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STATUS OF THE SPECIES - Blue-tailed mole skink (Eumeces egregius lividus)
Legal Status — Federal: threatened, 1987, State: threatened

The blue-tailed mole skink was listed as threatened under the Endangered Species Act of 1973,
as amended (Act) (87 Stat. 884; 16 U.S.C. 1531 et seq.) on December 7, 1987 (52 FR 42658- 52
FR 42662), and is listed as threatened by the State of Florida. The historic and anticipated future
modification and destruction of xeric upland communities in central Florida were primary
considerations in listing. Almost 90 percent of the xeric upland communities on the Lake Wales
Ridge (LWR) have already been lost because of habitat destruction and degradation due to
residential development and conversion to agriculture, primarily citrus groves (Turner et al.
2006). Remaining xeric habitat on private lands is especially vulnerable because projections of
future human population growth suggest additional demands for residential development within
the range of the blue-tailed mole skink. Critical habitat has not been designated for the blue-
tailed mole skink.

Species Description
Appearance/Morphology

The blue-tailed mole skink (Eumeces egregius lividus) is a small, fossorial lizard that occupies
xeric upland habitats of the southern LWR in central Florida (Mount 1965; Christman 1992). It
reaches a maximum length of about 5 inches (in) (12.7 centimeters [cm]), and the tail makes up
about half the body length (Christman 1978; 1992). The body is shiny, and brownish to pink in
color, with lighter paired dorsolateral stripes diverging posteriorly (Christman 1978; 1992).
Males develop a colorful orange pattern on the sides of the body during breeding season
(Christman 1992). Juveniles usually have a blue tail (Christman 1978; 1992). Regenerated tails
and the tails of older individuals are typically pinkish. The legs are somewhat reduced in size
and used only for surface locomotion and not for “swimming” through the sand (Christman
1978; 1992).

Taxonomy

Mount (1965) described the blue-tailed mole skink largely on the basis of a bright blue tail in
juveniles and restricted this subspecies to the southern LWR in Polk and Highlands Counties.
Christman (1978) also limited the range of blue-tailed mole skink to these two counties, but later
added Osceola County to the range, based on the collection of a single blue-tailed mole skink
juvenile just north of the Polk County line on the LWR (Christman 1992). Analysis of
mitochondrial DNA (Branch et al. 2003) supports Mount’s (1965) hypotheses that blue-tailed
mole skink from the lower LWR represents the ancestral stock, which radiated from there.
Genetic analysis also indicates substantial population variability with limited dispersal in mole
skinks among sandy habitats (Branch et al. 2003). Based on conventional estimates of molecular
evolutionary clocks, these authors suggest a separation of approximately 4 million years between
mole skinks occurring on the two oldest ridges (LWR and Mount Dora Ridge), which overlaps
the proposed Pliocene origin of scrub habitats (Webb 1990).
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Five subspecies of mole skinks have been described, all of which occupy xeric upland habitats of
Florida, Alabama, and Georgia (Mount 1965), but only the blue-tailed mole skink (Eumeces
egregius lividus) is federally listed as threatened (52 FR 42658). The taxonomic classification of
the mole skink has been reevaluated, and there is evidence to suggest that it should be revised
(Griffith et al. 2000; Brandley et al. 2005; Smith 2005). Brandley et al. (2005) and Smith (2005)
formally proposed that the name Plestiodon be used to describe the Genus of the North
American skinks. However, until such time as it can be officially designated through the Federal
Register process, the Service continues to use the scientific name as published in the final listing
rule (52 FR 42658). A detailed description of the recent taxonomic review can be found in
Service (2007a).

Life History

Blue-tailed mole skinks are typically found in a variety of xeric upland communities, including
rosemary and oak-dominated scrub, turkey oak barrens, high pine, and xeric hammocks
(Christman 1992). They are primarily found within the top 2 in (5 cm) of the soil surface
(Mount 1963). Roaches, crickets, and spiders make up the bulk of the diet (Mount 1963; Smith
1982; McCoy et al. 2010). Smith (1982) suggested that their diet is more generalized than that
of the fossorial sand skink (Neoseps reynoldsi), which probably reflects their tendency to feed at
the surface. However, McCoy et al. (2010) suggest that the dietary diversity of mole skinks is
very similar to sand skinks or perhaps even more specialized. Also, like sand skinks, mole skinks
show an activity peak in spring (Mount 1963; Smith 1982).

The reproductive biology of the blue-tailed mole skink is poorly known. Reproduction is
presumably very much like that of the peninsula mole skink (Eumeces egregius onocrepis)
where courtship and mating occur in the fall and winter (Mount 1963; Christman 1978). In the
peninsula mole skink, individuals probably become reproductively active at 1 to 2 years of age
(Mount 1963; Christman 1978). Two to nine eggs are laid in a shallow nest cavity less than 12 in
(30.5 cm) below the surface (Mount 1963; Christman 1978). The eggs incubate for 31 to 51
days, during which time the female tends the nest (Mount 1963; Christman 1978). Females have
a large clutch size (maximum nine) of relatively small eggs (Mount 1963).

Habitat

A variety of xeric upland communities provide habitat for the blue-tailed mole skink, including
rosemary and oak-dominated scrub, turkey oak barrens, high pine, and xeric hammocks
(Christman 1992). Areas with few plant roots, open canopies, scattered shrub vegetation, and
patches of bare, loose sand provide optimal habitats (Christman 1988; 1992). Within these
habitat types, blue-tailed mole skinks are typically found under leaves, logs, palmetto fronds, and
other ground debris (Christman 1992). Shaded areas presumably provide suitable microhabitat
conditions for thermoregulation, egg incubation, and foraging (Mount 1963).

Specific physical structures of habitat that sustain sand skink populations, and likely blue-tailed
mole skink populations as well, include a well-defined leaf litter layer on the ground surface and
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shade from either a tree canopy or a shrub layer, but not both (McCoy 2011). Leaf litter likely
provides important skink foraging opportunities. Shade provided by a tree canopy or a shrub
layer likely helps skinks regulate body temperature to prevent overheating. However, having
both a tree canopy and a shrub layer appears to be detrimental to skinks (McCoy 2011).

Turner et al. (2006) reported that development and agriculture have resulted in the loss of
approximately 85% of the scrub and sandhill habitats on the LWR, and what remains contains
high concentrations of imperiled species. Over the last 20 years, more than 87 square kilometers
(km?) (48.9%) of the remaining 187 km? of these habitat types on the Lake Wales Ridge have
been acquired and protected (Turner et al. 2006). Therefore, only 6.3% of pre-settlement scrub
and sandhill habitats are currently protected (Turner et al. 2006).

In addition to the need for these remaining scrub and sandhill habitats to be protected, these
habitats along with those on sites that have already been acquired for conservation depend upon
active management, most often prescribed fire, to persist long-term (Turner et al. 2006). Much
of the remaining habitat occurs in small, isolated fragments surrounded by residential areas or
citrus groves, making them difficult to protect and manage. Many of these fragments are
overgrown and in need of restoration. It is unknown whether or not small, fragmented properties
are able to maintain viable populations.

Either natural fire started by lightning or prescribed fire is necessary to maintain habitat in
natural scrub ecosystems. However, if fire occurs too frequently, leaf litter might not build up
sufficiently to support skink populations. At Archbold Biological Station (ABS), fossorial sand
skinks appear to be most abundant after 10 years of leaf litter development. The ideal fire
frequency to maintain optimal leaf litter development for skinks likely varies by site and other
environmental conditions (Mushinsky 2011). Although this information is specific to sand
skinks, the same may be true for blue-tailed mole skinks.

Distribution

The blue-tailed mole skink historically occurred on the LWR in Highlands, Polk, and Osceola
Counties (Service 1999). Despite intensive sampling efforts in scrub habitat with similar
herpetofauna, neither the sand skink nor blue-tailed mole skink have been recorded at Avon Park
Air Force Range on the Bombing Range Ridge (Branch and Hokit 2000). It appears that skinks
are still distributed throughout their historic range, although we believe their numbers have likely
declined substantially because of habitat loss and degradation.

Turner et al. (2006) reported that blue-tailed mole skinks are known to occur in 23 locations, 22
of which are on the LWR. The authors did not indicate where the single site occurs from which
blue-tailed mole skink is reported off of the LWR, but we believe that this record may be in
error. The subspecies has not been documented elsewhere off of the LWR and is believed to be
restricted to this ridge alone (Moler 2007; Mushinsky 2007).

Blue-tailed mole skinks often seem absent or rare on the same LWR study sites where sand
skinks are common, and when present, are patchily distributed (Christman 1988, 1992;
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Mushinsky and McCoy 1995). Mount (1963) noted peninsula mole skinks also are patchily
distributed and mostly occurred on xeric sites greater than 100 acres (ac) (40 hectares [ha]) in
size. The distribution of the blue-tailed mole skink appears to be closely linked to the
distribution of surface litter and, in turn, suitable microhabitat sites. Campbell and Christman
(1982) characterized blue-tailed mole skinks as colonizers of a patchy, early successional, or
disturbed habitat, which may occur as a result of natural or anthropogenic factors. Susceptibility
of mature sand pine to windthrow may be an important factor in maintaining bare, sandy
microhabitats required by blue-tailed mole skinks and other scrub endemics (Myers 1990).

Population Dynamics

The population dynamics of the blue-tailed mole skink are not well known because the skinks’
diminutive size and secretive habits make their study difficult. The best current method
available to detect blue-tailed mole skinks involves the raking of sand and organic liter and
intensive searching, or the use of pit-fall traps and drift fences. Because these methods are
laborious and time-consuming, they are not well suited for use over large areas. Unfortunately,
cover board surveys used to detect sand skinks are not useful for specifically detecting the
presence of blue-tailed mole skinks. As such, assessing the abundance and population trends of
the blue-tailed mole skink over large areas is problematic.

Early maturity and a large clutch size of relatively small eggs (Mount 1963) suggest the
population dynamics of mole skinks are different from sand skinks. Blue-tailed mole skinks
appear to be far less common than sand skinks. A survey of seven protected sites conducted in
2004-2005 by Christman (2005) reported a density of 1.3 individuals per acre (0.53 per ha),
compared to 56 sand skinks per acre (22.7 per ha), or a ratio of 1 blue-tailed mole skink for every
43 sand skinks collected. Previous studies indicated lower blue-tailed mole skink to sand skink
ratios of 1:1.89 based on 54 total skinks captured in six trap arrays (Christman 1988), 1:4.3 based
on 332 total skinks in 58 trap arrays (Mushinsky and McCoy 1991) and 1:2.7 based on 49 total
skinks in 31,640 pitfall trap-days (Meshaka and Lane 2002). Christman (1992) suggested only 1
blue-tailed mole skink is encountered for every 20 sand skinks.

Peninsula mole skinks tend to be clumped in distribution with variable densities that may
approach 25 adults per acre (10.12 per ha) (Mount 1963); however, it appears that blue-tailed
mole skinks are much rarer (Christman 1992). Telford (2007) suggests that this disparity in
relative abundance of the two species may be explained by seasonal variation in activity and
movements and 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.

