conditions. Most land managing agencies in Florida are not
able to use prescribed fire at the rates, frequency, and/or intensity needed to restore and maintain
most of Florida’s fire-adapted ecosystems (R. Mulholland, Florida DEP, pers. comm. in Service
2009a). Funding and staffing deficiencies have exacerbated implementation of routine, frequent
prescribed fire management. Without increases, scrub habitat is likely to continue to degrade,
becoming for some species the most pervasive threat on public lands. Additionally, some scrub
conservation lands on the Lake Wales Ridge may not be managed in the near future because there
are multiple private landowners with inholdings. These patchworks of private and public land make
use of prescribed fire as a management tool difficult (R. Bowman, ABS, personal communication,
2007 in Service 2008a). Successful restoration of habitat on many public lands will take several
years to achieve because multiple prescribed fires are necessary to get vegetative communities into
early successional stages (Service 2008a). On public lands that have only recently begun to
implement prescribed fire, including the refuge, habitat conditions suitable for listed species
persistence may take several more years.
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The primary focus over the 15-year life of this CCP will be recovering the landscape from the historic
suppression of fire over the previous 50 years. It is hoped that by the end of 15 years the vegetation
will have recovered to pre-fire exclusion conditions. After recovery, management activities should be
directed towards maintaining the landscape. This rehabilitation phase will include the application of
more frequent fire in the initial stages, with associated monitoring. As fuel loads are reduced and as
habitat qualities increase, the refuge will adapt management and fire return intervals in accordance
with information from research and experts, the results of monitoring, and best professional judgment.
For all pyrogenic habitat types, as part of the Annual Habitat Work Plan, and in advance of the annual
fire prescription planning process, an uplands ecologist with Lake Wales Ridge habitat management
and fire experience will assess and decide the resource targets for the upcoming year. These targets
will then be used to develop the annual habitat work plan and the fire prescriptions.

Mechanical treatments can be used to facilitate prescribed fire but may not be an appropriate
surrogate to fire in the restoration objectives outlined in this plan. Mechanical treatments and
herbicide often accelerate vegetation structure changes, but ecological benefits are generally
greatest when they were combined with fire (Menges et al. 2010). When feasible, mechanical and
herbicide treatments should be used as pretreatments for fire rather than as fire surrogates (Menges
et al. 2010). Where scrub oaks have become overgrown, fire alone is not a practical method of
restoring the landscape. Tall scrub oaks are difficult to burn under most prescribed fire conditions.
When they do ignite, the resulting fires can be quite intense. The situation is similar in the sandhills
where turkey oaks have become large single stemmed trees. Fires that would remove them would
most likely take out the pine overstory as well. In these cases mechanical treatment methods can
range from hand removal to the use of heavy equipment. Caution must be used in all cases to
ensure that disturbance of rare, threatened, and endangered plants and soil disturbance are kept to a
minimum. The refuge will also target an approach to minimize disturbance by minimizing fire line
production, but allow for line development where necessary. The refuge will maintain existing
mechanically provided fire plow lines and will coordinate introduction of new fire lines for
implementation of prescribed burning with partners. The refuge will make all efforts possible and
practicable to limit long-term wildlife impacts of fire management activities. Efforts to minimize
undesired impacts to rare, threatened and endangered species include but are not limited to
implementation of best management practices, fire management planning consultation with
appropriate Ecological Services Field Stations, and coordination with partner agencies.

Goal A. Rare, Threatened, and Endangered Plants and Animals
Minimize the threats to and promote the recovery of the rare, threatened, and endangered species.

Discussion: Chapter Il of this CCP identifies known occurrences of a host of federal and state listed
animals and plants on the refuge. Listed species are plants and animals that have been designated by
state and/or federal agencies with special protection or conservation needs. Those species with
regulatory protection are protected by law, such as state and federal listed threatened and endangered
species. Of the 57 rare, state, and federal listed species (including federal candidate species) that are
known to occur on the Lake Wales Ridge (Table 6), 17 federally listed plants (Table 14), 6 federal listed
animals, and 1 candidate species (Table 15) are known to occur on the refuge. Further, the State of
Florida identified 974 species of mammals, birds, amphibians, reptiles, fish, and invertebrates as those
of greatest conservation need in the state (FWC 2005), including rare, threatened, and endangered
wildlife species that are of specific management concern to Lake Wales Ridge NWR.
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Service telemetry data of collared Florida panthers have documented panther occurrence within
approximately one-tenth of a mile from the Flamingo Villas Unit and signs of the Florida black bear
have been observed at the Flamingo Villas Unit. Presence in or around refuge managed lands,
particularly relating to the Florida panther is thought to result from periodic stopovers resulting from
movement to other lands throughout their wide ranges. As part of a landscape scale black bear
project, ABS researchers set traps, captured, and radio collared a large male black bear on the
Flamingo Villas Unit in September 2009. Families of Florida scrub-jay occur in the scrub settings of
Flamingo Villas and have historically been observed at the Carter Creek Unit. Sand skinks are known
to occur on the Flamingo Villas, Lake McLeod, and Snell Creek Units, while bluetail mole skinks have
been identified on the Carter Creek Unit. Signs of eastern indigo snake have been observed on the
Flamingo Villas Unit. State listed animals including the Florida mouse, Florida gopher frog, and
gopher tortoise have been identified on refuge management units including the Flamingo Villas Unit.

The refuge serves as a vital area for many plant species endemic to both the Lake Wales and Winter
Haven Ridge ecosystems and serves as a living laboratory for the recovery efforts of a host of listed
plants and animals. The endangered Florida ziziphus, an endemic plant to the Lake Wales Ridge in
central Florida and thought to be extinct as recently as 1987, was reintroduced to the Carter Creek Unit
in 2002. Among nine major protected areas in Highlands County, only on the refuge’s Flamingo Villas
Unit can the endangered Garrett’'s mint be found. The Lake McLeod Unit is currently one of two
protected sites throughout its original range where the endangered scrub lupine is known to occur.
Fourteen other federally listed plants and five state listed plants are also known to occur on the refuge.

Baseline inventories of common species presence and status on refuge management units are
incomplete or nonexistent. Particularly lacking is a complete inventory of refuge biota for which this
CCP intends to accommodate through partnerships. Working with partners, the refuge will develop
baseline inventories of species throughout refuge habitats and update these inventories on regular
intervals to support adaptive management principles. The refuge, working through partners, will
support inventorying, monitoring, and research projects designed to provide for the recovery efforts of
existing and newly identified rare, threatened, and endangered species. The refuge will act as a
living laboratory for inventorying, monitoring, and researching and will target opportunities toward
rare, threatened, and endangered species and the habitats they occupy.

Monitoring and Research

Objective A.1: Throughout the life of this CCP, monitor state and federal listed species of plants and
animals and enhance their recovery through fostering scientific research on ridge resources and ecology.

Discussion: Through partnerships, rare, threatened, and endangered plants have been inventoried,
monitored, and researched on the refuge including but not limited to Florida ziziphus, Garrett's mint,
and scrub lupine. Archibold Biological Station has conducted demographic research on state listed
Lake Wales Ridge endemic plants annually over the past 8 years. Much of this research involves
frequent, intensive monitoring of individually tagged plants including Florida ziziphus at the Carter
Creek Unit and Garrett’s mint at the Flamingo Villas Unit, the results of which are designed to provide
management direction that will ensure the long-term persistence and overall understanding of the
biology of rare plants. Several other research contracts have been awarded since the refuge was
established in 1994. Of particular importance are a completed land cover analysis and associated
habitat maps using GIS conducted by ABS at Carter Creek and Flamingo Villas Units (Main 1999).
The University of Central Florida received a grant to continue research on scrub lupine focused on
conducting plant inventories, marking individual plants, determining cause of death, and monitoring
seed dispersal. The University of Miami received a grant to determine response of seven listed plants
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to fire. This project was done to inventory plant recovery at 6-month intervals for up to 2 years. ABS
has conducted a suite of plant inventories including monitoring Garrett's mint at the Flamingo Villas
Unit. ABS has also been instrumental in providing the refuge with regionally collected data, including
data collected from refuge managed units in preparation of annual reporting to the Florida
Department of Consumer Affairs, Division of Plant Industry Endangered and Threatened Plant
Conservation Program. Additionally, Turner et al. (2006) conducted the State of the Scrub report on
conservation progress, management responsibilities, and land acquisition priorities for imperiled
species of LWR which included a synopsis of historic and current plant species occurrence
information on Flamingo Villas, Carter Creek, and Snell Creek.

Apart from inventorying, monitoring, and researching of certain rare, threatened and endangered
species, general inventories and presence data of refuge biota are lacking. Particularly lacking is a
suite of wildlife on the refuge. However, through staff, partner, and volunteer observation in addition
the FNAI conducted by Schultz et al. (1999), a suite of listed animals has been recorded on or around
Service-owned land (Table 15). Presence and location of Florida scrub-jay family groups are
inventoried on the refuge through the Jay Watch program provided for by TNC.

Conducting a refuge biota inventory of all refuge management units is fundamental to both current
management strategies and as an aid in the development of alternative management direction based
on an adaptive management approach. Working with partners, the refuge will conduct a complete
biota inventory, targeting occurrence and presence of rare, threatened, and endangered species, as
well as identifying presence and location of common species in addition to presence and location of
exotic, invasive, and nuisance plants and animals. The refuge will work with partners to conduct
inventories and update them at regular intervals.

The refuge will continue and expand partnerships for refuge inventorying, monitoring, and
researching opportunities, placing emphasis on the collection of information to benefit recovery of
rare, threatened, and endangered plants. Working with our partners, specifically ABS, the refuge will
continue and where possible expand its participation in rare, threatened, and endangered plant
inventorying, monitoring, and researching by providing opportunities for partners to conduct
reproductive biology experiments, experiments to investigate germination requirements and seedling
ecology, and application of experimental prescribed fire to determine how fire affects population
dynamics. The refuge will actively seek funding support for assessment needs, including
opportunities with the Service’s Ecological Services recovery grant program to bolster fiscal support.
In addition, the refuge will work closely with the research partners to avoid or minimize impacts to and
disturbance of research plants and sites from refuge management activities.

Over the life of this CCP, the refuge will target management activities to restore habitat for the
recovery and continued viability of rare, threatened, and endangered species in an effort to return
habitats to a pre-fire exclusion state (Objective C.1). The historic lack of fire promotes unsuitable
habitat structure and function for many of the rare, threatened, and endangered species for which the
refuge was established to protect. The refuge will provide a routine prescribed fire program,
instituting prescribed fire intervals in fire management units designed to return habitats to pre-fire
exclusion conditions. Working with partners, the refuge will monitor fire effects during the restoration
phase to assess habitat and rare, threatened, and endangered species response. Once pre-fire
exclusion conditions have been met, the refuge will institute fire return intervals to provide for the
maintenance of habitat structure and function in an effort to provide suitable habitat conditions for
rare, threatened, and endangered species. The refuge will provide opportunities and conduct fire
effects monitoring, including establishment of photo points strategically located on the refuge. For on
the ground support, the refuge will recruit interns through the Student Conservation Association
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(SCA) to assist in fire effects data collecting and reporting. In addition, the refuge will implement a
fire monitoring plan and seek the assistance and direction of partners including the National Park
Service to implement fire effects monitoring.

Florida Ziziphus (Ziziphus Celata)

Objective A.2: Continue to work with the partners to introduce Florida ziziphus to the Carter Creek
Management Unit and within 1 year of the date of this CCP, continue to partner with ABS to survey
for the survivability of planted Florida ziziphus and potential new Florida ziziphus populations at the
Carter Creek Management Unit and other refuge units to promote recovery of the species.

