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Conradina brevifolia (short-leaved rosemary, Shinners) is state and federally listed as 

endangered. It is a subshrub narrowly endemic to the pyrogenic Florida scrub ecosystems on the 

Lake Wales Ridge where it is vulnerable to extinction due to human activities including 

development, agriculture, and fire suppression and exclusion. Fire suppression and exclusion can 

lead to fuel accumulation reducing biodiversity and can be hazardous near the wildland-urban 

interface. Mechanical treatments, such as mowing, is a land management tool that is becoming 

more widely used in upland ecosystems as a pre-fire treatment or a fire surrogate and can reduce 

vegetation cover, thus ameliorating the hazards of fuel accumulation and restoring fire regimes in 

order to accelerate habitat restoration and better protect this species.   

Within the Lake Wales Ridge State Forest, various responses of C. brevifolia to mowing 

were tested including mortality, height and growth rate, flowering, and density. Bare sand and 

vegetation cover following mowing were also measured since changes in bare sand and 

vegetation cover could greatly impact C. brevifolia response, a potential gap specialist. 

Responses were measured prior to treatment, nine months post-treatment, and one year post-

treatment. 
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In response to mowing, C. brevifolia resprouted from aboveground stems. Total stem 

density and mortality of C. brevifolia was reduced in mechanically treated plots, but was not 

significantly lower than in control plots. This suggests that mowing may be used to restore scrub 

while simultaneously preserving C. brevifolia populations in areas where this species is locally 

abundant. In mechanically treated plots, flowering response was delayed or did not occur during 

the flowering season following treatment. Vegetation cover was not significantly reduced within 

one year of mowing. Due to pre-existing dense litter accumulation that was not greatly affected 

by treatment, bare sand cover did not differ between the two treatments.  

When restoring areas of scrub habitat that contain sufficient populations of C. brevifolia 

mowing can be used without causing significant loss of C. brevifolia individuals and resprouting 

is likely to occur. Results do not support the use of mechanical treatments as a fire surrogate 

because vegetation cover recovers within one year of treatment and litter accumulation is not 

reduced and, therefore, can result in the reduction of bare sand cover that may be critical to the 

survival of C. brevifolia. 
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CHAPTER 1 

INTRODUCTION 

The Lake Wales Ridge 

The relic dune system of the Lake Wales Ridge (LWR) in central Florida (Figure. 1-1) 

spans a mere 186 km long, 11.7 km wide at its broadest point, but encompasses more than 

209,000 ha of diverse ecosystems including the pyrogenic (i.e., fire-maintained) Florida scrub 

(Weekley et al., 2008a). Scrub habitat is characterized by deep, well-drained, infertile soils and 

dominated by patches of bare sand (i.e., gaps) and xeromorphic plants such as Pinus clausa; oaks 

including Quercus chapmanii, Q. geminata, Q. inopina, and Q. myrtifolia; Serenoa repens; 

Ceratiola ericoides; woody shrubs; and sparse herbs and graminoids (Myers, 1990; Menges, 

1999). The upland xeric habitats of the LWR are home to many endemic flora (Menges, 1999, 

Christman and Judd 1990), including 29 plant species listed as threatened or endangered (Turner 

et al., 2006; FNAI, 2010). The concentration of imperiled species on the LWR makes it one of 

the most imperiled hotspots in the United States (Dobson et al., 1997). 

Even before human settlement of the LWR in the 1920’s, the upland xeric ecosystems 

within the LWR were rare (Myers, 1990) making them extremely vulnerable to habitat loss due 

to human activities. According to the most recent land use assessment for the LWR (Weekley et 

al. 2008a), anthropogenic activities such as citrus agriculture, residential and commercial 

development, and ranching (Turner et al., 2006; USFWS, 1996) have resulted in the loss of 77% 

of the original 134,711 ha of upland xeric habitat (Weekley et al., 2008a). The remaining 

undeveloped sites now exist as fragments surrounded by residential, commercial, and 

agricultural land (Turner et al., 2006). As a result, Florida scrub is now listed as imperiled both 

globally and locally (Noss et al., 1995; FNAI, 2010). 
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Fire 

Fire is one of the environmental factors that has shaped evolution of Florida scrub habitats 

(Abrahamson et al., 1984a). This pyrogenic ecosystem requires fire to maintain biodiversity and 

health of flora and fauna (Schmalzer et al., 2003; Myers, 1990). Fire return intervals vary among 

plant communities, but typically range from 5 to 30 years (Menges, 2007). Florida scrub is 

characterized by somewhat infrequent fires that commonly occur during severe weather and 

accumulated fuel conditions. Fires typically top-kill most shrubs and oaks, completely kill sand 

pines reducing vegetation densities, and consumes litter on the forest floor. This creates bare 

sand patches, called gaps, which allow seedling recruitment of diverse, fire-dependent flora 

many of which are endemic and imperiled (Menges et al., 2008; Abrahamson, 1984b; Greenberg 

et al., 1995; Menges et al., 2008; Myers, 1990). These gaps typically reduce in size with time-

since-fire as plant communities recover (Greenberg et al., 1995; Menges et al., 2008).  

Fire Suppression and Exclusion 

In the past century, fire suppression and exclusion have altered species composition in 

scrub habitat and reduced seedbank densities, production, and viability causing significant 

decreases in populations of scrub vegetation species (Menges, 2007; Abrahamson and 

Abrahamson, 1996). In addition, lack of fire has resulted in overgrowth of scrub vegetation to 

subcanopy and canopy heights (Menges, 2007; Duncan and Schmalzer, 2004; Schmalzer et al., 

1994; Guerin, 1993) creating extensive, heavily shaded environments. Over time, this 

overgrowth may result in conversion of scrub to a xeric hammock plant community 

(Abrahamson and Abrahamson, 1996), further promoting fire resistance (Myers, 1985; Veno, 

1976; Menges, 2007; Schmalzer et al., 2003). 

