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ABSTRACT 
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 The gopher tortoise (Gopherus polyphemus) is endemic to the Southeast United 

States, where its populations are declining primarily due to habitat loss. Gopher tortoises 

prefer habitats with open sunny spots for nesting and basking. Fire is a normal element in 

gopher tortoise habitat, and when natural fires are suppressed, habitats may become too 

overgrown. To maintain the open spaces, some land managers use reduction mowing of 

vegetation. I studied gopher tortoises in the Abacoa Greenway reserve, established to 

protect the tortoises in a residential area of Jupiter, Florida, and I examined how 

reduction mowing influences tortoise activity. I evaluated the distribution of burrows 

throughout the study site by flagging the burrows both before and after extensive 

reduction mowing took place in the greenway.  Statistical comparison between new 

burrows found within the interior as compared to the periphery both before and after the 

mowing reveal a significant relationship between both variables.  These results suggest 

that the tortoises utilize newly mowed areas as preferred substrate for new burrows.  

Key Words: Keystone species, microhabitat, reduction mowing, prescribed burn. 
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Introduction 

 Gopher tortoises, Gopherus polyphemus, are endemic to the southeast United 

States, where most populations have been declining, primarily due to habitat loss and 

degradation from agricultural expansion, urbanization, and the mining of phosphate, 

limestone, and sand (Diemer 1992a).  To help prevent further population declines, gopher 

tortoises are now protected throughout their range, as Threatened or Endangered Species 

in Georgia, Alabama, Louisiana, Mississippi, and South Carolina, and as a Species of 

Special Concern in Florida.  Gopherus polyphemus relies heavily upon the xeric substrate 

and open areas in their habitat to forage, bask, and build burrows.  Threatened species 

such as the Eastern indigo snake (Drymarchon corais couperi), and several species of 

special concern such as the Florida gopher frog (Rana capito aesopus), and the Florida 

mouse (Podomys floridanus) are regular commensals of the burrows (Kent et al. 1997).  

These burrows act as a key element in the ecosystem by providing microhabitats for these 

other organisms.  The gopher tortoise plays an essential role in this ecosystem by acting 

as an ecosystem engineer and keystone species.   

 The movement of these tortoises and the distribution of their burrows are 

significantly influenced by vegetation.  McCoy and Mushinsky (1988) reported that size 

distribution of gopher tortoise populations were affected by habitat, area, and vegetation 

structure.  In many of the habitats where G. polyphemus is found, the vegetation grows 

very quickly and densely. Dense vegetation negatively affects tortoises by limiting their 

area for basking and reducing the growth of plants that they feed on.  McCoy and 

Mushinsky (1995) reported that vegetation structure affects densities of tortoise burrows 

as follows: 
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 "(1) Increasing amounts of litter/woody vegetation at ground level tend to be 

 accompanied by decreasingly low burrow densities; (2) Increasing amounts of 

 litter/woody vegetation and of low canopy like saw palmetto tend to be 

 accompanied by decreasing numbers of active burrows." 

 Vegetation density in tortoise habitat is typically regulated by natural fires that 

sweep over the land and incinerate the overgrowth of saw palmetto.  Fires reduce 

understory litter, which results in more sunlight on the ground and, thus, opportunities for 

many grasses and forbs to thrive where soil temperature and moisture conditions are 

changed in their favor (Brennan et al. 1998).  Recently, many protected areas for gopher 

tortoises and their habitats are being affected by the suppressed natural fires in residential 

areas because of public opposition to controlled fires that are sometimes employed.   

 An essential component of ecosystem management is the inclusion of actions that 

mimic natural ecosystem processes and/or disturbances (Brennan et al. 1998).  I 

examined an alternative method to the traditional fire-based treatment of this habitat, 

called a reduction mowing.  This method employs the use of a large tractor-like grinder 

or mower that cuts and grinds down the dense overgrowth to mulch.  I predicted that the 

reduction mowing would cause a positive change on the distribution of new burrows 

because the tortoises will utilize the newly mowed areas as preferable substrate. 