Objective A.3: To restore sandhills at the Carter Creek and Flamingo Villas Units to pre-fire exclusion
conditions and to promote recovery of Florida ziziphus, within 3 years of the date of this CCP,
introduce low intensity and frequent prescribed fires with a 2- to 3-year fire return interval.

Objective A.4: Once sandhills have been restored to pre-fire exclusion conditions, extend the fire
return interval to 2 to 8 years to promote recovery of Florida ziziphus populations.

Discussion: Florida ziziphus is one of the rarest (Ward at al. 2003) and most imperiled (Service 1999,
Coile and Garland 2003) plants in Florida. It is listed by the Service and the State of Florida as an
endangered species. A recent analysis of Florida scrub conservation progress based on land
acquisition included Florida ziziphus among the 36 rare species of the Lake Wales Ridge. The refuge
supports a reintroduced population of Florida ziziphus at the Carter Creek Unit, which is one of three
locations within its historic range where Florida ziziphus has been reintroduced. Consequently, the
refuge will prioritize continued management of this species over the 15-year life of the CCP.

Turner et al. (2006) calculated protection indices for each species and for three time periods (past,
present, and future) based on number of locations, extent of occurrence, and area of occupancy and
identified Florida ziziphus as a species of high conservation concern. In addition, the analysis identified
Florida ziziphus as one of at least eight Lake Wales Ridge species in which translocation and/or captive
propagation may be necessary to ensure their survival due to inadequate representation on
conservation lands (Turner et al. 2006, Service 2009b). Eleven known remnant populations of Florida
ziziphus occur along a 35-mile stretch of the Lake Wales Ridge in southern Polk and northern
Highlands Counties. Seven of these eleven populations occur in pastures or in other highly disturbed
sites, while only three populations occur on publicly protected sites. Most populations consist of a
single genetic individual and are thus infertile. Only three populations are believed to contain
compatible mating types and thus the potential for sexual reproduction. All populations occupy yellow
sand xeric uplands that historically supported longleaf pine/wiregrass sandhills.

The Service’s Recovery Plan for Florida ziziphus (Service 1999) calls for the establishment of new
populations in appropriate habitat on publicly protected sites. Since 2002, experimental reintroductions of
Florida ziziphus have been carried out at the refuge’s Carter Creek Unit, at the Lake Wales Forest
Mitigation Site, and at TNC’s Tiger Creek Preserve. Following a 2001, 63-acre prescribed burn at the
Carter Creek Unit, researchers from ABS, in cooperation with the Service and conservation
horticulturalists from HBS, carried out the first experimental reintroduction of Florida ziziphus in July 2002.
A total of 144 potted plants and 1,728 seeds were introduced into 36 macroplots, comprising a range of
microhabitat conditions. Six years post-reintroduction, transplant survival has held steady at about 75
percent, while introduced seeds have yielded only four survivors. However, while most introduced plants
appear healthy and robust, few have grown and none have flowered. The introduced population is and
will continue to be monitored quarterly by the ABS Plant Ecology Lab.
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The Recovery Plan also explicitly recognizes the need for employing prescribed fire to provide
appropriate habitat and recognizes the need for research on the management needs of Florida
ziziphus. Based on the available data (Weekley and Race 2001), it seems likely that Florida ziziphus
historically occupied sandhill habitats subject to frequent low-intensity fire. In the absence of fire,
plants die back at 3- to 10-year intervals, but generally resprout via root shoots, which take 2 to 3
years to flower. Given the apparent stasis in the introduced Carter Creek population, imposition of
prescribed fire to part of the population could provide important information on the fire response,
autecology, and reproductive biology of Florida ziziphus.

Over the 15-year life of the CCP, the refuge will target pyrogenic habitat restoration to pre-fire exclusion
conditions, including sandhill communities of the Carter Creek Unit. Restoration of the Carter Creek
Unit's sandhill habitat, long-unburned prior to 2001, requires frequent (2-3 years) application of
prescribed fire. Fire regimes can be more variable once restoration has improved habitat quality.
Utilization of existing fire breaks at the Carter Creek Unit will permit Service fire managers to burn some
Florida ziziphus reintroduction plots while leaving others unburned. Florida ziziphus typically resprouts
following fire and the experts do not anticipate significant mortality resulting from burning the plants.
Moreover, it is expected that burning will promote rapid growth and flowering. Although the ideal fire
return interval for Florida ziziphus has not yet been determined, a tentative 2- to 8-year fire return
interval is recommended for maintenance of Florida ziziphus populations. More frequent fires (2 to 3
years) are recommended in the restoration phase, when previous fires have been patchy, and when
deemed necessary for Florida ziziphus survival and flowering.

Where Florida ziziphus populations are high (e.g., in the reintroduced area of the Carter Creek Unit)
the use of mechanical treatment will be minimized to protect reintroduced Florida ziziphus plants.
The refuge and its partners will continue to adapt management as necessary to better manage
resources from any undesired impacts of mechanical control activities.

Partnerships with ABS and universities will continue at the Carter Creek Management Unit to ensure
that Florida ziziphus populations are perpetuated into the future. In coordination with the partners,
the refuge will continue to augment the existing introduced population with additional
plants/genotypes as they become available. The refuge will continue to act as a living laboratory for
research opportunities to better understand genetic characteristics of Florida ziziphus.

Strategies:

¢ Maintain fire interval and frequency to promote an increase in habitats that support Florida
ziziphus.

e Introduce fire to areas at the Carter Creek and Flamingo Villas Unit containing sandhill within
3 years of the date of this CCP, and monitor fire effects during the restoration phase to assess
habitat and species response, including for Florida ziziphus.

o Work with the partners to conduct a variety of management actions, including:

e Monitor pre- and post-fire effects, optimal fire frequency, intensity, and interval
conditions. Fire monitoring should include but not be limited to analysis of fire
behavior and vegetation response at the Carter Creek Unit to determine the most
beneficial fire management techniques.

¢ Provide for and contribute to the recovery efforts of Florida ziziphus on the refuge and
throughout the Lake Wales Ridge ecosystem.

o Adapt fire treatments, as necessary.

e Promote research opportunities.
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¢ Adapt management to scientific findings.
e Coordinate management strategies and efforts for the use of prescribed fire,
mechanical control, and monitoring and researching on the refuge.
Identify and provide new sites on the refuge for reintroduction of Florida ziziphus.
o Assist with development of strategic genetic management strategies for Florida
ziziphus reintroduction projects.
e Augment existing introduced Florida ziziphus populations with additional
plants/genotypes as they become available.
o Investigate the use of small scale treatments such as chain-sawing and/or targeted herbicide
application to suppress oaks and shrubs locally in the ziziphus population area.
¢ Increase law enforcement presence to eliminate unauthorized use of off-road vehicles to
specifically protect Florida ziziphus recovery areas.
e Maintain fencing throughout the Carter Creek Unit.
¢ Increase communication with the Service’s Ecological Services North Florida and South
Florida Field Offices for recovery and funding opportunities.
e Coordinate with the researchers and partners to investigate impacts of climate change on
Florida ziziphus, including impacts from changing patterns of suitable habitat.

Garrett’'s Mint (Dicerandra christmanii)

Objective A.5: Throughout the 15-year life of this CCP, increase populations of Garrett's mint and
other yellow sand scrub plants to maintain species diversity at existing levels on the refuge. Within 3
years of the date of this CCP, begin restoring habitats to pre-fire exclusion conditions and introducing
fire to areas at the Flamingo Villas Unit containing yellow sand scrub with initial fire return intervals of
2 to 5 years and then by extending the fire return interval of 5 to 12 years where populations of
Garrett’s mint are concentrated. During the 15-year life of this CCP, burn each unit where Garrett’s
mint exists at least once.

Objective A.6: Throughout the 15-year life of this CCP, work with the partners to establish additional
populations of Garrett’s mint in suitable habitats at the Flamingo Villas Unit following fires, using seed
collected from existing populations at Flamingo Villas Unit.

Objective A.7: Throughout the 15-year life of this CCP, work with the partners to evaluate the possibility
of reintroduction of Garrett's mint to the other management units of the refuge.

Discussion: Garrett’s mint is a federal and state listed endangered plant. This species is endemic to
a small part of the Lake Wales Ridge in south-central Florida, encompassing only five populations
near Sebring. Currently, the refuge’s Flamingo Villas Unit is the only publicly owned site where
populations of Garrett’s mint are protected. Consequently, the refuge will target management actions
specifically for these populations.

Garrett’s mint is found exclusively on well-drained yellow sands (Astatula and Tavares) in oak-
dominated Florida scrub. It also grows well in disturbed areas on appropriate soils, including roadsides,
fireline edges, and powerline rights-of-way. Studies of its microhabitat preferences confirm that it is a
specialist for gaps in Florida scrub dominated by evergreen, xeromorphic oaks (Menges et al. 1999).
Microsite occupancy decreases with litter depth, litter cover, and shade. It appears to be a narrower
microsite specialist than its congener D. frutescens. There have been no direct studies on how
Garrett’'s mint responds to fire. However, based on data from D. frutescens, we believe that plants are
generally killed by fire, although patchy fires may allow for the survival of individual plants. Population
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recovery from complete fires is probably via dormant seeds in a persistent soil seed bank and seed
dispersal is limited. Seeds can be produced by cross-pollination or by selfing, although pollinators are
necessary for fruit set. Population sizes vary from year-to-year, with episodic periods of high seedling
recruitment and low seedling survival during dry periods in late spring. Limited seed dispersal and gap
closure between fires may combine to make habitat patches smaller and more isolated between fires,
and larger and more connected shortly after fire (Service 2006).

The Flamingo Villas Unit has a large area of yellow sand scrub that is the only publically protected
area for the endangered Garrett’s mint. As a result, fire management of yellow sand scrub at this site
will be focused on this species. A population viability analysis of D. frutescens suggests fires every 5
to 12 years promote persistence of individual populations. This interval will be a good starting point
for the fire regime for Garrett’'s mint. The higher survival of Garrett’s mint relative to D. frutescens
suggests less frequent fires would be reasonable, but the relatively greater sensitivity to habitat
closure (Menges et al. 1999) suggests that frequent fire would be necessary to maintain viable
populations. Fires within a 5- to 12-year return interval are expected to benefit this species and
should maintain shrub heights of 1 to 3 meters, since it would take about 20 years to reach 2.5to 3
meters in height. Shrub cover should be maintained by these frequent fires, since fire intensities
would not be high enough to kill many shrubs. Some shrub mortality with the intense initial fires may
be useful in creating bare soil cover greater than 5 percent, since that cover may be currently lower
than 5 percent. Canopy tree cover is currently within the refuge’s target and these periodic fires
should not have a large effect on canopy cover in yellow sand scrub.

Over the 15-year life of this CCP, fire management objectives and strategies will focus on restoration
of yellow sand scrub habitat. Initial fire frequencies of 2 to 5 years will be implemented in order to
restore yellow sand scrub to pre-fire exclusion conditions. Working with the partners during the
restoration period, fire effects will be monitored to assess habitat response and adapt future fire
management actions. Once pre-fire exclusion habitat conditions have been achieved, roughly after
three burn rotations and utilizing monitoring results to adapt management, prescribed fires will be
conducted so that fires typically burn greater than 70 percent of each burn unit containing yellow sand
scrub to ensure a mosaic of varying aged scrub.

The objective for management is to burn often enough to expand populations within a mosaic of
scrub habitat patches with different time-since-fire periods, including significant portions burned within
the last 12 years. The use of mechanical treatment will be minimized, where appropriate, to protect
yellow sand scrub and the Garrett’s mint population at the Flamingo Villas Unit. The refuge and its
partners will continue to adapt management as necessary to better manage resources from any
undesired impacts of mechanical control activities.