Unfortunately, determining population stability and viability is unattainable with current
information. Because of the ongoing habitat loss and degradation on the LWR, it is likely that
overall populations are declining (Moler 2007).

Critical habitat

Critical habitat is not designated for this species.
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Threats
Present or Threatened Destruction, Modification or Curtailment of its Habitat or Range

It is likely that ongoing residential and agricultural development of xeric upland habitat in central
Florida has destroyed or degraded extensive tracts of habitat containing the blue-tailed mole
skink. Continued habitat loss, fragmentation, and changes in land use threaten the existence of
the subspecies. Unlike sand skinks, their tracks cannot be easily detected in the sand, and most
of the extant scrub, including protected sites, on the LWR has not been adequately surveyed for
blue-tailed mole skinks. Populations on private sites are threatened with destruction or habitat
modification due to improper or lack of management.

The LWR encompasses approximately 517,303 ac (209, 345 ha) (Weekley et al. 2008). Roughly
69,683 ac of this area is protected in refuges, parks, State forests, wildlife and environmental
areas, and on private lands, and, therefore, protected from general destruction (Turner et al.
2006). However, Turner et al. (2006) indicated that blue-tailed mole skinks seem to be
underrepresented in the reserve network of protected public lands, but the authors could not
determine if their absence reflects actual exclusion or a lack of survey effort. If the former is
true, then additional lands must be protected and managed in perpetuity to ensure the survival of
this subspecies (Turner et al. 2006).

Another concern is whether relatively small, isolated properties are able to maintain viable
populations. There is evidence of an edge effect on sand skink distribution on isolated scrub
fragments bordered by non-scrub habitat (Gianopulos 2001, Mushinsky et al. 2001). Gianopulos
(2001) found that on scrub fragments bordered by non-scrub habitat, sand skinks were found
more frequently within the middle of the sites than along the edges bordered by non-scrub
habitat, and this difference was detected as far as 50 m (164 ft) into the sites. This could be a
concern for blue-tailed mole skinks, as well.

Between 2005 and 2060 Florida's population is projected to double from approximately 18 to 36
million people (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 ac of undeveloped land into urban land uses (Zwick and Carr 2006). Over most of

the range of the sand and blue-tailed mole skinks in the central region of Florida from Marion
County southward to northern Polk and Osceola Counties, human population growth and the
conversion of previously undeveloped lands to urban use is expected to be explosive (Zwick and
Carr 2006). It is predicted that Osceola County is among the counties that will experience the
greatest transformation from rural to urban land over the next 50 years (Zwick and Carr 2006).
This is expected to be the result of population spillover from the build-out in Orange County
(Zwick and Carr 20006).

The protection and recovery of blue-tailed mole skinks will require that habitat loss be limited to
disturbed areas, and that suitable unoccupied habitat be restored. Current efforts to expand the
system of protected xeric upland habitats on the LWR, in concert with implementation of
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aggressive land management practices, represent the most likely opportunity for securing the
future of this species.

Inadequacy of Existing Regulatory Mechanisms

In addition to protections associated with the Act and existing regulations on refuges and other
protected lands where skinks occur, the blue-tailed mole skink is listed by the Florida Fish and
Wildlife Conservation Commission as federally-designated threatened (Chapter 39-27, Florida
Administrative Code). This legislation prohibits take, except under permit, but does not provide
any direct habitat protection. Wildlife habitat is protected on Florida Fish and Wildlife
Conservation Commission wildlife management areas and wildlife environmental areas
according to Florida Administrative Code 68A-15.004. Therefore, the Act provides additional
protection for these species and their habitat through section 7 (interagency cooperation), as well
as through the prohibitions of section 9(a)(l) and the provisions of section 4(d) and recovery
planning. Although section 7 and 9(a)(l) provide some regulatory protection, these provisions do
not adequately protect against habitat loss. In addition, existing regulations are not specific
enough to guard against loss of genetic integrity of the species. Research has shown that it is
important to preserve certain areas of the historic range to maintain genetic diversity.

Other Natural or Manmade Factors Affecting its Continued Existence

Improper habitat management and invasion by nonnative and invasive species threaten the
existence of blue-tailed mole skinks. Active management is necessary to maintain suitable
habitat for skinks. Management of scrub habitat is problematic because much of the remaining
habitat occurs in small fragmented areas surrounded by residential areas where prescribed
burning may not be feasible. These residential areas are also often a source of nonnative plants
that invade native habitat. Many of the fragments are overgrown and in need of restoration.

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
and 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 a site after mechanical treatment, prey abundance (termites) may be
lower than it would be after a fire (Mushinsky et al. 2001).

Another threat to skinks is the loss of genetic diversity. Branch et al.’s (1999; 2003) work on
sand skinks identified genetic distinctions among populations from the Mt. Dora Ridge, the
northern LWR, the central LWR, and the southern LWR. Because each site where more than
five individuals were sampled contained unique haplotypes, populations on isolated ridges
should be protected to avoid the loss of genetic diversity. This likely applies to blue-tailed mole
skinks, as well.
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Climate Change and Sea Level Rise

According to the Intergovernmental Panel on Climate Change Report (IPCC) (2007), warming of
the earth’s climate is “unequivocal,” as is now evident from observations of increases in average
global air and ocean temperatures, widespread melting of snow and ice, and rising sea level. The
2007 IPCC report describes changes in natural ecosystems with potential wide-spread effects on
many organisms, including marine mammals and migratory birds. The potential for rapid
climate change poses a significant challenge for fish and wildlife conservation. Species’
abundance and distribution are dynamic, relative to a variety of factors, including climate. As
climate changes, the abundance and distribution of fish and wildlife will also change. Highly
specialized or endemic species are likely to be most susceptible to the stresses of changing
climate. Based on these findings and other similar studies, the Department of the Interior
requires agencies under its direction to consider potential climate change effects as part of their
long-range planning activities (Service 2007b).

Climate change at the global level drives changes in weather at the regional level, although
weather is also strongly affected by season and local effects (e.g., elevation, topography, latitude,
proximity to the ocean, etcetera). Temperatures are predicted to rise from 2° C to 5° C for North
America by the end of this century (IPCC 2007). Other processes to be affected by this projected
warming include rainfall (amount, seasonal timing and distribution), storms (frequency and
intensity), and sea level rise. However, the exact magnitude, direction, and distribution of these
changes at the regional level are not well understood or easy to predict. Seasonal change and
local geography make prediction of the effects of climate change at any location variable.
Current models offer a wide range of predicted changes.

Climatic changes in south Florida could amplify current land management challenges involving
habitat fragmentation, urbanization, invasive species, disease, parasites, and water management
(Pearlstine 2008). Global warming will be a particular challenge for endangered, threatened, and
other “at risk™ species. It is difficult to estimate, with any degree of precision, which species will
be affected by climate change or exactly how they will be affected. The Service will use
Strategic Habitat Conservation planning, an adaptive science-driven process that begins with
explicit trust resource population objectives, as the framework for adjusting our management
strategies in response to climate change (Service 2006).

For the blue-tailed mole skink, sea level rise is likely to increase man-made effects, as the human
population moves from the coast to central parts of the State. This human migration will
increase the demand for development and could lead to increased loss of upland xeric habitat. In
addition, the increased human population would likely increase the threats associated with
human interactions, such as fire suppression, habitat degradation, and nonnative species
described above.
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Ongoing Conservation Efforts

Over the last 20 years, a concerted effort by public and private institutions to protect the
remaining undeveloped areas of the LWR has resulted in the acquisition of 21,498 ac (8,700 ha)
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. The Service has also
acquired portions of several tracts totaling 1,800 ac (728.4 ha) as a component of the LWR
National Wildlife Refuge (Service 1993). Private organizations, such as The Nature
Conservancy and ABS, have acquired and currently manage xeric uplands within the LWR. All
of these efforts have greatly contributed to the protection of imperiled species including skinks
on the LWR (Turner et al. 20006).

The Service has also certified six conservation banks totaling nearly 1,500 ac for sand and blue-
tailed mole skinks, two in Highlands County and four in Polk County. Conservation banking
provides an avenue for collaboration of private/public partnerships to maintain and preserve
habitat, providing for the conservation of endangered species. These banks conserve and
manage land in perpetuity through a Conservation Easement to offset impacts occurring
elsewhere to the same resource values on non-bank lands. The certification of these banks
should help reduce the piece-meal approach to skink conservation that can result from separate
evaluation of individual projects by establishing larger reserves and improving connectivity of
habitat.

Recovery of the skink may also require rehabilitation of suitable but unoccupied habitat or
restoration of potentially suitable habitat. Translocation efforts may also be needed. Although
blue-tailed mole skinks have not been translocated, we may be able to infer likelihood of success
based upon success of similar species. Comparisons of persistence, recruitment, and survival
were used to determine translocation success of skinks on two restored scrub sites for 6 years
following relocation (Mushinsky et al. 2001; Penney 2001; Penney 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;
researchers concluded 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). In another study, Osman (2010) found that survival of sand skinks was
significantly greater on translocation sites with low soil moisture and no shade-providing object,
and evidence of reproduction was observed more readily on sites with lower soil compaction and
light intensities over the two-year study. He concluded that sand skinks can do well in multiple
microhabitat conditions and microhabitat heterogeneity in and around these sites is important.
Emerick (2015) monitored and analyzed long-term translocation success of sand skinks over a
total of 7 years. He confirmed survival success of the offspring of founding individuals born on
the site and determined those individuals were also successfully reproducing.
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STATUS OF THE SPECIES - Sand skink (Neoseps reynoldsi)
Legal Status

The sand skink was listed as threatened under the Endangered Species Act in 1987 (52 FR
42658), and is listed as federally-designated threatened by the state. Critical habitat has not been
designated for the sand skink.

Species Description
Appearance/Morphology

The sand skink is a small, fossorial lizard that reaches a maximum length of about 5 inches (in)
(12.7 centimeters [cm]). The tail makes up about half the total body length. The body is shiny
and usually gray to grayish-white in color, although the body color may occasionally be light tan.
Hatchlings have a wide black band located along each side from the tip of the tail to the snout.
This band is reduced in adults and may only occur from the eye to snout on some individuals
(Telford 1959). Sand skinks contain a variety of morphological adaptations for a fossorial
lifestyle. The legs are vestigial and practically nonfunctional, the eyes are greatly reduced, the
external ear openings are reduced or absent (Greer 2002), the snout is wedge-shaped, and the
lower jaw is countersunk.

Taxonomy

The taxonomic classification of the sand skink has been reevaluated since it was listed as
Neoseps reynoldsi in 1987 (52 FR 42658), and the commonly accepted scientific name for the
sand skink is now Plestiodon reynoldsi (Brandley et al. 2005; Smith 2005). A detailed
description of the recent taxonomic review can be found in Service (2007). We continue to use
the scientific name as published in the final listing rule (52 FR 42658).