Today, the health of Florida scrub is threatened by species composition and structural 

changes due to lack of fire (Menges et al., 1993; Schmalzer et al., 2003; Abrahamson and 
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Abrahamson, 1996) or disruption of the natural fire regime (Weekley and Menges, 2003). Fire 

suppression is positively correlated with increased vegetation cover and results in fuel 

accumulation (Williges et al., 2006). Increased fuel loads can influence fire intensities and 

ultimately alter vegetation response (Dodge, 1972; Brown, 1983; Givens et al., 1984; Fernandes 

and Botelho, 2003; Schmalzer et al., 1994; Wally et al., 2006). Fire suppression may also hinder 

seed germination as accumulated fuel forms a layer of litter on the forest floor (Petru and 

Menges, 2003). Furthermore, lichen populations tend to increase in density with time-since-fire 

inhibiting seed germination (Hawkes and Menges, 1996; Hawkes and Menges, 2003). In areas 

with continued fire suppression, plant species that require bare sand to germinate are relegated to 

habitat edges, including firebreaks (Hall et al., 2002; Menges, 1999). In order to preserve the 

biodiversity and health of Florida scrub fire must be reintroduced (Schmalzer et al., 2003; Myers, 

1990). However, restoring fire regimes, especially in or near the wildland-urban interface (WUI), 

can be challenging (Kalabokidis and Omi, 1998).  

In many cases fire suppression has resulted in unsafe prescribed fire conditions. In addition 

to safety concerns, numerous factors including public opinion, smoke management issues (e.g., 

proximity to smoke-sensitive areas such as residential and commercial development), liability 

risk, and potential for fire escape can pose difficulties for land managers when attempting to 

execute prescribed fires (Haines and Busby, 2001; Myers, 1990, Rickey et al. 2007, Long et al., 

2004). Habitat fragmentation further exacerbates the problem by reducing the extent of burned 

areas (Duncan and Schmalzer, 2004) because habitats lack connectivity and are now incapable of 

burning across vast areas (Myers, 1990). Many remaining scrub habitats, especially those near 

the WUI tend to be long unburned (Weekley et al., 2011; Rickey et al., 2007; Abrahamson and 

Abrahamson, 1996). Land managers are now turning towards the use of mechanical methods as 



 

15 

pre-fire treatments or fire surrogates to reduce fuel loads in order to maintain or restore scrub 

ecosystems (Menges and Gordon, 2010). 

Mechanical Treatment use as a Surrogate or Pre-Fire Treatment 

Mechanical treatments, such as logging, mowing, and roller chopping, have been shown to 

reduce prescribed fire hazards, assist in restoring natural fire regimes (Wally et al., 2006, 

Stephens and Ruth, 2005; Menges and Gordon, 2010), and accelerate restoration (Rickey et al., 

2007), although weather conditions and time-since-treatment can alter outcomes of mechanical 

treatments. Furthermore, mechanical treatments may be beneficial on lands with multiple 

management goals (e.g., ecosystem management and harvesting) or in urban areas with remnant 

habitat (Greenberg et al., 1995; Long et al. 2004). The effectiveness and versatility of mechanical 

treatments make this a useful management tool especially when used prior to prescribed fire in 

restoration of long-unburned scrub (Rickey et al., 2007; Schmalzer et al., 2003). Without 

mechanical treatment, canopy cover in long-unburned scrub can rebound quickly within a few 

years of fire (Abrahamson and Abrahamson, 1996; Schmalzer et al., 2003) requiring numerous 

fire events to reduce fuel loads (Abrahamson and Abrahamson, 1996; Long et al., 2004) and 

litter cover (Rickey et al., 2007). As a pre-fire treatment, mechanical treatments are as effective 

as or more effective than burning alone to reduce vegetation cover (Schmalzer et al., 1994, 

Weekley et al., 2011).  

Mechanical treatments affect numerous components of scrub ecosystems. Mechanical 

treatments can simulate ecosystem responses to fire disturbance such as reduced competition and 

increased light, soil temperature, and, in some situations (e.g., logging treatments), bare sand 

coverage. Fire has been shown to cue some scrub plants to flower, germinate, and thrive and 

mechanical treatments can produce similar cues in some species (Menges, 1999; Greenberg et 

al., 1995; Weekley et al., 2011; Menges, 2001; Williges, 2006).  
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To date, little is known of the long-term effects of using mechanical treatments as fire 

surrogates and species-specific responses to mechanical treatments in Florida scrub (Menges and 

Gordon, 2010). Known disadvantages to some forms of mechanical treatment use (e.g., logging)  

include an increase in soil disturbance which may cause increases in exotic plant abundance, soil 

compaction, altered fire intensities (Menges, 1999; Weekley et al., 2008b; Williges et al., 2006; 

Rickey et al., 2007, Wally et al. 2006), soil erosion, and water quality degradation (Long et al., 

2004). When used as a surrogate rather than a pre-fire treatment, mechanical treatments can 

result in an increase of accumulated slash and litter, thus reducing bare sand patches (Greenberg 

et al., 1995; Menges, 2001; Weekley et al., 2011; Rickey et al. 2007). In addition, S. repens is a 

desirable species in fire management and aids fire movement, but can be negatively affected by 

some forms of mechanical treatments such as roller chopping or logging (Schmalzer et al., 2003; 

Schmalzer et al., 1994; Greenberg et al., 1995). Fire can be more effective than using 

mechanical-only treatments as fire surrogates for increasing percent bare sand cover by 

decreasing litter cover and depth, and is especially beneficial to rare, endemic plants found 

throughout the LWR (Weekley et al., 2011). In addition, herbaceous species richness is greatest 

in treatments with a fire component (Williges et al., 2006). 