 Field work included labeling tortoise burrows before and after the mowing, 

which, combined with accumulated data from the last six years, allowed me to determine 

the historic and current distribution of burrows within the study site in a segment of the 

Abacoa Greenway System in Jupiter, Florida.  This information was used to create maps 

of all the known active burrows within the study site before and after the mowing as well 
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as monitor and locate new burrows.  By establishing where the new burrows were in the 

study site, I was able to determine how the tortoises responded to the reduction mowing 

and ultimately how effective the reduction mowing was as an alternative to the prescribed 

burns.  I concluded that the reduction mowing was an effective form of land restoration 

based upon the evidence that supports the strong relationship for burrow placement 

within the peripheral sites before the mowing and the preference for interior sites after the 

mowing.  Similarly, I demonstrated how the effects of the mowing significantly 

influenced burrow distribution and placement, as well as provided for as a relatively good 

method for land restoration on this type of habitat.    

 

Materials and Methods 

Study Site 

 The Abacoa Greenway is a series of land reserves that encompass approximately 

105 ha of land at the center of a large residential community.  The study site for this 

project, Range VIa, is a 9.16 ha area that is specifically preserved for gopher tortoise 

habitat.  The site is bordered by Fredrick Small Road on its north end as well as by 

Central Boulevard on its east end, and a chain link fence forms the boundary along these 

roads (Figure 1).  On its south side the land slopes downwards to a dry detention basin 

and a path around the entire periphery of the site serves as a natural border that 

encompasses the area.  Two linear areas of disturbance cross through the northern and 

eastern portions of the range; one is an old cleared cattle fence line (fence removed) and 

the other is a recently dug pipeline (Wetterer and Moore 2005).  The habitat can be 

described as xeric flatwoods and is characterized by scattered slash pines (Pinus elliottii) 
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and an understory of saw palmetto (Serenoa repens).  Other low growing grasses, herbs, 

and forbs are food sources for the gopher tortoises present on this site, such as wiregrass 

(Aristidia beyrichiana), saw palmetto berries, gopher apple (Licania michauxii), and 

bahiagrass (Paspalum notatum).   

 

Data Collection 

 Observations on this tortoise population since 2001 included information on 

burrow location, tortoise measurements, and Upper Respiratory Tract Disease analysis.  

Currently, 60-70 tortoises occupy this site.  The data compiled and analyzed for this 

survey began on April 22, 2006 and ended on May 16, 2007.  The frequencies of surveys 

averaged about four to five times a month.  Data were collected by surveying the site for 

tortoise burrows and recording whether they were active, inactive, or abandoned based 

upon the evidence present around the burrow; consistent with the study by Breininger et 

al. (1991).   

Active burrows showed signs of tortoise activity by cleared debris from the apron, 

as well as tracks from the plastron sliding into the burrow and sometimes a tortoise was 

inside.  Inactive burrows had desirable conditions for a tortoise, but no signs of tortoise 

activity were present, usually noted by some debris at the apron.  Abandoned burrows 

had significant debris covering the apron and subsequently showed no signs of gopher 

tortoises utilizing the burrow; these burrows were typically characterized by overgrowth 

of saw palmetto or a caved in burrow.   

 Before the reduction mowing, the burrows were flagged by a four-foot bamboo 

stake, labeled with bright colored tape, and assigned a burrow number.  The condition of 



 10

the burrow was recorded again (after the mowing), based upon the same criteria as before 

and surveys were taken at a similar frequency throughout the range.  The data used for 

this study included information from approximately six months prior to and six months 

after the reduction mowing.  

 

Reduction Mowing 

 The reduction mowing took place at the study site from October 25, 2006 to 

November 3, 2006.  During that time two pieces of equipment were used to conduct the 

extensive mowing over the entire portion of Range VIa.  The bigger piece of machinery 

that was used to conduct the majority of the mowing was the large stump grinder (Figure 

2a).  This mower had a large rotating barrel on the front of the tractor which had serrated 

teeth that ground and shredded the saw palmetto down to its base.  This industrial grinder 

easily knocked down the dense clusters of saw palmetto and, while running over the 

vegetation, was able to grind both the palmetto fronds and the stumps into mulch.  The 

other piece of equipment that was used in the reduction mowing was the smaller Bobcat 

mower (Figure 2b).  This smaller tractor had an attachment on the front portion of the 

mower which allowed it to chop down the palmettos that could not be accessed by the 

large grinder.  It was able to maneuver around tight spaces between trees but was limited 

in use to areas that could not be easily accessed.  Additionally, the smaller mower did not 

grind the debris into mulch; it simply chopped down the palmetto.   