The sand skink is believed to have evolved on the central Lake Wales Ridge (LWR) and radiated
from there (Branch et al. 2003). Analysis of mitochondrial DNA indicates populations of the
sand skink are highly structured with most of the genetic variation partitioned among four
lineages: three subpopulations on the LWR characterized by high haplotype diversity and a
single, unique haplotype detected only on the Mount Dora Ridge (MDR) (Branch et al. 2003).
Under the conventional molecular clock, the 4.5 percent divergence in sand skinks from these
two ridges would represent about a 2-million year separation. The absence of haplotype
diversity on the MDR would suggest this population was founded by only a few individuals or
severely reduced by genetic drift of a small population (Branch et al. 2003).
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Life History

The sand skink is usually found below the soil surface burrowing through loose sand in search of
food, shelter, and mates. Sand skinks feed on a variety of hard and soft-bodied arthropods that
occur below the ground surface. The diet consists largely of beetle larvae and termites
(Prorhinotermes spp.). Spiders, larval ant lions, lepidopteran larvae, roaches, and adult beetles
are also eaten (Myers and Telford 1965; Smith 1982).

Sand skinks are most active during the morning and evening in spring and at mid-day in winter,
the times when body temperatures can easily be maintained at a preferred level between 82 and
88 degrees Fahrenheit in open sand (Andrews 1994). During the hottest parts of the day, sand
skinks move under shrubs to maintain their preferred body temperatures in order to remain active
near the surface. With respect to season, Telford (1959) reported skinks most active from early
March through early May, whereas Sutton (1996) found skinks most active from mid-February
to late April. Based on monthly sampling of pitfall traps, Ashton and Telford (2006) found
captures peaked in March at Archbold Biological Station (ABS), but in May at the Ocala
National Forest (ONF). All of these authors suggested the spring activity peak was associated
with mating. At ABS, Ashton and Telford (2006) noted a secondary peak in August that
corresponded with the emergence of hatchling sand skinks.

Telford (1959) assumed sand skinks become sexually mature during the first year following
hatching, at a size of 1.78 in (4.52 cm) snout-vent length. He suspected most of the breeders in
his study were in their second year and measured between 1.78 and 2.24 in (4.52 and 5.69 cm)
snout-vent length. However, Ashton (2005) determined sand skinks become sexually mature
between 19 and 23 months of age and have a single mating period each year from February
through May. Sand skinks first reproduce at 2 years of age and females produce a single clutch
in a season, although some individuals reproduce biennially or less frequently (Ashton 2005).
Sand skinks lay between two and four eggs, typically under logs or debris, in May or early June
(Ashton 2005; Mushinsky in Service 2007), approximately 55 days after mating (Telford 1959).
The eggs hatch from June through July. Sand skinks can live at least to 10 years of age
(Meneken et al. 2005). Gianopulos (2001) found the sex ratio of sand skinks did not differ
significantly from 1:1, which is consistent with the findings of Sutton (1996).

Most sand skinks move less than 130 feet (ft) (39.6 meters [m]) between captures, but some have
been found to move over 460 ft (140.2 m) in 2 weeks (Mushinsky et al. 2001). Limited dispersal
ability has been suggested to explain the relatively high degree of genetic structure within and
among sand skink populations (Branch et al. 2003; Reid et al. 2004). Analysis of blood and
fecal samples obtained from 20 sand skinks in ONF demonstrated that no blood parasites were
present and only normal protistan and helminth symbiotes were observed, with no evidence of
effect on survival of individuals or the population (Telford 1998). Similarly, a species of
nematode (Parapharyngodon ocalaensis) was collected from the intestinal tracts of 22 sand
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skinks (Bursey and Telford 2002). It is not known to be a threat to the species. In a subsequent
paper, Telford and Bursey (2003) found 3 species of endoparasites in 45 sand skinks from ONF.

Habitat

The sand skink is widespread in native xeric uplands with excessively well-drained soils (Service
2012), principally on the ridges listed above at elevations greater than 80 ft (24.4 m) above mean
sea level. Commonly occupied native habitats include Florida scrub variously described as sand
pine scrub, xeric oak scrub, rosemary scrub and scrubby flatwoods, as well as high pine
communities that include sandhill, longleaf pine/turkey oak, turkey oak barrens and xeric
hammock (see habitat descriptions in Myers 1990 and Service 1999). Coverboard transects
extended from scrub or high pine (sandhill) through scrubby flatwoods to pine flatwoods
revealed that sand skinks left more tracks in scrub than the other three habitats and did not
penetrate further than 130 ft (39.6 m) into scrubby flatwoods or 65 ft (19.8 m) into pine flatwoods
(Sutton et al. 1999). Sand skinks also use disturbed habitats such as citrus groves, pine plantations,
and old fields, especially when adjacent to existing scrub (Pike et al. 2007; 2008).

Various authors have attempted to characterize optimal sand skink habitat (Telford 1959; 1962;
Christman 1978; 1992; Campbell and Christman 1982). Literature descriptions of scrub
characteristics have not proven very useful to predict sand skink abundance, but expert opinion
was more successful (McCoy et al. 1999). McCoy et al. (1999) used trap-out enclosures to
measure sand skink densities at seven scrub sites and attempted to rank each area individually
based on eight visual characteristics to identify good habitat: (1) root-free, (2) grass-free,

(3) patchy bare areas, (4) bare areas with lichens, (5) bare areas with litter, (6) scattered scrubs,
(7) open canopy, and (8) sunny exposure. None of the individual literature descriptions of
optimal habitat (or any combination thereof) accurately predicted the rank order of actual sand
skink abundance at these sites, which ranged in density from 52 to 270 individuals per acre (ac)
(Sutton 1996). However, knowledgeable researchers, especially as a group, appear to be able to
visually sort out the environmental variables important to sand skinks, but had difficulty
translating their perceptions into a set of rules that others could use to identify optimal sand skink
habitat (McCoy et al. 1999).

Multiple studies (Collazos 1998; Hill 1999; Mushinsky and McCoy 1999; Gianopulos 2001;
Mushinsky et al. 2001) have determined the relationship between sand skink density and a suite
of environmental variables. These studies have found sand skink relative density was positively
correlated with low canopy cover, percent bare ground, amount of loose sand and large sand
particle size, but negatively correlated with understory vegetation height, litter cover, small sand
particle size, soil moisture, soil temperature, and soil composition. In an unburned sandhill site
at ABS, Meshaka and Lane (2002) captured significantly more sand skinks in pitfall traps set in
openings without shrubs than at sites with moderate to heavy shrub density. Telford (1959)
suggested scattered debris and litter provided moisture that was important to support an abundant
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food supply and nesting sites for sand skinks. Cooper (1953) noted the species was most
commonly collected under rotting logs, and Christman (1992) suggested they nest in these
locations. Christman (2005) found skinks continue to occupy scrub with a closed canopy and
thick humus layer, although at lower densities. Recent surveys have also shown sand skinks may
occupy both actively managed lands, such as citrus groves and pine plantations, and old-field
communities (Pike et al. 2007), particularly if these sites are adjacent to patches of native habitat
that can serve as a source population for recolonization.

Experimental studies have been conducted to investigate the effects of management techniques,
such as mechanical treatment and prescribed burning, on sand skink abundance. Several studies
found a decrease in relative abundance of skinks immediately following both mechanical and
burning treatments (Mushinsky and McCoy 1999; Gianopulos 2001; Gianopulos et al. 2001;
Mushinsky et al. 2001; Sutton et al. 1999). Gianopulos (2001) and Gianopulos et al. (2001)
reported a significant increase in skink captures in mechanical treatment plots over the 5-year
period following the treatment. However, a clear increase in skink numbers following a burn
was not observed (Navratil 1999; Gianopulos et al. 2001; Mushinsky et al. 2001). Christman
(2005) conducted trap surveys at sites with a known burn history on the LWR in Polk and
Highlands Counties and did not observe a strong correlation between skink density and number
of years since the site was burned. Mushinsky et al. (2001) noted significantly larger skinks
were captured in burned plots, indicating more insect prey may have been available from
decaying logs or older skinks inhabited these sites.

Habitat size may be a factor in maintaining viable skink populations. Pike et al. (2006)
monitored sand skinks and quantified vegetation change in six areas from 5 to 69 ac (2 to 27.9
hectare [ha]) that were restored to a more natural state using fire and canopy thinning, and set
aside for conservation in residential areas. Pike et al. (2006) documented a severe decline in
occupancy and relative density of sand skinks, and hypothesized indirect impacts from
surrounding development, such as changes in soil hydrology, may have caused the decline.
Hydrologic changes in the soil may have occurred as a result of construction of retention ponds
or run-off from neighborhoods that caused a rise in the groundwater level (Pike et al. 2006). The
population decline of skinks noted may also have been caused by prescribed burning used to
restore these sites (Mushinsky in Service 2007).

Distribution

The sand skink occurs on the sandy ridges of interior central Florida from Marion County south
to Highlands County. The extant range of the sand skink includes Highlands, Lake, Marion,
Orange, Osceola, Polk, and Putnam Counties (Christman 1988; Telford 1998). Principal
populations occur on the LWR and Winter Haven Ridges (WHR) in Highlands, Lake, and Polk
Counties (Christman 1992; Mushinsky and McCoy 1991). The sand skink is uncommon on the
MDR, including sites within the ONF (Christman 1970; 1992). Despite intensive sampling
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efforts in scrub habitat with similar herpetofauna, the sand skink has not been recorded at Avon
Park Air Force Range on the Bombing Range Ridge (Branch and Hokit 2000). Although we do
not have estimates of acreage for all of the ridges, we do know the largest of these, the LWR,
encompasses approximately 517,303 ac (209,300 ha) (Weekley et al. 2008). According to the
Florida Natural Areas Inventory (FNAI) database, updated as of September 2006, there were 132
locality records for the sand skink, including 115 localities on the LWR, 7 on the MDR, and 4 on
the WHR (Griffin 2007). FNAI also reports four localities for this species west of the MDR in
Lake County and two localities between the LWR and the Lake Hendry Ridge.

Population Dynamics
Abundance (historical and current), population estimates, stability/viability

The current status of the sand skink throughout its geographic range is unclear because recent
comprehensive, range wide surveys have not been conducted. At the time of Federal listing in
1987, FNAI had recorded 31 known sites for the sand skink. By September 2006, 132 localities
were known by FNAI (Griffin 2007). This increase is largely the result of more intensive
sampling of scrub habitats in recent years and does not imply this species is more widespread
than originally supposed. Nonetheless, except for a few locations where intensive research has
been conducted, limited information about the presence or abundance of sand skinks exists.
Reptile surveys in a variety of scrub habitats in the ONF did not detect sand skinks (Greenberg
et al. 1994). Telford (1998) cited the ephemeral nature of early successional scrub habitats due
to dynamic changes as an important confounding factor in the evaluation of the sand skink’s
present status in the ONF. At least two persistent populations are known from the ONF (Telford
1998), where sand skinks have been collected for genetic analysis (Branch et al. 2003) and
population studies (Ashton and Telford 2006). Additional studies have provided
presence/absence information that has been used to determine the extant range of the species
(Mushinsky and McCoy 1991; Stout and Corey 1995). However, few long-term monitoring
efforts have been undertaken to evaluate the population size, or population trends, of sand skinks
at these sites, on remaining scrub habitat on private lands, or rangewide.