Strategies:

e Introduce fire to areas at the Flamingo Villas Unit containing yellow sand scrub within 3 years
of the date of this CCP.

¢ Increase law enforcement presence through partnerships and with Service staff.

e Continue to prevent access for unpermitted activities, especially off-road vehicle use and
dumping.

e Increase communication with the Service’s North Florida and South Florida Ecological
Services Field Offices for recovery and funding opportunities.

o Coordinate with the researchers and partners to investigate the impacts of climate change on
Garrett’s mint, including impacts from changing patterns of suitable habitat.
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o Apply adaptive management techniques to promote recovery efforts of Garrett’s mint.
o Work with the partners to conduct a variety of management actions, including those listed
below:

e Extend monitoring efforts including pre- and post-fire effects monitoring for Garrett’s
mint. Fire monitoring should include but not be limited to analysis of fire behavior and
vegetation response at the Flamingo Villas Unit to determine the most beneficial fire
management techniques.

e Contribute to the recovery efforts of Garrett’s mint on the refuge and throughout its
range in the Lake Wales Ridge ecosystem.

o Coordinate management strategies and efforts for the use of prescribed fire,
mechanical control, and monitoring and research on the refuge.

o Adapt fire treatments as necessary to provide for the pyrogenic needs of Garrett’s
mint.

Scrub Lupine (Lupinus aridorum)

Objective A.8: Restore scrub habitat to promote the growth and flowering of scrub lupine at the Lake
McLeod Unit. Restoration objectives include maintaining and where possible expanding current
population levels by conducting regular prescribed burns of mechanically removed vegetation and
where appropriate unit burns at Lake McLeod within 5 years of the date of this CCP.

Objective A.9: Within 2 years of the date of this CCP, work with the partners to identify and remove exotic
and invasive plant species from the Lake McLeod Unit that may inhibit the growth of scrub lupine.

Objective A.10: Throughout the 15-year life of this CCP, work with the partners to investigate
establishing additional populations of scrub lupine in suitable habitats on other refuge management
units and/or on partner lands using seed collected from populations at the Lake McLeod Unit.

Discussion: Scrub lupine is listed by the Service and the State of Florida as an endangered species.
Like many other Florida scrub endemics, scrub lupine has suffered from habitat loss due to urban and
agricultural expansion. Scrub lupine is known to occur on the Lake McLeod Unit, one of two
protected sites the species occupies within its historic range. Consequently, the refuge will target
management of scrub lupine.

Currently, most of the estimated 1,000 individuals of this species occur in habitat that has already
been highly modified or are threatened by future land clearing for residential housing; road
construction and maintenance; pedestrian, horse, and off-road vehicles; and conversion to pasture
land (Service 1999). Scrub lupine requires open sandy patches with high exposure to sunlight.
Where fire has been suppressed for long periods, pine and oak canopy increases and understory
vegetation density reduces open sandy patches (Stout 2004). Under these conditions, scrub lupine is
outcompeted by surrounding vegetation. The maijority of sites containing scrub lupine across the
area are degraded due to fire exclusion or lack of mechanical vegetation management. Except for
the refuge’s Lake McLeod Unit and possibly Orange County’s Shadow Bay Park, there are no plans
elsewhere to use prescribed fire or mechanical vegetative management techniques to maintain or
enhance scrub lupine habitat (Service 2008f).
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Alternative mechanical and fire management approaches, adaptable by new information about the
species, may be necessary to provide for the life needs of scrub lupine at the Lake McLeod Unit. The
refuge will target removal of mature oak cover at the Lake McLeod Unit, encouraging stump sprouting and
epicormic branch development of targeted overstory hardwoods in order to provide an assemblage of oak
scrub and bare patch production. Controlled fuels will be reduced through the targeted application of
prescribed fire to provide open patches and protection from the occurrence of unwanted wildland fire.

The refuge will work with the partners to develop an understanding of the impacts of mechanical
disturbance on scrub lupine. Exotic vegetation will be controlled. The fence system at the Lake McLeod
Unit will be maintained to protect scrub lupine populations from illicit use including off-road vehicles. The
refuge will continue to increase open, sandy patches through prescribed burning of controlled woody
vegetation in an effort to increase scrub lupine populations, while protecting other listed plants, including
Florida cladonia from the impacts of fire at the Lake McLeod Unit.

Research efforts will increase to expand the understanding of scrub lupine recovery. The refuge will
continue to work with the partners and volunteers to provide for the recovery efforts of scrub lupine on the
refuge and throughout its range. Working with the partners, the refuge will investigate establishing
additional populations of scrub lupine in suitable habitats on other refuge management units and/or on
partner lands using seed collected from populations at the Lake McLeod Unit.

Strategies:

o Promote the growth and flowering of scrub lupine at the Lake McLeod Unit to maintain and
where possible, expand current population levels.

e Maintain/expand fencing of the Lake McLeod Unit to protect existing and new populations of
scrub lupine.

¢ Increase communication with the Service’s North Florida and South Florida Ecological

Services Field Offices for recovery and funding opportunities.

e Control overstory hardwood cover through mechanical means and remove woody fuels
through the targeted application of prescribed fire.

e Coordinate with researchers and partners to investigate the impacts of climate change on
scrub lupine, including impacts from changing patterns of suitable habitat.

o Work with the partners to conduct a variety of management actions, including:

e Monitor fire effects and identify optimal fire regime for scrub lupine. Fire monitoring should
include but not be limited to analysis of fire behavior and vegetation response at the Lake
McLeod Management Unit to determine the most beneficial fire management techniques.

e Continue monitoring efforts to determine survival, population trend, and status, providing
for the recovery of scrub lupine.

¢ Provide a source population from the Lake McLeod Unit for reintroduction of scrub lupine
to other conservation sites on and off the refuge.

o Adapt fire treatments as necessary to provide for the pyrogenic needs of scrub lupine.
Coordinate with other law enforcement agencies and increase Service staff presence to
protect scrub lupine from collection and damage from unpermitted activities, including off-
road vehicle use.

e Provide for and contribute to the recovery efforts of scrub lupine on the refuge and
throughout its range.

o Coordinate management strategies and efforts for the use of prescribed fire, mechanical
control, and monitoring and research of scrub lupine.
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Florida Cladonia (Cladonia perforata)

Objective A.11: Through prescribed burning and mechanical and exotic species control, promote
opening sand gaps, scrub habitat, and niches for Florida cladonia at the Lake McLeod Unit.
Discussion: Florida cladonia is listed by the Service and the State of Florida as an endangered
species. Management of Florida cladonia may conflict with management of other rare, threatened,
and endangered species; specifically scrub lupine management at the Lake McLeod Unit which is a
focal management species under this CCP. Special consideration is necessary to ensure that this
species continues to exist and its recovery managed especially in relation to the occurrence of fire
whether prescribed or wild.

Throughout the 15-year life of this CCP, the refuge will target restoration of habitats to pre-fire
exclusion conditions through prescribed fire management. Florida cladonia is susceptible to fire and
thus represents a management conundrum considering the necessity to implement prescribed fire on
a routine and frequent basis during the refuge’s planned restoration and maintenance phases.
According to Menges and Kohfeldt (1995), while patch-level dynamics on a long time-scale, including
local extirpation and recolonization events, are probably important in the persistence of Florida
cladonia in fire-maintained landscapes, improper management may threaten the species at the site
level. Due to Florida cladonia’s presumed slow growth and observed slow recolonization (Menges
and Kohfeldt 1995), land managers should avoid complete burns in large areas supporting it. Such
fires likely reduce the possibility of recolonization from unburned patches within sites or from nearby
sites. Yahr (2000a) stated that unburned refugia are crucial for the survival of this species, and
precautions should be taken to ensure that areas of unburned occupied habitat persist through
prescribed fires. In some cases, it may be necessary to artificially maintain gaps that are unlikely to
carry fire (Yahr 2000a).

Complete lack of fire is also detrimental to the species. Fire suppression creates closed canopies
and causes microsite characteristics to change, possibly encouraging complete burns when a fire
does occur (Service 1999). Fire suppression causes the loss of open space and presumably the loss
of Florida cladonia (Yahr 2000a). However, lichens are destroyed by fire, and recovery is a slow
process (Yahr 1997, Yahr 2000a). Hawkes and Menges (1996) found species increased slowly with
time since fire, not comprising more than 10 percent cover until more than 20 years post-fire. In
general, species increased in cover and density with time since fire, but decreased in cover with open
space (Hawkes and Menges 1996). Menges and Kohfeldt (1995) found Florida cladonia increased
between 4 and 20 years post-fire, but not thereafter. According to Yahr 1997, Florida cladonia can
only recolonize sites slowly, from a very local source (e.g., unburned patch within a site). However,
the costs of fire-caused mortality in the short term are far outweighed by availability of habitat in a fire-
maintained landscape over the long term (Yahr 2000a). Overgrown scrub with dense overstory and
thick litter layers eventually excludes species dependent upon canopy openings; periodic
disturbances, although initially destructive, can temporarily create gaps (Yahr 1997). Yahr (2000a)
recommended that management plans balance the times-since-fire periods to maintain favorable
habitats for species with varying microhabitat site tolerances, life histories, and colonization abilities.

The refuge will incorporate the unique needs of Florida cladonia and balance those needs with
management of focal species, particularly scrub lupine at the Lake McLeod Unit. Restoration and
maintenance of open sand gaps, scrub habitat, and niches for Florida cladonia at the Lake McLeod
Unit will be provided through the implementation of prescribed burning, mechanical control where
appropriate, and exotic plant species control. In order to provide for the recovery of Florida cladonia
and listed plants including scrub lupine with differing fire requirements, the refuge will provide a more
intensive approach to fire at the Lake McLeod Unit by targeting prescribed fire for fuel removal
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accumulated through control efforts of hardwood canopy cover. This technique provides suitable oak
scrub cover from stump resprouting, protects existing and establishes new recruitment areas for
populations of Florida cladonia, and provides new and maintains existing open patches for
establishment and recruitment of scrub lupine. In addition to prescribed burns of mechanically
removed material, unit burning may be necessary to restore and maintain Lake McLeod Unit habitat.
Due to the patchy nature of scrub habitat cover at the Lake McLeod Unit, prescribed fire is not
expected to completely burn fuels thus preserving microsite characteristics necessary to provide
source material recruitment where unit burning is prescribed. Given constraints and other logistical
obligations, the refuge may manually move Florida cladonia prior to prescribed fire events of
mechanically removed material, when and where feasible. The refuge will provide for adaptive
management strategies to protect Florida cladonia over the life of this CCP given logistical constraints
and obligations for other primary species.

To protect existing populations of Florida cladonia at the Lake McLeod Unit, the refuge will
maintain fencing and will identify and monitor cladonia populations working with the partners and
volunteers. In order to capture alternative funding for recovery efforts and to aid in refuge
management, the refuge will increase communication with the Service’s North Florida and South
Florida Ecological Services Field Offices.

Rare Plant Suite

Objective A.12: To restore refuge habitats to pre-fire exclusion conditions, institute an initial fire
return interval of 2 to 5 years and within 5 years of the date of this CCP, work with the partners to
identify optimal fire frequency, intensity, and interval conditions. Through adaptive management
strategies, adapt fire treatments as necessary to provide for the pyrogenic needs of the other rare,
threatened, and endangered plants that comprise the rare plant suite

Objective A.13: Within 5 years of the date of this CCP, work with the partners to evaluate, identify,
and monitor species and sites for reintroduction, and/or translocation to support recovery and
conservation of the other rare, threatened, and endangered plants that comprise the rare plant suite.

