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Invasive species threaten communities of wildlife around the world by 

establishing, thriving, and dominating in new ecosystems. Burmese pythons are an 

invasive species in southern Florida, and are substantially impacting native species 

within the Florida Everglades and surrounding areas. To effectively manage invasive 

species, such as Burmese pythons, understanding their life history and biology is 

crucial, as this information can be used in prevention and control efforts. We added to 

this information by assessing gopher tortoise burrow use by Burmese pythons, a 

behavior commonly seen in southwestern Florida. We conducted three complimentary 

studies focused on measuring the frequency and drivers of python burrow use, as well 

as implications gopher tortoise burrow use could have on the geographic range of 

pythons in Florida. The average proportion of burrows occupied by pythons in our study 

site was low, however we found that pythons select burrows nonrandomly, with the 

highest probability of python presence occurring in more compact burrows and burrows 

located in areas with the most canopy cover. Further, we found that internal 

environments within tortoise burrows typically maintain temperatures conducive for 

Burmese pythons to survive, even as far north as southwestern Georgia. Tortoise 
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burrows are commonly used by many native species to avoid temperature extremes, 

and could potentially be used by pythons to survive in areas that would typically be too 

cold.  
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CHAPTER 1 
INTRODUCTION 

Background 

In the past forty years, human population growth and frequent movement of 

people have greatly increased the rate of non-native species introductions around the 

world (Pimentel et al., 2005). Introduced species are not always harmful, but become a 

problem when they are invasive, causing damage to the environment and native 

species (Vitousek et al., 1997). Once established, invasive species commonly thrive 

and dominate in new ecosystems, causing dramatic changes and permanently altering 

native communities (Gurevitch & Padilla, 2004). Invasive species threaten the natural 

functionality of ecosystems across the globe (Clout & Williams, 2009).  

In Florida, invasive Burmese pythons (Python bivittatus) have established 

throughout southern parts of the state and are negatively impacting native wildlife 

(Snow et al., 2007; Dorcas et al., 2012; McCleery et al., 2015). Burmese pythons were 

first observed in 1979 in the southern Everglades, and were likely established by the 

mid 1980s (Meshaka et al., 2000). Their range has since been expanding and pythons 

can now be found in southwestern Florida (Andreadis, 2011). Unlike the rest of their 

Florida range, Burmese pythons in southwestern Florida have access to upland scrub 

habitats and have been using animal burrows within these habitats, presumably for 

refuge and reproductive purposes (pers. obs.). Many of the burrows that Burmese 

pythons use in southwestern Florida are those constructed by gopher tortoises 

(Gopherus polyphemus; Metzger, 2013; Bartoszek et al., 2018). The potential impacts 

that pythons may have on native upland species including gopher tortoises are currently 

unknown.  
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The use of tortoise burrows by pythons could impact many native upland species 

in addition to gopher tortoises, including several threatened or endangered species 

such as Eastern indigo snakes (Drymarchon couperi), Florida pine snakes (Pituophis 

melanoleucus mugitus), and Florida mice (Podomys floridanus). Gopher tortoises play a 

vital role within upland ecosystems and are considered a keystone species (Eisenberg, 

1983). They are ecosystem engineers, capable of digging burrows that often extend to 

over 4.5 m in length (Hansen, 1963). Tortoise burrows serve as a refuge not only for 

resident tortoises, but also for many other native species of vertebrates and 

invertebrates (Landers & Speake, 1980; Diemer & Speake, 1981; Campbell & 

Christman, 1982). The presence of Burmese pythons within these burrows could 

negatively affect native burrow-using species in many ways including direct predation, 

competitive interactions, displacement, and the spread of disease.  

Burmese Python Ecology 

Burmese pythons are large constrictor snakes, growing up to 6 m total length 

(TL) and weighing as much as 90 kg (Minton & Minton, 1973; Ernst & Zug, 1996). 