The population dynamics of sand skinks within their extant ranges are not well known because
the skinks’ small size and secretive habits make their study difficult. Sand skinks are known to
exhibit life-history traits that are also found in a number of other fossorial lizard species, such as:
delayed maturity, a small clutch size of relatively large eggs, low frequency of reproduction, and
a long lifespan (Ashton 2005). Such character traits may have resulted from, and be indicative
of, high intraspecific competition or predation.
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Threats
Present or Threatened Destruction, Modification or Curtailment of its Habitat or Range

The modification and destruction of xeric upland communities in central Florida were a primary
consideration in listing the sand skink as threatened. By some estimates, as much as 90 percent
of the scrub ecosystem has already been lost to residential development and conversion to
agriculture, primarily citrus groves (Kautz 1993; Turner et al. 2006a). Xeric uplands remaining
on private lands are especially vulnerable to destruction because of increasing residential and
agricultural pressures.

Approximately 85 percent of xeric upland communities historically used by sand skinks on the
LWR are estimated to have been lost due to development (Turner et al. 2006b). It is likely
continued residential and agricultural development of xeric upland habitat in central Florida has
destroyed or degraded habitat containing sand skinks. Protection of the sand skink from further
habitat loss and degradation provides the most important means of ensuring its continued
existence. Of the 73 locations examined by Turner et al. (2006a) on which sand skinks were
reported, 39 are protected and, as of 2004, 27 were managed. Current efforts to expand the
system of protected xeric upland communities on the LWR, coupled with implementation of
effective land management practices, represent the most likely opportunity for assuring the sand
skink’s survival.

The 5-year review found no justification for change in the threatened status (Service 2007).

Ongoing Conservation Efforts

Over the last 20 years, a concerted effort by public and private institutions to protect the
remaining undeveloped areas of the LWR has resulted in the acquisition of 21,498 ac (8,700 ha)
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. The Service has also
acquired portions of several tracts totaling 1,800 ac (728.4 ha) as a component of the LWR
National Wildlife Refuge (Service 1993). Private organizations, such as The Nature
Conservancy and ABS, have acquired and currently manage xeric uplands within the LWR. All
of these efforts have greatly contributed to the protection of imperiled species including skinks
on the LWR (Turner et al. 2006).

The Service has also certified six conservation banks totaling nearly 1,500 ac for sand and blue-
tailed mole skinks, two in Highlands County and four in Polk County. Conservation banking
provides an avenue for collaboration of private/public partnerships to maintain and preserve
habitat, providing for the conservation of endangered species. These banks conserve and
manage land in perpetuity through a Conservation Easement to offset impacts occurring
elsewhere to the same resource values on non-bank lands. The certification of these banks
should help reduce the piece-meal approach to skink conservation that can result from separate
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evaluation of individual projects by establishing larger reserves and improving connectivity of
habitat.

Recovery of the skink may also require rehabilitation of suitable but unoccupied habitat or
restoration of potentially suitable habitat. Translocation efforts may also be needed.
Comparisons of persistence, recruitment, and survival were used to determine translocation
success of sand skinks on two restored scrub sites for 6 years following relocation (Mushinsky et
al. 2001; Penney 2001; Penney 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; researchers concluded 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). In another study,
Osman (2010) found that survival of sand skinks was significantly greater on translocation sites
with low soil moisture and no shade-providing object, and evidence of reproduction was
observed more readily on sites with lower soil compaction and light intensities over the two-year
study. He concluded that sand skinks can do well in multiple microhabitat conditions and
microhabitat heterogeneity in and around these sites is important. Emerick (2015) monitored and
analyzed long-term translocation success of sand skinks over a total of 7 years. He confirmed
survival success of the offspring of founding individuals born on the site and determined those
individuals were also successfully reproducing.
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STATUS OF THE SPECIES - Florida bonamia (Bonamia grandiflora)

The following discussion is summarized from the Multi Species Recovery Plan (MSRP; Service
1999), as well as from research publications and monitoring reports. A complete Florida
bonamia (Bonamia grandiflora) life history discussion may be found in the MSRP. No critical
habitat has been designated for Florida bonamia.

Description

Florida bonamia is a perennial vine with long prostrate stems a meter or more (at least 3 feet) in
length. It has a long, relatively slender tap root. The leathery sessile or subsessile leaves are up
to 4 centimeters (cm; 1.6 inch) in length and ovate in shape. The flowers are solitary and sessile
in the leaf axils. The funnel-shaped corolla is 7 to 10 cm (3 to 4 inches) long and 7 to 8 cm (2.7
to 3.2 inches) across. It has a deep blue or bluish-purple color with a white throat. The flowers
open in the morning and are wilted by early afternoon (Romano 1999). The fruits are capsules,
normally containing four seeds. The seeds are smoothish, pale brown or greenish-brown, 5 to 8
millimeters (mm) long, and oblong (Romano 1999). The outer face is convex and the inner two
faces are flat, forming an angle (Wunderlin et al. 1980). Florida bonamia is the only morning
glory vine found in scrub areas with a large blue flower (Wunderlin et al. 1980), but could be
confused with hairy dawnflower (Stylisma villosa).

Life History and Population Dynamics

Florida bonamia grows for three or more years (50 FR 42068; Wunderlin et al. 1980), flowering
from spring to summer (Wunderlin 1998). It has a mixed mating system; it is highly self-
compatible, it can self-pollinate, and it can produce seeds without fertilization (Romano

1999). Pollinators are essential, however, to ensure substantial seed production by self-, as well
as cross-, fertilization. Florida bonamia shows some inbreeding depression in selfed fruits and
seeds but it does not appear to be enough to hinder the present populations (Romano 1999). The
seeds of Florida bonamia become dormant, but may not require dormancy to germinate,
particularly if the seeds are planted immediately. Hartnett and Richardson (1989) observed that
populations of this species have large seed banks of dormant seeds, mostly within 1 cm (0.4
inch) of the surface, distributed rather homogeneously, with no relation to the distribution of
mature plants. The seedlings germinate throughout the summer until September. This
germination pattern is somewhat unusual among scrub plants, many of which germinate during
the fall or winter. Germination occurs on sites with sparse vegetation that have not burned
recently (Romano 1999).

Seedling survival was investigated by Romano (1999), but results from this unpublished
dissertation have not yet been obtained. Hartnett and Richardson (1989) excavated several
plants. They found that clumps of prostrate stems seen at the surface are connected to a large
central and somewhat woody rootstock. They had no difficulty distinguishing such clump-
forming, well-established older individuals from young single-stem plants that had grown from
seed. According to Hartnett and Richardson (1989), fire stimulates seed production and
germination as well as regrowth from clonal stems. Stem production is greatest during the first
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season after a fire, while seed production peaks the second year. 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.

Distribution and Status

The known populations of Florida bonamia occur within, on the edge of, or near scrub habitat on
the white sands associated with the ancient Pleistocene dune systems of the central ridge system
(Ward 1979). Scrub vegetation, particularly on the Ocala National Forest (ONF), consists of
myrtle oak and sand live oak with sand pine (Pinus clausa), with openings between the trees and
shrubs occupied by lichens and herbs. Scrub is renewed by infrequent fires or mechanical
disturbances, including logging on the ONF. Florida bonamia grows in a variety of growth
stages of sand pine, but flowers profusely only in the open, sunny conditions of regeneration
stands, and sparsely if at all in older stands.

Florida bonamia also occupies 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 on the ONF (Miller 1989). As the scrub community reaches maturity,
encroachment and shading from overstory pines and oaks cause this and other smaller species to
decline (Wunderlin et al.1980a).

Florida bonamia has been collected in Hardee, Highlands, Hillsborough, Lake, Manatee, Marion,
Orange, Polk, Sarasota, and Volusia Counties in peninsular Florida. Many of these records are
historic: Manatee (1878, 1916), Sarasota (1878), and Volusia (1900) (Wunderlin et al.

1980). The plant has been collected in Hardee County in 1995 and in Orange County in 1989
and 1995 (University of Florida herbarium collections catalog, accessed June 28, 2005). Florida
bonamia is relatively abundant and widespread on the ONF, especially along road edges, in
Marion and Lake Counties. South of the ONF, Florida bonamia was once collected near Mt.
Dora or Tavares, but has probably been extirpated.

Florida bonamia depends on the sunny cleared areas left by periodic fires or physical disturbance
(52 FR 42068). Historically, lightning fires swept through the scrub and surrounding
communities, burning large tracts of land. Today, habitat fragmentation and fire suppression
have 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. Florida bonamia, like other herbs of the scrub, can be found growing along roadsides
that are often the only available openings. However, these areas cannot be considered a safe
refuge for rare species. Roadsides are often filled with invasive exotics that compete with scrub
endemics. In addition, road maintenance activities such as mowing, herbicide spraying, and soil
disturbance can adversely affect native species.
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STATUS OF THE SPECIES — Lewton’s polygala (Polygala lewtonii)

Lewton’s polygala (Polygala lewtonii) was federally listed as an endangered species on April 27,
1993 (58 FR 25746, Service 1993). Critical habitat has not been designated. The species is
listed as endangered by the State of Florida. In addition to the assessment below, a 5-year
review was completed in 2010 resulting in no change to the species designation as endangered
(Service 2010). No critical habitat has been designated for this species. The 5-year review
builds upon the detailed information in the Multi Species Recovery Plan (MSRP; Service 1999)
and is located at

http://www.fws.gov/southeast/SyearReviews/Syearreviews/20100806%20L ewton's%20polygala
%20Five-Year%20Status%20Review.pdf

Species/Critical Habitat Description

Lewton’s polygala, a member of the milkwort family (Polygalaceae), is an herb reaching a height
of 20 centimeters (cm) [8 inches (in)]. It produces one to several annual stems, which are
spreading, upward curving or erect, and are often branched. The leaves are small, sessile, and
tend to overlap along the stem. Three types of flowers are produced — aboveground open-
pollinated (chasmogamous) flowers, aboveground self-pollinated flowers that do not open
(aboveground cleistogamous), and belowground closed self-pollinated flowers that do not open
(belowground cleistogamous) (Weekley 1996). Chasmogamous flowers are in erect, loosely five
flowered racemes about 1.5 cm to 3.3 cm (0.6 to 1.2 in) long. Each flower is about 0.5 cm (0.2
in) long and bright pink to purplish-red. Two of the five sepals are enlarged and wing-like,
between which the largest of the three petals forms a keel that ends in a tuft of finger-like
projections. This species is closely related to the widespread P. polygama, which forms larger
clumps and has a longer root, narrower leaves, and differently shaped wing sepals (Wunderlin et
al. 1981).

