
 

 

 

 

 

 

 

 

ABSTRACT 

 

Indirect Effects of Fire on the Small Mammal Community  

of a Tallgrass Blackland Prairie Remnant in Texas 

 

Brianna N. Kirchner, M.S. 

 

Mentor: Kenneth T. Wilkins, Ph.D. 

This study investigated effects of fire on vegetation and small mammals in a 

tallgrass blackland prairie remnant.  At Leonhardt Prairie, vegetation and small mammals 

were monitored from February 2007 through May 2008 with a burn occurring Fall 2007.  

Pre-burn, dense litter and vegetative cover accommodated two dominant species, 

Baiomys taylori and Sigmodon hispidus, with a relative abundance (captures/100 trap-

nights) of 5.85 and 4.99, respectively.  Post-burn, removal of vegetation led to an 

increase of Peromyscus maniculatus from a relative abundance of 0.12 pre-burn to 5.23 

post-burn.  Baiomys taylori and Sigmodon hispidus were not captured on burned sections 

for 7 months, though the unburned section maintained capture rates similar to pre-burn 

data.  Shift in species composition has occurred from Baiomys taylori and Sigmodon 

hispidus to Peromyscus maniculatus, suggesting short-term fire response of small 

mammals in tallgrass prairies.  This secondary successional cycle of 7 months suggests 

the prairie’s natural fire frequency was high.  
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CHAPTER ONE 

Introduction 

General Problem 

In Texas, the tallgrass blackland prairie ecosystem once extended from the Red 

River in north Texas southward along the Balcones Escarpment to San Antonio, 

comprising some 4.3 million ha.  Diamond and Smeins (1993) recorded that less than 

4,000 ha, or less than one-tenth of one percent, of traditional prairie persists.  This rapid 

decline brings into focus the need for conservation and understanding of this ecosystem.  

With little native habitat remaining, it is critical to preserve remaining grassland and 

native prairie ecosystems.  Natural fires once maintained grasslands, preventing them 

from being overtaken with woody invaders, reincorporating nutrients into topsoil, and 

maintaining plant and animal communities.  Today, land managers rely on prescribed 

burns because natural fires do not occur frequently enough on these remnant sites to 

maintain the grassland.   

Fire is an important force in maintaining tallgrass prairie ecosystems (Hulbert 

1969, Old 1969, Axelrod 1985, Briggs et al. 2002).  In addition to altering the nutrient 

cycling, plant community composition, and landscape structure of prairie ecosystems, fire 

has been documented to affect small mammals (Kaufman et al. 1990).  Small mammal 

populations respond to direct and indirect effects of fire.  Direct effects include forced 

emigration, reduced reproductive effort, and increased mortality due to burns, heat stress, 

asphyxiation, physiological stress, and predation (Kaufman et al. 1990).  Indirect effects 
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are caused by change in quantity and quality of food, availability of nest sites, predation 

pressure, parasitism and disease, and competitive and social interactions (Kaufman et al. 

1990).   

Previous research reveals that small mammal populations exhibit various 

responses to tallgrass prairie burns.  Populations that increase after fire are termed fire-

positive, those that remain stable are fire-neutral, whereas those that decrease are fire-

negative.  Certain species of small mammals are fire negative, meaning these types 

flourish in undisturbed areas, with heavy ground cover.  Other species flourish in 

disturbed areas where the ground cover is minimal, and these species would be expected 

to respond positively to fire.  Many studies have focused on the strong numerical 

responses of populations to fire, but few have examined the small mammal community as 

a whole (Kaufman et al. 1990). 

Like populations, whole communities shift following burns.  As the small 

mammal community decreases immediately after fire, recovery and succession to the 

burned area can be assessed.  Density of fire-negative and fire-positive species will shift, 

thus the small mammal community composition will shift as a result of fire (Kaufman et 

al. 1990).  Response to fire can cause changes in species richness and species diversity 

and this shift can be quantified numerically. 

Leonhardt Prairie is a remnant tallgrass blackland prairie in Falls County in 

eastern central Texas.  A burn was planned for Fall 2007 on two of the property’s three 

grassland sections by The Nature Conservancy of Texas in collaboration with Baylor 

University’s Department of Biology. This burn was intended to maintain the grassland by 
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reducing woody cover and to test predictions about the response of vegetative cover and 

the small mammal community following fire on a tallgrass prairie.  

 

Tallgrass Blackland Prairie Ecosystem 

 

Location 

The tallgrass blackland prairies of Texas occupy a north-to-south strip about 300 

km wide and 100 km long from Red River at the Texas-Oklahoma border south to San 

Antonio, historically comprising approximately 8 million ha within east-central Texas 

(Figure 1).  The blackland prairie is part of a tallgrass prairie continuum that stretches 

from Manitoba to the Texas coast.  The native vegetation of these grasslands has been 

largely destroyed by cultivation, overgrazing and urbanization (Diamond and Smeins 

1985).  Within these prairies lies the main belt which borders on the Red River in the  

 

 

Figure 1  Tallgrass prairies of Texas (Diamond and Smeins 1985). 
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north and comprises approximately 4.3 million ha, and is separated from two smaller 

islands of prairie to the southeast, the Fayette prairie (1.7 million ha) and the San Antonio 

prairie (0.7 million ha) by post oak savannah (Figure 2; Diamond and Smeins 1985).   

 

Climate 

Texas prairies generally show isohyet trends from north to south.  Average annual 

precipitation is approximately 80 cm/year in the northwest to 120 cm/year in the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2  Regions of north-central Texas (WCT = Western Cross Timbers, FWP = Fort 

Worth Prairie, LCP = Lampasas Cut Plain, ECT = Eastern Cross Timbers, BLP = 

Blackland Prairie, POS = Post Oak Savanna; Smeins 2004). 
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southwest.  Precipitation is bimodal with highs in the spring and fall.  Length of frost-free 

periods follows a gradient from approximately 250 days in the north to 310 days in the 

south.  Average January low temperature is -1˚ C in the north and 6˚ C in the south.  

Average July high is approximately 35˚ C across all Texas grasslands (Diamond and 

Smeins 1985).  

 North American grasslands are characterized by cyclic periods of extreme 

drought, sometimes lasting several years.  Rainfall deficiencies are concentrated in 

relatively few years, but are widespread during those years.  Grasslands are distinctive 

due to their precipitation: Grasslands have low rainfall in the winter; greater risk of large 

rainfall deficit in the summer; less average rainfall in the summer; fewer days with 

precipitation, less cloud cover, and lower relative humidity during July and August 

(Borchert 1950). 

 

Geology and Soil 

In Texas, the parent materials for grassland soils are derived from marine deposits 

in northeast-to-southwest trending strips, decreasing in age from north to south.  Texas 

blackland prairies are layered on deposits of Upper Cretaceous material (Diamond and 

Smeins 1985, Diggs et al. 1999).  Soils in the Vertisol, Alfisol and Mollisol orders cover 

the tallgrass prairies of Texas (Diamond and Smeins 1985, Diggs et al. 1999).  Soil type 

corresponds to the geology of the area, with Alfisols covering coarse-textured sediment 

while Vertisols cover fine-textured deposits.  All three soil types in the Texas tallgrass 

prairies have slowly permeable, clayey subsoil, thus most Texas prairies drain poorly.  

Vertisols are clayey at all levels, neutral in central and northern Texas to slightly acidic in 

coastal areas, and contain 2-6% organic matter. Alfisols have loamy surface layers, are 
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acidic and contain 1-4% organic matter.  In Texas, organic matter tends to increase from 

south to north (Diamond and Smeins 1985).  

 Vertisols are characterized by expansive clay which undergoes dramatic shrinking 

and swelling upon wetting and drying.  These changes in volume cause significant soil 

movements and large cracks in the earth.  Because of the shrinking and swelling, the soil 

is overturned and is constantly churned (Diggs et al. 1999).  When in their natural state, 

Vertisols are covered with grasslands as they are too unstable to support forests.  

Vertisols underlie the blackland prairies of Texas.  Leonhardt Prairie is distinguished as a 

Vertisol soil regime. 

 Mollisols are found in areas with high calcium carbonate levels and consolidated 

parent rocks.  Bedrock is usually just below the surface, thus rooting and water storage 

are restricted.  Shrink-swell phenomena is still present on Mollisols but to a lesser degree 

than on Vertisols (Diggs et al. 1999). Alfisols are found on bedrocks which are higher in 

sand and lower in calcium carbonate.  This soil order is less fertile than the other 

Blackland Prairie soil orders.   

 Microtopography such as gilgai on Vertisols and mima mounds on Alfisols are 

important microhabitats.  Gilgai are shallow microdepressions spanning one to several 

meters and are caused by the dramatic shrink-swell capacity attribute of Vertisols.  

Characteristic of Alfisols are mima mounds (also known as pimple mounds or prairie 

mounds) which are circular hills about 1-14 meters in diameter and about 1 meter tall.  

Because these mounds provide new microhabitat for species, they increase vegetational 

diversity (Diggs et al. 1999). 
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Flora 

Etymology of the word ‘prairie’ is French and means “rolling grassland with 

woody species present” (Smeins 2004).  Based on location, climate, and vegetation 

characters, the blackland is considered tallgrass prairie.  Tallgrass prairie is distinguished 

by Schizachyrium scoparium (little bluestem), Andropogon gerardii (big bluestem), 

Sorghastrum nutans (Indiangrass), and Panicum virgatum (switchgrass). These species of 

grasses grow over 0.5 m tall as opposed to lower-growing grass in mixed grass and short 

grass prairies (Diamond and Smeins 1985, Knapp and Seastedt 1986). 

 Tallgrass prairies have high diversity and species richness.  Though woody 

species are rare, especially where fire is frequent, southern live oak (Quercus virginiana), 

southern hackberry or sugarberry (Celtis laevigata), and honey mesquite (Prosopis 

glandulosa) can be found across the grassland especially along creeks, rivers and low-

lying areas (Smeins 2004).  Additionally, encroaching woody species known to 

Leonhardt Prairie are Cornus drummondii (roughleaf dogwood), Ulmus crassifolia 

(Texas cedar elm), and Celtis laevigata (southern hackberry; Kirchner, personal 

observation). 

Blackland prairies, a more specific type of tallgrass prairie, are dominated by 

Schizachyrium scoparium (little bluestem), Andropogon gerardii (big bluestem), and 

Sorghastrum nutans (Indiangrass).  They also contain Panicum virgatum (switchgrass), 

Tripsacum dactyloides (eastern gamagrass), Bouteloua curtipendula (sideoats grama), 

Carex microdonta, Sporobolus asper (tall dropseed), Nassella leucotricha (Texas 

wintergrass), Paspalum floridanum (Florida paspalum), Dicanthelium oligosanthes 

(Scribner panicum), and Fimbristylis puberula (fimbry; Smeins and Diamond 1983, 
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Diamond and Smeins 1985, Wilkins 1995).  Forbs are only a small percentage of 

aboveground biomass, however, they are critical in maintaining biodiversity (Briggs and 

Knapp 1995).  The most common forbs are Acacia hirta (prairie acacia), Bifora 

americana (prairie-bishop), Hedyotis nigricans (prairie bluets), Hymenopappus 

scabiosaeus (woolly-white) and Schrankia uncinata (catclaw sensitive-briar; Diamond 

and Smeins 1985, Diggs et al. 1999). 

 

Fire 

Disturbance, such as grazing, drought, and fire, is responsible for maintaining the 

structure, diversity and productivity of prairie ecosystems.  Wildfires ignited by natural 

sources such as lightning occurred long before the arrival of humans.  With the arrival of 

humans, at least 10,000 years ago, came the manipulation of fire.  Prairies were burned 

for hunting, habitat improvement, crop harvesting, pest reduction, warfare, and clearing 

areas for home sites, crops and travel.  With the arrival of Anglo-Europeans in the late 

19
th

 century, came widespread agriculture and livestock grazing.  Overgrazing reduced 

fuels which led to a decline in fire frequency.  Habitat fragmentation limited the spread of 

fire from a single ignition.  In the 1950s, fire suppression programs nearly eliminated fire 

on remaining prairie ecosystems (Brockway et al. 2002). 

The abundance of woody species has increased substantially on grasslands 

worldwide in the last 100 years at least in part due to reduced fire frequency by human 

influence (Briggs et al. 2002).  Fire suppression can cause the conversion of a native 

tallgrass prairie to a closed canopy forest in as little as 35 years (Briggs et al. 2002).  