Study Species 

Conradina brevifolia (short-leaved rosemary, Shinners) is narrowly endemic to Highlands 

and Polk Counties within the LWR (Gray, 1965; USFWS, 2008) and is federally listed as 

endangered (USFWS, 1993). It is a small, woody mint shrub (Figure 1-2) that is specialized to 

white sand ridges of xeric scrub ecosystems (Gray, 1965; Kral, 1983; Figure 1-3) that are 

dominated by xeromorphic oak species (Quercus chapmanii, Q. geminata, Q. inopina, and Q. 

myrtifolia) and typically have an open canopy of Pinus clausa (USFWS 1996). The original 

distribution for C. brevifolia is not well known; however, it is one of the most narrowly endemic 
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scrub plants on the LWR and its absence from suitable habitat beyond its present distribution 

suggests it may have always been narrowly distributed (USFWS, 1996).  Due to its narrow 

distribution, C. brevifolia populations are susceptible to extirpation from any given site or even 

extinction which could result from a variety of mechanisms including anthropogenic activities 

and catastrophic natural events (Gray, 1965; USFWS 1996; Kral, 1983). As of July 2008 there 

were approximately 35 known populations of C. brevifolia - 17 that are protected on private and 

publicly-owned lands and 18 that are not protected and assumed to be unmanaged. Aerial 

photography suggests that 10 of the 18 unprotected populations have recently been destroyed by 

development or remain in small remnants surrounded by development (USFWS, 2008). As of the 

completion of this study, a full population survey has not been conducted on all extant 

populations, and some old surveys have not been reassessed in more than two decades (USFWS, 

2008). Currently, research on the biology and ecology of C. brevifolia is limited; such research is 

necessary in order to determine the best management tools for the recovery or maintenance of 

this endangered species (USFWS, 2008).  

Research has shown that many rare and endemic scrub species found throughout the LWR 

has similar requirements for gaps in order to thrive (Abrahamson, 1984c; Johnson et al., 1986; 

Quintana-Ascencio et al., 1998; Quintana-Ascencio and Morales-Hernández, 1997; Menges and 

Hawkes, 1998; Menges et al. 2008). Based on observations, it has been suggested that C. 

brevifolia may be a gap specialist and persist in areas with low vegetation cover and high bare 

sand cover (Clanton, 2010, personal communication). Conradina brevifolia was observed mainly 

in firelanes, plow lines, roadsides, and skid trails where gaps are prevalent (Weekley et al., 

2008b), suggesting that this species may benefit from fire or other disturbances that help reduce 

litter and shrub cover and create gaps. Furthermore, C. brevifolia has been classified as an 
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obligate seeder, a plant that reproduces only from seed typically following a fire event (USFWS, 

1996; Slapcinsky et al., 2010); however, this status has not been experimentally tested. 

Conradina glabra, a similar species, is known to recruit via seedbank and resprout following a 

fire event; however, as aboveground tissue damage or loss increased, resprouting and survival 

probability decreased (Gordon, 1996). Dicerandra frutescens is an obligate seeder that is killed 

when burned, cut, or otherwise defoliated (Menges, 1992) and some scientists suggest that C. 

brevifolia may exhibit a similar response to disturbance and may require similar land 

management strategies (USFWS, 1996; Kral, 1983). However, densities of C. brevifolia have 

been shown to increase following fire and logging disturbance events (Weekley et al., 2008b; 

Slapcinsky et al., 2010), suggesting that fire and mechanical treatments could prove beneficial.  

Objectives and Hypotheses 

In order to achieve C. brevifolia population protection and reach conservation goals for 

this species, additional research into the biology and ecology of this species and its response to 

fire and other disturbances is critical. In response to this need for research, I studied demographic 

responses of C. brevifolia to mowing, a type of low-impact mechanical treatment to reduce 

vegetation while leaving some live tissue aboveground. Variables were separated into two 

groups: those that were measured only on the C. brevifolia individual occurring at the plot center 

(i.e., center plot plant; CPP) and those that were measured at the plot level. For variables 

measured on the CPP, I determined presence or absence of the plant to determine mortality at 

one year post-treatment; I measured height to determine annual recovery and growth rate at one 

year post-treatment; and I determined presence or absence of flowering to determine flowering 

response at nine months post-treatment. At the plot level I counted the number of rooted stems to 

determine C. brevifolia net change in density (i.e., net gain or net loss) at one year post-treatment 

and measured percent vegetation cover and percent bare sand cover to determine how 
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mechanical treatments affect the surrounding environment. These findings provide insights for 

guiding best management practices that may help to minimize population declines.  

