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Requirements for the Degree of Master of Science 

HERPETOFAUNAL RESPONSES TO PRESCRIBED FIRE IN UPLAND PINE 
COMMUNITIES OF NORTHEAST FLORIDA 

By 

Keith Charles Morin 

December 2005 

Chair:  Max A. Nickerson 
Major Department:  Wildlife Ecology and Conservation 

Differences in abundance, richness and diversity of herpetofauna were measured in 

burned and unburned areas of upland pine habitat at Camp Blanding Training Site, a 

73,000 acre military and law enforcement training center in northeast Florida.  Sampling 

of herpetofaunal species was done via drift fence box traps between November 2003 and 

November 2004.  A total of 295 individual captures representing 24 species were 

recorded in 5,796 trap-days.  Measurements of habitat revealed increased bare sand area 

and a reduction in litter volume and canopy cover as a result of recent burn treatments.  

Measurements on vegetative and woody debris cover were similar between treatments.  

Herpetofauna responded positively to burn treatment in abundance, richness and 

diversity.  Reptiles also had greater abundance, richness and diversity in burned areas 

when examined separately.  For most herpetofauna burning had the greatest positive 

effect in flatwoods.  No differences were found in lizard and amphibian abundance, 

diversity or richness between burned and unburned treatments.  Amphibian captures were 



x 

limited to anurans, which were more abundant in flatwoods than sandhill blocks.  Habitat 

type had significant effect on herpetofaunal communities, with flatwoods blocks 

generally exceeding sandhill and logged sandhill in abundance, richness and diversity of 

species.  Six-lined racerunners (Cnemidophorus sexlineatus) responded positively to open 

conditions created by burn treatment, while eastern fence lizards (Sceloporus undulatus) 

did not, showing little difference in abundance between treatments and a negative 

relationship with very open conditions.   

Temporal and resource limitations precluded the ability to do population estimation 

or to incorporate a more complex experimental design necessary to improve inference of 

these results.  Traps were also unable to effectively sample some fossorial herpetofauna 

and tree frogs present in these communities. 
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CHAPTER 1 
INTRODUCTION 

Area of Study 

This study examined differences in herpetological habitat and populations produced 

by use of prescribed fire as the disturbance factor (treatment) in upland pine communities 

at Camp Blanding Training Site (CBTS), FL.  Disturbance occurs naturally in many 

ecosystems at scales from microhabitat to landscape level.  Depending on the return 

frequency and intensity of the disturbance event, effects on flora and fauna can range 

from destructive to beneficial (Connell 1978, Wootton 1998, Reice 2001).  While 

extreme events are typically rare and potentially detrimental, moderate disturbance is 

important in habitat maintenance for the perpetuation of a wide variety of vertebrate 

species, including reptiles and amphibians (Karr and Freemark 1985). 

Wildland fire is a specific type of natural disturbance.  Natural systems worldwide 

have long been shaped by frequent fires initiated by lightning storms and thousands of 

years of human influence (Komarek 1964, Kemp 1981, Turney et al. 2001).  Over 

millions of years, flora and fauna in chaparral, savanna, prairie, scrub, sandhill and other 

ecosystems have adapted to withstand and benefit from these natural fire events.  Humans 

have also learned to control fire; extinguishing it or starting prescribed fires when 

necessary.  Burning can alter and improve habitat structure, community composition and 

nutrient cycles (Wade 1989, Robbins and Myers 1992, Mistry 2000).  Land managers 

commonly use prescribed fire for wildfire fuel reduction, management of pastoral lands 

and conservation areas, and replication of natural disturbance cycles.  This use is well 
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documented in the Australian savanna (Russell-Smith 2002), North American pine forest 

(Wade 1989), South American Trachypogon savanna (San Jose and Farinas 1983), 

Western US chaparral systems (Biswell 1974), and African grassland and savanna 

regions (Komarek 1972, Swaine et al. 1992) among others. 

In areas where fire is common, herpetofauna and other animals have generally 

learned to avoid its potentially detrimental effects through behavioral and morphological 

adaptations.  Indeed, mortality following a typical burn is very low and most individuals 

are able to move ahead of the flame front, find moist soil/water/vegetation, or occupy a 

refugium such as a burrow or stump hole until the danger is past (Komarek 1969, Means 

and Campbell 1982, Lips 1991).  Smith et al. (2001) found that even the Ridge-nosed 

rattlesnake, Crotalus willardi, which has infrequent exposure to fire, suffered mortality 

only from very intense fires.  Most of the snakes observed survived low intensity fires 

without adverse effects.  In addition, more radio-tagged snakes were found in 

underground refugia after the fires than before. 

Perhaps more important than direct (if minimal) mortality is the responses of 

herpetological species and communities to the structural and compositional changes of 

their habitats post fire.  While the increased habitat openness and patchiness resulting 

from fire generally benefits reptile species’ abundance and diversity (Enge and Marion 

1986, Moseley et al. 2003), these same effects can be detrimental to amphibians, which 

are dependent upon site moisture retained by canopy closure, accumulated leaf litter and 

microhabitat structure from fallen logs (Bury 1983, McLeod and Gates 1998, Moseley et 

al. 2003).  In addition, the initial benefits to reptile species following fires tend to 
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decrease with a lengthening fire exclusion period (Means and Campbell 1982, Mushinsky 

1985, McLeod and Gates 1998).   

Research Problem and Motivation 

The general problem addressed in this study is discovering how short-term effects 

of prescribed fire influence herpetofaunal species in a fire dependent system.  I was 

motivated to address this problem because there are still too few studies in this area, 

despite some initial work already having been done and briefly synthesized (Means and 

Campbell 1982, Russell et al. 1999).  Also, the study is located in the southeastern United 

States where prescribed fire is the most important tool used by land managers to replicate 

natural disturbance regimes in uplands.  The other major natural disturbances in this 

region are hurricanes, which are not reproducible or as frequent as natural fire events.  

More information about the effects of fire on community components will assist resource 

professionals in making wise land management decisions. 

Specific questions that I attempted to answer are: 

• How does the recent use of fire affect relative abundance of herpetofauna? 

• How does the recent use of fire in the study areas affect richness and diversity of 
the herpetofauna? 

• What effect do measurable variables of structure have on diversity, abundance and 
distribution of herpetofauna when this habitat is altered by fire? 

In response to these questions, I predict that recently burned areas will have 

increased abundance and diversity of herpetofauna, and that reptiles will benefit from fire 

more than amphibians.  Amphibians will show little benefit or be adversely affected by 

open conditions promoted by burning.   I expect that species with specific adaptations to 

patchy, open conditions with new growth will show increased abundance, richness and 

diversity in burned treatments. 
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Objectives 

The main objective of this study is to advance understanding of the secondary 

effects of prescribed fire on high pine herpetofaunal communities in the southeastern 

United States by measuring their responses to the secondary effects of prescribed fire.  

Means and Campbell (1982), Greenberg et al. (1994) and Litt et al. (2001) studied the 

relationship of fire use to upland herpetofauna in Florida; however, the investigators 

captured few, if any, large snakes.  Trap bias, species behavior, or other methodologies 

are cited as causes for this trend in such studies (Greenberg et al. 1994, Litt et al. 2001, 

Moseley et al. 2003).  A secondary objective of this study is to improve an existing 

general herpetofauna monitoring method in order to make it more effective for the 

capture of large snakes. 

Critical Assumptions 

Basic assumptions in this type of comparative observational study are that other 

factors affecting measured variables are approximately equal in all units or in paired 

units.  Units that were not converted to plantation use or other major alteration were 

selected to limit non-fire influences on study units.  I assume here that the major 

difference between these habitats is the frequency of burning to which they have been 

exposed in recent years.  An attempt to validate assumptions about equal fire regimes 

prior to the known period was made by blocking units based on community type and 

resource use.  Florida Natural Areas Inventory (1990) community designations and 

history of the major resource use (logging) were used to assist in dividing the six study 

units into three blocks of paired units.  In each block there is one burned and one 

unburned study unit that share community type and resource use history.  All burned 

units were subjected to similar burn timing and frequency in the six years prior to 
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sampling.  The fire return and timing here is typical of current management strategy for 

restoring unburned pinelands in the southeast.  The Camp Blanding Training Site 

environmental staff burns units on a schedule determined by management goals and the 

major natural community type in the block, according to an Integrated Natural Resource 

Management Plan (INRMP) (King 1998).  Therefore, it is also an assumption here that 

units with the same resource and community type have had roughly similar exposure to 

fire prior to the known period since 1999.   

Structure of Study 

Despite some limitations, the study shows that short-term habitat modification by 

fire use has effects that can be significant for species of herpetofauna in upland pine 

communities.  Fire effects are assessed by presentation and analysis of herpetological 

abundance and diversity data in burned and unburned units. 

Chapter 1 introduces the area of study, the research problem, objectives of the 

study and critical assumptions made during the research process.  The structure of the 

study is also presented here for the orientation and benefit of the reader. 

Chapter 2 briefly reviews fire ecology and general effects of burning on 

herpetological species.  Results of some other studies investigating this subject are 

discussed where relevant to the study questions and objectives.  This places the study 

questions in context and provides a theoretical focus.   