Frequent fires reduced the abundance of woody species on grasslands and increase the 
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abundance of C4 grasses (Bragg and Hulbert 1976, Gibson and Hulbert 1987, Anderson 

1990, Briggs and Gibson 1992, Hartnett and Fay 1998, Collins 2000, Briggs et al. 2002). 

If prairies are to be maintained and preserved, fire is a necessary element for 

several reasons.  Without it, litter accumulates, species composition changes, moisture 

and nutrient availability increase, and woody species invade and take over the grassland 

(Bragg and Hulbert 1976, Petranka and McPherson 1979, Abrams et al. 1986, Knapp and 

Seastedt 1986, Gibson 1988, Hulbert 1988, Briggs et al. 1989, Collins and Gibson 1990, 

Seastedt et al. 1991, Briggs and Gibson 1992, Collins 2000).   

An important benefit that fire brings to tallgrass prairies is increased aboveground 

net primary productivity (Towne and Owensby 1984, Abrams et al. 1986, Briggs et al. 

1989, Briggs and Knapp 1995).  Smeins and Olsen (1970) found that before a burn the 

grasses had few flowering stems, overall production was low, and heavy mulch was 

present.  Following a burn, where the only major difference was fire, the grasses were 

taller, density was greater and flowering increased.  Hadley and Kiechkhefer (1963) 

found that recently burned tallgrass prairies showed a significant increase in living shoot 

and flowering stalk production and a more rapid rate of phenological development. 

 

Response of Small Mammal Community to Fire 

Investigators have studied the effects of fire on small mammals in grasslands and 

savannahs for at least the past half century.  Most of these studies have compared a single 

burned site to a single unburned site, without collecting pre-burn data for comparison.  

Some studies have used only a single site to collect data before and after fire, but have no 

control site for comparison (Kaufman et al. 1990).  The following reviews published 

studies of the effects of small mammals to grassland fires.   
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Cook (1959) examined the effects of an October 1953 wildfire in California on 

small mammals.  Since the fire was caused by lightning, no data was collected prior to 

the burn, however, comparison of the burned site to an unburned site revealed fire-

negative responses for the California vole (Microtus californicus) and western harvest 

mouse (Reithrodontomys megalotis). 

Tester and Marshall (1961) studied the effects of fire on plants and animals on a 

Minnesota tallgrass prairie burned in October 1957 and April 1958.  Comparing burned 

and unburned sites showed the meadow vole to be fire-negative, the deer mouse 

(Peromyscus maniculatus) to be fire-positive and the masked shrew (Sorex cinereus) to 

be fire-neutral. 

Tester (1965) collected data before and after a burn in a Minnesota oak savannah.  

His study revealed that combined numbers of deer mice and white-footed mice 

(Peromyscus leucopus) increased dramatically following fire as compared to the pre-

burned density.  However, the study was not specific to individual species and was not 

compared to a control site. 

Schramm (1970) surveyed small mammals on an Illinois tallgrass prairie that was 

burned in March 1966.  Before the burn, meadow voles (Microtus pennsylvanicus) and 

prairie voles (Microtus ochrogaster) were present in high densities.  Following fire, their 

numbers dropped to zero, suggesting that these species are fire-negative.  However, data 

was not analyzed statistically and corresponding data were not collected on a control site. 

Small mammals were studied by Springer and Schramm (1972) following fire on 

a restored tallgrass prairie in Illinois on three small study sites at various times since fire 

(one site burned earlier that year, one burned 2+ years earlier and one burned 4+ years 
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earlier) during the summer of 1970.  While no data were collected before fire, analyses 

revealed a fire-negative effect on northern short-tailed shrews (Blarina brevicauda), a 

positive effect on white-footed mice, and no effect on meadow jumping mice (Zapus 

hudsonius). 

In August 1967, Beck and Vogl (1972) censused small mammals on two brush 

prairie savannah sites after a spring burn.  Thirteen-lined ground squirrels (Spermophilus 

tridecemlineatus), white-footed mice, and deer mice were captured on these burned sites, 

but without a control site or pre-burn data for comparisons, no conclusions can be 

reached regarding fire response for these species. 

Moreth and Schramm (1973) examined small mammal populations in several 

small grass and grass-forb plots.  The habitat supported meadow voles before a fire, and 

these densities were maintained on the control plot, but on the burned plot, densities 

dropped to zero.  This fire-negative response by meadow voles was statistically 

significant. 

In Arizona, small mammals were investigated during 1974 and 1975 on burned 

and unburned desert grassland and oak savannah (Bock et al. 1976).  In both habitats, 

white-throated woodrats (Neotoma albigula) and tawny cotton rats (Sigmodon 

fulviventer) demonstrated a fire-negative response.  Hispid pocket mice (Chaetodipus 

hispidus) showed a fire-negative response to fire in oak savannah but not in desert 

grassland. 

The effect of fire on small mammals in ungrazed sacaton grassland in 

southeastern Arizona was studied by Bock and Bock (1978).  Two sites were burned in 

summer (May 1975 and June 1976) and one site was burned in winter (February 1976).  
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Captures during the first spring following fire revealed a fire-positive effect on hispid 

pocket mice, Merriam’s kangaroo rats (Dipodomys merriami), and southern grasshopper 

mice (Onychomys torridus) and a negative effect on hispid cotton rats (Sigmodon 

hispidus).  After a winter burn, hispid cotton rats were affected negatively along with 

white-throated woodrats, while hispid pocket mice were affected positively.   

Small mammal secondary succession in response to fire in an Australian coastal 

heath was studied by Fox (1982).  The area was trapped for 7 months before a wildfire in 

August 1974 and was monitored for 5 years following the fire.  This study found that the 

rapid recovery, measured by community response, supports the suggestion that small 

mammals are adapted to fire and a particular fire frequency. 

Schramm and Willcutts (1983) studied the response of rodents and shrews to fire 

on a restored tallgrass prairie in Illinois during May-August 1981.  Trapping was 

conducted on two grids in burned prairie and two in unburned prairie.  Significant 

negative effects were seen on meadow voles and northern short-tailed shrews, and 

positive effects were shown on deer mice, white-footed mice, meadow jumping mice, and 

prairie voles. 

Much research concerning disturbance on tallgrass prairies has been conducted on 

Konza Prairie Reseach Natural Area, a tallgrass prairie in eastern Kansas.  Kaufman et al. 

(1983) studied the effects of a spring burn on small mammals.  Surveys were conducted 

in July on burned and unburned prairie and densities indicated a significant positive 

response by deer mice and a significant negative response by western harvest mice. 

Bock and Bock (1983) trapped small mammals in pine savannah in South Dakota 

on paired burned and unburned sites in October 1979 and April 1980.  Deer mice were 
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shown to have a positive response to fire when comparisons of captures on burned and 

unburned sites were made. 

In May 1979, Vacanti and Geluso (1985) studied the effects of fire on meadow 

voles in burned and unburned tallgrass prairie in eastern Nebraska.  Meadow vole 

densities were similar on both sites prior to fire.  Post-burn, voles were absent from the 

burned site for at least 3 months, though vole density remained high on the unburned site. 

Geluso et al. (1986) studied the behavior of meadow voles during a grassland fire 

on a tallgrass prairie in Nebraska.  Voles survived the fire by seeking refuge in 

underground burrows, fleeing into adjacent unburned areas, and hiding on raised mounds 

of soil formed by pocket gophers.  Their data supported the view that relatively few small 

mammals perish during prairie fires. 

Influence of fire on habitat selection of deer mice and western harvest mice in an 

ungrazed tallgrass prairie on Konza prairie was studied by Kaufman et al. (1988).  Four 

sites were selected ranging in time since fire of 1 to 5 years.  Deer mice selected year 1 

sites in all seasons whereas western harvest mice selected annual fire sites in spring and 

years 2-4 sites in summer.  Analysis showed that habitat use by deer mice was related 

negatively to the amount of litter and positively to the amount of exposed soil and grass.  

Lack of litter was the most important factor in the positive response of deer to a post-burn 

habitat. 

Matlack et al. (2001) studied the influence of grazing by bison and cattle on deer 

mice in a burned tallgrass prairie on Konza prairie in 1997 and 1998.  Small mammals 

were sampled on 12 sites total, all burned annually but differing in grazers.  Deer mice 

were the most abundance species in all sites. 
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Live-trapping was conducted in grazed and ungrazed Arizona grassland in 2000-

2001 by Jones et al. (2003).  Four species, tawny cotton rats (Sigmodon fulviventer), 

pygmy mice, western harvest mice, and fulvous harvest mice, were significantly more 

common on ungrazed plots.  No species were more abundant on grazed plots.  However, 

heteromyids, especially the hispid pocket mouse and the silky pocket mouse 

(Perognathus flavus), comprised a significantly higher proportion of total captures on 

grazed plots and were positively correlated with the amount of bare ground.  Based on 

these results, the authors suggested that kangaroo rats (genus Dipodomys) are abundant in 

areas with the most bare ground, that Muridae (specifically Sigmodon, Baiomys, and 

Reithrodontomys) dominate areas with the most and tallest vegetative cover and that 

pocket mice (Chaetodipus and Perognathus) are common in areas of intermediate cover. 

Monadjem and Perrin (2003) studied population fluctuations of small mammals in 

a subtropical grassland in Swaziland over a 3 year period during which there was a 

wildfire.  Though there was no control plot for comparison, the authors concluded that 

densities of the natal multimammate mouse (Mastomys natalensis) increased 

significantly.  Also, numbers of M. natalensis were negatively correlated with vegetative 

cover.  No conclusion regarding fire effects could be made for the other species captured 

in this study due to low sample size.  

In summary, many studies have been published on population responses of small 

mammals to fires on grasslands especially in the Midwest (Minnesota, Illinois, Kansas, 

Nebraska) and in the western states (California and Arizona).  Shrews, such as the 

masked shrew and northern short-tailed shrew, have been shown to generally be either 

unaffected or negatively affected by fire (Tester and Marshall 1961, Schramm 1970, 
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Springer and Schramm 1972, Schramm and Willcutts 1983).  Heteromyids like the hispid 

pocket mouse and Merriam’s kangaroo rat tend to be fire-positive (Bock et al. 1976, 

Bock and Bock 1978).  Numerous studies have revealed a fire-positive response by the 

deer mouse and white-footed mouse to fire (Springer and Schramm 1972, Tester and 

Marshall 1961, Schramm and Willcutts 1983, Kaufman et al. 1983, Beck and Vogl 1972, 

Bock and Bock 1983).  Hispid cotton rats and tawny cotton rats have been shown to 

respond negatively to fire (Bock et al. 1976, Bock and Bock 1978).  Western harvest 

mice have also been shown to be fire-negative (Kaufman et al. 1983, Cook 1959).  Voles, 

including California voles, meadow voles and prairie voles, have been well studied in 

relation to their response to fire and are fire-negative (Cook 1959, Tester and Marshall 

1961, Schramm 1970, Moreth and Schramm 1973, Schramm and Willcutts 1983, Vacanti 

and Geluso 1985, Schramm 1970). 

Research has shown that most small mammals do not have a neutral response to 

fire; rather, they tend to show either fire-positive or fire-negative responses to fire.  As 

one might expect, fire-negative small mammals tend to be associated with plant litter 

and/or eat plant foliage.  They include species that forage on invertebrates in the litter 

layer (northern short-tailed shrew), that require a habitat of dense vegetation and eat 

foliage (California vole, prairie vole, meadow vole, tawny cotton rat, and hispid cotton 

rat), and that use aboveground nests of plant litter (California vole, prairie vole, meadow 

vole, white-throated vole, and western harvest mouse; Kaufman et al. 1990). 

Fire-positive small mammals include those species that use a relatively open 

herbaceous layer and feed on seeds or insects (hispid pocket mouse, southern grasshopper 

mouse, white-footed mouse, deer mouse, and thirteen-lined ground squirrel), and/or use 
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saltatorial locomotion (Merriam’s kangaroo rat and meadow jumping mouse; Kaufman et 

al. 1990). 

Small Mammal Community at Leonhardt Prairie 

The small mammals of interest to this study are rats and mice in Family Muridae 

and pocket mice in Family Heteromyidae, Order Rodentia.  Species expected to be 

present in the grassy sections at Leonhardt Prairie, based on broad geographic 

distribution, habitat type, and prior research at the site include Chaetodipus hispidus, 

Baiomys taylori, Sigmodon hispidus, Reithrodontomys fulvescens, Peromyscus 

maniculatus, and Mus musculus (Schmidly 2004).   