Research on the responses of C. brevifolia to mowing has not been conducted. Because 

some scientists believe C. brevifolia would have similar responses to mechanical treatments as 

that of D. frutescens and would, therefore, not survive if cut (USFWS, 1996; Menges, 1992) I 

hypothesized that C. brevifolia would be killed by mechanical treatments within one year of 

treatment and that this species would experience greater mortality rates and significant density 

reduction in mechanically treated plots than in untreated control plots. No previous studies or 

anecdotal evidence exists for flowering response, height, or growth rate of C. brevifolia; 

therefore, I hypothesized that flowering response, height, and growth rate would be stunted due 

to mechanical treatments. Based on previous studies, vegetation recovers from mechanical 

treatment within two to five years of treatment (Weekley et al., 2008; Weekley et al. 2011) and 

percent bare sand cover decreases (Greenberg et al., 1995; Rickey et al., 2007) without the 

additional treatment of fire; therefore, I hypothesized that vegetation cover would not reach pre-

treatment levels within one year post-treatment and bare sand cover would be significantly 

reduced in mechanically treated plots than in untreated control plots.    
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Figure 1-1. The Lake Wales Ridge in Central Florida is only 186 km long and 11.7 km wide yet 

harbors many rare, endemic species. (Lake Wales Ridge mapping data provided by 

Archbold Biological Station) 
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Figure 1-2. Conradina brevifolia is a small, woody mint shrub narrowly endemic to the Lake 

Wales Ridge. (Photograph © 2011 by: Lynn Proenza) 
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Figure 1-3. Conradina brevifolia occurs in Florida scrub ecosystems characterized by deep, 

infertile, sandy soils and is commonly observed in bare sand patches. Numerous 

individuals can be seen in the center of this photograph. (Photograph © 2011 by Lynn 

Proenza) 
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CHAPTER 2 

MATERIALS AND METHODS 

Study Site 

The Lake Wales Ridge State Forest (LWRSF) is a multiple-use state forest in southeastern 

Polk County, Florida (Figure 2-1) managed by the Florida Department of Agriculture and 

Consumer Services, Florida Forest Service (FFS). The LWRSF is comprised of various natural 

communities including Florida scrub (FDACS, 2006). This study was conducted in the 

southeastern portion of the Arbuckle Tract, one of four separate tracts that make up the LWRSF. 

All plots were located in Florida scrub (Figure 2-2). Soils consisted of white and gray sands 

including: Satellite, Narcoossee, and Archbold which are somewhat poorly drained to 

moderately well-drained sandy soils (Soil Conservation Service, 1990). Based on the most recent 

thirty-year climate normals (1981-2012) for this area, the average annual temperature is 22.5°C 

and the average precipitation is 129.0 cm per year. During the year following mechanical 

treatment, the average annual temperature was 0.9°C above average and annual precipitation was 

32 cm below average (NOAA, 2012). 

Sampling Protocol 

Using waypoints from FFS population surveys for Conradina brevifolia, 20 circular 8 m 

diameter plots surrounding a single C. brevifolia individual were randomly selected and assigned 

a treatment type: mechanical-only (10 plots) or an untreated control (10 plots). Pre-treatment 

surveys were conducted in March 2011. Data collection consisted of detailed physical 

information for the CPP including presence or absence, height of live growth, and the presence 

or absence of flowers. Additional data collection at the plot level included density of C. 

brevifolia, percent cover of vegetation, and percent cover of bare sand. The lowermost 

decumbent branches of C. brevifolia occasionally root from the nodes (Gray, 1965) as 
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Conradina verticillata, a similar species, has exhibited. With time these branches are covered by 

substrate and separate plants are not distinguishable (Roulston, 1994); therefore, density of C. 

brevifolia at the plot level was determined by counting rooted stems. 

Nine month post-treatment surveys occurred in February 2012 and the one year post-

treatment surveys occurred in May 2012. Data collection procedures for these two survey events 

mimicked pre-treatment surveys but also included quantification of all C. brevifolia individuals 

that resprouted from mechanical treatments. With the exception of the CPP, individual-specific 

data on each C. brevifolia rooted stem were not collected during any of the three sampling 

surveys. For this reason, newly recruited or surviving individuals for which mechanical treatment 

was not obvious at one year post-treatment were grouped into one category. 

Mechanical treatment was conducted during the spring season in May 2011. Using 

chainsaws, loppers, and metal-bladed weed eaters, this mechanical treatment mimicked mowing; 

therefore, some aboveground plant tissue (i.e., cut stems) remained and soil disturbance was 

minimal (Figure 2-3). All vegetation occurring within each mechanically treated plot was cut and 

left in the position in which it fell; no vegetation was physically removed (Figure 2-4). This 

study initially included a fire component that was conducted following the pre-treatment survey 

and the mowing treatment but the prescribed fire was incomplete and burned only three plots (2 

mechanical, 1 control); therefore, the three plots were removed from all data analysis. In 

addition, a misidentification within one control plot resulted in the removal of C. brevifolia 

rooted stem data for that location, but data for the CPP and percent vegetation and bare sand 

cover for that location were included in analysis. One CPP in mechanical treatments previously 

believed dead at nine months post-treatment was observed newly resprouted at one year post-

treatment. Using a Dixon’s Q-test, this datum was identified as an outlier. To have a clear 
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indication of actual height change, growth rates, and recovery of C. brevifolia to mechanical 

treatment, data on CPP average net change in height and growth rate was analyzed without this 

datum. 

Data Analysis 

The variables tested on the C. brevifolia individual occurring at plot center included CPP 

percent mortality, CPP net change in height and growth rate, and CPP flowering response. The 

variables tested at the plot level included net change in C. brevifolia density, percent vegetation 

cover, and percent bare sand cover. All variables were compared between pre- and one year post-

treatment with the exception of flowering response. Flowering response was compared between 

pre- and nine month post-treatment because the one year post-treatment survey occurred at the 

end of the flowering period.  

All statistical tests were set at a 95% (α = 0.05) confidence level. A Student’s t-test was 

used to compare percent vegetation cover between treatments at the plot level. A Welch’s t-test, 

an adaptation of the Student’s t-test that accounts for both unequal sample sizes and unequal 

variances (Welch, 1947), was used to compare CPP net change in height and growth rate, net 

change in C. brevifolia density at the plot level, and percent bare sand cover at the plot level 

between treatments. Due to a small sample size, a Fisher’s exact test was used to compare CPP 

percent mortality and CPP flowering status between treatments.  
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Figure 2-1. The Arbuckle Tract, one of four tracts comprising the Lake Wales Ridge State 

Forest, lies on the eastern border just below the center of The Lake Wales Ridge. 