Lewton’s polygala occurs almost exclusively on yellow sands in sandhill (high pine) and oak-
hickory scrub (Menges and Weekley 2003), and transition zones between these two
communities. In the Ocala National Forest, Lewton’s polygala but also in scrub in areas that
probably were former sandhill sites prior to logging and fire suppression (Weekley 2010).

Life History

Lewton’s polygala is a relatively short-lived (5 to 10 years) perennial (TNC 2008,

Weekley and Menges, submitted). Lewton’s polygala is amphicarpic, producing flowers and
fruits above and below ground (Menges and Weekley 2002). It produces three kinds of flowers:
aboveground open-pollinated Chasmogamous (CH) flowers, belowground self-pollinated
cleistogamous (CL) flowers, and aboveground self-pollinated CL flowers (Menges and Weekley
2003). CH flowers are usually produced in the spring; CL flowers are usually produced in the
summer or fall. However, observations suggest that flowering periods for both CH and CL
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flowers are variable, and that sexual reproduction is not confined to a specific season (Menges et
al. 2008).

While self-fertilization occurs in Lewton’s polygala, it appears to be a less-reliable mechanism
for seed production than insect pollination. Insect pollination increases the fruit set of CH
flowers (Weekley and Brothers 2006). Prominent pollinators include bee-flies (Bombyliidae),
flower flies (Syrphidae) and leaf-cutter bees (Megachilidae) (Menges et al. 2006).

Lewton’s polygala seeds have a fleshy appendage called an elaiosome which is a protein- and
lipid-rich body common among ant-dispersed seeds. The elaiosome attracts ants, which
presumably benefit the plant by distributing the seeds to appropriate microsites. At least eight
species of ants collect seeds of Lewton’s polygala, the most frequent being Pheidole morrissii
(Menges and Weekley 2002, 2003).

Lewton’s polygala is one of only a few dozen amphicarpic angiosperms known worldwide,
among them several species of Polygala (James 1957). Amphicarpy is viewed as an adaptation
for reproduction in uncertain habitats, for example, producing seeds underground where they
have better chances of surviving fire (Cheplick and Quinn 1982) and are protected from
herbivory (Menges and Weekley 2003).

Population Dynamics

Fire is the predominant natural disturbance in Florida and a primary driver in the demography of
all Florida scrub and sandhill plants that have been studied (Menges 2007). Plants of Lewton’s
polygala are consumed by fire and post-fire resprouting is extremely rare (Weekley and Menges
2003). The beneficial effects of fire on Lewton’s polygala include removal of litter, competing
vegetation, and ground lichens (Menges and Weekley 2004). Usually, Lewton’s polygala
responds to fire with abundant seedling recruitment (Menges and Weekley 2003), which often
results in populations increases of at least one order of magnitude (Menges and Weekley 2005).
For example, Menges and Weekley (2003) documented an 800 percent increase following the
2001 prescribed fire at the Carter Creek unit of the Lake Wales Ridge National Wildlife Refuge
(LWRNWR).

Demographic monitoring indicates that: (1) seedling recruitment is markedly higher in burned
than unburned areas for the first six months post fire, (2) survival was higher for plants that
recruited in burned plots, (3) plants in burned areas reach reproductive age more quickly, (4)
burned microsites have greater plant density than unburned ones, and (5) any increase in density-
dependent mortality is outweighed by the first three benefits. Menges et al. (2006) recommend
that fire frequencies for Lewton’s polygala be at least every 4 years, due to the rapid decline in
population size as time-since-fire increases.

The response of Lewton’s polygala may vary from one fire to another depending on post-fire
precipitation patterns, with lower seedling recruitment when fire occurs during drier seasons
(Menges et al. 2009). Higher rates of recruitment are observed in El Nifio winters, when rainfall
is greater and temperatures are lower than average (Weekley and Menges, submitted). Major



seedling recruitment events are linked to winter rainfall (Menges and Weekley 2003) and about
75 percent of all seedling recruitment occurs between October and March (Menges et al. 2007).

Evidence suggests that a persistent seed bank is important to post-fire recovery of Lewton’s
polygala populations (Weekley and Menges, submitted). Seeds can remain intact within the soil
and retain viability for at least 2 years (Menges and Weekley 2004). They are capable of
surviving short-term heat pulses lethal to living cells, which underground seeds might be
subjected to during fire (Menges and Weekley 2004). The chemical compounds in smoke may
also cue or improve seed germination (Lindon and Menges 2008). Populations occurring at sites
with a long period of fire suppression may retain the potential for dramatic increase. For
example, Menges and Weekley (2002) reported a dramatic increase in seedling recruitment
following a fire on a sandhill site that had not burned in 60 years. Data from long-unburned
populations suggest that even small (fewer than 50 plants) populations can persist without fire
through occasional small-scale seedling recruitment events (Menges et al. 2007).

Status and Distribution

Lewton’s polygala occurs in sandhill (high pine) vegetation and Florida scrub of the Lake Wales
and Mount Dora ridges in Highlands, Polk, Osceola, Orange, Lake, and Marion Counties of
central Florida.

The 5-Year Status Review for Lewton’s polygala identified 49 extant occurrences and six that
are presumed extirpated (Service 2010). Of the 49 extant occurrences, 32 (65 percent) are
protected on publicly owned land (23 occurrences) or private conservation land (9 occurrences).
Protected occurrences span 13 different managed areas. Seventeen of 49 extant occurrences (35
percent) are located on private property (excluding those on private conservation lands) where
they have no protection from development and are threatened by lack of fire and other
management. The status of 14 of the 17 unprotected occurrences on private property is
uncertain. See the Lewton’s polygala 5 —year Status Review (Service 2010) for descriptions of
known occurrences on private land.

Lewton’s polygala occurs within the following managed areas : Ocala National Forest (U.S.
Forest Service), Scrub Point Preserve (Lake County Water Authority), Warea Tract of the
Seminole State Forest [Florida Department of Forestry (FDOF)], Allen D. Broussard Memorial
Catfish Creek Preserve (Florida Department of Environmental Protection), Horse Creek Scrub
(South Florida Water Management District), Pine Ridge Preserve (Bok Tower Gardens), Tiger
Creek Preserve (The Nature Conservancy), Crooked Lake Sandhill (Polk County), Lake Wales
Ridge State Forest - Arbuckle, Walk-In-Water, and Hesperides tracts (FDOF), Carter Creek unit
of LWRWEA (Florida Fish and Wildlife Conservation Commission), and the Carter Creek unit
of LWRNWR (Service).

The distribution of Lewton’s polygala has decreased over the past 100 years as the central
Florida has been transformed by commercial and residential development. Large-scale
destruction of upland habitat on the Lake Wales Ridge began in the 1880s. Citrus growers
favored yellow sands and many sites potentially supporting Lewton’s polygala were converted to
citrus production in the early decades of the 20t century. Weekley et al. (2008) estimated that
78 percent of the xeric upland habitat on the Lake Wales Ridge was destroyed by1990, and



greater than 85 percent by 2006, mainly due to agriculture, ranching, and commercial and
residential development.

Habitat loss has played a large role in the current abundance and distribution of Lewton’s
polygala. The loss and fragmentation of habitat has resulted in scattered, mostly small,
populations. All known occurrences are protected in the northernmost portion of the species
range in Marion County, but a gap in protection exists in Lake, Orange, and Osceola Counties
(approximately one-fourth of the range of Lewton’s polygala), where only two of 14 occurrences
are protected.
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STATUS OF THE SPECIES - Papery whitlow-wort (Paronychia chartacea ssp.
chartacea)

The following discussion is summarized from the South Florida Multi-Species Recovery
Plan (MSRP) (Service 1999), as well as from recent research publications and monitoring
reports. A complete papery whitlow-wort life history discussion may be found in the
MSRP. No critical habitat has been designated for the papery whitlow-wort.

Description

Papery whitlow-wort is a small mat-forming herb with many bright yellowish-green
branches radiating flatly from a taproot (Kral 1983; Small 1933). The stems are two to
nine inches long and wiry. The leaf blades are small and sessile, ovate to triangular-ovate
in shape, and strongly revolute. The plant has numerous small cream-colored to greenish
flowers (Small 1933; Service 1996) that produce a very thin-walled one-seeded dry fruit
that remains intact, functioning as a “seed” (Kral 1983).

This species consists of two geographically isolated subspecies, with papery whitlow-
wort (Paronychia chartacea ssp. chartacea) in the Florida peninsula (Anderson 1991)
and the similar Crystal Lake nailwort (P. chartacea ssp. minima) in the Florida
panhandle. This discussion is limited to the peninsula subspecies.

Life History

Flowering and fruiting occur in late summer or fall (Anderson 1991) and the seeds
mature in September or October (Race 1996). This species is a short-lived perennial
(Anderson 1991 and observations by staff at the Historic Bok Sanctuary).

Population dynamics

Papery whitlow-wort is most frequently seen in open, sunny gaps in rosemary balds
within scrub vegetation (Abrahamson et al. 1984, Christman 1988, Menges and Kohfeldt
1995). At Archbold Biological Station, rosemary scrubs are found only on the higher
ridges and knolls surrounded by scrubby flatwoods with dense oaks. The main soil types
are St. Lucie and Archbold (Abrahamson et al. 1984), which are both well-drained white
sands (U.S. Dept. of Agriculture, Soil Conservation Service 1989). The fire cycle in
rosemary scrub can range from 10 to as long as 100 years (Johnson 1982, Myers 1990).
Rosemary scrub has abundant Florida rosemary (Ceratiola ericoides) and scrub oaks
including Chapman oak (Quercus chapmannii), sand live oak (Q. geminata), Archbold
oak (Q. inopina) and occasional sand pine (Pinus clausa). The open sandy areas of
rosemary scrub contain small herbs and lichens (Abrahamson et al. 1984, Hawkes and
Menges 1996). These gaps in the dense vegetation are more persistent in rosemary
scrubs than in scrubby flatwoods (Hawkes and Menges 1996).

Papery whitlow-wort also occurs in high pineland (upland longleaf pine vegetation, also
called “sandhill”) in the Walk in the Water tract of Lake Wales Ridge State Forest (Cox
2002), at The Nature Conservancy’s Crooked Lake Sandhill Preserve (B. Pace-Aldana,
TNC, in litt. 2002), and at the Tiger Creek Preserve.
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In studies of the responses of plants to fire in rosemary balds, Johnson and Abrahamson
(1990) and Ostertag and Menges (1994) identified two groups of scrub plants—those that
resprout after a fire and those that return from seed. They found that papery whitlow-
wort appeared in rosemary balds after fires, even though it had been rare or absent prior
to the burn. This strongly indicates that papery whitlow-wort maintains seed banks in the
soil, waiting for suitable germination conditions. Within about 9 to 12 years after a fire,
papery whitlow-wort was displaced by Florida rosemary and reindeer lichens (Cladonia
and Cladina) (Johnson and Abrahamson 1990). Some gap plants such as snakeroot and
Highlands scrub hypericum disappear relatively quickly after fires and require large
populations consisting of tens of thousands of plants to persist (Quintana-Ascencio and
Menges 2000), but papery whitlow-wort persists longer after fire and it has many large
populations over a relatively large geographic range, compared to other Lake Wales
Ridge endemic plants.