A common grassland species on Leonhardt Prairie is the northern pygmy mouse, 

Baiomys taylori (Thomas, 1887).  Previous studies by R. S. Baldridge and other faculty 

and students of Baylor University from 1984 to 1987 found Sigmodon hispidus and 

Baiomys taylori to be codominant species on Leonhardt Prairie.  Early (2005) had similar 

findings in her study from 2002 to 2004.   

Baiomys taylori is the smallest mouse in its family and the smallest North 

American rodent, weighing 7-10g, averaging 8g (Eshelman and Cameron 1987, Schmidly 

2004).  B. taylori is distributed throughout Texas with the exception of the Trans-Pecos 

and extreme northeastern part of the state.  Over the last century, its range has been 

expanding northward and eastward and it is documented widely in the Blackland Prairies.  

Pygmy mice prefer grassy areas and live in close association with cotton rats (Sigmodon 

hispidus) and harvest mice (genus Reithrodontomys).  Pygmy mice live in ball-shaped 

nests made of shredded grasses with one or more openings leading to runways (Schmidly 

2004).   
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Powell (1968) found that pygmy mice rely on dense ground cover as a part of 

their habitat.  Thus Stickel and Stickel (1949) captured few B. taylori in areas of 1-year-

old burns or areas with intense cattle grazing.  Baker (1940) showed that burning was 

more damaging to B. taylori populations than grazing because it removed all cover. 

Baiomys taylori are herbivorous and granivorous with a diet of seeds and leaves 

of grass, mesquite beans, and insects (Schmidly 2004).  Predators include snakes, owls, 

raptors, coyotes, raccoons, striped skunks, and shrews (Eshelman and Cameron 1987).  

Survival in natural populations averages 5 months (Eshelman and Cameron 1987). 

 Another common grassland species is the hispid cotton rat, Sigmodon hispidus 

(Say and Ord, 1825) whose presence on tallgrass prairies has been well documented 

(Wilkins 1995, Hanchey and Wilkins 1998, Rehmeier et al. 2005).  Cotton rats prefer 

tallgrass in which they make runways.  S. hispidus make nests with shredded grass in 

either underground burrows or in concealed above ground areas.  S. hispidus are 

omnivorous, primarily feeding on green vegetation, such as grasses, but also eat seeds, 

roots, berries and occasionally insects (Sullivan 1995, Schmidly 2004).  They are 

nocturnal but can also be active during the day (Cameron and Spencer 1981, Schmidly 

2004).   

Mature females will produce several litters of 2-10 young (averaging 5 young) per 

year.  Breeding is closely associated with precipitation.  In wet years, breeding is prolific 

and year round while in dry periods breeding slows significantly.  Cotton rats undergo 

extreme population fluctuations but are usually controlled by disease and predators such 

as coyotes, hawks, owls, and snakes (Schmidly 2004). 
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 The fulvous harvest mouse, Reithrodontomys fulvescens J. A. Allen, 1894, is 

present on Leonhardt Prairie and is known to inhabit tallgrass prairies where little 

bluestem (Schizachyrium scoparium) and switchgrass (Panicum virgatum) dominate 

(Wilkins 1995, Hanchey and Wilkins 1998).  R. fulvescens live in grassy areas with 

shrubs in close association with cotton rats, rice rats and white-footed mice (Spencer and 

Cameron 1982, Schmidly 2004).  They live in underground burrows, but also have nests 

above ground in small trees or bushes made of shredded grass and stems (Schmidly 

2004).  Fulvous harvest mice feed on vegetation, such as grass and seeds, and 

invertebrates (Spencer and Cameron 1982, Schmidly 2004).  They are strictly nocturnal 

(Spencer and Cameron 1982).  The breeding season is from February to October with 

peaks in late spring and early fall.  Their predators include owls and hawks (Spencer and 

Cameron 1982, Schmidly 2004).  

The deer mouse, Peromyscus maniculatus (Wagner, 1845), is a rare grassland 

species on Leonhardt Prairie, and though it is known to inhabit tallgrass prairies, it has 

also been shown to avoid areas with well developed litter layers (Wilkins 1995, Hanchey 

and Wilkins 1998).  Deer mice are abundant throughout most of North America.  It is the 

most widely distributed Peromyscus species, ranging from Quebec and New Brunswick 

west to Yukon Territory and southeast Alaska; south to Baja California and through the 

Sierra Madre to southern Mexico; south in central Texas to the Gulf of Mexico; and south 

in the Appalachian Mountains to northern Georgia.  Deer mice are considered ubiquitous 

inhabiting grasslands, brushy areas, woodlands and forests (Sullivan 1995).  P. 

maniculatus live in a variety of habitats, but in Texas, seem to prefer grasslands.  They 

are poor climbers and live on the ground and in underground burrows on a nest of dried 
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grass and weeds.  Deer mice are strictly nocturnal and do not hibernate.  Their diet is 

primarily seeds, but they will also eat fruit, bark and roots when available (Schmidly 

2004). 

An uncommon species on Leonhardt Prairie both in the woodlands and grasslands 

is the house mouse, Mus musculus Linnaeus, 1758.  M. musculus is not native to the New 

World, but since its introduction has become widespread throughout the United States.  

The house mouse usually lives in close association with humans in areas such as houses, 

restaurants, and stores, but can also live in grassy areas in close association with 

Microtus, Baiomys, and Sigmodon hispidus and other native rats and mice.  M. musculus 

do compete with and can replace native small mammals and thus pose conservation 

concerns.  They are primarily nocturnal, but can be moderately active during the day.  

House mice in the wild feed on plant material such as seeds, stems and leaves (Schmidly 

2004).  M. musculus are prolific breeders as they can have up to 13 litters per year.  In the 

wild, in Texas, the breeding season is from early June to late fall  

Other species of vertebrates are present on Leonhardt Prairie and have been 

observed through sight or other signs.  Mammals present include: Virginia opossum 

(Didelphis virginiana Kerr), coyote (Canis latrans Say), common gray fox (Urocyon 

cinereoargenteus Schreber), northern raccoon (Procyon lotor Illiger), striped skunk 

(Mephitis mephitis J.A. Allen), cottontail (Silvalagus floridanus Lyon), feral hogs (Sus 

scrofa L.), and occasionally white-tailed deer (Odocoileus virginianus Boddaert), horses 

(Equus caballus L.) and cows (Bos taurus L.; Early 2005, Kirchner, personal 

observation).   
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Other vertebrates observed include: gulf coast toad (Bufo valliceps Weigmann), 

Texas spiny lizard (Sceloporus olivaceus), Great Blue Heron (Ardea herodias), Black-

bellied Whistling-Duck (Dendrocygna autumnalis), Turkey Vulture (Cathartes aura), 

Black Vulture (Coragyps atratus), Red-tailed hawk (Buteo jamaicensis), Caracara 

(Caracara cheriway), American Kestrel (Falco sparvericus), Mourning Dove (Zenaida 

aurita), Yellow-billed Cuckoo (Coccyzus americanus L.), Ruby-throated Hummingbird 

(Archilochus colubris), Loggerhead Shrike (Lanius ludovicianus L.), American Crow 

(Corvus monedula), Tufted Titmouse (Baeolophus bicolor), Carolina Chickadee (Poecile 

sclateri), Bushtit (Psaltriparus minimus), Carolina Wren (Thryothorus ludovicianus), 

Northern Mockingbird (Mimus polyglottos), Brown Thrasher (Toxostoma rufum), 

Yellow-rumped Warbler (Dendroica coronata), Fox Sparrow (Passerella iliaca), 

Savannah Sparrow (Passerculus sandwichensis), Northern Cardinal (Cardinalis 

cardinalis), Dickcissel (Spiza Americana Gmelin), Painted Bunting (Passerina cirus L.), 

Texas rat snake (Elaphe obsolete Garman), copperhead (Agkistrodon contortrix Baird), 

and western diamondback rattlesnake (Crotalus atrox Baird & Girard; Early 2005, 

Kirchner, personal observation). 

 

Study Objectives and Testable Hypotheses 

The Nature Conservancy of Texas performed a prescribed burn in Fall 2007 on 

two of the three grassy sections of Leonhardt Prairie, with the objective of preventing 

woody plant species from invading and establishing in the tallgrass prairie.  It is 

important to study vertebrate communities both before and after burns to increase our 

knowledge of blackland prairie fire ecology and its dynamics which remain poorly 

understood and undocumented.   
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 This project provides better understanding of blackland prairie dynamics and its 

current management regime.  This work will increase scientific knowledge concerning 

responses of vegetation and small mammal communities to fire in Texas and provide data 

needed for developing management plans and conservation efforts for state and federal 

agencies.  Additionally, these findings provide evidence regarding temporal succession 

patterns of small mammals and variability within demographics of these populations. 

This study investigated effects of fire on vegetation and the small mammal 

community on a central Texas tallgrass prairie.  Sherman live-trapping and vegetation 

sampling were conducted pre- and post-fire on both a non-burned control plot and two 

burned experimental plots, which had not undergone fire disturbance since 1997 (10 

years).  This study addresses several null hypotheses:  

1.  Amount of vegetative cover 

A pre-burn tallgrass prairie plant community should have a high abundance of 

grasses and a large accumulation of litter.  A post-burn community would have little to no 

litter as these would be consumed in the burn. 

H0: The percentage of vegetative cover provided by each vegetative category will 

not be significantly different before and after the prescribed burn. 

Ha: The percentage of vegetative cover provided by each vegetative category will 

be significantly less after a prescribed burn compared to pre-burn. 

2.  Small mammal community 

I predict a shift from small mammals preferring litter cover (i.e., Sigmodon 

hispidus and Baiomys taylori) to those small mammals requiring little cover (i.e., 

Peromyscus maniculatus and Chaetodipus hispidus) as a result of the burn. 
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H0:  Capture rates of the small mammal community will not be significantly 

different before and after a prescribed burn. 

Ha: Capture rates of the small mammal community will be significantly different 

before and after a prescribed burn. 

3.  Correlation between small mammals and amount of vegetative cover 

Small mammal species prefer and are adapted to specific type and amount of 

vegetative cover.  Species that are dominant with high relative abundance before the burn 

should be positively correlated with grasses and litter and negatively correlated to bare 

ground, while species that are dominant after the burn should be positively correlated 

with bare ground and negatively correlated to grasses and litter. 

H0: Relative abundance of each small mammal species will show no correlation 

with percentage of vegetative cover. 

Ha: Relative abundance of each small mammal species will have a correlation 

with the percentage of vegetative cover. 
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CHAPTER TWO 

Materials and Methods 

 

Description of the Study Site 

Leonhardt Prairie Preserve is a 16.2 ha (40 acre) remnant of tallgrass blackland 

prairie in Falls County, Texas, owned by The Nature Conservancy of Texas.  It is located 

on the west side of State Highway 6 between Riesel and Marlin, approximately 8 km 

north of Marlin.  The property is approximately rectangular with the north-to-south 

dimension being shorter than the east-to-west length of the prairie (Figure 3).  The 

preserve is situated on generally north-sloping terrain, and the grassland is divided into 

three sections by two woodland drainages.  Thus, three sections are referred to as the  

 

 
 

Figure 3  Aerial view of Leonhardt Prairie Preserve with State Highway 6 located to the 

east (right side of image) and surrounded by pastures on all sides. 
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western plot, central plot, and eastern plot.  The western plot served as a control plot 

since it was not burned, while the remaining two plots were burned.  Leonhardt Prairie is 

surrounded on all sides by pastures and farmland used for hay production and grazing by 

cattle.  There is a farm house and barn to the north and south about 300 m from the 

prairie and a stock pond 20-30 m northwest of the property.  

The majority of the study site is tallgrass prairie dominated by little bluestem, big 

bluestem, Indiangrass, hairy grama (Bouteloua hirsuta), side oats gramma (Bouteloua 

curtipendula (Michx.) Torr. var. curtipendula), Johnson grass (Sorghum halepense (L.) 