(Lake Wales Ridge boundary data provided by Archbold Biological Station; Arbuckle 

Tract boundary data provided by FFS) 
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Figure 2-2. Location of study plots according to habitat type; all plots were located in scrub 

habitat. (Community type data provided by FNAI) 
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Figure 2-3. Mechanical treatments to mimic mowing were carried out via hand tools including 

chainsaws, loppers, and metal-bladed weed eaters. Vegetation was cut and left in the 

position in which it fell. (Photograph © 2011 Lynn Proenza) 
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(A) 

 
(B) 

Figure 2-4. Photographs showing an example of conditions immediately before (A) and after (B) 

mechanical treatment. (Photographs © 2011 by Lynn Proenza) 
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CHAPTER 3 

RESULTS 

Conradina brevifolia Responses 

Percent Mortality  

Percent mortality was based on the presence or absence of the CPP at one year post-

treatment. Percent mortality was greater in mechanical treatment plots than in control plots, 

although this difference was not significant (n = 17, p = 0.212). Control plots averaged 11.1% 

(SE = 11.1%) and mechanical treatment plots averaged 37.5% (SE = 18.3%; Table 3-1).  

Height and Growth Rate 

Live growth on only those surviving CPP individuals was measured; all others were 

excluded from data analysis. Average net change in height was not affected by treatment type (n 

= 12, t = 1.68, p = 0.185; Figure 3-1). In control plots (n = 8) one year post-treatment, average 

height of CPP was 91.4 cm (SE = 9.0 cm) representing an average net gain in height of 6.0 cm 

(SE = 3.3 cm). In mechanical treatment plots (n = 4) one year post-treatment, average height of 

CPP was 47.0 cm (SE = 11.9 cm) representing an average net loss in height of 25.3 cm (SE = 

18.3 cm; Table 3-1). Growth rates of CPP were significantly higher in mechanical treatment 

plots than in control plots (n = 12, t = -3.32, p = 0.036; Figure 3-2). Mechanically treated C. 

brevifolia was observed to resprout from the base of cut stems. Based on the assumption that all 

mechanically treated plants resprouted from the ground level (i.e., height was at 0 cm 

immediately following treatment), average annual growth rate of CPP in control plots (n = 8) 

was 6.0 cm (SE = 3.3 cm) by one year post-treatment and 47.0 cm (SE = 11.9 cm) in 

mechanically treated plots (n = 4) by one year post-treatment (Figure 3.2).  
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Flowering 

During pre-treatment surveys, all 17 CPP in both treatments were flowering. At the nine 

month post-treatment survey, significantly fewer of the surviving CPP (n = 5) were flowering in 

mechanical treatment plots as compared to CPP (n = 8) in control plots (n = 13, p = 0.032; Table 

3-3).  

Density 

On average, density of C. brevifolia in control treatment plots increased by 1.6 (SE = 2.43) 

rooted stems within one year post-treatment, an average net gain of 6.9% (SE = 11.7%). In 

mechanically treated plots, net density of C. brevifolia decreased by 13.5 (SE = 6.29) rooted 

stems within the same time period, an average net decrease of 45.5% (SE = 13.6%). Despite 

these differences in direction of change, average percent net change in C. brevifolia density did 

not differ significantly between treatments (n = 16, t = 2.24, p = 0.051; Figure 3-3, Table 3-4).  

In response to mowing, C. brevifolia resprouted from aboveground stems. Prior to 

mowing, 217 rooted stems were recorded in the mechanical treatment plots. At one year post-

treatment, 109 rooted stems were recorded in the mechanical treatment plots. Of the 217 rooted 

stems recorded in mechanical treatment plots prior to treatment, 49.8% (108 rooted stems) were 

killed, 34.6% (75 rooted stems) resprouted, and 15.7% (34 rooted stems) had either recruited or 

were accidentally uncut by the treatments.  

Vegetation Cover 

Common vegetation within the plots included Pinus clausa; oaks and woody species 

including: Quercus geminata, Q. inopina, Q. chapmanii, Q. myrtifolia, Lyonia ferruginea, 

Vaccinium myrsinities, and Serenoa repens; monocots including Aristida stricta var. 

beyrichiana, Andropogon virginicus, and Bulbostylis spp.; mosses including Selaginella 

arenicola; and ground lichens including Cladina and Cladonia spp.  
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Vegetation cover pre-treatment varied among plots ranging from 50 to 95% cover with 

85% of all plots exhibiting greater than 60% cover (Table 3-5). Average pre-treatment vegetation 

cover was 74.4% (SE = 6.0%) in control plots and 80.0% (SE = 4.2%) in mechanical treatment 

plots and was not significantly different between treatments (n = 17, t = -0.74, p = 0.473).  

Average percent vegetation cover in control plots at one year post-treatment was 76.7% (SE = 

6.5%) representing an average increase of 2.2%. Average percent vegetation cover in mechanical 

treatment plots at one year post-treatment was 65% (SE = 5.9%) representing an average 

decrease of 15.0%. However, average percent vegetation cover was not significantly different 

between treatments one year post-treatment (n = 17, t = 1.32, p = 0.208).  