Chapter 3 orients the reader to the physiographic region in which the study takes 

place and present characteristics of the specific study location, Camp Blanding Training 

Site.  This chapter also reviews study methods available and discusses methods selected 

for this study.  Statistical tests used for analysis are discussed.   
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Capture data for this study and the results of basic analyses are presented in 

Chapter 4.  These include increases in captures per trap, richness and diversity for 

herpetofauna, reptiles, (including snake species) in burned areas and differences in 

measurements among different habitat blocks as well.  The lack of difference for most 

comparisons in the lizard and amphibian groups is reported here.  Results of 

measurements on structural habitat variables are presented, as well as their potential 

correlation to abundance of some species captured in the study.   

In Chapter 5, I discuss the results and their relationship to principles and effects at 

work in this system.  Comparisons to other studies on burning and herpetofauna as well 

as differences between this study and others are presented.  Exceptions to the trends and 

lack of correlations are also discussed.  This chapter concludes with implications of the 

results and how this evidence may be applied to other research and management 

situations.   

The final chapter summarizes the study and presents conclusions and status of 

objectives and hypotheses presented in Chapter 1.  Evidence previously presented for 

each conclusion is briefly reiterated and the scope and significance of the study is 

discussed. 
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CHAPTER 2 
THEORETICAL FRAMEWORK AND SYSTEM 

Review of Fire Ecology 

Traditionally, disturbance was viewed as a factor preventing progression to a stable 

climax community with predictable components by resetting or regressing seral stages 

(Odum 1993).  However, more recent views perceive that periodic and non-catastrophic 

perturbations will actually enhance the stability and diversity of ecosystems by 

maintaining habitat heterogeneity (Connell 1978, Sousa 1984, Reice 2001).   At opposite 

ends of this spectrum, in either a static system or a highly disturbed system, competitive 

exclusion will favor resident or colonist-type species respectively, but not both.  Connell 

(1978) first expounded this Intermediate Disturbance Hypothesis (IDH) using examples 

from estuarine and tropical forest communities.  Longer interval, highly disruptive events 

also have their place in nature since a gradient of typical disturbance frequency and 

intensity exists across different systems (Connell 1978, Wootton 1998, Mackey and 

Currie 2001, Reice 2001). 

Eventually, a paradigm emerged that mirrors this disturbance hypothesis in the 

more specialized area of fire ecology.  The idea that pine savanna and other landscapes 

are maintained and enhanced by periodic patchy fire disturbance events has been proven 

and embraced by land managers worldwide (Wade 1989, Glitzenstein et al. 1995, Silva 

1996, Williams et al. 2002).   Frequent large-scale fire events are no longer common, 

however, even in areas of high lightning incidence.  This is primarily due to the way 

humans have divided and altered natural landscape composition and processes.  Fires that 
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would once have continued to burn until reaching a water body or major change in fuel 

type are now stopped by roads, ditches, urban areas, agricultural lands or fire 

suppression.  For many areas, such suppression was common policy before the 1980s and 

is still necessary if fire threatens critical resources or human safety.  Implementation of 

the fire disturbance paradigm today most often requires planned introduction of fire to the 

system in the form of prescribed burns.  With prescribed fire programs, replication of this 

natural disturbance can be accomplished in a safe manner that does not threaten 

surrounding communities, managed resources or personnel involved in the burn (Wade 

1989). 

Woody vegetation and fire intolerant species increase at the expense of open space 

and herbaceous groundcover in savanna systems if fire is reduced or excluded from the 

system (San Jose and Farinas 1983, Hoffman 1999, Sparks et al. 1999).  Depending on 

the recurrence and intensity of fire, plant growth and succession will be inhibited, 

maintained, or promoted.  Effects of fire are dependent on successional stage and fire 

dependence of the system involved (Swaine et al. 1992, Silva 1996, Hoffman 1999).   

Annual growth and senescence of grasses and other vegetation causes an 

accumulation of litter that becomes fine fuel for fires.  Where there is year-round growth 

this accumulation can carry a fire after only a few seasons.  This litter must be burned off 

or otherwise removed for seeding or regrowth to occur.  Though a great proportion of 

some nutrients like nitrogen and sulfur are volatilized in this process, nitrogen fixation by 

plants partially compensates for this phenomenon; together with what is returned to the 

soil, this is sufficient for continued growth (Norman and Wetselaar 1960, Gillon 1983). 

Other nutrients, such as phosphorous, potassium, magnesium and calcium, are returned to 
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the soil in the form of ash.  This aids in the regrowth of plants that then offer higher 

nutritional value for herbivores in the system (Gillon 1983, Cook 1994).  In southeastern 

high pine systems, recurrent burning promotes flowering and germination of important 

component plants and trees, including longleaf pine (Pinus palustris), wiregrass (Aristida 

berychiana) and a variety of herbs (Anderson and Menges 1997).   Fire also controls 

height and density of midstory trees and shrubs through heat stress or outright burning 

(Snyder 1986, Glitzenstein et al. 2003).  Long-term fire exclusion can result in unchecked 

growth of overstory and midstory components and unnatural accumulation of leaf litter 

and woody debris.  This accumulation not only influences ground level habitat structure 

and retards understory plant growth, but can also result in a catastrophic and 

uncontrollable wildfire event capable of killing overstory pines upon eventual ignition 

(Robbins and Myers 1992, Varner et al. 2000). 

Herpetofauna and Fire  

General Effects 

Fire also modifies the habitat structure for herpetological species.  Reptiles have a 

fairly impermeable skin, which prevents excessive evaporative water loss, and thus are 

typically better adapted than amphibians to take advantage of open stand conditions 

resulting from burning.  The use of basking as a method of core temperature maintenance 

is also more pronounced in reptiles than amphibians (Brattstrom 1979, Means and 

Campbell 1982, Enge and Marion 1986, Pough et al. 2000). 

The effect of fire on food availability, behavior, population structure and species 

composition has been documented in herpetofaunal studies conducted in the fire-adapted 

systems of tropical savanna (Faria et al. 2004), spinifex grassland (Letnic et al. 2004), 

chaparral (Lillywhite and North 1974, Lillywhite 1977), pine forest (Means and 
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Campbell 1982, McLeod and Gates 1998), sandhill (Mushinsky 1985, Litt et al. 2001) 

and sand pine scrub (Greenberg et al. 1994).   There have also been studies that focus on 

herpetological species and burning in less fire-prone systems such as eucalypt open forest 

(Singh et al. 2002, Woinarski et al. 2004), hardwood forest (Kirkland et al. 1995, 

Moseley et al. 2003), tropical humid forest (Fredericksen and Fredericksen 2002), and 

montane regions (Smith et al. 2001, Cunningham et al. 2002, Brisson et al. 2003).  

Though research has occurred on most continents, there is a relative paucity of studies on 

herpetofaunal responses to fire management in Southern African grasslands and savannas 

(Barbault 1976, Parr and Chown 2003).  

Herpetofauna 

Means and Campbell's (1982) work in Florida showed significant differences in 

occurrence of some reptile and amphibian species between burned pine areas and habitat 

where fire was long excluded and hardwood succession had occurred, making the 

structure denser and more homogeneous, resulting in loss of important understory plant 

species and herpetofauna.  In another Florida sandhill community, bucket-trap captures of 

reptiles and amphibians were greater in a plot with a median level of burning when 

compared to other plots that were either overgrown or left with few trees due to extremes 

of fire frequency (Mushinsky 1985).   

Other studies show no difference in overall herpetological abundance in response to 

burn treatments.  This occurs in non-fire prone systems of bottomland hardwood with 

recurrent winter burning in the treatment areas (Moseley et al. 2003), and tropical humid 

forest that has been logged and then burned four years later (Fredericksen and 

Fredericksen 2002).   
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An examination of fire effects on richness and diversity for herpetofaunal species 

yields mixed results as well.  McLeod and Gates (1998), Litt et al. (2001), and Moseley et 

al. (2003), all detect no significant differences in these measures when comparing burned 

and unburned areas.  However, only the study by Litt et al. (2001) was in a fire dependent 

system.  Another study in Florida sandhill (Mushinsky 1985) recorded the highest 

herpetofauna diversity and richness in a burned area with a moderate return frequency.  

Extremes from high disturbance to no disturbance led to lack of heterogeneity in habitat.   

This would in turn reduce potential niche variation for herpetofauna as a whole.  Despite 

this, Fredericksen and Fredericksen (2002) found herpetological richness to be higher in 

wildfire areas of Bolivian tropical humid forest that were also intensively logged.  

Amphibian species captured there tended to be more adapted to open conditions than 

most.  Recognizing the different needs of reptiles and amphibians, many studies have 

focused only on amphibians, reptiles or individual species.  Indeed, more differences are 

seen when responses of lower level taxa are looked at separately in habitats affected by 

fire.   

Reptiles 

Many reptile species respond positively to alterations in habitat brought about by 

burning, if they are adapted to more open conditions.  Abundance of certain reptile 

species increases in areas with structure opened by burning in sandhill (Means and 

Campbell 1982, Mushinsky 1985, Litt et al. 2001), sand pine (Pinus clausa) scrub 

(Greenberg et al. 1994), temperate hardwood forest (Moseley et al. 2003), and chaparral 

(Lillywhite 1977, Cunningham et al. 2002).  Moseley et al.(2003) also found an increase 

in reptile richness and diversity in the burned plots, while the Litt et al. (2001) and 

Greenberg et al. (1994) studies did not. 
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In addition to changing basic structure, fire events are unique in having the ability 

to produce or consume woody debris in forests, depending on recurrence and intensity.  

These structures benefit certain lizard species for use as escape cover, egg depositories 

and perch sites, for the latter being preferred to live trees in some cases (Lillywhite and 

North 1974, Pounds and Jackson 1983, James and M’Closkey 2003).  Stump holes 

created by decay of fire-killed trees also provide refuge for a variety of creatures, 

including snakes (Means 1985, Tennant 1997). 