Pers), and southern dewberry (Rubus trivialis).  In addition, there are two wooded 

drainages that cross the property, dividing the site roughly into thirds. Dominant woody 

species in these drainages are roughleaf dogwood (Cornus drummondii), American elm 

(Ulmus americana), Texas sugarberry (Celtis laevigata), elbow bush (Forestiera 

pubescens) and possumhaw (Ilex decidua), and the understory consists largely of saw 

greenbrier (Smilax bona-nox) and poison ivy (Toxicodendron radicans).  Forbs present 

include: prairie verbena (Verbena bipinnatifida), prairie foxglove (Penstemon cobaea), 

bluebonnets (Lupinus texanus), wine cups (Callirhoe involucrata), pink evening primrose 

(Oenothera speciosa), prairie skull caps (Scutellaria drummondii), dandelion, nightshade 

(Solanum), prairie parsley, spiderwort, Venus’ looking glass, blue sage, blazing star, 

spurge, prairie bluet, rough cocklebur, balloonvine, and golden rod (Solidago altissima). 

Leonhardt Prairie is blackland prairie in the little bluestem-Indiangrass series and 

is ranked by the heritage program as G2S2 (The Nature Conservancy of Texas 

document).  This ranks the series’ conservation status as imperiled both globally and 

statewide.  An imperiled series at the global level is “at high risk of extinction due to very 
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restricted range, very few populations (often 20 or fewer), steep declines, or other 

factors” while an imperiled series at the state level is “imperiled in the state because of 

rarity […] making it very vulnerable to extirpation from the state” (NatureServe). 

Leonhardt Prairie was purchased by The Nature Conservancy of Texas in 1981 

with a grant from the Dorothea Leonhardt Fund of the Communities Foundation of 

Texas.  Before that time, the land was used for hay production and grazing, but retained 

primarily native vegetation (Early 2005).  Since The Nature Conservancy of Texas took 

ownership of the land until the present time, Baylor University has been involved in 

conducting research at this site.  Dr. Robert S. Baldridge and Baylor University chapter 

of Beta Beta Beta Biological Honor Society, assisted by Drs. John Patton and Ken 

Wilkins, carried out ongoing small mammal surveys in the mid-1980s.  Dr. Bonnie 

Amos, formerly of Baylor University and now at Angelo State University conducted 

plant inventory and monitoring of response of prairie vegetation to prescribed burning in 

the 1980s.  The Central Texas Audubon Society has surveyed the bird community of 

Leonhardt Prairie.   

Fire management began in 1986 with prescribed burns on the entire property on 

18 February 1986 and 25 March 1987 (The Nature Conservancy of Texas document).  

The preserve was burned again in 1997, but due to cold temperatures and high humidity, 

the burn was not good (personal communication, Jim Eidson, North Texas Land Steward, 

The Nature Conservancy of Texas).  The preserve was burned again on the afternoon of 

28 September 2007.  The weather conditions were favorable for a good burn: high 

temperature 90° F (32° C), easterly winds 5-10 mph, low humidity of 40-30%, partly 

cloudy, but sunny.  Two of the three plots, the center and eastern, were burned for a total 
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of 21 acres which is approximately half of the property (Figure 4).  The flanking fire had 

average flame lengths of about 5 feet (1.5 m) and highs of 15-20 feet (4.5–6 m).  The fire 

was slow, which provided the vegetation with more heat for a longer amount of time. 

 

 

Figure 4  Map of the burn plan provided by the Nature Conservancy of Texas.  Units 2 

and 2 (eastern and central sections) were burned while unit 3 remained unburned. 

 

Experimental Design 

 

Small Mammal Trapping 

Data was collected from February 2007 (8 months before the burn) to May 2008 

(8 months post-burn).  Small mammals were captured every 2 to 3 weeks for 2 

consecutive nights in Sherman live traps (dimensions 7.5 by 9 by 23.5 cm). Trap stations 

were demarcated with flags.  Ninety traps total were set each night, 2 transects (spaced 20 

m apart) of 15 traps (spaced 5 m apart) for each of the three plots. 

Sherman live traps were baited with crimped oats and were underlain with 

DeltaGard® (Bayer Environmental Science, Montvale, New Jersey) insecticide in the 
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summer months to deter fire ants from entering the traps and injuring trapped mammals.  

Traps contained cotton bedding on nights with anticipated temperatures below 15ºC to 

reduce exposure effects on the trapped mammals (Suazo et al. 2005).   

Traps were set in the evening within 3 hours of sunset and are checked within 3 

hours of sunrise.  Traps remained closed during the day.  Captured animals were uniquely 

marked with a numbered Montel™ eartag (National Band and Tag Company, Newport, 

Kentucky) with the exception of Baiomys taylori which are too small for eartags (Gannon 

and Sikes 2007).  Recorded information on all captured small mammals included: date of 

capture, trap station, species, mass, sex, reproductive condition, and eartag number.  

Captured animals were then released at the point of capture.  Traps containing a captured 

animal the first night were replaced with a clean trap for the second night. 

Traps were disinfected by chemical means between trapping sessions.  Sherman 

live traps are soaked in a 10% household bleach solution for 10 minutes, then are soaked 

and rinsed in tap water, and allowed to dry for several days.  Yunger and Randa (1999) 

found this procedure an effective method in disinfecting trap without reducing trapability. 

 

Vegetation Sampling 

Vegetation sampling was conducted at random trap sites for two reasons: first, 

minor microgeographic variation in plant cover could effect small mammal composition; 

second, changes in seasonal plant composition and subsequent succession after fire will 

be documented.  Vegetative percent cover was assessed seasonally (approximately every 

3 months) and pre- and post-burn to determine the similarly of the three sections before 

and after the burn.  Sampling was conducted 6 times over the 16 month study: 4 and 14 
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April 2007, 3 and 6 July 2007, 29 August and 1 September 2007, 12 October 2007, 1 and 

3 February 2008, and 1 and 2 May 2008.   

To determine similarity among the three sections, canopy cover and composition 

were assessed seasonally and pre- and post-burn using the methods of Daubenmire 

(1959) as modified by Wilkins (1995).  To quantify cover and composition, 3 trap 

stations were randomly selected on each of the 6 small-mammal transects (6 trap stations 

per section for a total of 18).  At each point, the percentage of cover provided by 9 

categories of vegetation in a 0.2 x 0.5 m quadrat was estimated at varying heights above 

the ground.  The categories are: litter at 5, 10, 25, and 50 cm; little bluestem at 25 and 50 

cm; big bluestem at 25 and 50 cm; Johnson grass at 25 and 50 cm; other grasses at 25 and 

50 cm; forbs at 5, 10, and 25 cm; woody species at 50 cm and 1 m+; bare ground; and 

dewberry at 25 cm.  The amount of cover for each category was assigned to one of the 

following ranges of percentages: 0%, 1-5%, 6-25%, 26-50%, 51-75%, 76-95%, or 96-

100%.  The mid-point of each range (0, 3, 15.5, 38, 63, 85.5 or 98) was then used for all 

calculations (Daubenmire 1959).  Detailed results of vegetation sampling are presented in 

Sergeant (2008). 

 

Analytical Methods 

 

Vegetative Cover Analysis 

The mean percentage of cover for each category was calculated using the 

midpoint of each percentage range (Daubenmire 1959).  A mean and standard deviation 

were calculated for each of the three sections for the data collected at all 6 points per 

section.  Then, Proc ANOVA (analysis of variance) was run using SAS 9.1 to determine 
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if the percentage of cover for each category was significantly different (α = 0.05) between 

the 3 sections for each of the 6 sampling sessions.  When there were significant 

differences, Duncan’s multiple range test was used to determine which of the three 

sections were significantly different.  Proc ANOVA was then used again to determine if 

the percentage of cover for each category was significantly different by comparing each 

section to itself (eastern to eastern, central to central and western to western) before 

(September session) and after (October session) the burn. 

 

Small Mammal Data Analysis 

 The abundance of small mammals was measured as the number of small 

mammals captured per 100 trap-nights and referred to as relative abundance.  One trap-

night equals one trap set for one night.  Relative abundance was calculated for each 

species pre-burn, post-burn and by month.  The number of captures of each species was 

divided by the total number of small mammal captures to calculate a percentage which 

indicates which species are more dominant and which are less common.  The number of 

captures by species and number of individuals by species (when available) is also 

reported.  Pre-burn relative abundance for each species is broken down and reported by 

section (eastern, central, and western) to evaluate similarities between the three sections 

before the burn.  

 Relative abundances of each species post-burn on the control vs. the burned plots 

were analyzed using the logit model for multinomial responses, also called logistic 

regression.  The logit model is used for predicting the probability of an event (such as a 

trap catching a small mammal) by fitting the data to a logistic curve.  It is a generalized 

linear model (GLM) used for binomial regression.  This model calculates the logit of the 
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probability of the event (or the log-odds of an event), which in this case is the probability 

of catching a small mammal in the burned plots compared to the probability of catching a 

small mammal in the control plot.   

 To show how the treatment affected the abundances of small mammal species, 

point estimates are reported for each species by comparing post-burn relative abundances 

of the burned vs. control plots.  Point estimates show the log odds of catching a particular 

species on the burned vs. control plots, indicating how many times more likely it is to 

capture a particular species on the burned vs. control plots.  A point estimate of 1 would 

indicate that it is equally likely to catch a particular species in the burned vs. control plot, 

while less than 1 would indicate that it is less likely, and a value over 1 would indicate 

that it is more likely to catch a particular species in the burned vs. control plot.  Ninety-

five percent confidence limits are reported which indicates that the test is 95% confident 

that the point estimate falls within the lower and upper bounds given.  If the confidence 

limit does not include 1, then the test shows with 95% confidence that it is not as equally 

likely to capture a particular species on the burned vs. control plots.   

 

Correlation Analysis 

Proc Correlation was used in SAS ver. 9.1 to correlate the relative abundance of 

each of the 6 small mammal species with each of the 19 measured categories of 

vegetation.  Pearson’s correlation coefficients and P-values were calculated.  All small 

mammal data from February 2007 – May 2008 and all 6 vegetation samples were 

included in the correlation analysis.   
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CHAPTER THREE 

Results 

 

Vegetation 

 The first vegetation sampling session was conducted during Spring 2007 on 4 and 

14 April 2007.  Table 1 presents mean values for each vegetative category for the three 

sections of the prairie and indicates the statistical differences between these sections for 

the April 2007 sample.  Both big bluestem and little bluestem were present, though not 

providing much cover at this time.  Woody vegetation was for the most part restricted to 

the low-lying drainages, with only infrequent saplings present in the grassy areas.  There 

was very little bare ground as litter was common on all three sections, providing good 

cover for small mammals.  By late spring, many forbs were in bloom and dewberries 

were ripe and extremely plentiful.   

Though grasses were the dominant vegetation they provided only a small amount 

of cover at the 2 heights that were measured, 25 cm and 50 cm above the ground.  The 

cover of little bluestem, big bluestem, Johnson grass, and other grasses at 25 and 50 cm 

ranged from 0% cover to 4.1% cover.  These low values are probably because grasses 

were not measured below 25 cm (where they were thicker) and in early spring they had 

not yet begun to flourish.  Litter was perhaps the most significant category in terms of 

cover and habitat for small mammals.  Though there were variations between the 4 

heights measured and the 3 sections of prairie, litter provided significant cover, up to 

80.1%, and averaging 25.9% for all heights and all sections.  Forbs were present on all 3 
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sections of the prairie at all 3 heights (5, 10 and 25 cm).  They ranged from providing 

0.2% cover to 9.3% cover.  Dewberry provided little cover at this time, averaging 

between 6.2% and 6.8%. 

Similarity of vegetative cover was expected between the three sections.  Of the 19 

categories of vegetation, only 3 showed significant differences in Spring 2007.  Those 

differences were among litter at heights of 5, 10, and 25 cm.  The center section 

consistently averaged significantly more litter than the eastern or western sections.  This 

tendency might have been due to a slightly higher average for grasses than the other two 

plots, though there were no significant differences between sections for any category of 

grass.     

 

Table 1  Mean percentage (± standard deviation) of cover by category of vegetation on 

the eastern, central, and western sections of Leonhardt Prairie, April 2007.  Asterisk 

indicates those sections that are significantly different at P = 0.05. 