By graphing the percent vegetation cover over time one can begin to understand how these 

systems respond to perturbation (Figure 3-4). Statistically, vegetation cover between treatments 

at one year post-treatment was significantly different. During the last three months (March, 

April, May) of the first year following treatment there was very little additional growth observed 

with the average vegetation cover increasing by < 2%. As indicated by evidence from C. 

brevifolia density counts presented earlier, these mechanical treatments did not directly impact 

100% of the area on a given plot. Therefore, if one assumes that mechanical treatment effects on 

vegetation cover was similar to the impact on C. brevifolia (15.7% uncut or recruited) then the 

average immediate post-treatment vegetation cover on these plots was 12.6%.  At nine months 

post-treatment, average percent vegetation cover in mechanically treated plots was 63.8% (SE = 

± 3.5%) and was significantly different between treatments (n = 17, t = 2.29, p = 0.037).   

Bare Sand Cover 

In control plots, bare sand cover pre-treatment ranged from 1 to 65%; 66.7% of plots 

exhibited less than 10% bare sand cover and resulted in an averaged 19.6% (SE = 7.8%). In 

mechanical treatment plots, bare sand cover pre-treatment ranged from 3 to 25%; 75.0% 
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exhibited less than 10% bare sand cover and resulted in an average of 10.4% (SE = 2.8%). 

Differences in percent bare sand cover between treatments pre-treatment were not significantly 

different (n = 17, t = 1.11, p = 0.295). At one year post-treatment, bare sand cover averaged 

17.6% (SE = 6.6%) in control plots and 7.3% (SE = 2.0%) in mechanical plots. Statistically, 

differences in bare sand cover between control and mechanical treatments were not significant (n 

= 17, t = 0.39, p = 0.702).  
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Table 3-1. Percent mortality of Conradina brevifolia individuals at plot center (i.e., CPP) at one year 

post-treatment 

  
Number of Rooted 

Stems Pre-treatment 

Number of Rooted Stems 

Post-treatment 
Percent Mortality 

Control 9 8 11.1 

Mechanical 8 5 37.5 

 

 
Figure 3-1. Average net change in height of Conradina brevifolia individuals at plot center (i.e., CPP) per treatment type  



 

35 

Table 3-2. Net change in height of Conradina brevifolia individuals at plot center (i.e., CPP) at 

one year post-treatment 

  

Height Pre-

Treatment (cm) 

Height Post-Treatment 

(cm) 

Net Change in Height 

(cm)* 

Control       

Mean 85.4 91.4 6 

Standard Error 11.4 9.0 3.3 

Minimum 24 43 -7 

Maximum 127 123 19 

Count 8 8 8 

Mechanical 

   Mean 72.3 47.0 -25.3 

Standard Error 15.7 11.9 18.3 

Minimum 40 18 -73 

Maximum 111 71 16 

Count 4 4 4 
*
A negative number indicates a loss; in control treatments, a negative number indicates 

natural dieback 
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Figure 3-2. Growth rate of Conradina brevifolia at one year post-treatment.  

 
 

Table 3-3. Flowering response of Conradina brevifolia individuals at plot center (i.e., CPP) pre-treatment and nine 

months post-treatment  

 
Control  

 
Mechanical 

Flowering Response Pre-Treatment  

(n = 9) 

Nine Month Post-

Treatment (n = 9)  

Pre-Treatment  

(n = 8) 

Nine Month Post-

Treatment (n = 5) 

Yes 9 (100%) 8 (89%) 
 

8 (100%) 1 (20%) 

No 0 (0%) 1 (11%)   0 (0%) 4 (80%) 



 

37 

Table 3-4. Conradina brevifolia density (i.e., number of rooted stems) per treatment type at one year post-treatment 

  Pre-treatment Density 
One year Post-

treatment Density 
Net Change Density* 

Percent Net Change 

Density 

Control 

    Mean 23 24.6 1.6 106.9 

Standard Error 8.0 9.5 2.4 11.7 

Minimum 2 2 -12 47.8 

Maximum 73 85 12 155.6 

Sum 184 197 13 

 Count 8 8 8 8 

Mechanical 

    Mean 27.1 13.6 -13.5 54.5 

Standard Error 6.7 4.0 6.3 13.6 

Minimum 6 0 -53 0.0 

Maximum 57 32 1 107.7 

Sum 217 109 -108   

Count 8 8 8 8 

*A negative number denotes a loss 
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Figure 3-3. Average net change of Conradina brevifolia per treatment type at one year post-treatment  
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Table 3-5. Net Change in percent vegetation cover at one year post-treatment  

  

Pre-Treatment 
One Year Post-

Treatment 
Net Change* 

Control       

Mean 74.4 76.7 2.2 

Standard Error 6.0 6.5 3.3 

Minimum 50 45 -5 

Maximum 95 95 25 

Count 9 9 9 

Mechanical 

   Mean 80 65 -15 

Standard Error 4.2 5.9 5.7 

Minimum 65 45 -35 

Maximum 95 85 10 

Count 8 8 8 

*A negative value denotes a loss 
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Figure 3-4. Change in percent vegetation cover over time following a mowing treatment 
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Table 3-6. Net change in percent bare sand cover at one year post-treatment  

  Pre-treatment Post-treatment Net change* 

Control       

Mean 19.6 17.6 -2 

Standard Error 7.8 6.6 2.5 

Minimum 1 0 -15 

Maximum 65 50 10 

Count 9 9 9 

Mechanical 

   Mean 10.4 7.3 -3.1 

Standard Error 2.8 2.0 1.2 

Minimum 3 0 -10 

Maximum 25 15 0 

Count 8 8 8 

*A negative value denotes a loss 
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CHAPTER 4 

DISCUSSION  

Conradina brevifolia Responses 

Percent Mortality 

In control treatment plots, mortality due to natural causes was 11.1% whereas treatment-

induced mortality in mechanical treatment plots was 37.5%. Despite this difference, the average 

CPP percent mortality did not differ between the treatments. This result supports the use of 

mowing since treatment-induced mortality was not affected by the treatment. However, land 

managers should use caution in areas where local abundance of C. brevifolia is low as these 

treatment-induced mortality rates may not be ideal for all populations. 