The gopher tortoise (Gopherus polyphemus) is an important species in southeastern 

upland systems.  These tortoises typically inhabit well-burned open-canopied pine stands 

or savannas, digging long burrows inhabited by many other species, herpetological and 

otherwise (Diemer 1986, Cox 1987, Aresco and Guyer 1999).   They feed on the wide 

mixture of herbaceous and woody monocots and dicots in such habitats.  Important 

dietary components include seedling pines (Pinus spp.) and oaks (Quercus spp.) as well 

as wiregrass (Aristida spp.) and other grasses.  Fires of semi-regular recurrence promote 

faster resprout of these species, increasing palatability and nutritional value (Macdonald 

and Mushinsky 1988).  

There are exceptions to this positive trend for reptiles, however, such as avoidance 

of recently burned areas by some prairie snakes due to lack of cover from predators 

(Cavitt 2000) and greater abundance of fossorial, litter using, or moist microclimate-

adapted reptiles in unburned areas of pine stands (McLeod and Gates 1998), Amazonian 

savanna (Faria et al. 2004) and tropical eucalypt forest (Singh et al. 2002, Woinarski et 

al. 2004).  Woinarski et al. (2004) also found decreased richness of reptiles overall in 

burned treatments; this was attributed to the high capture proportion of litter dwelling 



13 

 

skinks and other reptiles maladapted to very open conditions.  Immediate post-fire 

conditions in spinifex (Triodia spp.) grasslands of Australia strongly favored two lizard 

species (Rhynchoedura ornata and Ctenophorus nuchalis) tolerant of high body 

temperatures and open conditions.  Lizard density dropped, but species richness was 

improved on a site that remained unburned for 15 years.  At this site, skinks and other 

lizard species with different thermoregulatory needs were also present in a more 

structurally complex plant assemblage (Letnic et al. 2004).  Similarly, both Mushinsky 

(1992) and Greenberg et al. (1994) found a correlation of decreased abundance of the 

litter-dwelling five-lined skink (Eumeces inexpectatus) to increased openness of burned 

areas in Florida uplands. 

Amphibians 

Many amphibians are typically not morphologically adapted to deal with the open 

dry conditions created by burning.  Adult frog populations in an Australian forest were 

greatly reduced by a spring fuel-reduction burning program (Driscoll 1997).  In Florida 

sandhill, Litt et al. (2001) captured fewer southern toads (Bufo terrestris) in burned plots 

than control plots.  McLeod and Gates (1998) found significantly fewer amphibians in a 

burned pine stand than in an unburned one. 

It appears burning is not always detrimental to amphibians, however.  Moseley (et 

al. 2003) found no difference in amphibian richness, diversity or abundance in a winter-

burned hardwood forest on the southeastern coastal plain of the United States, and more 

true toads (Bufo spp.) were captured in burned areas than in unburned ones.  Similarly, 

amphibians in eucalypt open forest (Woinarski et al. 2004) and tropical humid forest 

(Fredericksen and Fredericksen 2002) were unaffected by fire disturbance in their 

habitats.  In a different type of disturbance study, amphibian abundance measured in 
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canopy gaps produced by wind damage and salvage logging was not different than 

abundance in unaltered sites in a southern Appalachian closed canopy forest (Greenberg 

2001).   

Kirkland et al. (1995) observed an actual increase in amphibian abundance in a 

Pennsylvania hardwood tract that was winter burned, though captures were dominated by 

one species (70.8%), the American toad (Bufo americanus).   In studies where no 

difference in amphibian populations was observed between treatments, fires may not 

have been frequent enough or intense enough (as in winter burning) to produce changes 

in parameters important to amphibian survival.  Many of the amphibians captured in 

these studies were those that have behavioral and morphological adaptations, such as 

burrowing or moving to moist areas and thicker or less permeable skin. These enable 

survival in more open settings commonly encountered post fire, with less cover or surface 

moisture.  The reaction of amphibian populations to secondary fire effects has not been 

well studied in more xeric, fire prone systems, presumably because they are not affected 

by fire in these systems (Greenberg et al. 1994) or are difficult to sample properly (Means 

et al. 2004).   

In all cases it is clear that reactions of specific species to fire depend greatly on 

individual preferences and adaptations.  Only a few herpetological species are adapted to 

the very low or very high extremes of temperature, moisture, and cover that are possible 

within fire dependent communities (Means and Campbell 1982, Mushinsky 1985).  When 

fire improves the heterogeneity of a landscape, a variety of patch conditions becomes 

available.  These different microhabitat patches support and allow for a wider range of 

species (MacArthur1965).  This can include those species that are exceptions to the trend 
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for each group, whether they are litter and wetland dwelling reptiles (McLeod and Gates 

1998, Letnic et al. 2004) or amphibians able to tolerate dry conditions for much of their 

life cycle (Kirkland et al. 1995, Fredericksen and Fredericksen 2002).   

The synthesis of Russell (1999) and the report by Campbell and Christman (1982) 

demonstrate that fire can produce a landscape of varied microhabitats and open areas. 

The arrangement of these elements facilitates precise behavioral thermoregulation, prey 

capture, and herbivory for the suite of reptiles and amphibians adapted to the upland pine 

communities of Florida and the southeastern United States. 

Longleaf Pine Community 

Longleaf pine ecosystems once covered over 25 million hectares (ca. 62 million 

acres) in the Southeastern United States (Stout and Marion 1993).  These habitats were 

found in much of the upland areas on the Coastal Plain from Eastern Texas east to 

Southeastern Virginia and peninsular Florida.  Across this region, a highly diverse 

assemblage of plant and animal communities evolved, including a rich herpetofaunal 

element (Stout and Marion 1993).  As many as 25 amphibian and 51 reptile species occur 

in mesic and xeric uplands of the Southeastern Coastal Plain (Enge 1997, Williams and 

Mullin 1987, Labisky and Hovis 1997). 

Timber harvesting, agricultural use, urban development, and other human 

influences have reduced the longleaf pine communities in these areas to less than five 

percent of their original extent with concomitant negative impacts for the flora and fauna 

reliant on this habitat type.  The loss and modification of upland areas in the southeast 

was most intense from the period 1880-1930, but is still occurring at a high rate in many 

areas (Outcalt 2000, Outcalt and Sheffield 1996).   
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Over these lands a gradient from wet coastal flatwoods to xeric upland sandhills 

and mountain ridges support longleaf pine and a variety of understory, midstory and 

codominant canopy plants and trees.  Much of this area can be classified as a seasonal 

savanna, characterized by low fertility soil, annual droughts and wet storm periods 

(Gillison 1983, Mistry 2000).  Also, as in many of the world’s savannas, these storms are 

characterized by high frequency of lightning that ignites natural fires.  Most of these 

thunderstorms occur in the growing season, reaching a peak in June (Komareck 1964).  

Earlier fires in May have the potential to burn more area, however (Robbins and Myers 

1992). 
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CHAPTER 3 
STUDY SITE AND METHODS 

Study Site 

Study areas were located on the Camp Blanding Training Site (CBTS) (lat. 

29°59’00” N, long. 82°00'00" W) in Clay County, FL (Fig 3.1).  CBTS is a 73,000-acre 

training and readiness site for the Florida Army National Guard and is used by many 

other law enforcement and military agencies.  The closest major city is Jacksonville, 

approximately 35 miles (57 km) to the northeast.  In addition to military activity, sections 

of CTBS are used for public hunt areas, mineral extraction activities (mining) and 

forestry operations (King 1998). 

Rainfall in the area averages 135 cm annually, with most occurring June-

September.  Frequent thunderstorms and high incidence of lightning strikes characterize 

this period.  Mean temperatures vary from 56° F (13.3° C) in the winter to 81º F (27.2° 

C) in the summer.  This region includes upland soils of the well-drained Penny-Kershaw-

Ortega association and poorly drained Hurricane-Leon-Mandarin and Leon-Mandarin-

Pottsburg associations (King 1998).   

CTBS supports a variety of high quality habitats native to north Florida, including 

sandhill, bottomland hardwood, scrub, wetlands and mesic flatwoods (FNAI 1990).   The 

property supports substantial biodiversity, including several threatened and endangered 

species.  Twenty-three amphibian and 32 reptile species have been recorded at CBTS.  Of 

these, 16 amphibian and 22 reptile species are known to occur in upland pine habitats 

(King 1998). 
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Figure 3-1. Location of Camp Blanding Training Site (blue) in Florida 

The site has an active prescribed burning program administered and implemented 

by on-base environmental staff.  Areas are burned for fuel reduction, endangered species 

habitat improvement, range clearing for ordnance disposal and for general ecosystem 

maintenance (personal communication Paul Catlett 2004).  Knowing the effects of this 
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common management event on ecosystem health is important for land managers at this 

site as well as on other public and private conservation lands.  

Materials and Methods 

Standard upland herpetological sampling techniques include transect searches, 

pitfall traps and funnel traps in association with drift fencing (Corn 1994), radio telemetry 

(Means 1985), and anuran call counts (Zimmerman 1994).  Use of passive trapping 

techniques is the most reliable method available to ensure equal sampling effort between 

treatments.  Enge (2001) reviewed pitfall and funnel trapping techniques used in several 

studies in Florida.  For all cases examined, large and medium snakes were more 

effectively captured using funnel traps.  For this study, I used a modified version of a 

four-funnel and four-fence box trap design used by Rudolph et al. (1999) in Texas.  This 

trap type was designed to capture large snakes, but is effective at capturing other 

terrestrial herpetofauna as well. 