 

Category Eastern Central Western P value 

Litter 5 cm 26.75 ± 12.32* 80.08 ± 14.09* 52.58 ± 28.57* 0.0012* 

Litter 10 cm 20.92 ± 14.09 62.17 ± 21.25* 15.08 ± 12.79 0.0003* 

Litter 25 cm 5.08 ± 5.10 10.83 ± 7.29* 2.00 ± 1.55* 0.0307* 

Litter 50 cm 4.08 ± 5.78 2.50 ± 1.22 1.50 ± 1.64 0.4628 

Little bluestem 25 cm 1.50 ± 1.64 4.08 ± 5.78 2.00 ± 1.55 0.4364 

Little bluestem 50 cm 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00  

Big bluestem 25 cm 0.00 ± 0.00 0.50 ± 1.22 1.50 ± 1.64 0.1156 

Big bluestem 50 cm 0.00 ± 0.00 0.50 ± 1.22 0.00 ± 0.00 0.3911 

Johnson grass 25 cm 3.58 ± 6.02 0.00 ± 0.00 0.00 ± 0.00 0.1539 

Johnson grass 50 cm 0.00 ± 0.00 0.05 ± 1.22 0.00 ± 0.00 0.3911 

Other grasses 25 cm 0.50 ± 1.22 2.58 ± 6.33 1.00 ± 1.55 0.6253 

Other grasses 50 cm 0.00 ± 0.00 0.50 ± 1.22 0.00 ± 0.00 0.3911 

Forbs 5 cm 5.08 ± 5.10 7.17 ± 6.45 4.58 ± 5.48 0.7132 

Forbs 10 cm 3.00 ± 0.00 9.25 ± 6.85 8.75 ± 7.47 0.1554 

Forbs 25 cm 2.00 ± 1.55 4.08 ± 5.78 5.67 ± 7.70 0.5414 

Woody 50 cm 0.50 ± 1.22 1.00 ± 1.55 0.50 ± 1.22 0.7613 

Woody 1 m 0.00 ± 0.00 0.00 ± 0.00 3.08 ± 6.20 0.2582 

Bare ground 5.08 ± 5.10* 1.50 ± 1.64 0.50 ± 1.22* 0.0583 

Dewberry 25 cm 6.67 ± 6.94 6.17 ± 7.35 6.17 ± 7.35 0.9905 
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The second vegetation sample, taken during Summer 2007 on 3 and 6 July 2007 

again showed little bare ground and high values for litter (Table 2).  Grasses remained the 

dominant vegetation, and with the exception of a rare sapling, was the only vegetation 

providing cover over 25 cm.  Forbs remained an important source of cover at 5, 10, and 

25 cm and also provided a source of food.  Dewberry had increased in abundance since 

early spring, though it no longer provided berries. 

   By summer 2007, grasses had increased in density since the spring sample.  Litter 

had decreased since the spring sample, but still remained an extremely important source 

of cover for small mammals.  At 5 cm, litter ranged from 17.2% to 44.7% cover and this  

category was perhaps the most significant in terms of cover for small mammals.  Forbs 

 

Table 2  Mean percentage (± standard deviation) of cover by category of vegetation on 

the eastern, central, and western sections of Leonhardt Prairie, July 2007.  Asterisk 

indicates those sections that are significantly different at P = 0.05. 

 

Category Eastern Central Western P value 

Litter 5 cm 17.17 ± 11.37 28.83 ± 21.72 44.67 ± 31.53 0.1510 

Litter 10 cm 10.83 ± 7.29 22.58 ± 17.49 27.17 ± 28.31 0.3581 

Litter 25 cm 4.58 ± 5.48 6.17 ± 7.35 7.17 ± 6.45 0.7874 

Litter 50 cm 1.00 ± 1.55 2.00 ± 1.55 1.50 ± 1.64 0.5615 

Little bluestem 25 cm 6.67 ± 6.94 8.75 ± 7.47 2.58 ± 6.33 0.3203 

Little bluestem 50 cm 2.50 ± 1.22 2.00 ± 1.55 0.00 ± 0.00* 0.0042* 

Big bluestem 25 cm 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00  

Big bluestem 50 cm 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00  

Johnson grass 25 cm 8.75 ± 7.47 9.42 ± 15.24 20.00 ± 19.75 0.3719 

Johnson grass 50 cm 6.67 ± 6.94 7.83 ± 14.85 2.50 ± 1.22 0.6028 

Other grasses 25 cm 0.00 ± 0.00 5.67 ± 7.70 2.58 ± 6.33 0.2640 

Other grasses 50 cm 0.00 ± 0.00 3.58 ± 6.02 0.50 ± 1.22 0.1998 

Forbs 5 cm 6.67 ± 6.94 10.83 ± 7.29 6.17 ± 7.35 0.4847 

Forbs 10 cm 10.42 ± 14.56 12.92 ± 6.33 6.17 ± 7.35 0.5193 

Forbs 25 cm 6.17 ± 7.35 14.58 ± 13.40 14.08 ± 24.65 0.6297 

Woody 50 cm 0.00 ± 0.00 12.67 ± 19.62 0.00 ± 0.00 0.1156 

Woody 1 m 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00  

Bare ground 2.00 ± 1.55* 0.50 ± 1.22 0.00 ± 0.00 0.0217* 

Dewberry 25 cm 7.83 ± 14.85 9.42 ± 15.24 11.50 ± 15.04 0.9147 
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increased in density since the spring sample, providing up to 14.6%, but averaging 9.8%  

over all heights and all sections of the prairie.  Dewberry became more abundant (7.8% in 

the eastern, 9.4% in the center and 11.5% in the western sections) than in the spring, and 

like other forbs, was a significant source of cover and food.    

Sampling in Summer 2007 showed few significant differences between sections.  

Cover provided by little bluestem at 50 cm was significantly lower (P = 0.0042) in the 

western section with 0% cover, than the other two sections ranging from 2.0% to 2.5% 

cover.  Significantly more bare ground was exposed in the eastern section (2.0%) than in 

the other sections (0.5% and 0.0%).  Though these differences for bare ground and little 

bluestem were statistically significant, the values were very low and likely of no 

biological significance.      

Pre-burn vegetative cover was assessed 29 August and 1 September 2007 (Table 

3).  This sample was collected in late summer, only 2 months after previous sample.  The 

data collected provides a baseline for the state of the prairie before the prescribed burn.   

Like previous months, grasses were dominant across the prairie, with the exception of the  

 

wooded drainages. The amount of litter was still high and bare ground low.  Litter at 5 

cm provided 50.5% cover in the eastern section, 58.4% in the center, and 42.6% in the 

west, while bare ground ranged from 0.0% to 2.6%.  Forbs were present on all three 

sections, though provided much less cover than in previous months.  Forbs at 5 cm 

provided 1.0%, 1.5%, and 7.83% cover in the eastern, center, and western sections, 

respectively.  Dewberry still provided a significant amount of cover at 25 cm, averaging 

12.0% cover over all three sections of the prairie. 
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Again, there were few differences between sections with only 3 of the 19 

categories of vegetation showing significant differences.  The cover provided by little 

bluestem at 25 cm was significantly different (P = 0.0407) between the central and 

western sections averaging 16.7% and 2.6%, respectively.  The other two significant 

differences occurred with Johnson grass at 25 and 50 cm.  Throughout the study, it was 

consistently noted that Johnson grass had spread into the prairie on the eastern section 

which was adjacent to a highway right-of-way, while it had not yet spread to the central 

and western sections.  Therefore, significant differences between the eastern sections 

from the other two were expected.   

 

Table 3  Mean percentage (± standard deviation) of cover by category of vegetation on 

the eastern, central, and western sections of Leonhardt Prairie, September 2007.  Asterisk 

indicates those sections that are significantly different at P = 0.05. 

 

Category Eastern Central Western P value 

Litter 5 cm 50.50 ± 13.69 58.42 ± 27.45 42.58 ± 18.06 0.4311 

Litter 10 cm 30.92 ± 19.20 54.25 ± 28.49 35.08 ± 23.31 0.2313 

Litter 25 cm 11.33 ± 6.45 20.50 ± 19.17 17.17 ± 11.37 0.5029 

Litter 50 cm 3.58 ± 6.02 6.67 ± 6.94 3.00 ± 0.00 0.4560 

Little bluestem 25 cm 5.67 ± 7.70 16.67 ± 12.15* 2.58 ± 6.33* 0.0407* 

Little bluestem 50 cm 3.58 ± 6.02 6.67 ± 6.94 2.58 ± 6.33 0.5336 

Big bluestem 25 cm 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00  

Big bluestem 50 cm 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00  

Johnson grass 25 cm 28.75 ± 27.20* 0.00 ± 0.00 0.00 ± 0.00 0.0083* 

Johnson grass 50 cm 16.67 ± 12.15* 0.05 ± 1.22 0.00 ± 0.00 0.0012* 

Other grasses 25 cm 3.08 ± 6.20* 20.92 ± 14.09 22.08 ± 18.19 0.0531 

Other grasses 50 cm 1.00 ± 1.55* 8.75 ± 7.47* 4.58 ± 5.48 0.0765 

Forbs 5 cm 1.00 ± 1.55 1.50 ± 1.64 7.83 ± 14.85 0.3409 

Forbs 10 cm 1.00 ± 1.55 1.50 ± 1.64 7.83 ± 14.85 0.3409 

Forbs 25 cm 1.00 ± 1.55 16.17 ± 24.04 9.92 ± 14.91 0.3009 

Woody 50 cm 14.25 ± 34.91 6.83 ± 15.32 0.00 ± 0.00 0.5465 

Woody 1 m 6.33 ± 15.51 0.50 ± 1.22 0.00 ± 0.00 0.4193 

Bare ground 0.50 ± 1.22 2.58 ± 6.33 0.00 ± 0.00 0.4620 

Dewberry 25 cm 18.33 ± 16.50 5.67 ± 7.70 12.00 ± 14.63 0.2955 
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In summary, before the burn, the three sections were rather similar in terms of the 

19 categories of vegetative cover measured.  Through the spring, summer, and early fall 

several trends were noticed:  As expected, little bluestem and big bluestem were present 

on all three sections of the prairie (Figure 5).  As the cover provided by grasses was high, 

the cover of forbs was low, accounting at most for only 14.6% of cover.  Dense litter 

covered the ground which had built up over the 10-year period since the prairie was last 

burned in 1997 (Figure 6).  Percentage of litter cover at 5 cm was as high as 80.1% in the 

central section in Spring 2007, but averaged 44.6% over all sections before the burn.  As 

expected, percentage of bare ground was extremely low averaging only 1.4% over all 

sections before the burn.  Also at ground level, dense dewberry was present before the 

burn on all three sections ranging from 6.2% to 18.3%.  Woody vegetation was mostly 

restricted to the draws and provided no consistent cover on the grassland. 
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Figure 5  Percentage cover provided by little bluestem at 25 cm on all 3 sections of the 

prairie in each season. 
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Figure 6  Percentage cover provided by litter at 5 cm on all 3 sections of the prairie in 

each season. 

 

Following the late September burn, as predicted, there were many significant 

differences between the western control section and the two experimental sections, 

eastern and central (Table 4).  As the fire consumed virtually all plant material, the cover 

provided by grasses, litter, forbs, and dewberry dropped to 0% while bare ground 

increased dramatically.  Following the burn, the prairie was nothing but bare ground and 

a few saplings, but as early as a few weeks following the burn, forbs began to return.  On 

24 October 2007, milkweed, blue sage, crow’s poison, dewberry, yucca, and prickly pear 

were present on the burned sections of the prairie.  By mid-November, only a month and 

a half post-burn, grasses were noted as resprouting.  These grasses and forbs were not yet 

at heights tall enough to be recorded by our vegetation sampling methods. 

 In the post-burn vegetation session, sampled 12 October 2007, significant 

differences between the control and experimental plots were evident in most of the 

vegetation categories.  Those categories that were not significantly different, litter at 25 
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and 50 cm, Johnson grass, forbs and woody vegetation, were at naturally low levels in the 

control section.  Significant differences were shown for litter at 5 and 10 cm (P < 0.0001 

and P = 0.0028, respectively) as cover remained high in the control section but was 

consumed by the fire on the experimental sections.  Grasses were significantly different 

for all categories, except for Johnson grass.  In the experimental plots, all categories of 

grasses provided 0% cover, as expected, following the burn.  Bare ground remained low  

 

Table 4  Mean percentage (± standard deviation) of cover by category of vegetation on 

the eastern, central, and western sections of Leonhardt Prairie, October 2007.  Asterisk 

indicates those sections that are significantly different at P = 0.05. 