The density of papery whitlow-wort increases in relation to available open space
(Hawkes and Menges 1996; Menges and Kohfeldt 1995), so the species is most abundant
in disturbed, sandy areas such as road rights-of-way and recently cleared high pine
(Abrahamson et al. 1984; Christman 1988; Service 1996). Papery whitlow-wort can
become very abundant after a fire or on disturbed sites such as along fire lanes or trails
(Service 1996; Johnson and Abrahamson 1990) and is least likely of the federally-listed
scrub plants to suffer local extirpations as open areas become covered by shrubs.

Loose sand affects papery whitlow-wort. According to research by Petrti and Menges
(2004), “the demographic responses of the species to sand movements indicate that
mobile sands create constantly shifting arrays of microsites that can influence post-
dispersal seed germination, survival, and growth of Florida scrub herbs. Roadside
habitats have more dynamic patterns of sand movement than natural gaps and may alter
selection regimes important for demographic variation of endemic Florida scrub plants.”
Papery whitlow-wort persists on road edges in the absence of fire in the vegetation.
These roadside sandy areas constitute habitats that are significantly different from the
bare areas within the vegetation, and may be less suitable for persistence of the species.
This research bolsters the already-substantial evidence that prescribed fire is essential to
maintain Florida scrub vegetation and its biota, including other federally listed plants and
animals.

Management for papery whitlow-wort requires burning regimes that mimic the natural
fire cycles of rosemary scrub. Relationships among fire, open space, and plant
distributions within a xeric scrub are complex and need to be studied further (Hawkes and
Menges 1996). Management practices for rosemary scrub should include fire at intervals
suitable for a variety of plants and animals, rather than at intervals optimized for just a
single species (Hawkes and Menges 1996; Quintana-Ascencio et al. 2003).

Status and distribution
Papery whitlow-wort occurs on the Lake Wales Ridge and at least one smaller nearby
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ridge (Kral 1983), in Highlands, Polk, Osceola, Orange, and Lake Counties (Anderson
1991). It is present on the small ridge at the Lake McLeod tract of Lake Wales Ridge
National Wildlife Refuge, but not on the Bombing Range Ridge on Avon Park Air Force
Range. On the Lake Wales Ridge it is present in essentially all of the scrub conservation
lands. Since the last comprehensive survey (Schultz et al. 1999), it has been found in
high pineland at the Walk in Water tract of Lake Wales Ridge State Forest (Cox 2002). It
is also present in high pineland on the Tiger Creek Preserve, owned by The Nature
Conservancy.

The northern range limit of papery whitlow-wort is in Lake County, where it occurs on
the north side of Lake Louisa at Crooked River Preserve, owned by the Lake County
Water Authority. It was possibly present at a nearby site, Schofield Sandhill that had
been proposed for acquisition under the Florida Forever program, but the acquisition
proposal did not come to fruition. The only site on conservation lands in Orange County
(also at the northern range limit) is the small Shadow Bay Park (formerly Lake Cane-
Marsha Park) near where the Florida Turnpike crosses Interstate 4. The species was
reported from localities in western Orange County, but the area has since become
urbanized, and there are few if any opportunities for setting aside conservation lands in
this area. The only papery whitlow-wort site in Osceola County for that has been
proposed for State acquisition is at Lake Davenport, in the northwestern corner of the
County. It has not been purchased (FNAI 2005).

Papery whitlow-wort is present on essentially all conservation lands with scrub on the
Lake Wales Ridge in Polk and Highlands Counties. The southernmost sites on
conservation lands are Gould Road (part of the Lake Wales Ridge Wildlife and
Environmental Area operated by the Florida Fish and Wildlife Conservation
Commission) and Archbold, both in Highlands County south of Lake Placid (Schultz et
al. 1999).

During 2003, the Florida Fish and Wildlife Conservation Commission and Archbold
Biological Station purchased adjoining portions of a ranch that bordered the Biological
Station’s preserve to the west. The recently-acquired land provides an important buffer
for Archbold, and it protects additional habitat for this species, both occupied and
restorable.

Although Florida Natural Areas Inventory (FNAI) data provide the best available overall
view of the distribution of this species, intensive local inventories add important detail.
The Lake Wales Ridge State Forest is represented in the FNAI database by nine element
occurrences, yet the Arbuckle tract of the Forest has 188 records of this plant in its GIS
database, based upon an inventory by K. DeLaney in 1988 (data provided by A. Cox,
Florida Department of Agriculture and Consumer Services). Of the 188 records, 23
represented more than 100 individuals.

Archbold Biological Station has not monitored this plant because it thrives in fire lanes
that usually do not have exotic plant problems (E. Menges and M. Deyrup 1995, in
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Service 1996). The propensity of this species to occupy fire lanes, roadsides, and other
artificially disturbed areas is a primary conservation concern for the papery whitlow-
wort, because it tends to be far more abundant in such disturbed areas than within the
vegetation itself. This situation was researched by Petrti and Menges (2004), and they
confirmed that prescribed fire is essential to create and restore open, sandy habitat for this
and other plants.

The papery whitlow-wort occurs in association with several other federally listed species:
in scrub, Florida bonamia, Highlands scrub hypericum, wireweed, Florida perforate
cladonia, snakeroot, and scrub blazing star. In high pineland at the Tiger Creek Preserve,
pygmy fringe tree, pigeon wings, scrub buckwheat, Britton’s beargrass, scrub plum, and
Carter’s mustard.

Papery whitlow-wort is the most abundant and widespread of the listed Lake Wales
Ridge scrub and high pineland plants, and it has benefited greatly from acquisition of
conservation lands in its range. Like several other scrub species, including Highlands
scrub hypericum, is particularly abundant in human-disturbed areas such as road edges
and fire lanes. Researchers based at Archbold Biological Station are interested in finding
ways to lessen these plants’ dependence on such artificial habitats through restoration of
fire regimes.
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STATUS OF THE SPECIES - Sandlace (Polygonella myriophylla)

The following discussion is summarized from the South Florida Multi-Species Recovery
Plan (MSRP) (Service 1999), as well as from recent research publications and monitoring
reports. A complete sandlace (Polygonella myriophylla) life history discussion may be
found in the MSRP. No critical habitat has been designated for sandlace.

Description

Sandlace is a sprawling shrub with zigzag branches that tend to hug the ground, rooting at
the nodes (Wunderlin et al. 1980) and forming low mats, sometimes reaching that looks
somewhat like the ornamental creeping juniper (Juniperus horizontalis). Its many
branches zigzag along the ground and root at the nodes, forming low mats. The lower
parts of the creeping branches have bark that cracks and partly separates in long, flat,
interlacing strips. The short lateral branches end in flowering racemes. Sandlace has the
sheathing leaf stipules (ocreae and ocreolae) typical of the jointweed family. The leaves
are needle-like and are from 0.3 to 10.0 millimeters (mm) (0.1 to 0.4 inches) long. The
small, white or cream colored flowers have white petallike sepals up to 3.4 mm (0.1 inch)
long (Kral 1983). It flowers and fruits all year.

Sandlace, a member of the jointweed family (Polygonaceae), is one of three species of
Polygonella that occur in Florida scrub in Highlands and Polk Counties of south central
Florida (Lewis and Crawford 1995). While the species have rather similar inflorescences
and flowers, the shrubby habit of sandlace is extremely distinctive—nothing else will be
mistaken for it, and for that reason the early status surveys of scrub (Christman 1988)
provided very accurate coverage of its distribution.

Life history

Sandlace occupies open, sandy areas within the scrub vegetation, and it appears to require
fire or other disturbances that create or maintain these sandy gaps. This species is killed
by fire, and reoccupies burned sites from seed (Pedro Quintana-Ascencio, University of
Central Florida, pers. comm. 2004). Its abundance can easily be overestimated, because
it tends to colonize disturbed areas along easily accessible road cuts and rights-of-way.
Weekley and Menges (2003) confirmed that sandlace does not resprout after fire, but
recolonizes burned areas from seed arriving from unburned areas, and perhaps by
spreading from unburned areas. Pollinators of sandlace are genus-specific bees and
likely a few varieties of wasps. Little is known about seed production and germination
for this species, but seedlings do not survive in the vicinity of the mature plants, which
are allelopathic, meaning they produce chemicals that inhibit the growth and survival of
other nearby plants (Weidenhamer et al.1989). The major allelochemicals are gallic acid
and hydroquinone (Weidenhamer and Romeo 2004). Most of the available information
on the life history of this plant comes from a study of cutting and burning of scrub,
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conducted by Archbold Biological Station ecologists (Quintana-Ascencio et al. 2004).
This study did not focus on sandlace, but it provided valuable data on it and other species.
The study has emphasized the value of disturbance (fire or mechanical) in this ecosystem.
Although fire kills individual plants, sandlace benefits from fires or other disturbances
that create sandy gaps that can be occupied by new plants that grow from seed. Like
most other Lake Wales Ridge endemics, sandlace is threatened by fire suppression and
habitat loss resulting from agricultural and residential development (Service 1999).

Menges (1999) presents useful information on scrub management, although very
productive research, monitoring, and experience has been conducted since then. Menges
and his colleagues at Archbold Biological Station have regularly cautioned that
management of wireweed and other endemic plants on conservation lands should not
employ as benchmark their presence or abundance in altered habitats. Instead,
management decisions should be made to maintain and enhance the dynamic diversity of
Florida’s scrub vegetation, encouraging the endemic plants to re-occupy scrub vegetation
that may have become overgrown and unsuitable in the absence of fire. These ecologists
have suggested using staggered burning schedules, providing a variety of return
frequencies that will accommodate the differing needs of various species of the scrub
biota (Quintana-Ascencio et al. 2003).

Population Dynamics

Because sandlace is a sprawling clonal shrub, with plants taking root where their stems
touch the ground (Wunderlin et al. 1980), individuals may spread significant distances by
vegetative means. For this reason, it is difficult to identify genetically-distinct
individuals (Quintana-Ascencio 2004). Despite being a narrow endemic, it has the
highest within-population genetic diversity of any species in the genus Polygonella,
which includes several very widespread species (Lewis and Crawford 1995).

Little is known of the population biology of this species. Based on work on other scrub
species, such as Polygonella basiramia (wireweed) (Boyle et al. 2003), it is clear that the
bare sand areas (gaps) occupied by sandlace fluctuate dramatically in size, expanding
after a fire and contracting until the next fire. As a result, sandlace, like wireweed,
probably has metapopulation dynamics, with local populations in gaps expanding after
fire and potentially going extinct, either as a result of a long interval between fires or the
fires themselves.