Having such a large body size, their scope of potential prey is broad, varying anywhere 

from rodents and meso-mammals to birds and large mammals like deer (Bhupathy & 

Vijayan, 1989; Ernst & Zug, 1996; Snow et al., 2007; Dove et al., 2011). Burmese 

pythons are native to Southeast Asia, where they are generally considered a tropical 

species (Barker & Barker, 2008). They are typically found in lowland habitats throughout 

their native range including mangrove forests, rainforests, wet grasslands, and coastal 

plains, and commonly associate with bodies of water (Barker & Barker, 2008). They 

also associate with upland habitats within parts of their native range and occasionally 

use animal burrows for refuge and reproductive purposes (Sharma & Kandel, 2016). 
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Burmese pythons were first brought to Florida for the pet trade (Meshaka et al., 

2004; Snow, 2006; Kraus, 2009). They were subsequently introduced into Florida’s 

ecosystems via releases and escapes of captive individuals (Snow, 2006). First 

recorded in the wild in Florida in 1979 (Meshaka et al., 2000), pythons are now well 

established throughout southern Florida (Figure 1-1), with evidence of breeding 

populations (i.e., hatchling pythons) documented since at least 2006 (Snow et al., 

2007). The Burmese python’s establishment in southern Florida has greatly affected 

many co-occurring species. They have been implicated in the severe declines of meso-

mammal populations within their invaded range, and are also likely affecting populations 

of large mammals and birds (Dorcas et al., 2012; McCleery et al., 2015). They have 

also been documented eating threatened and endangered species, such as Key Largo 

woodrats (Neotoma floridana smalli) and wood storks (Mycteria americana; Snow et al., 

2007; Reed & Rodda, 2009).  

Invasive species management is among the most challenging conservation 

issues confronting the state of Florida this century (Meshaka, 2011). Burmese pythons 

are difficult to eradicate or manage once they are established, as their cryptic coloration 

and tendency to remain under water or thick vegetation make them difficult to detect 

(Piaggio et al., 2014). There is also uncertainty in the geographic range Burmese 

pythons could establish in the United States. Some species distribution models predict 

that pythons are restricted to the range they presently inhabit in southern Florida (Pyron 

et al., 2008). However, Rodda et al. (2011) corrected several inaccuracies reported in 

Pyron et al. (2008), and found that Burmese pythons could potentially establish 

throughout most of Florida. The Burmese python’s native range extends well into 
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temperate climate zones in China and the Himalayas (Groombridge & Luxmoore, 1991; 

Zhao & Adler, 1993; Whitaker et al., 2004), suggesting that they may be more tolerant 

of temperate conditions than widely thought.  

In 2013, the Conservancy of Southwest Florida, in collaboration with a variety of 

state and federal agencies, initiated a Burmese python removal campaign for Collier 

County in southwestern Florida. Telemetry-tagged pythons were re-released into 

Rookery Bay National Estuarine Research Reserve (RBNERR) to research spatial 

ecology and capture untagged pythons using the “Judas Technique” (Smith et al., 

2016). Many of the telemetry-tagged pythons had home ranges that included both 

lowland and upland habitats, and pythons within upland habitats commonly used gopher 

tortoise burrows (pers. obs.). Several python aggregations occurring within gopher 

tortoise burrows have been observed, including an aggregation of seven pythons in a 

single burrow in 2015 (Bartoszek et al., 2018).  

Gopher Tortoise Ecology 

The gopher tortoise is a long lived species of tortoise native to the southeastern 

U.S. ranging from southern South Carolina to southern Florida, and west to 

southeastern Louisiana (Ernst & Barbour, 1989; Ernst et al., 1994). Gopher tortoises 

typically inhabit xeric environments, preferring well-drained sandy soils of longleaf pine 

and oak uplands, sandhills, sand pine and oak uplands, upland hammocks, scrub 

habitats, and ruderal communities (e.g., roadsides, grove edges, clearings, and old 

fields; Auffenburg & Franz, 1982; Diemer, 1986). They are mostly herbivorous, feeding 

primarily on grasses and herbs, but have also been observed eating fruits, bones, 

charcoal, and insects (Carr, 1952; Auffenberg, 1969; Wright, 1982; Diemer, 1986; 