 The mowing began at the north east end of the range and worked its way south, 

clearing the eastern portion of the site first.  Continuing westward the mower plowed 

across the interior and scaled the periphery around the flagged burrows.  Because the 
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vegetation was so dense in some areas, the mower accidentally ran over some flagged 

burrows, and for other visibly flagged burrows, the mowers left a circle of un-cleared 

vegetation around them.  The last portion of the mowing took place at the northwest side 

of the site, where most of the mowing on the periphery was done by the Bobcat mower 

because of dense pine distribution.  The final product of the reduction mowing can be 

seen from Figures 3a and 3b.  This photo was taken looking eastward from the south end 

of the range.  This before and after photograph of the site where the mowing was done is 

a representation of the extensive reduction of vegetation that took place in late October.   

 

Analysis of Data 

 In order to determine where the burrows were distributed within the site six 

months both prior to and after the reduction mowing, the interior and the periphery had to 

be distinguished from one another.  Wetterer and Moore (2005) classified burrows as 

interior or peripheral based upon their distance from the path surrounding the site.  

Burrows less than 30 m from the perimeter of the wooded range are “edge” burrows; all 

others we classified as “interior” burrows (Wetterer and Moore 2005).  Most feeding 

activity (95%) is within 30 m of the burrow, and the average feeding radius is 13 m from 

the burrow (Alexy et al. 2003).  Therefore, to compensate for tortoises that forage on the 

periphery but maintain home ranges within the edges of the interior, the boundary was set 

at 15 m from the path or from the peripheral fence line around the site.  Burrows that 

were classified as found within interior portion of the site had to be at least 15 meters 

from the edge of the wooded region.   



 12

 The two linear areas of disturbance were included as interior portions of the range 

because of significant vegetation that colonized over and around those disturbed areas.  

The old cattle fence line and the pipeline historically represented strong areas of 

disturbance that the tortoises typically used to create burrows, but because of overgrowth 

and suppressed use of land restoration methods, those areas had become less utilized by 

the tortoises.  For two years prior to the mowing, tortoises were abandoning burrows 

along the old cattle fence line and pipeline due to the overgrowth of saw palmetto and 

gallberry (Illex glabra) (Moore pers. obs.)  By making a sketch of the site from an aerial 

photograph of the range, and drawing a line 15 m in from the peripheral path around the 

site, the interior can be easily distinguished from the periphery (Figure 4). The interior 

portion of range is represented as the area outlined in red and the periphery was 

considered to be everything outside of that area along the peripheral path and both roads.   

 To measure the change in distribution of burrows from the periphery to the 

interior based on the data before and after the reduction mowing, two statistical tests were 

used to analyze the data.  The first test was a Chi-Square test that compared only the 

active burrows within the interior and periphery both before and after the mowing.  I 

needed to determine whether the distribution of active burrows before and after exhibited 

any relationship to an expected distribution of burrows; in this test the expected values 

were proportional to the percent of area in both the periphery and interior.  By measuring 

the area of each portion individually (Figure 5) I determined a 70:30 proportion of the 

percent area in the interior to the periphery.  I used this ratio to approximate the expected 

number of burrows.  Based on the idea that the burrows should have exhibited a 

distribution proportional to the amount of area available in each portion of the site, this 
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test helped to determine whether or not the observed values did indeed represent this 

pattern.   

For the second test, I wanted to compare the distribution of new burrows before 

the mowing to the number of new burrows after the mowing.  In this instance a Fisher's 

exact test had to be used to determine the statistical significance of the two variables 

because of their small sample sizes.  I wanted to determine how the change in the 

distribution of new burrows exhibited a change relative to what we observed, in other 

words, how the reduction mowing affected the distribution of new burrows as per the 

physical changes in ground vegetation.   

 

Results 

 In the six months prior to the reduction mowing I mapped all of the 111 active 

and new tortoise burrows within the site.  The 91 active burrows were marked as green 

dots and the 20 new burrows were marked as orange dots on the map (Figure 6).  For the 

six months after the reduction mowing I also mapped all of the 99 active and new 

burrows encountered within the study site.  There were 83 active burrows marked in 

green and 16 new burrows marked in orange (Figure 7).  Thus, by comparison there was 

a slight decrease in the total number of active burrows after the mowing, due to the loss 

of 28 formerly active burrows that were run over by the mowing equipment.  The active 

burrows were generally undisturbed on the periphery both before and after the mowing, 

but several active burrows within the interior were lost to the mowers (Tables 1 and 2).  