Discussion: Over the 15-year life of this CCP, specific management direction will target the recovery
of three listed plants due to the unique role that refuge-managed lands play in their recovery efforts.
The plants are: Florida ziziphus, Garrett’s mint, and scrub lupine. Additionally, due to the unique
management consideration of Florida cladonia (Cladonia perforata), management strategies for this
species are specifically addressed in this CCP. Refuge habitats are also home to a wide array of
rare, threatened, and endangered plant populations and the refuge plays an important role in the
recovery efforts of at least 23 rare, threatened, and endangered plants (Table 14). For this
discussion, the rare plant suite includes the 18 species listed in Table 23.
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Table 23. Suite of rare plants and their federal and state listing status

Fish and Wildlife

Plant Service State of Florida
Britton’s Beargrass (Nolina brittoniana) Endangered Endangered
Carter’'s Mustard (Warea carteri) Endangered Endangered
Florida Bonamia (Bonamia grandiflora) Threatened Endangered
Wireweed (Polygonella basiramia) Endangered Endangered
Highlands Scrub Hypericum (Hypericum
cumulicola) Endangered Endangered
Lewton’s Polygala (Polygala lewtonii) Endangered Endangered
Papery Whitlow-wort (Paronychia chartacea) Threatened Endangered
Pigeon Wings (Clitoria fragrans) Threatened Endangered
Pygmy Fringe-tree (Chionanthus pygmaeus) Endangered Endangered
Sandlace (Polygonella myrophylia) Endangered Endangered
Scrub Buckwheat (Eriogonum longifolium var.
gnaphalifolium) Threatened Endangered
Scrub Plum (Prunus geniculata) Endangered Endangered
Scrub Blazing Star (Liatris ohlingerae) Endangered Endangered
Nodding Pinweed (Lechea cernua) Not Listed Threatened
Scrub Bay (Persea humilis) Not Listed Not Listed
Scrub Stylisma (Stylisma abdita) Not Listed Endangered
Curtiss’ Milkweed (Asclepias curtissii) Not Listed Endangered
Cutthroat Grass (Panicum abscissum) Not Listed Endangered
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Goals and objectives will target restoration of habitats to pre-fire exclusion conditions. Management
actions, such as the application of prescribed fire on a routine and frequent basis, adaption of
management based on monitoring efforts designed to identify species and habitat response, exotic
species control efforts, and increased site protection from illicit uses benefit recovery efforts of the rare,
threatened, and endangered plants included in the rare plant suite. As examples, over the 15-year life of
this CCP, fire management will target restoration to pre-fire exclusion conditions of pyrogenic habitats
including yellow sand scrub, sandhill, and scrubby flatwoods benefiting multiple species of rare,
threatened, and endangered plants. Application of wet season prescribed burning will not be precluded
from ephemeral wetlands, seeps, bayhead transitional zones, or other types of scrub and flatwoods
communities to help restore habitat value for a wide array of rare, threatened, and endangered plants
including those in the rare plant suite.

The refuge, working with the partners, will continue to provide for the recovery of a host of rare,
threatened, and endangered plants, playing an important role in regional recovery efforts. The refuge will
work with partners to manage and restore habitats through the use of prescribed fire, exotic plant control,
and, where necessary, mechanical control to aid in the recovery efforts of listed plants, adapting
management and coordinating strategies with the partners to ensure that resource management within
the landscape provides for the recovery of rare, threatened, and endangered plants. Working with the
partners, the refuge will inventory and monitor listed plants and provide for systematic updates of in-house
and shared data sets to provide recent and updated information useful for recovery efforts. The refuge
will work with the partners to support and provide for regional rare, threatened, and endangered plant
recovery opportunities including translocation, when appropriate.

Trash and litter will be removed providing niches and openings for rare, threatened, and endangered
plants. Law enforcement will be increased to provide protection from illicit uses including off-road
vehicles. Working with the partners, inventorying, monitoring, and research projects will be continued,
conducted, and coordinated to provide for regional recovery efforts, providing effects information from
management actions including prescribed fire. Communication with the Service’s North Florida and
South Florida Ecological Services Field Offices will increase in addition to more communication among
the partners to provide sound reasoning for adaptive management.

Strategies:

e Conduct prescribed burning on a consistent basis to promote suitable habitat development for
rare, threatened, and endangered plants.

o Adapt fire treatments as necessary to provide for the pyrogenic needs of rare plants.

e Increase communication with Service’s North Florida and South Florida Ecological Services

Field Offices for recovery and funding opportunities.

e Support regional research and monitoring of the impacts of climate change to understand the
impacts on rare, threatened, and endangered plants.
o Work with the partners to conduct a variety of management actions, including:

o Identify fire effects, optimal fire frequency, intensity, and interval conditions, and through
adaptive management strategies, adapt fire treatments as necessary to provide for the
pyrogenic needs of rare, threatened, and endangered plants.

e Adapt management as necessary to protect and recover rare, threatened, and
endangered plants.

e Support and provide for regional rare, threatened, and endangered plant recovery
opportunities, including translocation when appropriate.
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e Develop inventorying and monitoring strategies to determine the impacts of mechanical
disturbance on rare, threatened, and endangered plants.

¢ Inventory and monitor rare, threatened, and endangered plants and provide for systematic
updates of in-house and shared data sets (e.g., FNAI).

o Coordinate management strategies and efforts for the use of prescribed fire, mechanical
control, and monitoring and research with the partners to ensure that management
direction provides for the recovery of rare, threatened, and endangered plants.

Florida Scrub-jay (Aphelocoma coerulescens)

Discussion: The Florida scrub-jay is listed by the Service and State of Florida as a threatened
species (FWC 2009c). The refuge’s Flamingo Villas Unit is home to a population of Florida scrub-
jays. TNC’s Jay Watch program has been conducting scrub-jay surveys on the refuge’s Flamingo
Villas and Carter Creek units annually since 2002. According to survey results, seven groups totaling
29 birds (20 adults and 9 juveniles) were identified on the Flamingo Villas Unit in 2008 (TNC 2008).
Group size averaged 3.63 birds (2.34 adults) and 1.29 juveniles per group (TNC 2008). A single
scrub-jay was identified in both the 2004 and 2005 reporting periods on the Carter Creek Unit, but
none have been reported by the survey since. Through the 15-year life of the CCP, the refuge will
target expanding existing and/or recruiting additional scrub-jay groups through habitat management,
including use of prescribed fire.

Over the 15-year life of this CCP, the refuge will target management designed to support existing
and recruit new groups of scrub-jays which will aid regional recovery efforts. Stith et al. 1996
reported that range-wide, scrub-jays may have declined by as much as 25 to 50 percent during the
mid-1980s to mid-1990s. A statewide scrub-jay survey was conducted in 1992-1993, at which time
there were an estimated 4,000 pairs of scrub-jays in Florida (Fitzpatrick et al. 1994). Of 39 counties
within the historic range of scrub-jays, 32 remained occupied, however, 19 of those 32 counties had
fewer than 30 pairs of scrub-jays remaining, and 9 of these had 10 or fewer pairs. Following the
1992-1993 census, there has been no periodic, systematic surveys or censuses for scrub-jays
throughout their range (Service 2007a). However, limited data exist for several areas where
research and monitoring efforts have occurred or are ongoing. According to Bowman (R. Bowman
pers. comm. ABS, April 2007 in Service 2007a) on the LWR, 15 monitored populations declined by
an average of about 33 percent between the 1992-1993 survey and 2006. Cumulative declines
were greatest on public lands that were not managed and averaged 63 percent (from 146 to 54
groups), while the average cumulative decline on managed lands was 7 percent (91 to 85 groups)
(R. Bowman, pers. comm. ABS, April 2007). The total net decline in scrub-jay groups between
1992-1993 and 2006 was 229 (from 699 to 470 groups) in the 15 monitored populations (R.
Bowman, pers. comm. ABS, April 30, 2007in Service 2007a).

The demography of scrub-jays is affected by habitat quality (e.g., vegetative structure,
fragmentation, and proximity to human development). Bowman and others have been conducting
long-term studies of scrub-jay demography along a suburban-to-rural gradient since 1991 in
Highlands County (Bowman and Averill 1993; Bowman et al. 1996; Bowman 1998; Bowman and
Woolfenden 2001). Suburban populations experience average to above average reproductive
success through fledging, but survival of both juveniles and adults is much lower than in
unfragmented habitat (Bowman and Woolfenden 2001). As a result, scrub-jay populations
occupying fragmented habitat interspersed in suburban development remain stable only through
net immigration from surrounding areas. Furthermore, Bowman’s data, together with those of
Woolfenden and Fitzpatrick (1996a) indicate that unfragmented habitat does not serve as the
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source for suburban sinks. Instead, suburban populations draw their immigrants from nearby
suboptimal and vanishing habitats. Threats from loss of privately owned habitat increase the
emphasis to manage public lands occupied by or potentially occupied by scrub-jays.

Management of Florida scrub-jay habitat on the refuge must be considered in context with the
regional distribution of scrub-jays and management activities on other public lands in the vicinity of
the refuge. The historic loss of scrub habitat throughout the Lake Wales Ridge due to conversion
of scrub to agriculture and residential development has resulted in fragmentation and isolation of
habitat and of scrub-jay families. Particularly limiting are habitat connections to other public lands
and the growing inability to manage public lands with fire for scrub-jay habitat due to an
increasingly intricate wildland urban interface. In addition, the historic lack of fire on protected
lands has resulted in habitat succession that has led to undesirable habitat and structure
conditions. Fire exclusion has allowed vegetation to become overgrown, reducing its suitability as
habitat for the scrub-jay and other scrub flora and fauna.

Habitat degradation remains a concern for scrub-jay habitat in public ownership because intensive
management necessary to maintain suitable scrub-jay habitat is difficult to implement with limited staff
and funding. Despite recent advances in land management efforts on many public lands,
management applications may not be aggressive enough to maintain optimal scrub-jay habitat at the
territory scale (Breininger and Carter 2003). Scrub-jay populations would likely continue to decline on
public lands where intensive management efforts including prescribed fire are not undertaken
(Service 2007a). This evaluation is particularly relevant for the refuge’s scrub-jay population. The
region’s surrounding suburban settings are expected to grow over the life of this CCP, which limits
options for scrub-jay expansion outside of protected lands. In turn, intensive management of
protected lands will grow in importance as habitat on private lands is altered due to development or
degraded due to lack of management.

It is important to consider that when altering the refuge’s present landscape, scrub-jay
management activities will be complimentary to the objectives pertaining to other rare,
threatened, and endangered plants and the needs of native wildlife and scrub habitat
management in general. Additionally, when planning scrub-jay habitat restoration and
management, efforts will be focused on scrub and scrubby flatwoods systems adjacent to habitat
that is already occupied by scrub-jays, particularly within the Flamingo Villas Unit.

Objective A.14: Within 5 years of the date of this CCP, and to support Florida scrub-jay
recovery efforts, work with the partners to monitor and conduct research of scrub-jay
populations present on the ridge to determine refuge carrying capacity, to encourage
recruitment, and to support sustainable populations.

Objective A.15: Throughout the 15-year life of this CCP, to support Florida scrub-jay recovery efforts and
to facilitate dispersal of scrub-jays, work with the partners to identify and prioritize potential connections
between patches of suitable habitat between refuge units and surrounding partner lands. Work with the
partners to evaluate and implement methods to conserve the highest priority connections.