Birkhead et al., 2005). 
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Gopher tortoises play several important roles within their ecosystems. Their 

herbivory often helps maintain the openness and composition of the vegetation in their 

habitat, at least on localized scales (MacDonald & Mushinsky, 1988). Gopher tortoises 

are also well known for their burrow digging capabilities, occasionally digging burrows 

that exceed 4.5 m in length (Hallinan, 1923; Hansen, 1963). These burrows can benefit 

the surrounding vegetation by returning leached nutrients back to the surface 

(Auffenberg, 1969; Landers, 1980; Kalisz & Stone, 1984,). Burrows also serve a variety 

of native species that coexist with gopher tortoises by providing protection and refuge 

from extreme external temperatures and nearby predators. (Hubbard, 1893, 1894; 

Hallinan, 1923; Young & Goff, 1939; Brode, 1959; Hutt, 1967; Auffenberg, 1969; 

Landers & Speake, 1980; Woodruff, 1982).  

Gopher tortoise populations have declined across their range, generally due to 

habitat destruction, habitat degradation, and human predation (Garner, 1981; 

Auffenberg & Franz, 1982; Wright, 1982; Lohoefener & Lohmeier, 1984). It is estimated 

that gopher tortoise populations have declined by 80% in the last century (Auffenberg & 

Franz, 1982), and they have been listed as a threatened species throughout Florida 

since 2007. The loss of gopher tortoises would negatively affect many native species of 

animals and plants that are dependent on gopher tortoises for the benefits that their 

burrows provide. An additional stressor, such as a new invasive predator like the 

Burmese python, could be detrimental to populations of tortoises and their native burrow 

cohabitants. 

Research Objectives 

The primary objective of this project was to assess and describe burrow use by 

Burmese pythons in their invaded southwestern Florida range. We addressed this 
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objective by conducting three complimentary studies focused on measuring the 

frequency and drivers of python burrow use, as well as implications gopher tortoise 

burrow use could have on the geographic range of pythons in Florida. Our study also 

included a fourth component where we developed a method of capturing and removing 

pythons from tortoise burrows. First, we assessed how frequently gopher tortoise 

burrows were occupied by pythons within our study site in southwestern Florida 

(Chapter 2). Second, we conducted a comparative study with telemetry-tagged pythons 

to assess burrow selection and third-order habitat selection (i.e., how the components of 

upland habitat are used by pythons; Johnson, 1980; Chapter 3). Third, we compared 

characteristics of the gopher tortoise burrow environment along a latitudinal gradient to 

assess the potential for pythons to use burrows as overwintering refugia north of their 

current range (Chapter 4). Finally, we developed and tested a burrow trap to remove 

and capture pythons from burrows without damaging the structural integrity of the 

burrow itself (Chapter 5). These studies add to our understanding of burrow use by 

Burmese pythons and fulfill the primary objective of assessing and describing this 

behavior.  
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Figure 1-1.  The southwestern range of Burmese pythons in Florida and 
documentations of Burmese pythons throughout all of southern Florida 
(obtained from EDDmaps 01/15/2018). 
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CHAPTER 2 
RATES OF GOPHER TORTOISE BURROW USE BY BURMESE PYTHONS IN 

SOUTHWESTERN FLORIDA 

Synopsis 

In the past fifty years, the rate of invasive species introductions has greatly 

increased. These species threaten communities of wildlife by establishing, thriving, and 

dominating in new ecosystems. They can cause dramatics changes, profoundly altering 

communities all over the world. Burmese pythons are an invasive species in southern 

Florida, and are substantially impacting mammal diversity within the Florida Everglades. 

To effectively manage invasive species, such as Burmese pythons, understanding their 

life history and biology is crucial, as this information can be used in prevention and 

control efforts. We added to this information by assessing gopher tortoise burrow use by 

Burmese pythons, a behavior commonly seen in southwestern Florida. We used 

repeated surveys to assess the extent to which Burmese pythons occupy tortoise 

burrows, and used generalized linear models to evaluate the influence that burrow, 

habitat, and climate characteristics have on this behavior. The average proportion of 

burrows occupied by pythons in our study site was low. However, we observed pythons 

using burrows for both refuge and reproductive purposes, suggesting that, when 

available, burrows may be relatively important to their life history. Additionally, the 

probability of python presence within burrows was most affected by sampling period, 

rather than any burrow, habitat, or climate characteristics, providing evidence of 

temporal variation in burrow use by pythons.  