The trend of burrows before the mowing showed a strong preference for peripheral 

burrows, as compared to interior burrows after the mowing (Table 1 and 2).    
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 The first test compared the active burrows before and after to the new (calculated) 

set of expected values based on the proportion of area in the interior and periphery (Table 

3).  The results revealed a X2 value of 55.746 at 3 degrees of freedom, which correlated 

to a p-value < 0.001.  This p-value revealed a highly significant relationship between 

non-random selection for burrow placement before and after the mowing.  In terms of 

tortoise activity these data suggests that active burrows located in the periphery before 

the mowing were preferred to interior burrows.  Lastly, the Fisher's exact test compared 

the interior versus peripheral placement of new burrows before and after the reduction 

mowing (Table 4).  The calculated p-value was 0.012.  Therefore this test is also 

statistically significant and demonstrates a strong relationship between the differences in 

burrow distribution before and after.  This information also suggests that the distribution 

of new burrows was also non-random and that the distribution favored the interior after 

the mowing.   

 

Discussion 

 The Chi-Square test compared the active burrows to the calculated set of expected 

values determined by the percent of spatial area.  Theses results revealed a highly 

significant relationship between both variables.  This evidence suggests that the 

distribution of burrows were non-random and that they exhibited a pattern that favored 

the periphery both before and after the mowing.  My hypothesis was correct because I 

originally predicted that the active burrows demonstrated a preference for peripheral sites 

before the mowing.  One confounding variable in this test was the loss of the 28 burrows 

and excavation of some formerly inactive burrows.  This physical change in the 
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environment is what caused the inconsistency between interior and periphery active 

burrows after the mowing.        

 Fisher's exact test compared the interior and peripheral placement of new burrows 

before and after the mowing.  I also found a significant change in the distribution of new 

burrows between the periphery and the interior before and after the mowing.  This 

evidence was consistent with my hypothesis that the tortoises utilized the periphery of the 

site to create new burrows before the mowing, and the tortoises colonized the interior 

regions of the range to create new burrows after the mowing.   

 This evidence suggests a preference for mowed areas or disturbed areas to create 

new burrows.  Diemer (1992b) suggests that: 

"Habitat manipulations that reduce canopy cover and increase available forage 

can cause shifts in population structures over time.  Forestry practices at 

Lochloosa WMA created a mosaic of suitable and marginal habitat; tortoises 

responded by moving from plantation to roadside, and later, from roadside to 

clearcut." 

The map of Range VIa showed a significant change in the distribution of burrows before 

the mowing, by the strong preference for peripheral sites to create new burrows.  This can 

be explained by the significant overgrowth of saw palmetto throughout the site, which 

had not been regulated for at least 7 years prior to the mowing.  The heavy vegetation 

forced the tortoises to the periphery of the site in search of better food sources as well as 

open land with less canopy cover.  Similarly, the pathway that surrounded the site 

represented excellent disturbed habitat for the tortoises because of regular maintenance 

by the groundskeepers, which provided areas for grazing and foraging.  The significant 
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change in new burrow locations demonstrates a preference for the interior region of the 

site after the mowing, as demonstrated by the influx of new burrows within the interior.  

The map of the site after the mowing demonstrates a change in burrow distribution from 

the periphery to the interior, which can be seen particularly on the eastern portion along 

the Central Boulevard.  This migration back to the interior shows a positive correlation 

between burrow distribution and disturbance of land.   

 There are several factors that should be taken into account for future analysis of 

burrow activity in response to any habitat alteration.  This study did not account for 

burrows before the mowing that were active only a few times as compared to other 

burrows that were more frequently visited.  Therefore, minimally active burrows were 

equated with highly active burrows.  By establishing a frequency of activity for each 

burrow a better, more specific, analysis of burrow activity can be recorded.  These data 

can provide a more accurate understanding of burrow usage in terms of other independent 

variables (i.e. vegetation).   

 Another variable that should be acknowledged when conducting any habitat 

modification, specifically when conducting a reduction mowing is the extent of litter or 

ground cover that remains after the process.  Immediately after the mowing a heavy layer 

of debris covered the entire portion of the range.  Saw palmetto that reached 12 ft. in 

some areas remained as mulch and leaf litter over the site, leaving 1-2 ft. of debris on the 

ground.  Six months after the mowing the litter is still very thick over the substrate and 

over time is decomposing naturally.  There are several problems with the debris because 

(1) it has dried up to a form of kindling that can be easily ignited, especially during the 

brushfire season in south Florida, (2) the litter may be preventing the tortoises from 
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accessing the substrate below, and (3) the litter is preventing some small plants from 

sprouting.  In addition, although the tortoises have responded positively to the mowing, 

recent surveys of vegetation reveal a reduction in the presence of smaller native plants, 

which may be due to the lack of fire present on this site.  Because the release of nutrients 

takes longer to travel back into the soil by the natural decomposition process, as opposed 

to the incineration of vegetation by fire, which release nutrients into the soil faster, the 

lack of nutrients may be preventing sprouting of those plants. 