Discussion: The refuge lacks baseline information concerning scrub-jay carrying capacity. Itis
reasonable to assume that given the restoration strategies outlined in this CCP, the application of a
routine prescribed fire program will provide suitable habitat for existing scrub-jay groups and provide
opportunities to expand existing groups from current numbers. Evaluation of scrub-jay presence will
continue to be provided through the monitoring efforts of Jay Watch while habitat structure will be
evaluated through refuge fire effects monitoring and staff and partner-provided surveys.
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As mentioned, the refuge will continue partnering with TNC’s Jay Watch program to annually monitor
populations of Florida scrub-jays on refuge units. The Jay Watch Program is made up of a volunteer
group that provides monitoring support for any protected property on the ridge. The refuge will
encourage the group to continue surveying the Flamingo Villas and Carter Creek Units. The group
will also be assisted by the Service (e.g., through grant applications, staffing support, and equipment
use during surveys). The Service will promote partnerships with TNC, ABS, and universities to
conduct specific scrub-jay research on the Flamingo Villas and Carter Creek Units. The refuge will
continue banding efforts of Florida scrub-jays with ABS and/or Jay Watch at the Flamingo Villas Unit.
Working with the partners, the refuge will seek to increase connections between patches of suitable
habitat between refuge units and surrounding partner lands, to facilitate dispersal of scrub-jays.
Once pre-fire exclusion conditions have been met and based on development of baseline data
targeting unit carrying capacity levels, the refuge will work with the partners to investigate the
opportunity to translocate scrub-jays in support of recovery efforts.

Working with the partners, the refuge will investigate the impacts of climate change on
changing habitats and values. Interestingly, the management of ridge landscapes may be one
area where the possible effect of climate change may be minimized and may actually help meet
management goals and objectives. Here one might see the reduction of forest canopies
through tree mortality. Li (2007) theorizes that elevated carbon dioxide (CO.,) levels in the
atmosphere could help scrub oak ecosystems survive the consequences of the effects of
increased greenhouse gasses, including more frequent droughts.

Objective A.16: Within 3 years of the date of this CCP, reintroduce fire to 60 percent of the
scrub-jay habitat on all refuge management units of the refuge and monitor scrub-jay
populations and habitat at the Flamingo Villas Unit to ensure the creation of more openings and
lower scrub height compared to present conditions.

Discussion: The Florida scrub-jay is a characteristic and indicator species in scrubby flatwoods.
Demographic rates of Florida scrub-jays are maximized when habitat is low and open, a structure usually
maintained by a regime of frequent fire (5- to 20-year return interval). This management regime also
benefits other wildlife species, such as gopher tortoise, sand skink, indigo snake, and scrub lizard. Fire is
necessary to maintain scrub-jay habitat in a landscape, but inappropriately applied, has the potential to
eliminate jays from small sites or have short-term negative effects on small populations. Where fuels
have accumulated, prescribed fire may be intense and leave little cover for jays. Historically, fires in
scrubby flatwoods and xeric oak scrub were heterogeneous, leaving unburned patches within the burn
which provided cover and nesting sites for resident jays post-fire.

In support of scrub-jay recovery efforts, the refuge will implement a routine prescribed fire program to
restore habitats that support scrub-jays, particularly scrubby flatwoods and depression/basin marsh
systems. During the initial restoration phase of habitat management, short rotations of 2 to 5 years
will be implemented to return scrubby flatwoods to a pre-fire exclusion condition. Prescribed fire will
not be excluded from depression and basin marshes, allowing restoration of these habitat
components. Once pre-fire exclusion habitat conditions have been achieved, roughly after three burn
rotations and utilizing monitoring results to adapt management, particularly as a result of existing
group reaction to prescribed fire events, the refuge will conduct prescribed fires so that no more than
40-60 percent of each burn unit is consumed where scrubby flatwoods exists to ensure a mosaic of
varying aged scrub. The refuge will implement a prescribed fire program to provide strategic habitat
for scrub-jays resulting from the implementation of prescribed fire. Units will be burned in a strategic
pattern to increase the mosaic structure of habitats and management will be adapted, when
necessary, based on known scrub-jay territories. The refuge will adjust fire frequency and intensity in
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individual landscapes by using habitat structure (i.e., mean shrub height, openings, tree cover) to aid
in determining burning objectives (i.e., adaptive management).

Once restored, the proper maintenance of scrub and scrubby flatwoods areas is essential. The re-
treatment of scrubby flatwoods/scrub patches should be based on field inventory, rather than a pre-
determined management rotation. In other words, rather than assigning a fire rotation of 4 years to a
site, managers should periodically assess the area, scheduling a burn when average heights of scrub
approaches 6 feet.

Strategies:

Encourage Florida scrub-jay population growth on the refuge to support a sustainable ridge
meta-population of Florida scrub-jays.

Improve Florida scrub-jay habitat to support and enhance recruitment and long-term viability
of Florida scrub-jays at the Flamingo Villas and Carter Creek Units.

Work with the partners to develop baseline data on the amount and distribution of suitable and
potential habitats for scrub-jays. Develop baseline data on the complexity of habitats that
represent the historical landscape diversity and ecological functions that support wildlife
populations, including scrub-jays.

Reintroduce fire to scrub-jay habitat on the refuge and initiate prescribed fire management to
restore a heterogeneous, productive scrub landscape.

Through the 15-year life of this CCP, target restoration of scrubby flatwood habitat at the
Flamingo Villas and Carter Creek Units to pre-fire exclusion conditions to support existing and
to increase viable breeding family groups.

During the restoration period, monitor fire effects to assess habitat and scrub-jay response
and adapt future fire management actions.

Adjust fire frequency and intensity in different scrub habitats by using habitat structure
targeting mean shrub height, openings, tree cover, and other factors to aid in determining
burning objectives (i.e., adaptive management).

Work with the partners to seek to increase connections between patches of suitable habitat
between refuge units and surrounding partner lands to facilitate dispersal of scrub-jays
throughout the landscape.

Work with the partners to monitor scrub-jay populations, including through TNC’s Jay Watch
surveys and banding efforts of TNC and ABS at the Flamingo Villas and Carter Creek Units.
Through partnerships with TNC, ABS, and universities, encourage research on Florida scrub-
jay populations present on the refuge.

Coordinate with the researchers and partners to investigate impacts of climate change on
Florida scrub-jay populations including identifying changing patterns of suitable habitat.

Bluetail Mole Skink (Eumeces egregious lividus) and Sand Skink (Neoseps reynoldsi)

Objective A.17: Within the 15-year life of this CCP, restore scrub and sandhill habitats to provide
resource opportunities for existing bluetail mole and sand skink populations, and for the recruitment
and reintroduction of additional individuals and populations.

Discussion: Both bluetail mole and sand skinks are listed by the Service and the State of Florida as
threatened species (FWC 2009c). Sand skinks are endemic to the sandy ridges of central Florida,
occurring in over seven central Florida counties including Polk and Highlands and on both Lake
Wales and Winter Haven Ridges (Service 1999). Schultz et al. (1999) and Turner et al. (2006)
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reported the occurrence of sand skinks on the refuge’s Flamingo Villas Unit and Service staff (2009)
have reported sand skink occurrence at the Flamingo Villas, Lake McLeod, and Snell Creek Units,
although population estimates apart from these occurrence accounts and anecdotal observations by
staff and visitors are lacking. Regionally, it appears that sand and bluetail mole skinks are
distributed throughout their historic ranges, although it is believed that their numbers have likely
declined substantially because of habitat loss and degradation (Service 2007b). One study found
that sand skink populations were patchily distributed on the landscape, and distribution was clumped
(Gianopulos et al. 2001).

In order to better understand the impact of fire and other management techniques on sand skink,
experimental studies were conducted to investigate populations inhabiting sand pine scrub over 5
years (Mushinsky and McCoy 1999, Gianopulos 2001, Gianopulos et al. 2001, Mushinsky et al.
2001). There was a decrease in relative abundance of skinks immediately following treatments
associated with both clear-cutting and burning and then a significant increase in skink captures in the
clear-cut plots over the 5-year period, but there was no apparent trend in the burned plots
(Gianopulos et al. 2001, Mushinsky et al. 2001). Mushinsky et al. (2001) noted significantly larger
skinks captured in the burned plots, indicating that more insect prey may have been available from
decaying logs or that older skinks inhabited these sites (Service 2007b). Mushinsky and McCoy
(1999) reported that the first year after management treatment showed the greatest effects on sand
skink abundance on the plots. Skink populations may take time to increase after the application of
treatments (Mushinsky et al. 2001). Navratil (1999) stated that it was too early to surmise whether or
not there was a difference in skink response to treatment method with only 3 years of data from this
study. The most appropriate land management technique for skink conservation appears to depend
more on the microhabitat conditions of the area treated than the treatment method, as sand skink
distribution is correlated with various microhabitat features (Gianopulos et al. 2001, Mushinsky et al.
2001) (Service 2007b). To protect microhabitat conditions for skink conservation, soil disturbance will
be limited and typically occur in relation to fire line maintenance.

In support of skink recovery efforts, the refuge will implement a routine prescribed fire program to
restore habitats that support skinks, particularly scrub and sandhill systems. During the initial
restoration phase of habitat management, short fire rotations of 2 to 5 years will be implemented to
return scrub and sandhill to a pre-fire exclusion conditions. Once pre-fire exclusion habitat conditions
have been achieved, roughly after three burn rotations and utilizing monitoring results to adapt
management, the refuge will conduct prescribed fires to ensure a mosaic of varying aged habitats.
Planned application of a routine fire management program may cause undesirable short-term impacts
to skink populations. However, returning habitats to pre-fire exclusion conditions through the
application of a routine prescribed fire management program provides long-term benefits to skink
populations by increasing food resources and suitable habitats which promote recruitment
opportunities for existing and/or new populations of skinks. Recognizing the potential of undesired
short-term impacts to skink populations through the application of a routine prescribed fire program as
outlined in the CCP, the refuge will examine skink response to planned prescribed fire program
activities through monitoring and adapt management as necessary to reduce undesired sort-term
impacts on skinks. Through partnerships, the refuge will investigate the impact of fire, including fire
intensity and size on skink populations. Recovery of sand and bluetail mole skink will require
protection and management of occupied and potentially restorable habitat. The refuge will
investigate the reintroduction of bluetail mole skink into restored habitat as this may also be a
valuable recovery tool. Throughout the 15-year life of this CCP, the refuge will work with the partners
and keep current with new literature and apply adaptive management principles based on new
discoveries concerning the life needs of sand and bluetail mole skink.
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Strategies:

e Throughout the 15-year life of this CCP, target restoration of scrub and sandhill habitat to pre-
fire exclusion conditions utilizing short fire rotations of 2 to 5 years to provide habitat
opportunities for existing skink populations and for the recruitment of additional individuals and
populations.

e During the restoration period, monitor fire effects to assess habitat response and adapt future
fire management actions.

¢ Once pre-fire exclusion habitat conditions have been achieved, roughly after three burn
rotations and utilizing monitoring results to adapt management, conduct prescribed fires to
ensure a productive scrub and sandhill landscape.

e Adjust fire frequency and intensity in individual landscapes by using habitat structure targeting
mean shrub height, openings, tree cover, and other factors to aid in determining burning
objectives (i.e., adaptive management).

e Examine skink response to planned prescribed fire program activities through pre- and post-
fire monitoring and adapt management as necessary to reduce undesired sort-term impacts to
skinks.

e Examine population viability and occurrence on the Snell Creek Unit and improve skink habitat
opportunities.

e Explore opportunities to enter into management agreements with neighbors to increase skink
management scope on the refuge and within the ridge.

e Assess the need for relocation and translocation of skinks from Service and non-Service sites.

o Working with the partners, develop fixed point plots and provide for a consistent survey of
skink population presence and absence, and monitor at routine intervals.