Traps consisted of a central 3’ by 3’ by 1’ (91 cm x 91 cm x 30 cm) wooden box 

frame with ¼” (0.63 cm) mesh sides, plywood top and bottom, four funnels and 50’ (15.6 

m) of drift fences on each side (Fig 3-2).  Fences were standard staked erosion control 

fence, 62 cm in height and buried a minimum of 5 cm below ground level.  Fences were 

secured around funnels using cable ties and then funnels were buried with existing 

substrate (Fig 3-4).  Funnels were constructed of ¼” (6.3 cm) opening hardware cloth and 

were 3 feet (91 cm) in length.  The entrance of the funnel is a semicircle approximately 8 

inches (20 cm) in diameter and 5 inches (13 cm) in height.  Each funnel terminates in an 

opening 2.5 inches (6.5 cm) in diameter 6 inches (15 cm) above the floor of the trap box 

(Fig 3-5).  A two-foot by one-foot section of hardware cloth was fitted into funnel 
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entrances to split the opening.  This splitting device is designed to encourage entry into 

the funnel and prevent animals from occupying the funnel opening instead of entering the 

trap. 

Traps were similar to those of Rudolph et al. (1999) with the following alterations: 

funnels were modified to run underground before entering the box and fences were set up 

in a star pattern leading into the funnels (Figs. 3-2, 3-3).  This design effectively hides the 

trap and contents from predators and other animals along fence lines or at the funnel 

entrance (Figs. 3-4, 3-5).  Traps were modified in an effort to reduce non-target captures 

(and mortality) associated with funnel trapping.  In snake studies using large funnel traps 

at Avon Park Air Force Range, FL (personal observation) and in east Texas (Rudolph et 

al. 1999) significant capture of small carnivores, rodents, and birds that forage or nest on 

the ground does occur.  I believe some of this non-target catch results from the large 

straight funnel entrance of these traps (necessary for large snake capture) coupled with 

the ability of predators to see herpetofauna and insect prey items captured within.  

Six stands were selected (Fig A-7) from upland burn units using the GIS coverage 

provided by CBTS environmental staff.  Due to the substantial movement ability of 

snakes, large areas with a relatively contiguous habitat type were chosen.  Study units 

ranged from 48 to 78 ha and were selected from contiguous natural upland pine (not 

plantation) areas with no divisions or difference of burn regime within sites.  Three units 

were burned in April-June of 2003; the remaining three units had not been burned for a 

minimum of five years (pre-1999). CBTS Environmental Staff assisted in pairing stands 

with similar burn frequency prior to the treatment period.  A designation of B1-B3 for 

burned areas and U1-U3 for unburned areas was assigned (Table A-1). 
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Figure 3-2. Overhead diagram of funnel box trap layout 

 
 
Figure 3-3. Photo of trap array in sandhill. 
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Figure 3-4. Side view trap diagram showing subsurface funnel and trap. 

 
 
Figure 3-5. Trap detail showing funnel opening and underground funnel routing into box. 

Units B1 and U1 are mostly flatwoods (89.1 % and 92%, respectively) with drier 

sandhill sections embedded in these largely mesic areas (Figs. A-4 and A-5).  Units B2, 

B3, U2 and U3 are composed of xeric longleaf pine (Pinus palustris)-turkey oak 
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Funnel
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(Quercus laevis) sandhill (Figs. A-4 and A-6).  In areas B3 and U3, however, extensive 

harvest of longleaf pine prior to government acquisition in 1939 (King 1998, personal 

communication CBTS forestry personnel 2004) has resulted in a derived habitat 

dominated by turkey oak with far fewer pine present (Fig. A-1).  Understory plant 

diversity in these areas is also reduced, composed primarily of young turkey oak with 

substantial wiregrass only in burned areas and few other species.  Specific characteristics 

of each trap site are listed in Table A1 in Appendix A.  Figures A-1, A-2 and A-3 show 

typical burned and unburned block types. 

Flatwoods are characterized by flat, sandy soils with a well-defined argillic horizon 

(clay layer), resulting in seasonal topsoil saturation and ephemeral ponds.  The understory 

is dominated by wiregrass (Aristida berychiana) and saw palmetto (Serenoa repens) with 

gallberry (Ilex glabra), wax myrtle (Myrica cerifera) and fetterbush (Lyonia lucida) 

present in significant amounts.  Longleaf pine is the primary overstory tree species (Fig. 

A-3).   

Sandhill areas have a thicker entisol sand layer, better drainage (argillic horizon 

generally absent) and more bare soil than flatwoods.  Slope is typically increased as much 

as 10% compared to flatwoods areas.  Understory components include wiregrass, which 

is more extensive in burned areas, young turkey oaks, runner oak (Q. pumila), gopher 

apple (Lichania michauxii) and occasional palmetto. The overstory here contains a 

significant turkey oak component in addition to taller longleaf pine with occasional 

blackjack (Quercus incana), bluejack (Quercus marilandica) or sand post oaks (Quercus 

margaretta) present in the midstory (Fig A-2).  
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Three box traps were placed in each sampling unit for a total of nine traps in each 

treatment type.  Random trap placement within each unit was accomplished using the 

random point function from the USGS Animal Movement extension (Hooge et al. 1999) 

running on Arcview 3.2 (ESRI 1999). Traps were located a minimum of 75 m from the 

next closest trap to promote independent sampling.  Traps were also placed a minimum 

of 50 m from the edge of the unit or roads to reduce edge effects due to artificial 

structural changes in habitat. Figures A-1 through A-3 in Appendix A show trap locations 

and habitat within each study unit  

Traps were open continuously during the following periods: November 11 - 

December 19, 2003, January 12-May 30, 2004 and June 20-November 9, 2004.  Trapping 

effort totaled 5,796 trap-days; where one trap-day equaled one trap open for a 24-hour 

period.  Traps were rendered inaccessible during closed periods by blocking funnel 

access.  Water was continuously supplied in each trap with a standard 1-gallon poultry 

water device. Traps were checked three times per week during open periods. 

Upon capture, subjects were identified to species, measured for length, weighed, 

and released.  Before release, subjects were injected with a uniquely numbered PIT tag to 

permanently mark the animal in case of recapture.  Incidents of recapture were low for 

most species and not included in calculations.  Any lizards seen perched on or next to 

drift fences were captured by hand and added to species’ totals. 

Habitat variables were measured at eight plots within a 7,850-m² circle centered on 

each trap.  Measurements were taken approximately one year after the fire treatments in 

burned areas.  Two 1 m² plots were randomly placed along each of four 50-meter 

transects originating at each funnel opening.  In each plot, percent vegetative cover, 
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percent bare soil, percent leaf litter cover, and percent coarse woody debris (CWD) cover 

were estimated.  For CWD, only pieces over 1 inch (2.5 cm) diameter were considered.  

In each plot, mean depth of leaf litter was obtained by insertion of a thin metal ruler into 

the litter layer to the soil level at four random locations and measuring to the nearest mm.  

A stem representing the average height of understory vegetation in each plot was 

measured to the nearest centimeter.  Canopy cover above each plot was measured using a 

standard concave spherical densiometer.  

For analysis of abundance, richness and diversity, captured species were grouped 

into taxonomic categories as follows:  total herpetofauna, reptiles, amphibians, anurans, 

snakes, turtles, and lizards.  Individual species with more than 20 captures were examined 

separately.  For each category, abundance was expressed as the total number of captures 

per trap and richness as the total number of species per trap.  This does not represent true 

abundance, which would require 100% detection of herpetofauna present or mark-

recapture methods, but rather, reflects relative abundance of species based on equal 

detection ability at each trap site.  A measure of diversity was calculated for all categories 

using the Shannon diversity index, H’ (Pielou 1977).  For precision and to eliminate 

variation according to habitat subtype, data were blocked into logged sandhill, sandhill, 

and mixed flatwoods as outlined in Table A1.  A two-factor analysis of variance 

(ANOVA) was used to test all taxonomic categories and habitat variables for differences 

in treatment effect between burned and unburned areas and among habitat blocks.  

Variables with non-normal distribution were square root or arcsine-square root 

transformed to meet assumptions of parametric analysis where necessary.  Multiple 
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comparisons for determination of differences of means were done via Tukey’s procedure 

(SAS Institute 1997). 

Correlation analysis via linear regression was used to further examine relationships 

between individual species with over 20 total captures and habitat variables measured.  

Only habitat variables showing significant differences between treatments or blocks were 

examined in correlation analysis.  All statistical analyses were conducted using SAS 

statistical software (SAS Institute 1997) or Sigmastat 2.0 (Jandel Corporation 1995). 
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CHAPTER 4  
RESULTS 

 General Captures  

A total of 295 individuals representing 24 species was captured in 5,796 trap-days 

(Table 4-1).  Eighteen species of reptile and six species of amphibians (all anuran) were 

captured.  Two species of anurans and six species of reptiles were captured only in 

burned areas, though all were represented by few captures.  The relatively rare southern 

hognose snake (Heterodon simus) was captured in Trap B1B.  The ground skink 

(Scincella lateralis) and the gopher frog (Rana capito) were captured only in unburned 

areas (Table 4-1).  The gopher tortoise (Gopherus polyphemus) was captured 

opportunistically next to trap arrays save one small juvenile.  A plot of total species 

against total captures for burned and unburned areas is shown in Figure 4-1.  This 

rarefaction curve and consultation of the potential species list for Camp Blanding reveals 

that further sampling effort likely would have resulted in few, if any additional species 

sampled in the study areas.   In addition, recaptures were far too low and sporadic with 

methods used (a non-transect and non-grid design) to enable any sort of mark-recapture 

analysis for population estimations. 