 

Category Eastern Central Western P value 

Dead 5 cm 1.00 ± 1.55 4.08 ± 5.78 55.08 ± 19.39* <0.0001* 

Dead 10 cm 0.00 ± 0.00 3.58 ± 6.02 17.17 ± 11.37* 0.0028* 

Dead 25 cm 2.58 ± 6.33 0.50 ± 1.22 6.67 ± 6.94 0.1733 

Dead 50 cm 0.50 ± 1.22 0.00 ± 0.00 5.67 ± 7.70 0.0855 

Little bluestem 25 cm 0.00 ± 0.00 0.00 ± 0.00 8.75 ± 7.47* 0.0039* 

Little bluestem 50 cm 0.00 ± 0.00 0.00 ± 0.00 6.67 ± 6.94* 0.0158* 

Big bluestem 25 cm 0.00 ± 0.00 0.00 ± 0.00 8.25 ± 8.02* 0.0100* 

Big bluestem 50 cm 0.00 ± 0.00 0.00 ± 0.00 8.25 ± 8.02* 0.0100* 

Johnson grass 25 cm 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00  

Johnson grass 50 cm 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00  

Other grasses 25 cm 0.00 ± 0.00 0.00 ± 0.00 6.83 ± 15.32 0.3301 

Other grasses 50 cm 0.00 ± 0.00 0.00 ± 0.00 6.83 ± 15.32 0.3301 

Forbs 5 cm 0.00 ± 0.00 0.00 ± 0.00 6.33 ± 15.51 0.3911 

Forbs 10 cm 0.00 ± 0.00 0.00 ± 0.00 6.33 ± 15.51 0.3911 

Forbs 25 cm 0.00 ± 0.00 0.00 ± 0.00 10.50 ± 25.72 0.3911 

Woody 50 cm 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00  

Woody 1 m 0.00 ± 0.00 14.25 ± 34.91 0.00 ± 0.00 0.3911 

Bare ground 83.83 ± 23.27 67.50 ± 39.84 0.00 ± 0.00* 0.0002* 

Dewberry 25 cm 0.00 ± 0.00 0.00 ± 0.00 11.50 ± 15.04* 0.0563 

 

in the control section at 0% but characterized 83.8% of the ground in the eastern section 

and 67.5% in the central section (P = 0.0002).  

Vegetative cover data collected in Winter 2008, 1 and 3 February 2008, showed 

no major change from the previous session in October 2007 (Table 5).  On the 2 burned 
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plots almost no vegetation was detected, thus, no grasses or forbs were at heights 

measured by our methods.  All categories of vegetation provided 0% cover with the 

exception of litter at 5 cm (accounting for only 1.3% cover) and bare ground at 66.8% on 

the eastern section and 74.3% on the central section.  The control plot remained 

consistent with previous samples.  Grasses remained the dominant vegetation.  Little 

bluestem at 25 cm provided 10.9% cover, very similar to previous samples.  Forbs were  

 

Table 5  Mean percentage (± standard deviation) of cover by category of vegetation on 

the eastern, central, and western sections of Leonhardt Prairie, February 2008.  Asterisk 

indicates those sections that are significantly different at P = 0.05. 

 

 Category Eastern Central Western P value 

Dead 5 cm 1.50 ± 1.64 1.00 ± 1.55 72.17 ± 21.72* <0.0001* 

Dead 10 cm 0.00 ± 0.00 0.00 ± 0.00 68.00 ± 25.84* <0.0001* 

Dead 25 cm 0.00 ± 0.00 0.00 ± 0.00 17.17 ± 11.37* 0.0004* 

Dead 50 cm 0.00 ± 0.00 0.00 ± 0.00 3.00 ± 0.00* <0.0001* 

Little bluestem 25 cm 0.00 ± 0.00 0.00 ± 0.00 10.92 ± 14.18* 0.0544* 

Little bluestem 50 cm 0.00 ± 0.00 0.00 ± 0.00 6.67 ± 6.94* 0.0158* 

Big bluestem 25 cm 0.00 ± 0.00 0.00 ± 0.00 1.00 ± 1.55 0.1156 

Big bluestem 50 cm 0.00 ± 0.00 0.00 ± 0.00 0.50 ± 1.22 0.3911 

Johnson grass 25 cm 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00  

Johnson grass 50 cm 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00  

Other grasses 25 cm 0.00 ± 0.00 0.00 ± 0.00 3.58 ± 6.02 0.1539 

Other grasses 50 cm 0.00 ± 0.00 0.00 ± 0.00 0.50 ± 1.22 0.3911 

Forbs 5 cm 0.00 ± 0.00 0.00 ± 0.00 1.00 ± 1.55 0.1156 

Forbs 10 cm 0.00 ± 0.00 0.00 ± 0.00 0.50 ± 1.22 0.3911 

Forbs 25 cm 0.00 ± 0.00 0.00 ± 0.00 2.58 ± 6.33 0.3911 

Woody 50 cm 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00  

Woody 1 m 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00  

Bare ground 66.75 ± 9.19 74.25 ± 12.32 0.00 ± 0.00* <0.0001* 

Dewberry 25 cm 0.00 ± 0.00 0.00 ± 0.00 1.50 ± 1.64* 0.0217* 

 

much less dense than in previous months, which was expected for a winter sample.  They 

provide almost no cover, ranging from 0.5% to 2.6% cover at the measured heights.  

Dewberry was almost much less significant at 1.5% cover than in previous months.  
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Litter was important (72.1% cover at 5 cm) and provided much habitat for small 

mammals, while no bare ground was measured (0% cover).  

The last vegetation sample was collected Spring 2008, 1 and 2 May 2008, 7 

months post-burn (Table 6).  Significant differences between burned and unburned 

sections were still present, however, cover provided by many categories of vegetation on 

the burned plots had increased since the Winter 2008 sample.  All categories of litter 

remained low or non-existent (averaging 0.1% between both sections) on the burned  

 

Table 6  Mean percentage (± standard deviation) of cover by category of vegetation on 

the eastern, central, and western sections of Leonhardt Prairie, May 2008.  Asterisk 

indicates those sections that are significantly different at P = 0.05. 

 

Category Eastern Central Western P value 

Dead 5 cm 0.50 ± 1.22 0.00 ± 0.00 38.83 ± 21.25* <0.0001* 

Dead 10 cm 0.00 ± 0.00 0.00 ± 0.00 19.25 ± 9.19* <0.0001* 

Dead 25 cm 0.00 ± 0.00 0.00 ± 0.00 4.08 ± 5.78 0.0807 

Dead 50 cm 0.00 ± 0.00 0.00 ± 0.00 1.50 ± 1.64* 0.0217* 

Little blue 25 cm 0.50 ± 1.22 1.50 ± 1.64 10.42 ± 14.56 0.1172 

Little blue 50 cm 0.50 ± 1.22 0.00 ± 0.00 4.08 ± 5.78 0.1109 

Big bluestem 25 cm 0.00 ± 0.00 0.00 ± 0.00 3.08 ± 6.20 0.2582 

Big bluestem 50 cm 0.00 ± 0.00 0.00 ± 0.00 0.50 ± 1.22 0.3911 

Johnson grass 25 cm 8.75 ± 7.47* 1.00 ± 1.55 0.00 ± 0.00 0.0068* 

Johnson grass 50 cm 3.58 ± 6.02 0.00 ± 0.00 0.00 ± 0.00 0.1539 

Other grasses 25 cm 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00  

Other grasses 50 cm 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00  

Forbs 5 cm 65.92 ± 23.31* 38.83 ± 21.25 21.33 ± 21.02 0.0102* 

Forbs 10 cm 65.92 ± 23.31* 38.83 ± 21.25 21.33 ± 21.02 0.0102* 

Forbs 25 cm 50.50 ± 24.80* 20.92 ± 14.09* 25.08 ± 21.76 0.0533 

Woody 50 cm 0.00 ± 0.00 2.58 ± 6.33 0.00 ± 0.00 0.3911 

Woody 1 m 0.00 ± 0.00 2.58 ± 6.33 0.00 ± 0.00 0.3911 

Bare ground 13.00 ± 13.69 25.08 ± 21.76* 0.00 ± 0.00* 0.0337* 

Dewberry 25 cm 1.00 ± 1.55 6.33 ± 15.51 5.17 ± 8.00 0.6395 

 

sections but remained high (averaging 15.9%) on the control plot.  Little bluestem still 

provided little cover on the burned sections, but had recovered to an average of 1.0% on 
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both sections at 25 cm, while little bluestem on the control section remained consistent at 

10.4% cover.  Little bluestem cover was not significantly different on the burned and 

control sections (P = 0.1172).  Interestingly, forbs at 5 and 10 cm increased dramatically 

on the burned plots (65.9% in the eastern and 38.8% in the central sections) and were 

significantly different (P = 0.0102) from the control plot (21.3% cover).  The percentage 

cover offered by bare ground had dropped significantly since the Winter sample (down to 

13.0% in the eastern and 25.1% in the central), though the central and western plots 

(0.0% cover) were still significantly different (P = 0.0337). 

 Photographs were taken throughout the study to document the vegetation before 

and after the burn and are available in the appendix (Figure A1-7). 

 

Small Mammals 

Small mammal live trapping was conducted over 16 months from February 2007 

to May 2008, 8 months before the burn and 8 months after.  Twenty-five trapping 

sessions were conducted for a total of 4,500 trap nights.  There were 470 small mammal 

captures of 6 different species: Baiomys taylori, Sigmodon hispidus, Peromyscus 

maniculatus, Reithrodontomys fulvescens, Mus musculus, and Chaetodipus hispidus.   

Pre-burn sampling began in February 2007 and lasted until the burn (September 

2007), comprising 14 trapping sessions and 2,522 trap-nights over 8 months. While 5 

rodent species were captured, dense litter and heavy vegetative cover accommodated 2 

dominant species, Baiomys taylori and Sigmodon hispidus with a relative abundance 

(captures/100 trap-nights) of 5.85 and 4.99, respectively (Table 7).  The number of 

captures of these 2 species accounted for over 90% of the total small mammal captures, 

with Baiomys taylori at 50.32% and Sigmodon hispidus at 41.14%.  The third most 
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common species, Reithrodontomys fulvescens, had 24 captures, a relative abundance of 

0.81 captures per 100 trap-nights, and accounted for 7.59% of the total captures.  The 

remaining 2 species were extremely rare as only 2 Peromyscus maniculatus individuals 

and 1 Mus musculus were captured pre-burn, for relative abundances of 0.07 and 0.04, 

respectively.  

Trapping before the burn on the 3 sections of Leonhardt Prairie revealed several 

similarities between the sections.  One similarity between the three sections was species 

composition of the rodent communities.  In all three sections, B. taylori and S. hispidus 

were co-dominant species.  R. fulvescens was always the third most common species at 

1.07 in the eastern section, 1.31 in the central section and 0.36 in the western section.  

These three species were in common over all three sections and accounted for 99.05% of 

the total captures.  The other 2 species captured before the burn were extremely rare:  

There were 2 captures of P. maniculatus in the eastern section for a relative abundance of 

0.24 captures/100 trap-nights.  There was 1 capture of M. musculus in the central section 

for a relative abundance of 0.12 captures/100 trap-nights. 

 

Table 7  Numbers of small mammals captured at Leonhardt Prairie on all 3 sections, 

February 2007-September 2007, in order of decreasing abundance.  Relative abundance 

measured in captures per 100 trap-nights.  B. taylori were not tagged, thus no count of 

individuals is available. 

 

Species Individuals 

Number of 

captures 

Percentage of 

total captures 

Relative 

abundance 

Baiomys taylori -- 159 50.32 5.85 

Sigmodon hispidus 69 130 41.14 4.99 

Reithrodontomys fulvescens 16 24 7.59 0.81 

Peromyscus maniculatus 2 2 0.63 0.07 

Mus musculus 1 1 0.32 0.04 

TOTAL -- 316 100 12.53 
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Also, the relative abundances in captures per 100 trap-nights for B. taylori and S. 

hispidus were always very similar to each other in each section of the prairie.  The 

relative abundance of B. taylori and S. hispidus in the eastern section was 3.81 and 3.57 

captures/100 trap-nights, respectively (Figure 7).  In the western section, S. hispidus 

measured 4.64 and B. taylori 4.17 captures/100 trap-nights.  Small mammal abundances 

were much higher in the central section, but B. taylori and S. hispidus abundances were 

still similar at 11.07 and 7.02 captures/100 trap-nights, respectively.   