¢ Encourage protection of and adapt management actions for skinks at the Lake McLeod Unit.

o Work with the Service’s North Florida and South Florida Ecological Services Field Offices to
seek funding opportunities for skink research and management.

e Coordinate with the researchers and partners to investigate the impacts of climate change on
skink populations, including identifying changing patterns of suitable habitat and effects of
temperature change on microhabitat needs.

Eastern Indigo Snake (Drymarchon corais couperi)

Objective A.18: Within 5 years of the date of this CCP, work with the partners to develop baseline
data and evaluate the amount and distribution of suitable eastern indigo snake habitat on the refuge.

Discussion: The eastern indigo snake is listed by the Service and the State of Florida as a
threatened species (FWC 2009c). Eastern indigo snakes are widely distributed throughout central
and south Florida and have been identified on the refuge’s Flamingo Villas Unit. There is a general
lack of information on the status and trends of the eastern indigo snake in south Florida and the
refuge is no exception. The eastern indigo snake benefits from management activities targeted for
other species including gopher tortoise, and management actions targeting plant species in scrub,
sandhills, and wetlands. The species is known to utilize gopher tortoise burrows for refugia and
forage opportunities but require larger areas than the gopher tortoise requires and have home ranges
that can expand or contract depending on the time of year, habitat quality, and other factors. Itis
currently unknown how many individual snakes the refuge could optimally support. The eastern
indigo snake is considered a generalist in terms of habitat use and condition requirements and is
assumed to utilize most of the habitat types found on the refuge, specifically those found at the
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Flamingo Villas and Carter Creek Units due to the mosaic of upland and ephemeral wetland habitats
occurring there, offering cover and forage opportunities over relatively large areas.

Eastern indigo snake objectives will be secondary to the objectives of other priority management
species specifically goals, objectives, and strategies necessary to provide for rare, threatened, and
endangered plants. The refuge will integrate eastern indigo snake management with gopher tortoise
management by protecting gopher tortoise burrows, where appropriate, from management actions
including mechanical treatments, prescribed fire preparation, and exotic species control efforts.
Through implementation of prescribed fire and invasive, exotic, and nuisance plant species control,
the refuge will maintain wetland/upland interface functions important for this species. Working with
the partners, the refuge will evaluate the amount and distribution of suitable eastern indigo snake
habitat, and as part of an outreach campaign designed to promote awareness and protect movement
of eastern indigo snake across management boundaries, the refuge will inform neighbors as to the
benefits of eastern indigo snakes.

Gopher Tortoise (Gopherus polyphemus)

Objective A.19: Within 5 years of the date of this CCP, work with the partners to develop baseline
data to evaluate the amount and distribution of active gopher tortoise burrows and provide suitable
management in relation to discovered gopher tortoise populations on the refuge.

Discussion: The gopher tortoise is under review for listing under the Endangered Species Act and it
is listed by the State of Florida as a threatened species (FWC 2009c). Gopher tortoise populations
will benefit from management activities proposed for other species, specifically the implementation of
fire proposed for scrub and sandhill habitats. Periodic natural fires play an important role in
maintaining tortoise habitat by opening up the canopy and promoting growth of herbaceous food
plants (Gopher Tortoise Council 2009). If natural fires are suppressed, habitats may become
unsuitable for tortoises (Gopher Tortoise Council 2009). Threats to gopher tortoise survival include
loss of habitat, road mortality, forest practices, disease, illegal hunting, and predation by domestic
dogs among others. Importantly, the use of prescribed fire benefits gopher tortoise habitat production
and is not considered a threat to tortoise survival (Gopher Tortoise Council 2009).

The refuge lacks baseline data on the distribution of active burrows and population sizes of gopher
tortoises. Throughout the 15-year life of this CCP, the refuge will form a better understanding of the
role the refuge plays in gopher tortoise management. An assessment of the amount and distribution
of gopher tortoise, including distribution and periodic monitoring of active burrows, will help establish
important baseline information upon which management decisions will be based. The refuge will
work with the partners to conduct fire management activities including growing season burning to
increase herbaceous plants as a food source. Where appropriate, gopher tortoise burrows will be
protected from management actions including mechanical treatments, prescribed fire preparation,
and exotic control efforts. Canopy cover reduction will be promoted in upland habitat types in an
effort to provide conditions for established populations and to provide for recruitment opportunities.
The refuge will evaluate the potential of refuge properties as recipient sites for gopher tortoise
translocations. Working with the partners, the refuge will identify and mark existing gopher tortoise
population at the Lake McLeod Unit to determine whether the Lake McLeod population is undergoing
artificial increases resulting from unpermitted translocation/relocation. Gopher tortoise objectives will
be secondary to the objectives of other priority management species specifically goals, objectives,
and strategies necessary to provide for rare, threatened, and endangered plants.
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Florida Panther (Puma concolor coryi) and Florida Black Bear (Ursus americanus floridanus)

Objective A.20: During the 15-year life of this CCP, work with the partners to develop an
understanding of the role of the refuge for the Florida panther and Florida black bear and provide
resource opportunities to serve these wide ranging species where appropriate.

Discussion: The Florida panther is listed by the Service and the State of Florida as an endangered
species while the Florida black bear is listed by the State of Florida as a threatened species in most
of Florida (FWC 2009c). The Florida panther may occur on the refuge and signs of the Florida
black bear on the refuge and surrounding lands have been observed by researchers, volunteers,
staff, and neighbors. Service telemetry data of Florida panthers have confirmed panther
occurrence to within approximately one-tenth of a mile from the Flamingo Villas Unit, approximately
half a mile from the Carter Creek Unit, and approximately one mile from the Snell Creek Unit. A
motion triggered camera also recorded an image of a large cat in January 2007 on the Flamingo
Villas Unit, however the species is unconfirmed and no more is known as the refuge lacks baseline
data on the diversity of wildlife using the refuge. Panthers and similar species may use the unit
opportunistically as a travel corridor and may seek prey opportunities available from feral hog
presence, although no documentation has been conducted to verify. Evidence including tree
marks, scats, and tracts of Florida black bear has been observed by ABS researchers and refuge
volunteers at the Flamingo Villas Unit in August 2009. In addition, a motion triggered camera
recorded an image of a Florida black bear in December 2006 and September 2009. As part of a
landscape scale black bear project, ABS researchers set traps, captured, and radio collard a large
male black bear on the Flamingo Villas Unit in September 2009. Black bear presence and use on
the refuge is presumably more intensive as the refuge offers additional potential life needs including
diverse cover and spatial composition, food, and resting opportunities. Both the Florida panther
and the Florida black bear benefit from management activities proposed for other species, including
the implementation of prescribed fire. Goals and objectives provided by this Plan will be secondary
to those of other priority management species.

Over the 15-year life of this CCP, the refuge will work with partners to develop an understanding of
the role of the refuge for Florida panther and Florida black bear, providing resource opportunities
where appropriate. Working with the partners, the refuge will monitor for presence and patterns of
use of Florida panther and Florida black bear on the refuge, adapting management as necessary to
support the needs of these species. Working with the partners, the refuge will increase neighbors
and area residents’ awareness and understating of Florida panther and Florida black bear, their
needs, occurrences, and associated management efforts. The refuge will coordinate with
researchers and partners to investigate the impacts of climate change on Florida panther and Florida
black bear and identify changing patterns of suitable habitat. A clear threat to Florida panther and
Florida black bear are vehicle collisions whereby the refuge will support the installation of wildlife
corridors to facilitate species dispersal beyond refuge lands.

Goal B. Protect, manage, and enhance the natural diversity of wildlife on the refuge including
migratory and non-migratory birds to support naturally self-sustaining ridge populations.

Wildlife Diversity

Objective B.1: Secondary to the refuge’s priority goals and objectives for rare, threatened, and
endangered species, enhance management during the 15-year life of this CCP to benefit migrating
and resident native birds, including neotropical migratory birds, native songbirds and terrestrial birds,
waterfowl, shorebirds, wading birds, waterbirds, and invertebrate species.
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Objective B.2: Throughout the 15-year life of this CCP, work with the partners to develop baseline
data for neotropical migratory birds, raptors, shorebirds, waterfowl, wading birds, waterbirds, and non-
migratory birds, as well as invertebrate species on the refuge and survey and monitor for wood stork
use and bald eagle nests.

Objective B.3: Within 2 years of the date of this CCP, backfill channels on the Flamingo Villas Unit to
improve and restore hydrologic function and ephemeral and permanent wetland resources to benefit
wading birds and waterbirds.

Objective B.4: Throughout the 15-year life of this CCP, plant site and species appropriate pine trees
along the shoreline of the Lake McLeod Unit to support future nest sites for bald eagles.

Discussion: Although they are not the management priorities for the refuge, a variety of native
species benefit from the refuge including migratory and non-migratory birds and invertebrate species.
The refuge currently lacks baseline information concerning the presence, absence, and status of
wildlife species including wood stork, bald eagle, neotropical migratory birds, raptors, shorebirds,
waterfowl, wading birds, waterbirds, and non-migratory birds. In addition, baseline inventories of the
suite of invertebrate species utilizing the refuge are lacking. Throughout the 15-year life of this CCP,
the refuge will work with the partners to collect baseline data and adapt management as appropriate
to enhance the natural diversity of wildlife on the refuge and to support self-sustaining ridge
populations of these groups of species.

The wood stork (Mycteria americana) (federal and state listed as endangered) and bald eagle
(Haliaeetus leucocephalus) (federally delisted in 2007) use the refuge to some extent, however a lack
of refuge specific data exists. Although these species are not the priority management species for
the refuge, the refuge will play a role in regional conservation efforts to provide opportunities as they
arise. Over the 15-year life of this CCP, refuge management will target restoration of habitats to pre-
fire exclusion conditions and through monitoring efforts, adapt management in support of rare,
threatened, and endangered species. Through the restoration process, the refuge will adapt fire
management where necessary to also protect, manage, and enhance the natural diversity of wildlife
on the refuge. To better understand the role that the refuge plays for migratory and non-migratory
birds, the refuge will develop baseline data to identify the mix of birds using the refuge and apply
management to support naturally, self-sustaining ridge populations including for the needs of wood
storks, bald eagles, migratory neotropical birds, waterbirds, shorebirds, and waterfowl.

The refuge will enhance its role as a stopover site for neotropical migratory bird and resident
songbird populations by providing resting, foraging, and potential nesting opportunities through the
application of prescribed fire and exotic species control. The refuge will promote resting and forage
opportunities for raptors known to utilize the Lake Wales and Winter Haven Ridge ecosystems as
ancillary benefits of management for rare, threatened, and endangered species. Shorebird
opportunities will be supported through litter and debris cleanups of the shorelines of Lake McLeod
and Red Beach Lake and by encouraging prescribed fire in ephemeral wetlands to restore and
provide habitat opportunities. Waterfowl will also benefit from prescribed fire implementation
targeting restoration of ephemeral wetland communities. Wading birds and waterbirds will benefit
from restoration of hydrologic settings, particularly proposed backfilling of channels at the Flamingo
Villas Unit. In addition, non-migratory birds such as ground dwelling species including wild turkey
(Meleagris gallopavo) will benefit from proposed habitat restoration activities, particularly benefitting
from prescribed fire implementation. Habitat restoration will also benefit invertebrate species.
Restoration of habitat structure through the use of prescribed fire will help increase the diversity of
floral assemblages for pollinators.
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Strategies - Wood Stork:

Work with the partners to conduct surveys and monitor wood stork use on the refuge including
roosting and nesting sites in bayhead communities.

Protect colonies of wood storks if discovered and adapt management to protect colonies from
disturbance following management guidelines.