Results of two-factor ANOVA for herpetofauna captures are discussed below 

(Table 4-2).  Table 4-3 lists results of the same analysis performed on mean 

measurements of habitat variables.   Results of fire treatment are those reached after 

allowing for differences in block and vice versa.  In some cases an interactive effect 

between treatment and block was also detected. 
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Table 4-1. Number of captures by species for burned and unburned areas at Camp 
Blanding Training Site. 

Species Common Name Unburned   Burned 

Agkistrodon piscivorus conanti 
 
Florida Cottonmouth 1 1 

Anolis carolinensis Green Anole 8 9 
Cnemidophorus sexlineatus sexlineatus  Six-lined racerunner 4 18 
Coluber constrictor priapus Southern Black Racer 2 8 
Drymarchon corais couperi Eastern Indigo Snake 0 2 
Elaphe guttata Corn Snake 1 2 
Eumeces egregius Mole Skink 0 1 
Eumeces inexpectatus Southeastern five-lined skink4 6 
Gopherus polyphemus Gopher tortoise 1 4 
Heterodon platyrhinos Eastern Hognose Snake 1 1 
Heterodon simus Southern Hognose Snake 0 1 
Masticophis flagellum Coachwhip 8 16 
Sistrurus miliarus barbouri Dusky Pigmy Rattlesnake 0 2 
Scincella lateralis Ground Skink 2 0 
Sceloporus undulatus Fence Lizard 60 41 
Ophisaurus ventralis Eastern Glass Lizard 0 1 
Thamnophis sirtalis Garter Snake 1 1 
Pituophis melanoleucus Florida Pine Snake 0 2 
Bufo quercicus Oak Toad 1 1 

Gastrophryne carolinensis 
Eastern Narrow-Mouthed 
Frog 0 1 

Bufo terrestris Southern Toad 22 10 
Rana utricularia  Southern Leopard Frog 0 1 
Scaphiopus holbrooki Eastern Spadefoot Toad 10 39 
Rana capito Gopher Frog 1 0 

Total reptiles  93 116 
Total amphibians  34 52 
Total captures  127 168 
Number of species  16 21 
Overall captures   295 
Total snakes  14 36 
Total frogs  34 52 
Total turtles  1 4 
Total lizards  78 76 
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Figure 4-1. Rarefaction curves of total species against total captures in burned and 

unburned treatments at Camp Blanding Training Site. 

Effects of Fire Treatment on Herpetofauna 

Mean captures per trap of herpetofauna were higher (P = 0.026) in burned 

treatment areas than in unburned treatment areas (Table 4-2).  Two factor ANOVA for 

herpetofauna richness and diversity also showed significantly higher number of species 

(P = 0.004) and larger Shannon’s H’ (P = 0.003) in burned areas over unburned areas.  

Total reptile captures followed the same trend in response to fire treatment as 

herpetofauna, with burned areas yielding greater numbers (P = 0.02). Interactions 

between treatment type and block were seen for this group. Effect of burning on reptile 

capture numbers was greatest in mixed flatwoods blocks, which had more captures than 

either sandhill or logged areas (P <.005).  Reptiles also showed greater richness (P = 

0.006) and diversity (P = 0.002) in burned areas than in unburned areas.  Within reptiles, 

turtles had too few captures to enable separate statistical examination.   
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Table 4-2. Mean, standard errors and P-values of captures per trap, richness and Shannon-Weiner index (H’) for herpetofauna, 
reptiles, anurans, snakes, and lizards in upland pine communities at Camp Blanding Training Site.  Different letters 
indicate a significant difference between block types. Significant P values are in italics. 

 Treatment     Habitat       
  Burned Unburned F 1,12 P Flatwoods Sandhill Logged F 2,12 P 
 Total Herpetofauna          
    Captures/ trap 19.67 ± 1.57 14.00 ± 1.57 6.49 0.026 24.50 ± 1.93A 15.17 ± 1.93B 10.83 ± 1.93B 13.14>0.001
    Richness 7.78 ± 0.51 5.22 ± 0.51 12.56 0.004 8.67 ± 0.62A 6.67 ± 0.62B 4.17 ± 0.62C 10.50 0.002
    Shannon Index 1.73 ± 0.08 1.28 ± 0.08 14.45 0.003 1.74 ± 0.10A 1.60 ± 0.10A 1.17 ± 0.10B 8.67 0.005
Reptiles  
    Captures/ trap 14.00 ± 1.00 10.22 ± 1.00 7.14 0.020 15.33 ± 1.23A 11.67 ± 1.23 AB 9.33 ± 1.23B 6.10 0.015
    Richness  6.11 ± 0.44   4.00 ± 0.44 11.28 0.006 6.83 ± 0.58A 4.67 ± 0.54B 3.67 ± 0.54B 8.84 0.004
    Shannon Index 1.56 ± 0.10 0.99 ± 0.10 15.45 0.002 1.58 ± 0.13A 1.26 ± 0.13 AB 1.0 ± 0.13B 5.48 0.020
Amphibians (anurans)  
    Captures/ trap * 1.95 ± 0.26 1.66 ± 0.26 0.60 0.454 2.85 ± 0.32A 1.58 ± 0.32B 0.99 ± 0.32B 8.62 0.005
    Richness 1.67 ± 0.32 1.22 ± 0.32 0.94 0.351 1.83 ± 0.40 1.50 ± 0.40 1.00 ± 0.40 1.12 0.359
    Shannon Index 0.26 ± 0.01 0.21 ± 0.01 0.14 0.712 0.27 ± 0.12 0.31 ± 0.12 0.12 ± 0.12 0.75 0.492
Snakes  
    Captures/ trap 4.0 ± 0.51 1.56 ± 0.51 11.52 0.005 4.67 ± 0.62A 2.50 ± 0.62 AB 1.17 ± 0.62B 8.02 0.006
    Richness* 1.58 ± 0.14 0.94 ± 0.14 10.89 0.006 1.78 ± 0.17A 1.09 ± 0.17B 0.90 ± 0.17B 7.36 0.008
    Shannon Index* 0.83 ± 0.09 0.35 ± 0.09 14.45 0.003 0.95 ± 0.11A 0.52 ± 0.11B 0.30 ± 0.11B 9.07 0.004
Lizards  
    Captures/ trap 9.56 ± 0.92 8.56 ± 0.92 0.59 0.458 10.17 ± 1.13 9.17 ± 1.13 7.83 ± 1.13 1.07 0.373
    Richness* 1.84 ± 0.12 1.62 ± 0.12 1.50 0.244 1.83 ± 0.15 1.77 ± 0.15 1.60 ± 0.15 0.64 0.515
    Shannon Index 0.95 ± 0.12 0.62 ± 0.12 3.53 0.085 0.86 ± 0.15 0.89 ± 0.15 0.61 ± 0.15 1.04 0.382
          
* values were square root transformed         
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Table 4-3. Means, standard errors and P-values for habitat structure variables measured at trap sites.  Significant P-values are in italics. 

 

 

 

 Treatment     Habitat       

 Burned Unburned F 1,12 P Flatwoods Sandhill Logged F 2,12 P 
Vegetation          
% Vegetation* 5.40 ± 0.43 4.51 ± 0.43 2.11 0.172 5.95 ± 0.53 4.42 ± 0.53 4.50 ± 0.53 2.65 0.111 
Vegetation Height 0.60 ± 0.07 0.67 ± 0.07 0.55 0.474 0.79 ± 0.08 0.58 ± 0.08 0.54 ± 0.08 2.78 0.102 
     
Groundcover      
% bare sand 26.51 ± 3.08 10.08 ± 3.08 14.22 0.003 13.27 ± 3.77 20.5 ± 3.77 21.13 ± 3.77 1.34 0.300 
Woody debris 9.13 ± 0.93 8.20 ± 0.93 0.51 0.491 9.15  ± 1.13 8.34  ± 1.13 8.50  ± 1.13 0.14 0.867 
% LL cover 41.93 ± 4.90 69.88 ± 4.90 16.24 0.002 50.33 ± 6.01 59.06 ± 6.01 58.31 ± 6.01 0.65 0.540 
Depth LL (cm) 1.17 ± 0.19 2.32 ± 0.19 19.12 <0.001 1.52 ± 0.23 2.04 ± 0.23 1.68 ± 0.23 1.36 0.294 
Volume leaf litter  
(m3/ha) 54.12 ± 18.68 176.25 ±18.68 21.37 <0.001 87.15 ± 22.88 137.17 ±22.88 121.25 ±22.88 1.25 0.322 
     
% Canopy cover 27.95 ± 3.13 45.98 ± 3.13 16.64 0.002 34.88 ± 3.83 40.05 ± 3.83 35.95 ± 3.83 0.51 0.614 
          
Differences with over 5% probability of type one error were not 
reported      
          
* values were square root transformed         
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Snakes, however, were captured almost three times as often (P = .005) in traps 

placed in burned areas than those in unburned areas.  Additionally, more snake species (P 

= 0.006) and higher diversity (P = 0.003) were recorded in burned areas.  Unlike snakes, 

lizards showed no significant differences in any category between treatments or block 

pairings with the analysis used.  Only diversity measures on treatment types were close 

enough to suggest a possible difference (P = 0.085) may exist.  Only six-lined 

racerunners showed any difference with a higher total abundance in burned areas (P 

=.003).   