Status and Distribution

Sandlace’s range is from Orange County south through Highlands County in scrub
vegetation. It occurs near Interstate 4 in Orange County and at one site in northwestern
Osceola County. In Polk County, sandlace is found on the LWR from the Davenport-
Poinciana area. It is also found well west of the Lake Wales Ridge in a highly altered
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area just southeast of Bartow. In Highlands County, sandlace is found on the Lake Wales
Ridge as far south as the Archbold Biological Station.

Sandlace is present on the following scrub properties acquired, or under acquisition, for
conservation purposes. Areas of tracts (in acres) were obtained from the Florida Natural
Areas Inventory (FNAI) database 2001, updated through the FNAI website in November

2004.

1.

10.

The Allen David Broussard Catfish Creek Preserve State Park comprises 3,268
hectares (8,077 acres) operated by the Florida Department of Environmental
Protection. It has a management plan, active fire management with annual
requests for prescribed burning, and rare plant monitoring.
Hickory Lake Scrub County Park is a 23 hectare (57 acre) tract owned by Polk
County. It has a management plan, prescribed fire management, and rare plant
monitoring.
Saddle Blanket Lakes Preserve comprises 268 hectares (663 acres) owned by The
Nature Conservancy.
Sun Ray Scrub is a component of the Lake Wales Ridge Wildlife and
Environmental Area. Acreage for this tract is not available through the FNAI, but
the tract as a whole is comparable in size to Saddle Blanket Lakes.
Lake Wales Ridge State Forest, operated by the Florida Department of
Agriculture and Consumer Services, Division of Forestry, consists of three tracts.
Collectively, they cover 10,719 hectares (26,488 acres).

0 Arbuckle,

0 Walk-in-the-Water, and

0 Babson/Hesperides.
The LWR National Wildlife Refuge, operated by the Service, consists of the Lake
McLeod and Snell Creek units in Polk County and the Carter Creek and Flamingo
Villas units in Highlands County. They comprise 744 hectares (1,839 acres).
Sandlace is present at Lake McLeod and Flamingo Villas.
The Lake Wales Ridge Wildlife and Environmental Area, administered by the
Florida Fish and Wildlife Conservation Commission, consists of 12 tracts, totaling
over 6,543 hectares (16,167 acres). The tracts include Blue Lake, Silver Lake,
Carter Creek, Henscratch, Highlands, Royce, Lake Apthorpe, Lake Placid, and
McJunkin.
The Preserve, operated by Highlands County, comprises 559 hectares (1,380
acres), in part longleaf pine vegetation. Sandlace is probably present, but not
confirmed.
Highlands Hammock State Park comprises 3,743 hectares (9,251 acres). It has
been expanded to include scrub.
Jack Creek, comprising 520 hectares (1,285 acres), is owned by the Southwest
Florida Water Management District. It adjoins the Henscratch Road/Jack Creek
tract of the Lake Wales Ridge Wildlife and Environmental Area.
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11. Lake June-in-Winter Scrub State Park, located on the lake, comprises 342
hectares (846 acres).

12. The private Archbold Biological Station comprises over 3,592 hectares (8,877
acres). Sandlace is present, but rare.

Sandlace has benefited from the extensive State and private land acquisition programs on
the LWR since it was listed, and it appears to be benefiting from prescribed fire programs
on these lands.
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STATUS OF THE SPECIES — Scrub buckwheat (Eriogonum longifolium)

The following discussion is summarized from the Multi Species Recovery Plan (MSRP; Service
1999), as well as from recent research publications and monitoring reports. A complete scrub
buckwheat life history discussion may be found in the MSRP. No critical habitat has been
designated for scrub buckwheat.

Description

Scrub buckwheat belongs to the buckwheat family (Polygonaceae). It constitutes a variety of
Eriogonum longifolium, a widespread species of the Great Plains that is represented east of the
Mississippi by var. harperi in northern Alabama, Tennessee, and Kentucky (Kral 1983), and by
var. gnaphalifolium in Florida (Reveal 1968).

Scrub buckwheat is a long-lived perennial herb with a substantial taproot that probably provides
ample food reserves for resprouting (McConnell and Menges 2002), basal rosettes, and one to
three or more leafless, upright above-ground flowering stems (scapes) up to 1 meter (m) (3 feet)
tall, but upwards of 10 stems have been observed in vigorous specimens, especially post-fire. It
has a basal rosette of leaves that are 15 to 20 centimeters (cm) (5.9 to 7.9 inches) long, narrow,
and white-woolly on the underside. The stem leaves are smaller than the rosette leaves. The
stem terminates in a corymb, with each branch of the corymb ending in a cup-shaped involucre
that holds a cluster of 15 to 20 small flowers, with each flower hanging on its stalk down below
the involucre. The involucre is silvery and silky-pubescent, while the flowers are green with
pink anthers (Rickett 1967; Archbold Biological Station 2005).

This species is easiest to recognize when it is in flower or fruit. In Highlands County, Archbold
Biological Station (2003) reports that plants produce flowering stalks mainly during summer
(May through July), but scrub buckwheat can flower at other times of year following burns.
Plants on the Ocala National Forest have been observed with immature flower stalks between
April and mid-July and bloom from May to mid-October. Seedlings have been observed in a
variety of substrates within a few feet of the parent plant (Clutts 1998).

Life History

Scrub buckwheat is a perennial herb distributed widely in sandhill (high pineland) and Florida
scrub in north central and central Florida from Ocala National Forest through the Lake Wales
Ridge (LWR). Its growing season is between April and mid-July and it flowers from May to
mid-October. This species probably does not have a long-lived seed bank (Archbold Biological
Station 2003).

Individual scrub buckwheat plants produce only one or a few flowers at any one time, but
continues flowering for months. “Flowers have an easily accessible, generous drop of nectar.
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Flowers are visited by a variety of insects, including solitary digger and twig-nesting wasps
(Parancistrocerus spp. and Stenodynerus spp.), flies (Geron spp.), small solitary bees, and
occasional social wasps. Visiting wasps learn the location of each plant and use trap-line
strategies. The small number of flowers per plant induces them to visit several plants and
probably promotes outcrossing. Individual flowers avoid self-pollination. The anthers open and
shed their pollen first, then the pistils, which have kept their stigmas tucked into a tuft of hairs at
the base of the flower, straighten up and offer their receptive surfaces to incoming insects. An
extremely low number of seeds and fruits developed by experimentally bagged flowers
(compared to open pollinated flowers) indicates the need of pollinator services to set seed”
(Archbold Biological Station 2003).

Population Dynamics

Scrub buckwheat resprouts repeatedly after fire, which is the primary agent of disturbance in its
sandhill and Florida scrub habitats (McConnell and Menges 2002). Fire benefits this plant by
stimulating resprouting, which is followed by “quick and heavy flowering and seed production”
(McConnell and Menges 2002). New seedlings appear promptly after seed drop. McConnell and
Menges (2002) observed that seedling numbers peaked during July, 2 months after an
experimental fire (and a month after another experimental treatment — litter removal). Scrub
buckwheat is unlike most other scrub species in that seedlings will appear in summer, not just
winter. This may allow the species to take advantage of summer rains, but seedlings are likely to
desiccate during hot weather.

The seedlings that appear after a fire are unlikely to originate from a seed bank. McConnell and
Menges (2002) observed that the seeds are very small, and those buried deeply enough to survive
heat from a Florida scrub fire (about 2 cm) would be unlikely to reach the surface. Satterthwaite
et al. (2002) placed fresh seeds at the soil surface and saw high germination rates.

This species occupies both sandhill and scrub vegetation, which have very different fire regimes.
Sandhill vegetation, under historic natural conditions, burned roughly every 1 to 10 years, while
scrub may burn at intervals of 5 to as much as 100 years (McConnell and Menges 2002; citing
Menges 1999). Over the long term, a population viability analysis by Satterthwaite et al. (2002)
shows that scrub buckwheat populations require fire at intervals of 5 to 20 years to remain
viable.

Prescribed burning is the “most appropriate treatment for enhancing both seed production and
seedling recruitment, and linking the two in time” (McConnell and Menges 2002). Because this
species tolerates a wide variety of fire intervals, prescribed fire regimes do not have to be
tailored to its specific needs. At the Carter Creek tract of the LWR National Wildlife Refuge
(NWR), biologists from Archbold Biological Station have carried out experimental fires that
show promise of restoring the vegetation by suppressing evergreen oaks, reducing the sizes of
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turkey oaks, and improving conditions for reproduction by longleaf pines and wiregrass. This
conclusion fits with monitoring and experimental work on scrub buckwheat and three other
species, going back to Menges (1995), Menges and Yahr (1996, 1998), and Menges and
Weekley (1999).

McConnell and Menges (2002) experimentally applied alternative treatments to promote a
“demographic response” in scrub buckwheat. They applied top-clipping, litter canopy removal,
shrub canopy removal, and ash addition in a replicated, factorial experiment. None of these
treatments was as productive as fire. These and continuing work by Menges et al. (2005) suggest
that for a long-unburned tract like the Carter Creek tract of LWR NWR, “pre-treatments to
facilitate the application of fire management may be important to this and other species.” In the
Carter Creek experiments, a saw-and-burn treatment “created a hotter, more complete fire and
more open post-treatment canopies. This had generally favorable effects on scrub buckwheat.
The saw & burn treatment enhanced seedling recruitment, plant dormancy, flowering (both
percentages and amount per plant) and reduced herbivory.” The burn-only treatment was left
with large unburned patches. These researchers are planning to analyze the effects of fire
intensity on scrub buckwheat demography.

Status and Distribution

This was once a relatively widespread species. Its decline is due almost entirely to loss of
sandhill habitat and to habitat degradation due to lack of prescribed fire. Its long-term prospects
are favorable due to habitat acquisition after it was listed, as well as efforts by conservation land
managers to restore natural fire regimes. It is now the most abundant of the “rare” species at the
Tiger Creek Preserve and populations are stable, so it does not receive intensive monitoring
(Pace-Aldana 2005). There is still some degree of threat from ongoing conversion of the
remaining small fragments of sandhill (high pineland) and turkey oak scrub for agricultural,
commercial, and residential purposes. Recreational motorized off-road vehicles have the
potential to severely impact scrub buckwheat, but conservation lands on the LWR with scrub
buckwheat generally do not have vehicle management problems. Several other endangered or
threatened plants occur in turkey oak scrub with scrub buckwheat, notably pygmy fringe tree,
pigeon wings, Carter’s mustard, and Lewton’s polygala (Christman 1988).