Maintain and where possible increase wetland function and value specific to resource
requirements of wood storks.

Coordinate with researchers and the partners to investigate the impacts of climate change on
wood storks, including identifying changing patterns of suitable habitat.

Strategies - Bald Eagle:

Coordinate with the State of Florida regarding aerial surveys of bald eagle nests on the
refuge.

Protect known bald eagle nests from disturbance by invasive species control efforts and
protect nests from prescribed fire activity where necessary.

Continue planting longleaf pine trees along the Lake McLeod Unit shoreline for use as bald
eagle roosts or nest trees.

Strategy - Neotropical Migratory Birds:

Promote habitats known to provide for the life needs of neotropical migratory birds. Resting
and foraging opportunities for neotropical migratory birds known to utilize the Lake Wales and
Winter Haven Ridge ecosystems will be provided as ancillary benefits of rare, threatened, and
endangered species management for the refuge.

Strategy - Raptors:

Promote habitats known to provide for the life needs of raptors. Resting and foraging
opportunities for raptors known to utilize the Lake Wales and Winter Haven Ridge ecosystems
will be provided as ancillary benefits of rare, threatened, and endangered species
management of the refuge.

Strategies - Shorebirds:

Maintain closed areas as necessary to minimize impacts to nesting shorebirds.

Provide litter and debris cleanups along the refuge’s Lake McLeod and Red Beach Lake
shorelines.

Promote prescribed fire in ephemeral wetlands to encourage use by shorebirds.

Strategy - Waterfowl:

Promote prescribed fire in ephemeral wetlands to encourage use by Florida mottled duck.

Comprehensive Conservation Plan 167



Strategies - Wading Birds and Waterbirds:

o Utilize prescribed fire in seasonal wetlands to promote wading bird and waterbird forage
opportunities targeting rare, threatened, and endangered wading birds and waterbirds.

e Backfill dredge channels in the Flamingo Villas Unit in an effort to improve and restore
ephemeral and permanent wetland resources.

Strategy - Non-migratory Birds:
o Promote habitats known to provide for the life needs of non-migratory birds. All life history
requirements for non-migratory birds will be provided as ancillary benefits of rare, threatened,
and endangered species management of the refuge.

Strategies - Invertebrates:

o Working with the partners including ABS, provide an inventory of invertebrates on the refuge,
including the Highlands Tiger beetle (Cicindela highlandensis).

o Provide research and survey opportunities on refuge lands, including identifying potentially
undescribed species of invertebrates, including the genus Polyphylla.

e Provide habitat suitable for pollinators.
Coordinate with researchers and the partners to investigate the impacts of climate change on
rare, threatened, and endangered invertebrates, including identifying changing patterns of
suitable habitat.

Goal C. Protect, manage, enhance, and restore a diverse and complex assemblage of Lake Wales
Ridge habitats and natural processes to promote biological integrity and species diversity of native
plants and animals.

Restoration to Pre-Fire Exclusion Conditions

Objective C.1: During the 15-year life of this CCP, restore refuge habitats through the application of
prescribed fire at 2- to 5-year fire return intervals in order to attain pre-fire exclusion conditions.
During this restoration period, monitor fire effects to assess habitat response and adapt future fire
management actions. Once pre-fire exclusion conditions have been achieved, roughly after three
burn rotations and utilizing monitoring results to adapt management, conduct prescribed fires in
accordance with the objective(s) outlined for each habitat type.

Discussion: The predominant management theme over the 15-year life of this CCP will focus on
restoring pyrogenic habitats to pre-fire exclusion conditions through frequent, routine implementation
of prescribed fire for the benefit of rare, threatened, and endangered species. In order to fulfill refuge
purposes and to accomplish restoration goals and objectives outlined in this CCP, prescribed fire will
be implemented on short, 2- to 5-year rotations, adapting management as necessary through the
assessment of habitat response. Once pre-fire exclusion habitat conditions have been achieved,
roughly after three burn rotations and utilizing monitoring results to adapt management, prescribed
fires will be conducted at revised fire return intervals specific to each habitat type to ensure a mosaic
of varying aged habitats.
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Habitat metrics will be used to aid in understanding whether burning objectives have been met.
Targeted metrics change depending on habitat type and at times, depending on species
management targets. For instance, maintaining a 5- to 20-year burn rotation to provide oak shrub
height less than two meters with 10-50 percent cover of bare sand patches and sparse tree cover in
scrubby flatwoods are important targets for scrub-jay management, while in yellow sand scrub where
the only protected population of Garrett’s mint is currently found, a 5- to 12-year prescribed fire
rotation is expected to benefit this species, providing 1- to 3-meter oak shrub height with scrub cover
at 50 to 95 percent and 5 to 15 percent bare soil cover.

Dominant habitat cover on the refuge includes scrubby flatwoods, rosemary scrub, yellow sand scrub,
sandhill, depression marshes, cutthroat systems and associated wetlands, and bayheads, each of
which will benefit either directly or indirectly through the application of routine, frequent prescribed fire
and, in turn, offer increased habitat opportunities for rare, threatened, and endangered species, as
well as for a mix of other native species. Management of scrubby flatwoods on the Flamingo Villas
Unit will target the life needs of scrub-jays, while management actions in yellow sand scrub will target
the needs of Garrett’'s mint. Prescribed fire will not be excluded from ephemeral wetlands, providing
additional forage opportunities for wildlife and enhancing the production of cutthroat grass
communities. The northern sandhill communities of the Carter Creek Unit will continue to be
managed for the Florida ziziphus reintroduction project, as well as to provide habitat opportunities for
a host of rare, threatened, and endangered and other native species. Sand skink populations will
benefit through the development of increased sand patch openings in habitat. The extent of
rosemary scrub habitat will be identified and prescribed fire implementation will be adapted
depending on the extent and condition. Use of prescribed fire to reduce overstory cover will restore
scrub habitat in the Lake McLeod Unit, benefiting scrub lupine and Florida cladonia recruitment.
Bayhead communities will benefit as invasive and exotic control efforts coupled with prescribed fire in
pyrogenic habitats will reduce exotic and nuisance plant infestation sources. Management actions
will target the needs of rare, threatened, and endangered plants and, as most occur in habitat types
where fire was once the frequent disturbance element, populations will benefit from the application of
prescribed fire. Working with the partners the refuge will monitor results and adapt management as
necessary to meet management targets.

Scrubby Flatwoods

Objective C.2: Over the 15-year life of this CCP, target the restoration of scrubby flatwoods habitat on
the refuge to pre-fire exclusion conditions. Once pre-fire exclusion conditions have been met, maintain
scrubby flatwoods to promote biodiversity of the scrub-dependent species on the refuge, including the
Florida scrub-jay, using prescribed fire at 5- to 20-year intervals and, where appropriate, mechanical
treatments to maintain oak shrub cover at 50 to 80 percent, and oak shrub height less than 3 meters, with
10 to 50 percent cover of bare sand patches and a sparse (0 to 20 percent cover) canopy of pine trees.

Discussion: Scrubby flatwoods habitat occurs over three of the four refuge management units
including Flamingo Villas, Carter Creek and Snell Creek, totaling approximately 103.6 acres (41.9
ha), with the majority of acreage occurring on the Flamingo Villas Unit (89.1 acres, 36.0 ha). The
Florida scrub-jay is a characteristic and indicator species in scrubby flatwoods. Consequently, the
refuge will target management specifically for these populations. At present, the Flamingo Villas Unit
is the only site in the refuge that has a population of scrub-jays. According to 2008 Jay Watch
observations, seven groups occurred at Flamingo Villas (TNC 2008). Demographic rates of Florida
scrub-jays are maximized when the habitat is low and open, a structure usually maintained by a
regime of frequent fire (5- to 20-year fire return interval). This management regime will also benefit
other species, such as gopher tortoise, sand skink, indigo snake, and scrub lizard. Fire is necessary
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to maintain jays in a landscape, but inappropriately applied, it has the potential to eliminate jays from
small sites or have short-term negative effects on small populations. Where fuels have accumulated,
fires may be intense and leave little cover for jays. Historically, fires in scrubby flatwoods and xeric
oak scrub were heterogeneous, leaving unburned patches within the burn which provided cover and
nesting sites for resident jays post-fire. Due to a history of fire exclusion, habitat conditions have
declined on the refuge, requiring restoration through the use of prescribed fire to return conditions to
those more appropriate for scrubby flatwoods and more suitable for use by scrub-jay and other rare,
threatened, and endangered species. Prescribed fire will be implemented through unit burns, utilizing
existing fire breaks as fire unit boundaries to return habitat to pre-fire exclusion conditions. At the
Flamingo Villas Unit where scrub-jay groups currently exist and to provide additional habitat
opportunities for recruitment, prescribed fire will be implemented and adapted as a result of
monitoring efforts including scrub-jay and habitat response. Units containing scrub jays will be
managed to restore habitat conditions and to facilitate the life needs of existing scrub-jays through
adaptive management strategies, including varying unit burns designed to provide recovery habitat
for existing groups. Prescribed burns will be spatially planned to ensure that a mosaic distribution of
burn units exist, providing refugia for existing scrub-jay groups. Once pre-fire exclusion conditions
have been met, management should aim for making fires heterogeneous.

Although few if any jays occur at the Carter Creek Unit, scrubby flatwoods there might be suitable for
scrub-jays after several burn rotations. Scrub-jays occur on the FWC portion of Carter Creek (north
of Arbuckle Creek Road and north of the refuge’s unit), but these jays have been declining due in part
to a lack of prescribed burning (Service 2006). Emphasis should be placed on restoring habitats in
Carter Creek before the local population is extirpated.

Once pre-fire exclusion conditions have been met, the refuge will maintain scrubby flatwoods to
prevent vegetative succession in an effort to provide habitat for rare, threatened, and
endangered species. The fire return interval will then be modified to 5 to 20 years, depending
upon habitat conditions.

Strategies:

Conduct growing season burns, when possible, to restore habitat quality of scrubby flatwoods.

o During the initial restoration phase of habitat management, short rotations of 2 to 5 years will
be implemented to return scrubby flatwoods to pre-fire exclusion conditions.

o During the restoration period, monitor fire effects to assess habitat response and adapt future
fire management actions.

e Once pre-fire exclusion habitat conditions have been achieved, roughly after three burn
rotations and utilizing monitoring results to adapt management, conduct prescribed fires so
that no more than 40 to 60 percent of each burn unit is consumed utilizing a 5- to 20-year
prescribed fire rotation where scrubby flatwoods exist to ensure a mosaic of varying aged
scrub.

o Adjust fire frequency and intensity in individual landscapes by using habitat structure targeting
mean shrub height, openings, tree cover, and other factors to aid in determining burning
objectives (i.e., adaptive management).

o Working with the partners, prepare a complete plant inventory in scrubby flatwood
communities.

o Working with the partners, monitor for the impacts of climate change on scrubby flatwoods,
particularly changing patterns of suitable habitat.
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Rosemary Scrub

Objective C.3: Within 3 years of the date of this CCP, coordinate with the partners to inventory and
monitor rosemary scrub habitat to determine location, extent, and habitat quality.

Discussion: Spatial extent information for rosemary scrub habitat on the refuge is lacking. In an effort to
define rosemary scrub habitat extent and condition on the refuge, the refuge, working with the partners,
will identify rosemary scrub locations and prepare a complete plant inventory of rosemary scrub
communities. Working with the partners, the refuge will monitor gap dynamics of rosemary scrub habitat
in an effort to maximize opportunities for rare, threatened, and endangered plants.