Anuran capture data produced no detectable differences in abundance between 

treatment types. Within levels of unburned treatment, a significant difference (P = .016) 

in amphibian abundance was detected, with sandhill levels exceeding those in logged 

sandhill.  Burning also had a greater effect (P < 0.05) on reducing the number of anurans 

in sandhill and logged sandhill than in flatwoods.  Data collected did not reveal any 

significant differences in amphibian richness or diversity between treatments. 

Effects of Habitat Type on Herpetofauna 

Flatwoods sites had higher (P < 0.001) herpetofauna captures per trap than either 

sandhill or logged sandhill.  A significant (P < .05) interaction indicated that effect of 

burning on abundance of herpetofauna was greater in flatwoods than in either type of 

sandhill treatment.  Herpetofauna diversity (Shannon H’) was lower in logged sandhill 

than in the other two blocks (P = 0.005).  A difference (P = 0.002) was found for species 

richness in all three habitat pairings with flatwoods having the highest number of species 

observed and logged sandhill the lowest (Table 4-2). 

Flatwoods exceeded logged sandhill (P = 0.015) in reptile abundance.  Mean 

number of reptile species sampled (richness) was higher (P = 0.004) in flatwoods than in 
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sandhill or logged blocks.  However, differences in diversity were only detected between 

flatwoods and logged blocks (P = 0.020) (Table 4-2).    

  Logged blocks had significantly fewer snake captures than flatwoods blocks, but 

neither was significantly different from unaltered sandhill when using a multiple 

comparison procedure (P = 0.006).  Between block types, snake richness and diversity 

were significantly higher (P= 0.008 and 0.004, respectively) in the flatwoods type blocks 

than in either of the other two sandhill habitat types. Lizards differed from snakes and 

total reptiles, showing no significant differences between block type in richness or 

diversity.   

A difference was noted (P = .005) among block types with significantly more 

anurans captured in flatwoods blocks than the two other habitat blocks sampled (Table 4-

2).  Data collected did not reveal any significant differences in anuran richness or 

diversity between blocks (Table 4-2). 

Effect of Treatment on Habitat Variables 

Differences in habitat structure were detected in four measured variables: percent 

bare sand, percent litter cover, depth of litter cover, and percent canopy cover.  Mean 

vegetation cover and mean woody debris cover were not different between treatments or 

among block types (Table 3-3).  Litter has a three-dimensional effect on habitat in the 

forest; depth and percent cover data were converted to a measure of average litter volume 

at each trap site, in cubic meters per hectare.  Predictably, this value also showed a highly 

significant difference between treatment and control sites.  There were no differences 

between block types in any of the measured variables (Table 3-3). Canopy cover was 

significantly higher in unburned units than in burned units (P= 0.002).  An interaction 

between block and treatment was detected for some units in percent canopy cover. 
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Sandhill and logged sandhill areas had significantly more cover when unburned, whereas 

flatwoods did not (P< 0.05). 

Mean values for percent bare sand were very different in burned (26.5 %) and 

unburned (10.1%) units (Table 4-3).   This value was inversely proportional to percent 

litter cover (R2 = 0.50, P < 0.001), which was much higher in unburned areas.  Litter was 

nearly twice as deep in unburned areas, contributing to significantly higher volume in the 

unburned treatment (P <0.001).  Percent woody debris present was remarkably similar in 

every category, regardless of treatment or habitat block (Table 4-3).   

Habitat Variables and Individual Species 

 Simple linear regression analysis (Table 4-4) of species with over 20 captures 

indicated a general positive correlation of the six-lined racerunner (Cnemidophorus 

sexlineatus) with open ground habitat features.  There was also a significant but weak 

correlation between abundance of this lizard and open canopy, although not at the desired 

level (P = 0.054).   Captures of this animal in burned areas were significantly higher than 

for unburned areas (P = 0.003) 

Eastern fence lizards (Sceloporus undulatus) generally exhibited opposite trends 

from six-lined racerunners, showing correlations with decreased bare sand and increased 

leaf litter volume across all treatment sites.  In this case there was a positive but weak 

association between total captures of this lizard and increase in canopy cover (P= 0.052) 

(Table 4-4).  No significant difference in abundance of fence lizards was detected 

between treatments (P = 0.147).  Upon individual analysis, differences in capture totals 

between treatments were insignificant for coachwhip (P = 0.094), southern toad (P = 

0.111), and spadefoot toad (P = 0.232).   
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Table 4-4.  Slope direction, R and P-value of simple linear regression analyses with total 

captures per trap of six common species of herpetofauna as dependent 
variables and percent bare sand, canopy cover, volume of leaf litter and 
vegetation as independent variables.  Association considered significant at P ≤ 
0.05.   

 % Bare Sand               Leaf Litter Volume  % Canopy Cover         Vegetation density    

Species Slope R P-value Slope R 
P-
value Slope R P-value Slope R P-value

Cnemidophorus sexlineatus* pos. 0.58 0.011 neg. 0.63 0.005 neg. 0.46 0.054 neg. 0.02 0.950 
Masticophis flagellum pos. 0.37 0.126 neg. 0.41 0.095 neg. 0.21 0.404 neg. 0.04 0.875 
Scaphiopus holbrooki pos. 0.05 0.853 neg. 0.27 0.285 neg. 0.18 0.484 pos. 0.35 0.154 
Bufo terrestris neg. 0.02 0.951 pos. 0.13 0.597 neg. 0.10 0.710 pos. 0.38 0.119 
Sceloporus undulatus neg. 0.49 0.039 pos. 0.48 0.043 pos. 0.47 0.052 neg. 0.01 0.973 
             
* values were square root transformed           
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CHAPTER 5 
DISCUSSION 

General Captures 

The composition and proportion of reptile to amphibian captures reflects known 

species lists for sandhill in northeast Florida (Enge 1997, CBTS species list).  The 

number of herpetofaunal species captured is comparable to those in other southeastern 

sandhill studies (Mushinsky 1985, Litt et al. 2001).  Rare species captured include the 

eastern indigo snake, Florida pine snake, and southern hognose snake.   The 

proportionately higher reptile vs. amphibian abundance supports generalities about 

physiological characteristics of these two groups.  

Low capture totals relative to other trapping studies in upland Florida can be 

attributed to trap type.  Use of buckets would likely have increased total number of 

captures, especially for lizards.  With the traps used, however, capture of even the largest 

snakes is possible and traps can be checked on alternating days with no mortality issues 

for trapped specimens. 

Effects of Fire Treatment on Herpetofauna 

Habitat conditions altered by prescribed fire treatment appear to have positive 

effects on abundance, richness and diversity of snake, total reptile and other herpetofauna 

species in sandhill habitats of northeast Florida.  The aforementioned behavioral and 

physiological adaptations of species in this system to fire and its effects on habitat are 

largely responsible for their success in treated areas here.  Changes induced by prescribed 

burning produced a more heterogeneous and open understory important to the success of 
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these animals and their prey.  A seeming exception to this trend was the unforeseen 

neutral reaction of lizards to treatment.  Ground dwelling anurans also appeared to be 

unaffected by the differences in habitat brought on by burn treatment. 

The higher herpetological abundance in burned areas was similar to results of the 

sandhill trapping study of Mushinsky (1985).   In that study, the highest herpetological 

diversity and density occurred in a plot with a rather long seven-year fire return interval.  

A fire occurred just prior to the sampling, causing destruction of most understory trees 

and exposing bare soil, which gradually became covered with herbaceous growth into the 

second year of sampling.  Similar results were obtained post fire in the sandhill plots 

sampled here, although study blocks were much larger.  Results here are different, 

however, from those of Moseley et al (2003), McLeod and Gates (1998) and Litt et al. 

(2001) who all detected no differences in herpetological richness and diversity in their 

studies of fire treated areas.   

Many studies have reported significant effects of burning on certain herpetofaunal 

species, however.  As with the results in this study, Moseley et al. (2003) found higher 

abundance and diversity of reptiles in the burned sections of bottomland forest studied.  

Greenberg et al. (1994) also showed the value of low, open structure promoted by fire for 

some reptiles of xeric Florida communities. 

The benefit of burning for snakes in all categories was significant.  Two species, 

southern black racer (Coluber constrictor) and coachwhip (Masticophis flagellum) 

represent 68% of snakes captured.  Both of these species are fast, wide foraging hunters 

that do well in more open habitats where it is easy to see and chase moving prey.  Also, 

the relatively high body temperature preferred by racers and whipsnakes is easier to attain 
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in these areas through basking (Herzog and Burghardt 1974, Secor and Nagy 1994).   In 

addition, known prey items of these snakes (Camper and Dixon 2000) increase as fire 

dependent habitats recover in the months after a burn event. Typical prey includes 

orthoptera (Swengel 2000), lizards (Lillywhite 1977, Mushinsky 1985, Litt et al. 2001, 

Cunningham et al. 2002) and common rodent species.  Regarding the latter, condition, 

reproductive success, and abundance of small mammals are maximized in open canopied, 

heterogeneous habitats.  These are maintained by disturbance such as fire, stochastic 

wind events and herbicides.  Small patches of microhabitat and an abundant mix of 

monocot and herbaceous dicot understory regrowth characterized favorable sites (Hanchy 

and Wilkins 1998, Davis et al. 2000, Schweiger et al. 2000).   