Scrub buckwheat occurs in the following counties:

e Putnam (Wunderlin and Hansen 2005) — no specific information is available, but the
county has extensive sandhill vegetation, including some on conservation lands;

e Marion — relatively abundant in parts of the Ocala National Forest, with up to 71
localities reported (Service 1996);
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e Pasco — sandhill area within the Green Swamp property of the South Florida Water
Management District (SFWMD) (Service 1996). The report by a SFWMD employee, has
not been confirmed with a herbarium specimen;

e Hillsborough — reported by the 1996 recovery plan, apparently in error (not attributed to
this county by Wunderlin and Hansen [2005]);

e Lake — probably still present in sandhill vegetation remnants near Clermont (Service
1996), formerly near Lake Eustis (Herbarium specimen G.V. Nash 704, May 1, 1894,
Gray Herbarium, Harvard University). It is present on the 120-acre Flat Lake tract of
Seminole State Forest in Lake County southeast of Clermont (Schultz et al. 1999; FNAI
2005), which was purchased by The Nature Conservancy in 1999 (Finkelstein 1999);

e Seminole (Wunderlin and Hansen 2005) — no further information is available on this
urban county;

e Orange — southwest corner of county. Collected by S. Christman in 1987 (University of
Florida herbarium catalog);

e Osceola — northwest corner of county. Collected in 1991 by Angus K. Gholsen in a
“planted slash pine area with a native sandhill understory with Prunus geniculata (scrub
plum) and Nolina brittoniana (Britton’s beargrass) (University of Florida herbarium
specimen catalog);

e Polk — on conservation lands at the Arbuckle, Lake Walk-in-the-Water, and Babson-
Hesperides tracts of LWR State Forest, Allen David Broussard Catfish Creek Preserve
State Park, The Nature Conservancy Tiger Creek Preserve, the Carter Creek tract of
LWR NWR, Pine Ridge nature preserve at the Historic Bok Sanctuary, Lake Davenport,
and SFWMD Horse Creek Scrub; and

e Highlands — on conservation lands at the Lake Apthorpe tract of the LWR Wildlife and
Environmental Area, Flamingo Villas tract of LWR NWR, and Archbold Biological
Station, which represents its southern range limit. Also present in the Avon Park Lakes
area (Schultz et al. 1999).
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STATUS OF THE SPECIES - Scrub mint (Dicerandra frutescens)

Scrub mint was federally listed as an endangered species on November 1, 1985 (56 FR 56882,
Service 1985). Critical habitat has not been designated. The species is listed as endangered by
the State of Florida. In addition to the assessment below, a 5-year review was completed in 2009
resulting in no change to the species designation as endangered (Service 2009). No critical
habitat has been designated for this species. The 5-year review builds upon the detailed
information in the Multi Species Recovery Plan (MSRP; Service 1999) and is located at
http://www.fws.gov/southeast/SyearReviews/Syearreviews/ScrubMint-20090807.pdf

Species/Critical Habitat Description

Scrub mint, a member of the Lamiacaeae (mint family), is a partially woody, short-lived (less
than 10 years), low-growing perennial shrub growing to 50 centimeters (cm) [20 inches (in)] in
height. It grows from a deep, stout, spreading taproot. Its branches are mostly spreading, and
sometimes prostrate. Its leaves are narrowly oblong-elliptic, linear-elliptic, or linear-
oblanceolate, 1.5 to 2.5 cm (0.6 to 1.0 in) long, 2 to 3 millimeters (mm) (0.08 to 0.1 in) wide,
narrowly or broadly rounded at the apical end, with entire margins. The leaves produce a strong
odor of menthol when crushed. The flowers are clustered just above paired leaves are on short
stalks (cymes), each containing 1 to 3 flowers. They are white or yellowish-white, 2.0 cm (0.8
in) long, with the upper lip marked with a trellis pattern of lines and dots of deep purple, while
the lower lip has larger, concentric spots. The corolla is funnel shaped and abruptly bent to
about 90 degrees. The upper lobe is a recurving, cleft standard, and the lower lobe is tripartite
(three parted) with a recurving middle petal. The flowers have four paired stamens that are
exerted slightly beyond the lower corolla lip. The filaments are white with purple anthers. The
pistil is white and has a slender, fuzzy style. The fruit is a schizocarp of four ovoid, brown,
smooth seeds (Kral 1983, Huck 1987).

Scrub mint is very similar in appearance to its closely related congener Garrett’s mint (D.
christmanii), but can be distinguished by anther color, odor, leaf length, and chemistry of the
compounds found in leaves (Huck et al. 1989).

Scrub mint is endemic to the Lake Wales Ridge (LWR) and occurs only in Polk and Highlands
County, Florida (Huck 2008). Habitat for scrub mint is yellow sand soil types in scrub
vegetation (Menges 1992). Populations occur in both sand pine scrub and oak-hickory scrub.
Most populations are found in areas with excessively well-drained Astatula and Paola yellow
sands (Menges 1992). These soils support scrub and sandhill vegetation, but have largely been
converted to citrus cultivation (Menges 1992).

Within the habitats where it occurs, scrub mint prefers open microsites (Menges et al. 1999;
Menges 1992). The microhabitat supporting it was found to have less litter cover, less litter
depth, and less shrub and tree cover than sites where it was absent. Scrub mint tended to occupy
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areas with shallow leaf litter [less than 2 cm (0.8 in)] and with partial to no canopy cover. It also
occurs in areas with regular small-scale soil disturbance such as foot trails and abandoned fire
roads (Menges 1992).

Life History

Seedlings of scrub mint typically emerge in the winter. After 1 to 2 years of growth, plants will
produce flowers July through November, peaking in September through October. Temporary
flowering shoots are produced, bearing abundant flowers. These stems die during the winter dry
season. Seed production occurs through the fall. The basal parts of the plants are perennial and
maintain leaves year-round.

Scrub mint is not an obligate out-crosser; it is self-compatible (Evans et al. 2004 contra Huck
1987). Scrub mint is insect pollinated and requires insect visits for seed production (Evans et al.
2004). Exprosopa fasciata (Diptera: Bombyliidae), a bee-fly is the dominant pollinator,
accounting for 95 percent of all visits (Deyrup and Menges 1997). Bee-flies are common and
abundant generalist pollinators.

Scrub mint fruit and seed dispersal is limited to a few meters from the parent plant. No
specialized mechanism for animal mediated dispersal has been identified (Menges et al. 2001).

Population Dynamics

Twenty years of demographic data have been collected for scrub mint at Archbold Biological
Station. Annual mortality rates are high (greater than 20 percent) in the populations studied
(Menges et al. 1999). Most mortality occurs during the dry, hot spring typical of central Florida,
suggesting that drought or temperature may have effects on survival. Annual seedling
recruitment varies widely from year to year. A ‘good’ year may have 50 times the number of
seedlings as a ‘bad’ year (Menges et al. 1999). High mortality and episodic seedling recruitment
cause large annual fluctuations in populations and are linked, in part, to especially dry spring
months (Menges 2008).

Scrub mint populations are dependent on fire for long-term persistence (Menges et al. 20006).
Several studies have investigated the fire ecology of the species (Menges 1992; Menges et al.
2006; Evans et al. 2008). There is an inverse relationship between time-since-fire and multiple
demographic and reproductive factors including mortality of adult plants, growth and maturation
rates, plant fecundity, number of pollinator visits, and seedling recruitment. A population
viability analysis (PVA) indicated that population growth rates decline below the replacement
level of 1.0 (on average) in populations that remain unburned more than five years (Menges et al.
2006). Populations begin to decline six years after a fire (Menges et al. 2006; Evans et al. 2008).
Most demographic parameters peak at 3 to 5 years post-fire, after which populations experience
a long slow decline (Menges and Weekley 1999). The decline occurs because yellow sand
scrubs become extremely dense after 30 years, crowding out scrub mint (Menges 1992).
Individual scrub mint plants are killed by fire and the population must regenerate from its seed
bank (Menges et al. 2006). However, fire opens shrub canopies and consumes litter, creating
favorable microsites for seedling germination. There is strong evidence that fire can promote



seedling recruitment in populations that were previously declining (Menges and Weekley 1999).
Time-since-fire also has important effects on a population’s ability to recover from fire via seeds
present in the soil. Seed bank density was ten times lower at a site that had not been burned
since 1926 than in two sites that had been burned more recently (Menges and Weekly 1999).
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 scrub mint populations.

Menges (1992) found that experimental mechanical defoliation of scrub mint plants resulted in
100 percent mortality. Herbivory does not have a strong effect on population dynamics and is
probably not an important management consideration (Menges and Weekley 1999). Seed
predators (Thyreocoridae: Cynoides ciliatus ssp. orientis) observed in capsules of scrub mint
could be responsible for the lack of endosperm in some seeds, but their numbers are typically not
great (Evans et al. 2004).

Status and Distribution

The loss of scrub on the LWR habitat was the primary reason for listing scrub mint as
endangered (Service 1999). Scrub mint occurs in Highlands County, Florida. It was historically
distributed more or less contiguously along a high yellow-sand ridge that has only been
fragmented within the last 40 to 60 years (Menges et al. 2001). Populations now occur
discontinuously across the species range since suitable habitat has a patchy distribution and is
now increasingly fragmented by development. Where found, however, scrub mint plants can
occur in locally dense concentrations. Smaller populations observed at some sites may be partly
a consequence of fire suppression and may not be typical of historical abundance patterns
(Menges et al. 2001).

There are 14 known occurrences of scrub mint (FNAI 2008). Three are confirmed to be
extirpated because the sites have been developed and no suitable habitat or plants remain (Bok
Tower Garden 2010). Five of the 11 remaining occurrences are within two protected areas -
Archbold Biological Station (private ownership; more than 500 plants) and Lake Wales Ridge
Wildlife and Environmental Area (LWRWEA) Highland Park Estates tract (State-owned; only 8
to 10 plants in 2009) (Bok Tower Gardens 2010).

Six occurrences are located on unprotected private land. In 2010, three of the sites had no plants
present in the areas surveyed, but suitable habitat remained and surveys were incomplete due to
lack of access to private parcels. Three occurrences on private land were confirmed to be extant
in 2010, with two being large populations (estimated at 4,093 and 1,234 plants), and a third,
smaller population (53 plants) (Bok Tower Gardens 2010).

Threats

Habitat destruction from development continues to occur and development pressure remains
high. Turner et al. (2006) estimated that 87 percent of upland habitat has been lost on the LWR
by 2006. Increasing pressure from population growth is likely to result in further loss of LWR
habitats. Zwick and Carr (2006) predicted central Florida will experience “explosive” growth
over the next 50 years. They estimated 2.7 million acres of native habitat and 630,000 acres of



land currently under consideration for conservation purchase will be lost. Even if all lands
targeted for conservation are acquired (an unlikely scenario), this would still only represent 7.5
percent of the xeric upland habitats that existed on the LWR prior to widespread human
settlement (Turner et al. 2006).

Fire suppression started on a regional scale on the LWR about 70 years ago. In long-unburned
sites, population growth rates are negative, suggesting continued population decline (Menges et
al. 2006). However, reintroducing fire to long-unburned sites presents complications for species
recovery. Areas with excessive fuel loads may burn hot and complete, requiring scrub mint 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).
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