Height and Growth Rate 

Average net change in CPP height at one year post-treatment was independent of the 

treatments. Annual growth rates of CPP individuals were significantly greater in mechanical 

treatments than in control treatments. This is important for land managers because this suggests 

that mowing influences C. brevifolia growth rates allowing recovery within one year of treatment 

and increasing the chances of survival and post-treatment reproduction.  

Flowering 

During the pre-treatment surveys in March 2011, all CPP in both treatments were 

flowering. Nine months post-treatment, in February 2012, flowering response differed between 

the two treatments. In control plots, seven of eight surviving CPP were observed flowering 

whereas only one of five CPP in mechanical plots was in bloom. This suggests that mechanical 

treatments may cause either a delay or absence of flowering post-treatment. Treated plants may 

allocate stored resources to the regrowth of vegetation rather than expending it to producing 

flowers. However, the added strain of drought on a plant already stressed by mechanical 
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treatment may have influenced this response. Land managers should be cautious about applying 

fire within at least one year following treatment because plants have not had the opportunity to 

produce flowers and are, therefore, unable to increase the seedbank. Future monitoring studies 

should consider long-term differences in flowering response and interactive effects of climate 

conditions.  

Density 

I found no significant difference in net density of C. brevifolia at the plot level between 

treatments despite the substantial difference between the means. This suggests that recovery is 

within one year of mowing and, therefore, mowing may be a minimally invasive treatment for 

restoring the natural fire regime and maintaining the natural habitat when a sufficient number of 

individuals are present and burning alone is not an option. However, variability was high among 

plots in mechanical treatments; based on the range of data for the mechanically treated plots, 

50% experienced 30% or less reduction in density of C. brevifolia and only 25% of plots 

experienced a reduction greater than 90%.  

Based on plot level rooted stem counts from mechanically treated plots pre-treatment, 

mortality was 49.8%. However, as previously mentioned above, CPP experienced 11.1% 

mortality (i.e., one individual) in control plots as a result of natural causes and 37.5% treatment-

induced mortality in mechanical treatment plots. If the number of C. brevifolia killed based on 

density counts was adjusted for natural mortality as was calculated from CPP percent mortality 

in control treatments, then treatment-induced mortality reduces from 49.8% to 38.7%. When 

comparing this adjusted rate to CPP treatment-induced mortality in mechanical treatments, the 

difference is just 1.2% supporting that mortality rates of C. brevifolia may be less than 40.0%. 

However, as previously mentioned, land managers should use caution in areas where local 
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abundance of C. brevifolia is low as these treatment-induced mortality rates may not be ideal for 

all populations. 

Resprouting  

Conradina brevifolia has been categorized as an obligate seeder following a fire event 

(USFWS, 1996; Slapcinsky et al., 2010); these authors assumed that it would be killed if cut 

(USFWS, 1996). However, new evidence presented by this study shows that this species does 

have some potential to resprout from aboveground stems following mowing (Figure 4-1) 

recovering potentially through a combination of seeding and resprouting (Menges and Kohfeldt, 

1995). Following a fire event, Gordon (1996) found that mortality rates for C. glabra were 

greater with the increase of tissue loss due to scorch. Mowing cuts vegetation above the ground 

surface leaving some live tissue which may explain the ability for C. brevifolia to resprout 

following treatment. Though some mortality is likely, some remaining plants, likely at least half, 

will either survive treatment or will resprout. This discovery is important as it may relieve 

apprehension about commencing restoration projects using mowing treatments when this 

endangered species is present.  

Response of C. brevifolia to fire was not studied, however, anecdotal observations during 

nine month post-treatment surveys documented resprouting in areas of the LWRSF that 

experienced low intensity fire with no prior mechanical treatments; the resprouted individual 

continued to persist one year post-treatment (Figure 4-2). However, in another area of the 

LWRSF that experienced mowing followed by a high intensity fire, all individuals were burned 

and no resprouting was observed within five months of the prescribed fire. This may indicate that 

either high intensity fire or the combination of mechanical treatment and fire may have 

contributed to the mortality of these plants due to a substantial amount of tissue loss. Similar 

results of fire treatment on C. glabra have been reported (Gordon, 1996).  
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During this study, C. brevifolia was commonly observed rooting from decumbent 

branches. One individual plant initially believed killed, was discovered resprouting one year 

post-treatment; branches of this individual also produced two separate ramets nearby and the 

parent plant may still be connected with these plants underground via a buried stem. Resprouting 

via decumbent branches is known to occur for C. brevifolia (Gray, 1965) and has also been 

documented in the similar species Conradina verticillata (Roulston, 1994). Resprouting via 

decumbent branches could explain the tardiness of this resprout as these two ramets may be 

extracting resources through this stem and slowing resprout of the parent plant. Alternatively, the 

ramets may be distributing resources through the stem to the parent plant, allowing resprouting. 

These observations suggest that the percentage of resprouted plants may increase over time. 