McLeod and Gates (1998) had comparable results to this study in a burned area of 

pine forest in Maryland, finding more C. constrictor there than in an unburned area.  Fire 

appears to be an important factor in success of upland snake species where habitats 

experience some level of natural burning.   

Lizards as a group showed little difference between burned and unburned study 

units at CBTS, with six-lined racerunners the sole exception.  Lizard species in other 

studies showed a wide variety of responses to fire treatment depending on several factors 

including species studied, habitat and fire intensity.  In southern California chaparral, 

lizards were more abundant in a recently burned open site than a 15-year-old unburned 

site with 90% brush cover (Lillywhite 1977).  Cunningham et al. (2002) found similar 

benefits for many lizard species following a catastrophic fire that removed 90% of 

standing vegetation.  It is very possible that habitat conditions prior to the recent burn 

regime at CBTS had not deteriorated enough to significantly exclude many lizard species 
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or depress populations.  Similar results were reported in another Florida sandhill 

community by Litt et al. (2001), who found an increase of six-lined racerunners and fence 

lizards in response to burning while abundance of four other lizard species remained 

largely unaffected by the treatment.   Due to species-specific adaptations, the lizards in 

these communities appear to have a wide tolerance for a gradient of habitat conditions 

produced by different times since fire.  Specifically, equal amounts of woody litter and 

perch sites in both treatments (Table 3C) may account for lack of a significant difference 

in abundance of fence lizards, which are dependent on perch site and litter availability 

(Allen and Neill 1953). 

Anuran species sampled seemed to be largely unaffected by the burn regime 

employed at CBTS.  Several studies found a neutral effect of burning on terrestrial 

amphibians in a variety of situations (Kirkland et al. 1995, Fredericksen and Fredericksen 

(2002) Moseley et al. 2003, Woinarski et al. 2004).  Some deduced neutral effects of 

burning on amphibians.  These were thought to be related to adaptation of the species 

involved to withstand open dry conditions (Kirkland et al. 1995, Fredericksen and 

Fredericksen 2002).  Results of trapping in this study could also be attributed to the 

adaptations of anurans captured.  Southern toad (Bufo terrestris) and spadefoot toad 

(Scaphiopus holbrooki) comprised 94% of amphibian captures.  Both of these animals 

have adaptations to prevent desiccation and facilitate living in fire prone communities.  

These adaptations include nocturnal activity cycles, the ability to burrow down into moist 

subsurface soil or duff, use of other animal burrows to escape adverse conditions of 

moisture and temperature, and the ability to aestivate (Zug et al. 2001).  These results do 
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differ, however, from the findings of Litt et al. (2001) who found fewer southern toads in 

burned sandhill plots. 

Effects of Habitat Type on Herpetofauna 

While fire did improve conditions for a variety of herpetofauna, especially reptiles 

and those other species adapted to more open conditions, an effect of habitat type was 

also seen in certain types of herpetofauna.  The higher abundance and richness of reptiles 

and all herpetofauna in mixed flatwoods blocks can be attributed to the wider variety of 

habitats available there.  The habitat-heterogeneity hypothesis states that an increase in 

habitat heterogeneity leads to an increase in species diversity (Ricklefs 1977).  Many 

studies of animal conservation and diversity show the importance of heterogeneity of 

structure and vegetative species composition (McQuaid and Dower 1990, Tews et al. 

2004) including effects produced by fire (Kutiel 1997).  This effect is related to 

competitive exclusion and the availability of niches in heterogeneous landscapes for a 

greater number of species with different needs (MacArthur 1965). 

Animals captured in mixed blocks were those characteristic of flatwoods as well as 

sandhill habitats (Stout and Marion 1993).  These two were the only units with traps in 

mesic flatwoods or mixed areas of xeric sandhill near flatwoods.  These areas were also 

wetter, frequently containing ephemeral standing water after rain events.  Temporary 

standing water was only seen in other units after the intense hurricane rains of September 

2004.  Accordingly, two snakes, Florida cottonmouth (Agkistrodon piscivorus) and garter 

snake (Thamnophis sirtalis), and the southern leopard frog (Rana utricularia), typically 

associated with wet habitats, were found only in mixed flatwoods blocks.  Differences in 

moisture level and water availability for breeding undoubtedly impacted anuran 

abundance among blocks, favoring wetter flatwoods (Table B3).   Effects of block type 



41 

 

on other groups, especially where richness and diversity was higher, were likely related 

to the more productive and heterogeneous nature of mixed flatwoods over sandhill 

(Kirkman et al. 2001). 

Other species found only in mixed flatwoods blocks include eastern glass lizard 

(Ophisaurus ventralis), corn snake (Elaphe guttata), Florida pine snake (Pituophis 

melanoleucas), and hognose snakes (Heterodon spp.).   Corn snakes and eastern glass 

lizards are normally more common in mesic flatwoods communities than sandhill 

(Tennant 1997).  Florida pine snakes and hognose snakes should be equally abundant in 

all blocks, but are also affected by conditions favoring their prey species.  Hognose prefer 

sandy uplands with sufficient moisture-retaining cover for their anuran prey (Tennant 

1997), which were more abundant in flatwoods.  Pine snakes are generally rare and spend 

up to 85% of time underground in the burrows of fossorial animals, many of which are 

prey items (Franz 1992, Tennant 1997).  Burrows of a common pine snake prey item, 

pocket gophers (Geomys pinetus) were more commonly seen in sandhill than flatwoods 

blocks.  The absence of pine snakes from burned sandhill samples at CBTS cannot be 

readily explained except as an artifact of low capture rate or detection ability for this 

species. 

Capture sites in the block containing more than one major habitat type (higher 

heterogeneity) also demonstrated the most observable treatment benefit (an interaction, P 

< 0.05) for herpetofauna studied.  This effect is likely related to the more frequent fire 

requirements of flatwoods over sandhill type habitats due to higher rate of biomass 

production (Robbins and Myers 1992, Kirkman et al. 2001).   Flatwoods sites had a 

greater proportion of woody understory shrubs (e.g. wax myrtle, gallberry and saw 
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palmetto) that can quickly increase canopy cover and litter depth if unburned for more 

than a few years.  

In contrast to the diverse mixed flatwoods blocks, logged sandhill areas represent a 

more extreme habitat at the xeric end of the moisture gradient.  The original tree harvest 

in this area left lower plant diversity and less heterogeneity.  Despite a long recovery 

time, without much standing longleaf pine stock available, these units are still the least 

ecologically intact of the three categories sampled.  Very little was done to restore 

longleaf pine and fire to these units until after 1997 (personal communication CBTS 

environmental staff).   These areas have less to offer in terms of diversity and niche 

availability, conditions reflected in the depressed richness and diversity of herpetofauna.   

Effect of Treatment on Habitat Variables 

A lack of difference in vegetation volume and woody debris structure shows the 

ability of upland pine systems to retain these characteristics with a typical prescribed fire 

program.  As discussed in Chapter 2, the understory plants here have the ability to 

resprout after a fire and quickly reestablish the ground level structure and higher 

nutritional value necessary for many species, including herpetofauna and their prey.  Of 

variables measured, woody debris and canopy cover are the two that may require multiple 

burn rotations or a wildfire event for significant changes to occur.  Understory vegetation, 

leaf litter, and bare sand are more drastically altered with low-intensity prescribed fire.  In 

contrast to high fire areas observed in other studies (e.g. Mushinsky 1985), management 

efforts here did not produce a significantly different landscape with few trees and sparse 

groundcover.  Effects here instead constituted a more intermediate level of disturbance, 

enhancing habitat and moving parameters measured to a more balanced state (Table 3C).    
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Habitat Variables and Individual Species 

In west-central Florida sandhill plots Mushinsky (1985) found that lizard species 

such as the six-lined racerunner favor open canopy stands and bare sand patches 

produced by frequent fires (<2 yr return interval).   Litt et al. (2001) found more 

racerunner and fence lizards in burned areas.  Cunningham et al. (2002) observed that the 

closely related Cnemidophorus tigris benefited most from conditions produced after a 

wildfire.  Fence lizards also increased, but had wider preference of habitat.  In the upland 

pine areas here, the six-lined racerunner showed the highest degree of preference for the 

open habitat features found in recent burn areas.    

The significant, but weak, negative correlation of eastern fence lizards with open 

features (Table 4-4) seems curious in light of the results in Litt et al. (2001).  This lizard 

depends on perch sites above the ground, several inches to several feet, however, for 

hunting (Jackson 1973).  Increased tree density would increase availability of perch sites 

on living or dead trees.  In both treatment types, however, this increase would also result 

in more leaf litter, less bare sand and more canopy cover, which would explain the 

negative response to these variables.  Otherwise, enough woody debris and solar 

exposure was available near all trap sites to provide for the other needs of this animal. 
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CHAPTER 6 
CONCLUSIONS 

Summary and Conclusions 

Examination of the interrelation of habitat heterogeneity, disturbance and diversity 

at CBTS revealed the importance of both fire disturbance and community type to 

herpetofaunal communities in southeastern high pine habitats.  Recent fire events in 

upland pine communities were positively correlated with greater measurable abundance, 

richness and diversity for herpetofauna, reptiles and snakes.  These observations support 

the original hypothesis concerning the benefit of prescribed fire disturbance on habitat for 

herpetofauna and reptiles.  Separate analysis of measurements on lizards and anurans 

revealed little treatment effect.  Due to the large size of study areas and type of trap array 

used, larger snakes were captured and benefits of burning for these wide-ranging animals 

were also observed. 