Background 

Invasive species are a serious threat to the natural functionality of ecosystems 

across the globe (Clout & Williams, 2009). Invasive animals threaten native wildlife 
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communities and are a leading cause of species endangerment and extinction, second 

only to habitat loss (Lowe et al., 2000). Roughly 400 of the 958 species listed as 

threatened or endangered under the U.S. Endangered Species Act are considered to be 

at risk primarily because of competition with or predation by non-native species 

(Pimentel et al., 2005). Invasive species are among the leading causes of extinction in 

birds and the second leading cause of extinction in fish and mammals (Clavero & 

García-Berthou, 2005).  

At least sixty-three non-native species of amphibians and reptiles are currently 

established within Florida, making it the most invasive species-rich region in the 

continental United States (Krysko et al., 2016). Florida serves as a major port of entry 

into the United States for non-native animals, many of which originate from tropical and 

semitropical regions of Central America, South America, and Africa (Meshaka, 2011). 

When these imported non-native species escape or are released, Florida’s subtropical 

climate is often conducive to their establishment (Engeman et al., 2011). Florida is 

currently among the most invasive species-rich regions in the world.  

Several species of non-native constricting snakes belonging to the families 

Pythonidae (Cope 1864) or Boidae (Gray 1825) have established populations in Florida, 

including Burmese pythons (Python bivittatus), Northern African pythons (Python 

sebae), and boa constrictors (Boa constrictor; Snow et al., 2007; Reed et al., 2010). 

While all three species are likely affecting Florida’s native ecosystems, the Burmese 

python is currently the most widely established and ecologically damaging. Burmese 

pythons have been implicated in severe declines of native meso-mammal populations in 
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southern Florida, and are also likely impacting native populations of large mammals and 

birds (Dorcas et al., 2012; McCleery et al., 2015).  

 As the range of Burmese pythons has expanded throughout southern Florida, 

pythons have gained access to different types of habitat. Southwestern Florida is 

among the most recently invaded regions, with pythons first being documented in the 

early 2000s (Andreadis, 2011). Pythons in this region of Florida have been frequently 

documented using upland scrub habitats (pers. obs.). Pythons commonly use burrows 

of other animals within these upland habitats, a behavior occasionally seen within their 

native range of Southeast Asia (Sharma & Kandel, 2016), but not documented in Florida 

until 2010 (Metzger, 2013).  

 Many burrows that Burmese pythons have been documented using in 

southwestern Florida are constructed by gopher tortoises (Gopherus polyphemus). This 

behavior could negatively affect not only gopher tortoises, but other native animal 

species that rely on gopher tortoise burrows for refuge and protection. More than 360 

native animal species use gopher tortoise burrows to some extent, including several 

state or federally listed species such as Eastern indigo snakes (Drymarchon couperi), 

Florida mice (Podomys floridanus), and Florida pine snakes (Pituophis melanoleucus 

mugitus), among others (Brode, 1959; Hutt, 1967; Auffenberg, 1969; Landers & 

Speake, 1980; Woodruff, 1982; Eisenberg, 1983; Jackson & Milstrey, 1989). Gopher 

tortoises are also protected, listed as vulnerable under the IUCN Red List of Threatened 

Species since 1982, and listed as threatened in Florida since 2007. Gopher tortoises 

are considered to be a keystone species and ecosystem engineers, as the burrows they 

construct provide refuge for many native species (Hubbard, 1893; Hallinan, 1923; 
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Young & Goff, 1939; Brode, 1959; Hutt, 1967; Auffenberg, 1969, Landers, 1980; 

Landers & Speake, 1980; Woodruff, 1982; Kalisz & Stone, 1984). Burmese pythons 

could negatively affect native burrow-using species through predation, competition, 

displacement, or the spread of disease.  