In September 2007, 2 of the 3 sections were burned and 1 (western section) was 

left unburned as a control.  Trapping protocol resumed, comprising 11 additional trapping 

sessions and 1,980 trap-nights post-burn.  Baiomys taylori and Sigmodon hispidus were 

not caught again on the burned plots until May 2008, 8 months following the burn 

(Figure 8).  Post-burn, their relative abundances on the 2 burned plots were 0.15 captures 
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Figure 7  Pre-burn relative abundance (measured in captures per 100 trap-nights) of small 

mammals trapped on each of the three sections of Leonhardt Prairie from February 2007 

to September 2007. 
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Figure 8  Pre- and post-burn relative abundances of the 3 dominant species on the 2 

burned plots of Leonhardt Prairie with the vertical bar indicating the date of the burn. 

 

 

per 100 trap-nights for B. taylori and 0.38 for S. hispidus (Table 8).  On the control plot, 

capture rates remained similar to pre-burn data as relative abundances of Baiomys taylori 

and Sigmodon hispidus from October 2007 through May 2008 were 4.55 and 3.79 

captures per 100 trap-nights, respectively.   

 

Table 8  Relative abundance of each species captured on the 2 experimental plots (eastern 

and central) pre-burn (February 2007 – September 2007) and post-burn (October 2007 – 

May 2008). 

 

 

Species 

Pre-burn relative 

abundance 

Post-burn relative 

abundance 

Baiomys taylori 7.80 0.15 

Sigmodon hispidus 5.60 0.38 

Peromyscus maniculatus 0.12 5.23 

Reithrodontomys fulvescens 1.13 0.23 

Mus musculus 0.06 0 

Chaetodipus hispidus 0 0.23 



45 

Point estimates from the logit analyses indicating the odds ratio of capturing B. 

taylori and S. hispidus on the burned vs. control plots were 0.061 and 0.037 and were 

significant (Table 9, Figure 9).  These numbers indicate a significantly higher likelihood 

of capturing B. taylori and S. hispidus on the control plots that the burned plots.  Traps in 

the control section are 16.39 and 27.03 times more likely to capture B. taylori and S. 

hispidus, respectively than traps on the burned plots (Figure 9). 

Post-burn trapping revealed more than a 40-fold increase for Peromyscus 

maniculatus from a relative abundance of 0.12 captures per 100 trap-nights pre-burn to 

5.23 post-burn (Table 8; Figure 8).  From October 2007 through May 2008, only 1 

Peromyscus maniculatus was captured on the control plot for a relative abundance of 

0.15 captures per 100 trap-nights.  The odds ratio of capturing the deer mouse on the 

burned vs. control plots was significant at 33.85 (Table 9; Figure 9).  The abundance of 

deer mice increased from October 2007 through March 2008.  There were only a few 

captures in the 2 months following the burn.  The relative abundance for P. maniculatus 

in October 2007 was 0.42, and 0.83 in November 2007.  Abundance sharply increased in 

December 2007 to 5.00 captures per 100 trap-nights and continued increasing through 

March 2008 when it peaked at 12.50 captures per 100 trap-nights.  In April 2008, relative 

 

Table 9  Relative post-burn abundance (captures/100 trap-nights) of each species the on 

control and burned plots and point estimates representing the odds ratio of capturing each 

species on burned vs. control plot. 

 

 

 

 

Relative Abundance 

Species Control Burn 

Point 

Estimate 

95% Wald 

Confidence Limits 

Baiomys taylori 4.55 0.15 0.061 0.015 0.253 

Sigmodon hispidus 3.79 0.38 0.037 0.005 0.264 

Peromyscus maniculatus 0.15 5.23 33.850 4.783 239.579 

Reithrodontomys fulvescens 2.12 0.23    

Mus musculus 0.45 0    

Chaetodipus hispidus 0 0.23    
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Figure 9  Odds ratio of catching each species on each of the burned plots over time.  Bt 

indicates Baiomys taylori, Pm denotes Peromyscus maniculatus, and Sh refers to 

Sigmodon hispidus. 

 

 

abundance of P. maniculatus dropped to 5.00, and by May 2008, 8 months after the burn, 

was down to 0 as there were no captures. 

 While Reithrodontomys fulvescens was much more abundant in the control plot, 

there were several captures in the burned plots.  Relative abundance in the control was 

2.12 and on the burned plots was 0.23 captures per 100 trap-nights, indicating a 

preference for unburned prairie.  However, pre- and post-burn relative abundances were 

very similar at 0.81 before the burn and 0.23 after. 

Three captures of Chaetodipus hispidus were made on the burned plots, though it 

was never captured before the burn or on the control plot after the burn.  Post-burn 

relative abundance was 0.23 captures per 100 trap-nights. 
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Correlation Analyses 

Relative abundances of Baiomys taylori and Sigmodon hispidus were both 

significantly positively correlated with litter at 5 cm as correlation coefficients were 0.60 

(P = 0.0088) and 0.50 (P = 0.0332), respectively (Table 10).  There was also a significant 

positive correlation between the relative abundance of B. taylori and amount of cover 

provided by litter at 10 cm, as that vegetative category explained 54% of the variation in 

the relative abundance of B. taylori (P = 0.0198).  Both species, B. taylori and S. 

hispidus, also had a significant negative correlation with bare ground as correlation 

coefficients were -0.47 (P = 0473) and -0.66 (P = 0.0028), respectively.  No other  

 

Table 10  Pearson correlation coefficients and P values showing the relationship between 

small mammal relative abundances and percent vegetative cover on all 3 sections of 

Leonhardt Prairie from February 2007 – May 2008. 

 

 

Category 

Baiomys 

taylori 

Sigmodon 

hispidus 

Peromyscus 

maniculatus 

Reithrodontomys 

fulvescens 

Dead 5 cm 0.60, 0.0088* 0.50, 0.0332* -0.45, 0.0633 0.45, 0.0583 

Dead 10 cm 0.54, 0.0198* 0.36, 0.1408 -0.38, 0.1221 0.28, 0.2675 

Dead 25 cm 0.24, 0.3444 0.22, 0.3800 -0.38, 0.1232 0.15, 0.5611 

Dead 50 cm 0.23, 0.3584 0.11, 0.6634 -0.34, 0.1727 0.47, 0.0477* 

Little blue 25 cm 0.28, 0.2583 0.37, 0.1289 -0.39, 0.1106 0.30, 0.2302 

Little blue 50 cm -0.03, 0.9210 0.30, 0.2291 -0.32, 0.1898 0.19, 0.4392 

Big blue 25 cm -0.03, 0.9207 0.29, 0.2400 -0.17, 0.5000 0.54, 0.0203* 

Big blue 50 cm -0.15, 0.5580 0.09, 0.7348 -0.12, 0.6398 0.52, 0.0258* 

Johnson 25 cm -0.16, 0.5327 0.08, 0.7382 -0.21, 0.3960 0.09, 0.7167 

Johnson 50 cm -0.07, 0.79 0.10, 0.6862 -0.21, 0.4113 -0.16, 0.5347 

Other grass 25 cm 0.04, 0.8859 0.01, 0.9555 -0.24, 0.3462 0.06, 0.8184 

Other grass 50 cm 0.02, 0.9351 -0.06, 0.8200 -0.23, 0.3556 0.30, 0.2336 

Forbs 5 cm -0.02, 0.9398 0.32, 0.1920 -0.24, 0.3293 -0.08, 0.7451 

Forbs 10 cm 0.02, 0.9326 0.36, 0.1459 -0.26, 0.2921 -0.10, 0.6954 

Forbs 25 cm 0.04, 0.8598 0.43, 0.0751 -0.33, 0.1773 0.10, 0.6894 

Woody 50 cm 0.16, 0.5350 -0.13, 0.5966 -0.20, 0.4323 -0.09, 0.7321 

Woody 1 m -0.19, 0.4463 -0.26, 0.2989 -0.17, 0.4883 -0.30, 0.2296 

Bare ground -0.47, 0.0473* -0.66, 0.0028* 0.64, 0.0044* -0.43, 0.0725 

Dewberry 25 cm 0.04, 0.8873 0.27, 0.2797 -0.44, 0.0665 0.36, 0.1440 
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vegetative categories significantly explained the variation in relative abundances of these 

two species. 

Peromyscus maniculatus only showed a significant correlation with one category 

of vegetation, bare ground which was positive 0.64 (P = 0.0044).  Though no other 

vegetative categories were significant, correlation coefficients were all negative values 

for categories of litter, grasses, forbs, woody plants, and dewberry.  The relative 

abundance of Reithrodontomys fulvescens was significantly positively correlated with the 

cover provided by litter at 50 cm, and big bluestem at both 25 and 50 cm.  Pearson 

correlation coefficients were 0.47 (P = 0.0477), 0.54 (P = 0.0203), and 0.52 (P = 0.0258), 

respectively. 
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CHAPTER FOUR 

Discussion and Conclusions 

 

As expected, vegetation results showed few significant differences between the 

three sections before the burn and many significant differences between the control and 

burned plots after the burn as the vegetation was consumed in the fire.  Before the burn, 

litter was perhaps the most significant vegetative category in terms of cover and habitat 

for small mammals.  It is clear from the data that the pre-burn small mammal community 

was established and consistent in terms of its composition.  Two co-dominant species, 

Baiomys taylori and Sigmodon hispidus were clearly more successful than other small 

mammal species in this pre-burn plant community of grasses and a lush litter layer.   

 There were few significant differences in vegetative cover between the three 

sections of prairie before the burn, but the differences that were seen related mainly to the 

central section.  Litter at 5, 10, and 25 cm in the central section was significantly more 

abundant in Spring 2007.  Again, in the pre-burn sample, the central section differed from 

the control in having significantly more cover provided by little bluestem.  This 

vegetational difference between the central section and the other sections is noteworthy 

because there is also a significant difference in the small mammal abundances.   

Eccard et al. (2000), researching in South Africa, found that sites with more 

vegetation cover had a greater number of small mammal individuals and a higher number 

of species captured by live-trapping.  On Leonhardt Prairie, before the burn, all three 

sections were similar in terms of species composition, though the central section 
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consistently had higher abundances of small mammals, in particular, B. taylori and S. 

hispidus.  Though this was not an intended point of study, the data perhaps indicates that 

where grasses and litter are more abundant, so too are B. taylori and S. hispidus.  Some 

research supports this claim (Eccard et al. 2000), while other research finds no 

relationship between vegetation cover and small mammal abundance (Leis et al. 2008).  

More research testing varying vegetation densities is necessary to confirm this 

assumption. 

 Before the burn in September 2007, Leonhardt Prairie’s vegetational and small 

mammal communities were stable.  The prairie had not been burned in at least 10 years, 

and thus the communities were well established, presumably representing a late 

successional stage.  In terms of vegetation, grasses, litter, and dewberry were widespread 

and provided much cover.  Trees were abundant in the draws, but were expanding 

through the grassy sections due to low fire frequency.  This vegetational community was 

expected and has been documented by previous research (Bliss and Cox 1964, Smeins 

and Olsen 1970, Collins et al. 1975, Bragg and Hulbert 1976, Smeins and Diamond 1983, 

Diamond and Smeins 1985, Smeins 2004, Lett and Knapp 2005). 

The small mammal community was dominated by B. taylori and S. hispidus on all 

three grassy sections.  This research supports current literature which shows that both 

species are common in tallgrass prairies.  Previous research shows that S. hispidus and B. 

taylori are successful in ungrazed, unmowed prairies with a well-developed litter layer 

(Baker 1940, Stickel and Stickel 1949, Powell 1968, Kaufman and Fleharty 1974, 

Kincaid and Cameron 1985, Eshelman and Cameron 1987, Wilkins 1995, Clark et al. 
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1998, Hanchey and Wilkins 1998, Wilkins and Broussard 2000, Jones et al. 2003, Scales 

and Wilkins 2003). 

Baiomys taylori and S. hispidus are known to live together.  From previous 

research, B. taylori are known to utilize the runways through the litter made by S. 

hispidus (Schmidly 2004).  While the 2 species are known to live in close association 

with each other, it is surprising how similar their densities were at Leonhardt Priairie.  

With the exception on February and April 2007, in which B. taylori abundances were 

high, B. taylori and S. hispidus densities were nearly identical (Figure 8). For example, in 

March 2007, the relative abundances of both species were 10.0 captures per 100 

trapnights.  In June 2007, the relative abundance of B. taylori was 2.5 and S. hispidus was 

2.1 captures/100 trapnights.  In September the relative abundance of both species was 5.0 

captures/100 trapnights.  Before the burn, with only a few exceptions, trapping revealed 

that the abundances of B. taylori and S. hispidus were nearly identical. 