It was found that differences in habitat type between blocks also affected 

herpetofauna, with the greatest benefit of burning appearing in flatwoods.  Regardless of 

burn treatment, flatwoods blocks also had better habitat conditions over logged sandhill 

(and occasionally unlogged sandhill) for herpetofauna.    Separate analysis of reptiles and 

snakes also showed a favorable response to flatwoods blocks over sandhill and logged 

sandhill.  This trend is most closely linked to the concept of overall habitat heterogeneity 

(increased in these mixed areas) and its positive relation to species productivity, richness 

and diversity. 
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Terrestrial anuran species sampled appeared to be unaffected overall by fire regime 

and only slightly affected by community type and water availability.  Few species of 

anuran were captured, but those sampled had adaptations allowing the use of more open 

areas of decreased litter and lower moisture. 

Of the more commonly sampled species, only the six-lined racerunner had 

significantly higher captures in burned areas than in unburned areas.  Total captures of 

this animal were positively correlated with open sand and open canopy measurements, 

and negatively correlated with litter volume estimates.  Conversely, the eastern fence 

lizard was negatively influenced by more open canopy and greater amounts of bare sand.  

This animal appears to thrive with increased litter volumes, but less than half of the 

variation in captures between treatments could be explained by any single factor.  This 

species appears to have a wider tolerance of habitat conditions than the racerunner, 

supported by roughly equal captures in both treatment types. 

The objective of knowing more about the short-term effects of prescribed fire on 

fauna in longleaf pine systems was also achieved.  This study expands on findings of 

other studies in high pine (Mushinsky 1985, Litt et al. 2001) by examining the reactions 

of snakes to prescribed fire treatments in this community.  

Limitations of Study 

Unfortunately, capture methods were not successful at the capture of treefrogs 

(Hylidae) and caudates, which are typically present in sandhill and flatwoods habitat of 

north Florida.  Addition of other trap types may have enabled effective sampling of these 

other species, while doubling cost and effort required for the study.  These exclusions 

could potentially have lowered the total number of amphibians sampled, as well as 

altering diversity and richness measures for this group.  A complete picture of the effect 
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of fire on amphibians in this system cannot be gained from the results of this study.  Also, 

as mentioned above, traps had no provision for the capture of turtles, including the 

terrestrial gopher tortoise and box turtles (Terrapene carolina) likely to be present in the 

study areas.  All tortoises were captured opportunistically when observed near (<100 m 

from) the traps, save one small juvenile (42 mm TTL) captured inside trap B3B. 

This study is limited in that complete fire histories are not known for the sites 

studied.  While not an unusual situation, repeated fire events prior to the known period 

could have potential additive effects on major habitat structure.  Therefore, preexisting 

differences between study units could not be factored out, but only minimized during 

selection.  Though an ideal study would have complete control over length of sampling 

period, ignition type, timing, frequency and intensity of burning for all plots, as 

mentioned in Chapter One, this project is limited to using recent burn history and 

community types to define and divide treatment areas.  The project was also limited by 

the scope of time, funding and field assistance available.   Despite efforts to improve 

experimental design, the comparative observational nature of this study combines with 

the factors mentioned above to reduce the strength of causal inference of this study.  Like 

many short-term ecological studies, control of many variables potentially affecting the 

sampling outcome was simply not possible.  When combined with findings from many 

other studies, however, a stronger statement can be made about the benefit of prescribed 

fire in longleaf pine communities. 

Suggestions for Research and Management 

Results here are strongly applicable to a domain that includes many conservation 

areas in the southeastern US with upland pine communities and fire management 
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programs.  Results are slightly less significant and relevant when referenced under the 

context of fire dependent communities in other parts of the world.   

Further studies on herpetofauna in fire prone community types should be performed 

on areas where complete records of fire intensity, frequency and season are available.  In 

addition, use of a time series approach would drastically improve causal inference.  This 

would require random selection of treatment areas after pre-sampling (observation) and 

prior to matching (intensity, season and frequency) fire treatments and re-sampling after 

each event.  Level of disturbance (fire intensity) should be given special attention during 

treatment.   

I would also suggest focus on more limited taxonomic groups, as some researchers 

have done, examining only suborders or individual species.  This allows for a more 

thorough examination and testing of mechanistic sub-hypotheses and better 

understanding of specific needs of a species.  In addition, examination of this question for 

certain types of herpetofauna, such as anurans, may require the use of multiple trapping 

techniques to properly sample all species present.  If traps of the type used here are 

considered, a deeper trap that need not be as wide could be used.  This would further 

reduce stress to captured animals by taking advantage of thermally constant subsurface 

conditions. 

Based on findings of this study and other information available on this topic, I 

suggest that regular prescribed burning of southeastern upland pine communities be 

continued.  Once areas have been returned to a maintenance state by initial cool weather 

burning followed within five years by a growing season fire, a random return interval 

such as that outlined in Robbins and Myers (1992) can be used to more closely replicate 
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natural fire frequency in any burn unit.  This variation will allow open area and litter 

dwelling herpetofauna alike to find suitable habitat conditions throughout sandhill and 

flatwoods landscapes. 

In addition to maintenance of intact pine communities, I feel the results of this 

study have implications for altered sites as well.  Reduced presence and diversity of 

herpetofauna in logged sandhill blocks points to reduced habitat value there.  In order to 

maximize the quality and connection of larger sections of upland pine remaining on 

public and private conservation lands, it is important to restore all native component 

species and ecological processes.  A restoration program that includes fire, Understory 

monitoring and replanting of longleaf pine in some sections of logged sandhill is 

currently occurring at CBTS.  Programs like this are crucial to the responsible 

management of upland pine for the use and benefit of herpetofauna and other native 

wildlife.   

Due to their ectothermic and non-migratory nature, many herpetofaunal species are 

highly sensitive to absence of natural fire events in longleaf pine sandhill and flatwoods.  

Even non-catastrophic burning events can significantly alter habitat structure at a scale 

important to reptiles and amphibians in this system.  With more information on effects of 

prescribed burning, fire dependent ecosystems and their resident herpetofauna can be 

more effectively managed and maintained. 
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APPENDIX  
TRAP SITE CHARACTERISTICS 

Table A-1. Characteristics of individual trap sites at Camp Blanding Training Site 

Trap Notes 
Unit 
Size 

Trap 
Community 
Type 

Burn 
Dates  

UTM 
X-Coordinate 

UTM 
Y-Coordinate

B1C RCW cluster  49.4 ha 
Flatwoods/ 
sandhill 

1/16/02, 
5/5/03 408621 3314192 

B1A  49.4 ha Flatwoods 
2/08/02, 
5/5/03 408366 3313993 

B1B RCW cluster  49.4 ha 
Sandhill/ 
flatwoods 

1/16/02, 
5/5/03 408168 3313544 

B3C  55.5 ha 
Logged 
sandhill 

Summer 
1997, 
4/30/03 405369 3304351 

B3B  55.5 ha 

 
Logged 
sandhill 

Summer 
1997, 
4/30/03 405538 3303636 

B3A  55.5 ha 

 
Logged 
sandhill 

Summer 
1997, 
4/30/03 405738 3303633 

B2A 
RCW cluster 
site, wetland area 61.7 ha 

Sandhill 1/24/02, 
6/25/03 405011 3318799 

B2B 
RCW cluster 
site,wetland area  61.7 ha 

Sandhill 1/24/02, 
6/25/03 404175 3318778 

B2C 
RCW cluster 
site, wetland area 61.7 ha 

Sandhill 1/24/02, 
6/25/03 404351 3318852 

U1A RCW cluster site 48.6 ha Flatwoods 
No burn 
record 403934 3318023 

U1B RCW cluster site 48.6 ha 
Flatwoods/ 
sandhill 

No burn 
record 403807 3317750 

U1C RCW cluster site 48.6 ha 
Sandhill/ 
flatwoods 

No burn 
record 404609 3318197 

U2A 
Small wetland 
area  56.1 ha 

Sandhill No burn 
record 407702 3304756 

U2B 
Small wetland 
area  56.1 ha 

Sandhill No burn 
record 407461 3304712 

U2C 
Small wetland 
area 56.1 ha 

Sandhill No burn 
record 407406 3304323 
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Table A-1 Continued 

Trap Notes 
Unit 
Size 

Trap 
Community 
Type 

Burn 
Dates  

UTM              
X-coordinate 

UTM 
Y-Coordinate

U3A  78.2 ha 
Logged 
sandhill 

No burn 
record 407471 3303346 

U3B  78.2 ha 
Logged 
sandhill 

No burn 
record 407360 3303512 

U3C  78.2 ha 
Logged 
sandhill 

No burn 
record 407186 3303259 
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Figure A-1.Typical unburned (A) and burned (B) logged sandhill at Camp Blanding 

Training Site. 
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Figure A-2. Typical unburned (A) and burned (B) sandhill community at Camp Blanding 

Training Site. 
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Figure A-3. Typical unburned (A) and burned (B) flatwoods community at Camp 

Blanding Training Site. 
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Figure. A-4.  Map of north study units B2 and U1 at Camp Blanding Training Site. 
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Figure. A-5. Map of Study unit B1 at Camp Blanding Training Site. 



56 

 

      

 
 
Figure A-6. South study units B3, U2 and U3 at Camp Blanding Training Site. 
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Figure A-7.  Relative position of study units at Camp Blanding Training Site. 
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