Vegetation Cover  

There was no significant difference in average percent vegetation cover between 

mechanical and control treatment plots pre-treatment and one year post-treatment. This indicates 

that vegetation cover may recover within one year following mowing treatment. Based on 

previous studies, vegetation cover reaches pre-treatment levels within five years using logging-

only mechanical treatments (Weekley et al., 2008b) and two to five years using mowing-only 

mechanical treatments (Weekley et al., 2011); this study showed that vegetation cover reached 

close to pre-treatment levels between nine months and one year and vegetation cover slows after 

nine months post-treatment. However, this may be attributed to the pre-existing amount of 

vegetation cover among plots in both treatment types; vegetation cover ranged from 50 to 95% 

cover with 60% of plots exhibiting greater than 80% vegetation cover. The implications for land 

managers are that this rapid recovery of vegetation cover may hinder the ability to restore fire 

regimes or restore populations of C. brevifolia within one year of treatment and may indicate that 

fire should be applied quickly following treatment. Therefore, when using mowing as a pre-fire 
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treatment, fire should be applied within one year of treatment; however, as a fire surrogate, 

annual thinning treatments would need to be conducted to retain control of vegetation growth.  

Bare Sand Cover  

In previous studies (e.g., Weekley et al., 2011), mechanical treatments have been shown to 

lead to litter and thatch accumulation reducing bare sand patches. This study did not show a 

significant difference in the average net change of percent bare sand cover one year post-

treatment between treatments. This may likely be attributed to the considerable amount of pre-

existing litter cover among plots in both treatment types; 76% of the plots contained 10% or less 

cover. However, repeated mechanical treatments could lead to litter and thatch accumulation 

over time (Rickey et al. 2007; Weekley et al. 2011), and may warrant additional research.  

In a previous log-and-burn study, C. brevifolia abundance increased dramatically 

following logging treatments (Weekley et al., 2008b). Tree harvest can increase bare sand 

coverage from skid trails and heavy equipment and could produce conditions more conducive to 

C. brevifolia recruitment. The present study was not designed to test whether this species is, in 

fact, a gap specialist but rather to test the effect of this thinning technique on bare sand coverage. 

However, C. brevifolia was observed most frequently in areas of bare sand and was rarely found 

in areas of dense vegetation and litter. In addition, individuals occurring in dense cover were 

larger than those occurring in bare sand, perhaps due to the length of time since establishment; 

initial recruitment may have occurred when litter accumulation was minimal. Further research is 

needed to determine the relationship between leaf litter accumulation and C. brevifolia 

recruitment. 

Research Needs  

To date, no long-term study has been conducted to understand the response of Florida 

scrub or C. brevifolia to long-term mechanical treatments as fire surrogates; therefore, frequent 
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monitoring of a variety of elements (e.g., plant responses, nutrient cycling, etc.) is recommended 

(Menges and Gordon, 2010). Although logging techniques have been shown to increase C. 

brevifolia density (Weekley et al., 2008b), the nature of this response (i.e., resprouting vs. 

recruitment) is unknown and may warrant additional research. Comparisons of mechanical-and-

burn or burn-only treatments to mechanical-only treatments could provide invaluable insights for 

restoration efforts. Incidental field observations indicate that C. brevifolia resprouted after a low 

intensity fire. However, resprouting was not observed in areas where mechanical treatment was 

followed by a high intensity fire and aboveground tissue loss and damage was significant. This 

suggests that resprouting may also vary with fire intensity.  

Knowledge of numerous biological and ecological traits of C. brevifolia and its 

associations with the surrounding environment is severely lacking; without an understanding of 

the general ecology and physiological requirements of this species, development of effective 

management strategies is difficult. Furthermore, although this species is believed to be a gap 

specialist (Gray, 1965), evidence of this habitat requirement is still lacking. Until further studies 

are conducted and appropriate management techniques for C. brevifolia recovery and protection 

are in place, regular fire management strategies should be used when possible to best mimic the 

natural disturbance regimes.  

  



 

48 

 
 

Figure 4-1. Resprouting Conradina brevifolia at one year post-treatment following mowing 

(Photograph © 2012 by Lynn Proenza)  
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Figure 4-2. Conradina brevifolia resprouting following a low-intensity fire. This picture was 

taken four months post-burn (Photograph © 2012 by Lynn Proenza) 
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CHAPTER 5 

CONCLUSIONS AND MANAGEMENT IMPLICATIONS  

Many remnants of the fragmented Florida scrub on the Lake Wales Ridge have been 

affected both directly and indirectly by human activities like agriculture, development, and fire 

suppression. As a result many plants, including C. brevifolia, are listed as endangered by both 

state and federal governments. In an effort to conserve and restore populations of this native 

endemic scrub species, critical habitats must be protected and managed (Gray, 1965; USFWS, 

2008).  

Because little is known about the ecology and biology of C. brevifolia, species-specific 

management techniques cannot be implemented. Low-impact mowing treatments can help attain 

several goals in preserving and restoring C. brevifolia populations as some live tissue remains 

aboveground, soil disturbance that may lead to invasions by non-native species was minimal, and 

maintaining individual plants was possible. These results demonstrate that at least half of the 

remaining plants present prior to treatment will likely remain uncut or will resprout following 

treatment and resprouting may continue to occur more than a year following treatment. However, 

land managers should use caution to ensure that potential restoration sites contain an adequate 

population size and this species is, in fact, locally abundant. Furthermore, mowing reduced 

vegetation cover and associated hazardous fire conditions making it a useful pre-fire treatment 

for maintaining habitat between prescribed burns when fire is applied within one year of 

mowing. However, flowering for C. brevifolia is delayed or absent within the first year following 

a mowing treatment. If reintroduction of fire following treatment is the desired goal, caution 

should be taken to ensure sufficient time for C. brevifolia to flower and increase the seedbank. 

Fire has been repeatedly shown as an important aspect of Florida scrub. Based on this study, the 

use of mowing as a fire surrogate is not recommended since vegetation can recover quickly and 
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litter may accumulate, thus reducing bare sand coverage and resulting in the loss of habitat for a 

potential gap specialist.  
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