While small mammal densities naturally fluctuate, there were a number of 

noteworthy observations of these cyclical densities.  Baiomys taylori numbers were high 

in April 2007 and decreased over the next couple months and by June 2007 (with the 

exception of the central section), the relative abundance of B. taylori was near 0 

captures/100 trap-nights and remained at that level until the burn in September 2007 

(Figure 10).  In the control section, B. taylori numbers would not begin to recover until 

December 2008 and steadily increased through April 2008. 

Similar to B. taylori, before the burn, S. hispidus numbers were highest in 

February and March 2007 (9.1 and 10.0 captures/100 trap-nights).  The relative 

abundance of S. hispidus decreased by April 2007 to 4.6 captures/100 trap-nights after 
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which S. hispidus numbers remained relatively consistent, but were lowest in June 2007 

at 2.1 captures/100 trap-nights. 
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Figure 10  Relative abundance in captures per 100 trap-nights of B. taylori on the 3 

sections of Leonhardt Prairie. 

 

Before the burn, overall small mammal relative abundance was highest on the 

central section, especially in February through April 2007, due to high capture rates of B. 

taylori and S. hispidus (Figure 8; Figure 11).  Density of small mammals was lowest in 

June 2007 due to few captures of B. taylori and S. hispidus.  Small mammal densities 

recovered by July 2007 and remained stable until the burn in September 2007 (Figure 

11). 

On 28 September 2007, the eastern and central sections were burned.  Trapping in 

the 2 woody draws revealed that small mammals residing in the grassy sections did not 

escape to the woods.  In addition, trapping on the control section indicated that the small 

mammals from the burned sections did not emigrate into the control section:  In the  
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Figure 11 Relative abundance (captures/100 trap-nights) of all small mammals on all 3 

sections of Leonhardt Prairie with the vertical bar representing the date of the burn. 

 

control section, densities of small mammals did not increase.  Also, throughout the study, 

no tagged animals were ever captured in any other section than the one they were 

originally tagged in, and this remained true after the burn.  No small mammal carcasses 

were found after the burn on the prairie, and previous research reveals that small 

mammals typically do not perish in the fire itself (Howard et al. 1959, Tester and 

Marshall 1961, Ahlgren 1966, Lawrence 1966, Schramm 1970, Beck and Vogl 1972, 

Geluso et al. 1986).  I would suggest instead that the small mammals of the burned 

sections emigrated either northward or southward into the neighboring grassy pastures 

beyond the preserve perimeter.   

The first trapping session after the burn, 4 and 5 October 2007 (5 days post-burn), 

captured no small mammals on either of the 2 burned plots.  The next trapping session, 

25 and 26 October 2007, captured 1 Peromyscus maniculatus in the burned, eastern 
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section of the prairie, the first capture on the burned sections.  Another P. maniculatus 

was captured in November 2007, this time in the central section.  Deer mouse density 

sharply increased in the burned sections by December 2007 and remained stable through 

February 2008 at 5.0, 6.7, and 7.1 captures/100 trap-nights.  P. maniculatus relative 

abundance spiked to its highest level in March 2008 at 12.5 captures/100 trap-nights.  

The density decreased dramatically by April 2008 to 5.0 captures/100 trap-nights and by 

May 2008, no deer mice were captured in the burned sections. 

This research shows that P. maniculatus significantly increased following a burn, 

which supports what was previously known in scientific literature that P. maniculatus 

shows a positive response to burning (Tester and Marshall 1961, Tester 1965, Lawrence 

1966, Beck and Vogl 1972, Moreth and Schramm 1973, Hansen and Warnock 1978, 

Bock and Bock 1983, Kaufman et al. 1983, Matlack et al. 2001).  Ahlgren (1966) found 

significantly higher populations of deer mice on burned than unburned plots due to food 

abundance, cover and weather conditions.  Deer mice live largely on a diet of seeds and 

invade burned areas immediately after fire to take advantage of the abundant food supply. 

(Ahlgren 1966, Kaufman and Kaufman 1990). 

The 2 pre-burn co-dominant species, B. taylori and S. hispidus, were not captured 

again on the burned plots until May 2008, 7 months after the burn.  The increased 

densities of B. taylori and S. hispidus in May 2008 coincide with decreased densities of 

P. maniculatus.  There is no evidence which shows that higher densities of the 2 pre-burn 

co-dominants caused P. maniculatus numbers to decrease, or that lowered P. maniculatus 

numbers allowed an increase in numbers of B. taylori and S. hispidus.  The switch in 
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populations probably has less to do with an interaction between P. maniculatus and the 2 

pre-burn co-dominants than it does with a change in vegetation. 

Layne (1974) found that the return of S. hispidus after a burn was correlated with 

the redevelopment of ground cover, which is supported by the research at Leonhardt 

Prairie.  As the vegetation of primarily grasses and forbs returned, so too did B. taylori 

and S. hispidus.  There must be some critical level of vegetative cover needed by these 2 

species, and once that level is reached, these 2 species will return.  Similarly, there is also 

some similar level of vegetative cover which is too much cover for P. maniculatus and its 

density will decrease.  Data showed that relative abundances of B. taylori and S. hispidus 

are significantly positively correlated with cover provided by litter and significantly 

negatively correlated with the amount of bare ground.  The relative abundance of P. 

maniculatus was significantly positively correlated with the amount of bare ground, 

supporting current research which shows high densities of P. maniculatus in habitats with 

exposed soil, sparse litter, and limited vertical structure (Houtcooper 1978, Kaufman et 

al. 1983, Kaufman et al. 1988, Clark et. al 1998, Kaufman and Kaufman 1990, Matlack 

2001).  The pre-burn and post-burn small mammal communities have opposite needs in 

terms of vegetational cover. 

In May 2008, the first time B. taylori and S. hispidus were captured since in the 

burn in September 2007, the relative abundance of S. hispidus was 4.2 and B. taylori was 

1.7 captures/100 trap-nights.  Before the burn, B. taylori densities were always higher 

than S. hispidus, with the exception of March 2007 and September 2007 when densities 

of the 2 species were equal.  However, in May 2008, S. hispidus density was slightly 

higher at 4.2 than B. taylori at 1.7 captures/100 trap-nights (Figure 8).  This may support 
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previous research which shows that B. taylori utilize S. hispidus runways (Schmidly 

2004).  In light of this research, one might predict that in an area undergoing secondary 

succession, S. hispidus establishes itself first, after which B. taylori numbers begin to 

increase.  Perhaps this explains why the relative abundance of S. hispidus was higher than 

that of B. taylori, whereas before the burn, B. taylori was more common.  

In addition to the post-burn dominant, P. maniculatus, 2 other species of seed 

eaters, Reithrodontomys fulvescens and Chaetodipus hispidus, were also captured in the 

months following the burn.  Burning creates favorable conditions for seed-eating mouse 

species (Ahlgren 1966, Bock and Bock 1978).  Three individual R. fulvescens were 

captured in the burned sections from December 2007 through April 2008.  R. fulvescens 

was captured before the burn in tallgrass, and after the burn on bare ground.  Post-burn, it 

was also captured on the control plot and the burned plots.  While R. fulvescens densities 

were slightly lower on the burned plots both when comparing the control to the burned 

plots and when comparing the burned plots pre- and post-burn, there were not enough 

captures (as this species only represents 7.6% of the total captures) to be conclusive.   

Harvest mice are known to climb up tallgrasses to get to seeds and often build 

their nests in the grass, 3-4 feet aboveground (Svihla 1930, Gaertner 1968, Spencer and 

Cameron 1982).  It is perhaps for this reason that the data shows a significant positive 

correlation between the relative abundance of R. fulvescens and the vegetative cover 

provided by litter and big bluestem.  There was no significant correlation between R. 

fulvescens density and abundance of any other species of grass besides big bluestem.  

This is interesting because big bluestem is one of the stiffest and tallest grass on the 
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prairie and one would assume the easiest for a mouse to climb and utilize.  Our 

correlation results support previous research that harvest mice utilize tallgrass. 

In contrast, research shows that seed eaters utilize bare ground after a burn 

(Ahlgren 1966, Bock and Bock 1978).  Since harvest mice are also seed eaters, one 

would expect them to also utilize the bare ground after a burn.  Our correlation analysis 

did not show a relationship between R. fulvescens densities and amount of bare ground.  

However, since they were captured on the burned portion of the prairie, they were, at 

least in low densities, utilizing the burned prairie.    

Three Chaetodipus hispidus were captured in the burned sections from December 

2007 though March 2008.  This was an extremely exciting capture for several reasons.  

Although this species is distributed statewide except for extreme southeastern portion of 

the state, there are no county records of C. hispidus from Falls County (Schmidly 2004).  

However, research by R. S. Baldridge and others following a burn on Leonhardt Prairie 

in the 1980s revealed several captures of this species.  More than 10 years later, Early 

(2005) sampled across Leonhardt Prairie from 2002 to 2004 and almost 40,000 trap-

nights without capturing C. hispidus.  It is not likely with this much trapping that C. 

hispidus was missed.  Thus, research strongly suggests that this species was not present in 

Leonhart Prairie’s late-successional stage, but moved in after fire.  This is supported by 

current research which shows that populations of pocket mice increase following burns 

(Bock and Bock 1978). 

Mus musculus was of no real importance to the study.  Only 4 individual house 

mice were captured over the course of 4,500 trap-nights.  None were captured after the 

burn on the eastern or central sections.  The fact that we observed low densities of this 
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mouse on Leonhardt Prairie is encouraging for the health of the small mammal 

community.  Previous research shows that this Old World species can compete with 

native small mammals.  Fortunately for the benefit of the prairie, this mouse seems to be 

of no consequence.    

In conclusion, as supported by prior research, small mammals respond not to the 

fire itself, but to their habitat which is influenced by a certain fire regime.  Prior to the 

September 2007 burn, the prairie had not be burned in at least 10 years and the vegetation 

and small mammal communities were late-successional and well established.  The 

vegetation cover was dominated by litter and grasses and small mammal community was 

dominated by 2 co-dominant species, B. taylori and S. hispidus, and a less common 

mouse, R. fulvescens.  B. taylori and S. hispidus abundances were both positively 

correlated with amount of litter and negatively correlated with amount of bare ground.  R. 

fulvescens was positively correlated with litter and big bluestem.  After the burn, B. 

taylori and S. hispidus were absent for 7 months, most likely due to absence of necessary 

vegetative cover, after which they returned.  P. maniculatus moved into the burned 

prairie and dominated the small mammal community for 7 months, probably due to its 

affinity for high amounts of bare ground.  Seed eating species such as P. maniculatus, R. 

fulvescens, and C. hispidus utilize the burned, bare ground prairie, while species such as 

B. taylori and S. hispidus, which depend on vegetation do not utilize the bare grounded 

prairie following fire. 

Because these small mammals evolved with a specific fire regime on tallgrass 

prairies, this cycling of small mammals after a burn from early successional species back 

to late successional species can indicate the natural fire regime.  This cycle from P. 
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maniculatus back to post-burn dominants, B. taylori and S. hispidus, occurred in only 7 

months.  This research suggests to land managers that Leonhardt Prairie’s fire frequency 

should be higher than the 10 year interval currently in place.  The research shows that 

native species on Leonhardt Prairie could tolerate a much higher fire frequency, which 

would also be beneficial for maintaining the grassland and preventing further woody 

encroachment.   
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APPENDIX A 

Photographic documentation of conditions before, during and after the prescribed burn at 

Leonhardt Prairie, Falls County, Texas. 

 

 

 

 
 

Figure A1  Little bluestem on the western section of the prairie, pre-burn, September 

2007. 
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Figure A2  Leonhardt Prairie, central section, 28 September 2007, 13:40. 

 

 

 

 

Figure A3  Leonhardt Prairie, eastern section, 28 September 2007, 14:30. 
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Figure A4  Leonhardt Prairie, eastern section, 28 September 2007, 14:35. 

 

 

 

 

Figure A5  Leonhardt Prairie, central section, post-burn, 28 September 2007, 16:30. 
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Figure A6  Leonhardt Prairie, eastern section, 2.5 months post-burn, 13 December 2007. 

 

 

 
 

Figure A7  Leonhardt Prairie, 7 months post-burn, 2 May 2008. 
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