 Regardless, population stability and site fidelity can be enhanced by long-term 

maintenance of suitable nesting and foraging habitat (Diemer 1992b).  The result from 

this early study in response to the reduction mowing demonstrates a positive correlation 

between disturbed habitat and increased number of tortoise burrows.  The movement of 

tortoises back to the interior from the periphery is a positive result that may aid scientists 

in utilizing alternative methods to prescribed fires when conducting a land restoration in 

areas where prescribed burns are impossible.  Similarly, these results are consistent with 

other studies that encourage some extent of habitat management and regulation (Diemer 

1992b, Aresco and Guyer 1999).   

 Recent state-wide management plans include the up listing of the species current 

status from a Species of Special Concern to a Threatened Species in Florida (Fla. Fish 

and Wildlife Conservation, GTMP Draft 2).  Significant habitat loss by urbanization and 

land fragmentation over the past 5+ years has placed this species in a critical status.  

Current proposals to allocate lands for the preservation of this species and subsequently 

its habitat will also require the active management of this ecosystem.  Restoration efforts 

that employ the use of habitat modifications are necessary to sustain populations of 
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gopher tortoises.  Therefore, methods such as reduction mowing may become a more 

prevalent alternative to the prescribed burn, when conditions may prevent the use of other 

land modification methods.   
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Figure 1. Aerial photograph of the study site, Range VIa. 
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Figure 2a 

 
 

Figure 2b 

2

                                                 
Figure 2a and 2b. Photographs of the equipment used for the reduction mowing. Figure 2a is an image of 
the large stump grinder which did the majority of the mowing throughout the range. Figure 2b is a 
photograph of the Bobcat mower that was used to maneuver through areas where trees were spaced closer 
together.  
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Figure 3a 

 
 

Figure 3b 

3

                                                 
Figure 3a and 3b. Photographs of the land before and after the reduction mowing. Notice the trees in the 
background as a point of reference to see how the mowers cleared the dense saw palmetto around the pines.   
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4 
                                                 
Figure 4. Sketch of Range VIa with area in red representing the interior portion of the site. 
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5 
                                                 
Figure 5.  Estimating the percent of ground cover for expected chi-square test statistic.  The transparent green shapes were used to approximate the amount of interior ground cover.   

90 meters 
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6

                                                 
Figure 6. Distribution of burrows before the reduction mowing.  Green dots represent active burrows and orange dots represent new burrows. 
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7

                                                 
Figure 7. Distribution of burrows after the reduction mowing.  Green dots represent active burrows and orange dots represent new burrows. 
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Table 1. Interior burrows versus periphery burrows before the reduction mowing. 
 
 
 
 
 
 
 
 
 

 
 
 
 

Table 2. Interior burrows versus periphery burrows after the reduction mowing. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Burrows 6 months 
before mowing 

Active Burrows New Burrows Total 

Interior 43 3 46 

Periphery 48 17 65 

Total 91 20 111 

Burrows 6 months 
after mowing 

Active Burrows New Burrows Total 

Interior 34 9 43 

Periphery 49 7 56 

Total 83 16 99 

Lost Burrows 28 
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Table 3.  Chi-Square test for percent area cover. 

 
 
 

 
 
 
 
 
 
 
 
 

 
 

Active Burrows 
(n) 

Observed Expected (Observed - 
Expected) 

(Observed- Expected)2 (Obs.-Exp.)2/ 
Exp. 

Interior-Before 43 63.7 -20.7 428.49 6.727 

Periphery-Before 48 27.3 -20.7 428.49 15.696 

Interior-After 34 58.1 -24.1 580.81 9.997 

Periphery-After 49 24.9 24.1 580.81 23.326 

X2 value 55.746 

Degrees of Freedom 3 

P-value <0.001 
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Table 4.  2x2 table used to calculate Fisher's exact test for new burrows. 
 
 
 

New burrows Interior Periphery Total 

Before Mowing 3 17 20 

After Mowing 9 7 16 

Total 12 24 36 

 
 
 
 
 
 
 
 
 

p-value 0.012 
0.012<0.05 
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