Objective C.4: Over the 15-year life of this CCP, use prescribed fire to manage rosemary scrub habitat on
the refuge to maintain at existing levels or increase the level of scrub species diversity by burning each
unit containing rosemary scrub. This will be done with a fire return interval targeted between 10 and 30
years to maintain shrub height at less than 3 meters and shrub cover at 40 to 85 percent, interspersed
with 10 to 60 percent bare soil and containing less than 25 percent canopy pine cover.

Discussion: Rosemary scrub is a small piece of the larger scrub landscape. For refuge management
purposes, this habitat type will not be a targeted habitat type for the application of prescribed fire, but
will benefit from rehabilitation of other pyrogenic habitat types including yellow sand scrub and
scrubby flatwoods.

Rosemary scrub is a variant of Florida scrub on xeric white sands and is maintained by infrequent
fires. Reproductive maturity of Florida rosemary (11 to 16 years, Johnson 1982) defines the lower
limit on fire return interval at about 15 years. Upper limits have generally been loosely based on the
senescence of Florida rosemary, taken to be somewhere between 40 and 100 years (Myers 1990,
Menges 1999). Recent population viability analyses on two herbs specializing in rosemary scrub,
Eryngium cuneifolium and Hypericum cumulicola, suggest that a fire return interval of less than 15
years to promote viability of these species (Quintana-Ascencio et al. 2003, Menges and Quintana-
Ascencio 2004). The target of 10 to 30 years is intended to balance the needs of Florida rosemary
and endemic herb species, while variation in fire return intervals among burn units at the Lake
McLeod Management Unit are prudent.

Effective management of rosemary balds and adjacent ecotones will require long-term protection,
development, and implementation of appropriate fire regimes. Though dependent on site-specific
characteristics, we know generally that rosemary balds burn every 40 to 60 years, while oak scrub
should burn every 15 to 20 years. Under natural conditions, we expect oak scrub to burn up to and
occasionally into rosemary balds. Over time, however, unburned rosemary balds develop canopies
that are dense enough to support fire. While we have a basic understanding of the management
requirements for rosemary balds and oak scrub, we know little of the requirements for rosemary bald-
oak scrub ecotones. Because ecotones are dynamic areas with vegetative mosaics that change over
time depending on fire frequency and intensity and other natural stochastic events, it is unlikely that
specific management prescriptions can be developed independently of surrounding scrub habitats.

Based on results from fire effects monitoring, the refuge will assess habitat response and adapt future
fire management actions of rosemary scrub habitat to maintain shrub height at less than three meters
and shrub cover at 40 to 85 percent, interspersed with 15 to 60 percent bare soil, and containing less
than 25 percent canopy pine cover (where all measures are taken at four years post-fire, if there has
been a recent fire). It is anticipated that only monitoring will occur for rosemary scrub at the Lake
McLeod Unit during the life of this CCP. However, the refuge will target prescribed fire opportunities
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in areas that do not contain rosemary plants as soon as a prescribed fire is feasible there, which is
not anticipated within the 15-year life of this CCP.

Rosemary scrub at the Lake McLeod Unit has been impacted by the persistent use of off-road
vehicles. In these areas, the percent of open space appears to exceed the 15 to 60 percent typical of
rosemary scrub (Menges and Hawkes 1998) and the cover of shrubs and herbs is atypically low.
Fires will not carry through these areas and may not be necessary to provide open space for
herbaceous plants. Protection of these areas from vehicles by maintaining fences will help the
rosemary scrub recover.

Strategies:

e Continue law enforcement patrols to minimize the threat of off-road vehicles to rosemary
scrub.

e Continue to limit off-road vehicle use of the Lake McLeod management Unit so that shrub
cover can increase to at least 40 percent and bare soil cover can decrease to 60 percent or
less.

o At the Lake McLeod Unit, allow the rosemary scrub on the east side of Gerber Dairy Road to
recover before reintroducing fire which is likely to be beyond the 15-year life of the CCP.

o Where necessary adapt prescribed burn prescriptions to address the special needs of
rosemary balds including providing habitat opportunities for rosemary scrub development at
the Flamingo Villas Unit.

o Working with the partners, monitor impacts of climate change in rosemary scrub.

Yellow Sand Scrub

Objective C.5: Over the 15-year life of this CCP, target the restoration of yellow sand scrub habitat
on the refuge to pre-fire exclusion conditions. Once pre-fire exclusion conditions have been met, use
prescribed fire with fire return intervals of 5 to 12 years with fires typically burning greater than 70
percent of each burn unit and monitor vegetation structure to compare with objectives. Restored
yellow sand scrub will exhibit shrub height at 1 to 3 meters and shrub cover at 50-95 percent,
interspersed with 5 to 15 percent bare soil cover and 1 to 20 percent canopy tree cover.

Discussion: Over the 15-year life of this CCP, the refuge will target the reestablishment of ancient
scrub habitat, including yellow sand scrub through ecological restoration to perpetuate the unique
biological diversity for indigenous plants and resident and migratory wildlife. The Flamingo Villas Unit
has a large area of yellow sand scrub that is the only protected area for the endangered Garrett's
mint. Consequently, the refuge will target management specifically for these populations. In total,
approximately 239.8 acres (97 ha) of yellow sand scrub exists on two of the four refuge units — Carter
Creek (3.8 acres, 1.5 ha) and Flamingo Villas (236 acres, 95.5 ha). The refuge lacks baseline data of
its yellow sand scrub communities and, working with partners, will form a better understanding of
species occurrence and distribution during the life of the CCP.

Yellow sand scrub is a variant of Florida scrub found on xeric yellow sands, often dominated by
myrtle oak and scrub hickory (Menges 1999). It has also been called oak-hickory scrub and southern
ridge sandhill — hickory phase (Abrahamson et al. 1984), but is distinct from typical sandhill or high
pine (Myers 1990). Yellow sand scrub regrows rapidly after fires and fires can re-burn the same site
within a few years. Nonetheless, fire return intervals have rarely been specified for this type of scrub,
although Menges (1999) posits an interval of 10 to 20 years. A recent population viability analysis of
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Dicerandra frutescens, a specialist for scrub on yellow sand and closely related to Dicerandra
christmanii, suggests an optimal fire return interval of 5 to 12 years (Menges et al. in press in Service
2005). This interval may be a good starting point for fire management in yellow sand scrub. Such an
interval will minimize the heavy fuel buildup that occurs in older yellow sand scrub and thus will make
control of unwanted wildland fires easier. Restored yellow sand scrub will exhibit shrub height at 1 to
3 meters and shrub cover at 50 to 95 percent interspersed with 5 to 15 percent bare soil cover and
one to 20 percent canopy tree cover.

Both the flatwoods scrub and the yellow sand scrub vegetation sprouts vigorously after fire. There is
little change in species composition or richness, but dominance changes for a short period of time,
since palmetto recovers quicker than oaks (Schmalzer and Hinkle 1991). Scrub communities soon
recover to their preburn structure and species composition (Menges and Hawkes 1998). Most of the
larger plants sprout, while many herbaceous species are obligate seeders (Menges and Kohfeldt 1995).

One of the important influences of fire in the scrub lands is the alteration of the height of the
vegetation. Obviously, after a fire, the resprouting plants are shorter than before the fire. This is
important to many of the animal species that inhabit these areas. If fires do not occur in scrub, it
continues to get taller. Extended periods of time without fire will allow some of the scrub sites to
develop into a xeric oak hammock. The exclusion of fire has other detrimental effects. Woods (1993)
reports that fourteen scrub plants flower and grow well only after fire. The abundance of plant
species declines where fire has been excluded for long periods of time.

Restoration objectives will provide 2- to 5-year fire return intervals to return yellow sand scrub to pre-
fire exclusion conditions over the life of the CCP. Once pre-fire exclusion conditions have been met,
targeted after three burn rotations, fires return intervals will be implemented to maintain shrub height
at 1 to 3 meters. Shrub cover should be maintained by these frequent fires, as fire intensities will not
be high enough to kill many shrubs and periodic fires should not have a large effect on canopy cover,
as canopy tree cover is currently within targeted ranges. Some shrub mortality with the intense initial
restoration fires may be useful in creating bare soil cover greater than 5 percent, since that cover may
be currently less than 5 percent.

Strategies:

e Conduct growing season burns, when possible, to restore habitat quality for yellow sand
scrub.

o Within 3 years of the date of this CCP, introduce fire to areas of the Flamingo Villas Unit
containing yellow sand scrub.

o During the initial restoration phase of habitat management, short rotations of 2 to 5 years will
be implemented to return yellow sand scrub to a pre-fire exclusion conditions.

o During the restoration period, monitor fire effects to assess habitat response and adapt future
fire management actions.

e Once pre-fire exclusion habitat conditions have been achieved, roughly after three burn
rotations and utilizing monitoring results to adapt management, conduct prescribed fires so
that fires typically burn greater than 70 percent of each burn unit containing yellow sand scrub
to ensure a mosaic of varying aged scrub.

e Adjust fire frequency and intensity in individual landscapes by using habitat structure targeting
mean shrub height, openings, tree cover, and other factors to aid in determining burning
objectives (i.e., adaptive management).
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o Working with the partners, prepare a complete plant inventory in yellow sand scrub
communities.

o Working with the partners, monitor and inventory populations of rare, threatened, and
endangered plants, including Garrett’s mint, at the Flamingo Villas Unit.

o Work with the partners to monitor and inventory populations of rare, threatened, and
endangered plants, including Garrett’s mint, in an effort to adapt fire management strategies
where necessary.

o Working with the partners, monitor the impacts of climate change in yellow sand scrub.

Sandhill Communities

Objective C.6: Over the 10-year life of this CCP, target the restoration of sandhill habitat on the refuge
to pre-fire exclusion conditions. Once pre-fire exclusion conditions have been met, use prescribed fire
with a fire return interval of 2 to 8 years and monitor vegetation structure to compare objectives.
Restored sandhill targets will include bare soil at 5 to 30 percent, herbaceous cover at 25 to 70 percent,
total shrub cover at 10 to 35 percent, pine cover at 10 to 50 percent, average shrub height at less than
2 meters, pine basal area at 20 to 60 square feet per acre, a sub-canopy of hardwoods that are greater
than 2 meter stem density per acre, and sand pine cover at less than 10 percent.

Discussion: Sandhill is an important component of the mosaic of natural communities that comprises
the Lake Wales Ridge NWR, specifically the Flamingo Villas and Carter Creek Units. Many federally
listed species occur in sandhill habitats on the refuge, including Lewton’s polygala, scrub plum,
Florida ziziphus (introduced), and sand skinks. The health of the sandhill community and its resident
rare species is dependent upon the frequent occurrence of fire in this habitat. The refuge lacks
baseline data of its sandhill communities and, working with the partners, will form a better
understanding of species occurrence and distribution over the life of this CCP.

The current extent of sandhill has been greatly reduced from its former range of millions of acres
across the southeastern United States. Likewise, on the Lake Wales Ridge, very few protected
patches remain. Sandhill habitat on the refuge totals approximately 436.6 acres (176.7 ha) and is
found on the Flamingo Villas (58.3 acres, 23.6 ha) and Carter Creek (378.3 acres, 153.1 ha) units.
The sandhill at the Carter Creek Unit is one of the largest remaining on the Lake Wales Ridge and
supports a reintroduced population of Florida ziziphus, one of three locations within its historic range
where Florida ziziphus has been reintroduced. Consequently, the refuge will target management of
this species over the 15-year life of this CCP.

Sandhill is a natural community that depends on frequent fire to maintain it as an open pine
savanna or woodland with a diverse understory of grasses, herbs, and low shrubs. A fire
frequency of 2 to 8 years is required to maintain sandhill in this optimal state. More frequent fires
(2- to 4-y