 Monitoring and adaptive management plans are vital to establish and maintain 

healthy ecosystems (Ball et al., 2005). An important requirement for effectively 

managing populations of invasive species, such as Burmese pythons, is understanding 

their life history and biology (Engeman et al., 2011). This information can be used to 

better predict potential habitat use and range expansion so preventative efforts can be 

more focused.  

 Our objective was to assess rates of gopher tortoise burrow use by Burmese 

pythons within our primary research site in southwestern Florida. We developed a 

hypothesis and predictions based on our knowledge of python behavior and life history. 

We hypothesized that tortoise burrow characteristics and habitat variables would 

significantly affect the probability of python presence within burrows. First, as Burmese 

pythons are a largely tropical species (Barker & Barker, 2008), we expected pythons to 

use burrows most frequently when external temperature and humidity were lowest. 

Second, we expected the probability of python presence to be highest in longer 

burrows, as long burrows are typically deeper and maintain more stable microclimates 

(i.e., consistent temperature and humidity). Finally, scrub habitat in Florida typically 

consists of patchy vegetation and intermittent open sandy areas (Christman, 1988; 

Fernald, 1989; Myers, 1990). As previous studies have shown that pythons in 

Everglades National Park commonly use habitats with dense over/understories (Walters 
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et al., 2016), we expected the probability of python presence to be highest in burrows 

located in patches of vegetation with the highest percentages of canopy cover, rather 

than intermittent open sandy areas.  

Methods 

Study Area and Site Selection 

We conducted the study within Rookery Bay National Estuarine Research 

Reserve, located in Collier County near Naples, Florida. Situated near the edge of the 

Greater Everglades Ecosystem, Rookery Bay is comprised predominantly of mangrove 

forests, which covers over 45,000 ha of the reserve. Patches of upland hammock and 

scrub habitats are also found intermittently within mangrove forests. These are some of 

the southernmost patches of upland scrub habitat in Florida, and are among the first 

upland areas that Burmese pythons have had access to over the course of their 

establishment in Florida. Our study area was a scrub patch within the reserve that has 

been monitored for pythons since 2013; researchers have documented pythons 

occupying gopher tortoise burrows every year since then (Bartoszek in prep).  

The study area consisted of roughly 40 ha of upland scrub habitat suitable for 

gopher tortoises. I used Geographic Information System (GIS, ArcGIS Desktop) to 

identify four different zones within the 40 ha of scrub habitat (Figure 2-1), which were 

separated by firebreaks or wetlands. I then used data provided by the Conservancy of 

Southwest Florida (Chapter 1) to identify the zone with the most Burmese python 

activity in the past five years. This zone, comprised of roughly 15 ha of upland scrub 

habitat, was selected as the primary research site.  
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Python Detection Probability 

We used telemetry-tagged pythons provided by the Conservancy of Southwest 

Florida to assess the probability of detecting pythons within tortoise burrows. Six tagged 

Burmese pythons (4 male, 2 female) had home ranges that included our primary 

research site, and ranged in size from 174 cm TL / 2.05 kg to 422 cm TL / 43.09 kg. 

Each python was tracked via homing on a weekly or biweekly basis during the breeding 

and nesting seasons. In southern Florida, python breeding typically occurs from late 

December to mid-March, while python nesting typically occurs from late March to mid-

June (pers. obs.). Whenever a tagged python was tracked to a tortoise burrow, we used 

a burrow camera (described below) to confirm the python’s presence. The six pythons 

were tracked to a total of sixteen different burrows from January 2017 to June 2017 and 

one python was tracked to a burrow in May 2016. We surveyed each python occupied 

burrow three separate times with one to three minutes between each scoping attempt to 

assess conditional detection probability.  

We surveyed burrows using a camera designed by Environmental Management 

Systems (Canton, GA) specifically to scope animal burrows. The camera consisted of 

an eight m flexible hose leading to a camera with LED lights mounted on the front. The 

camera unit then attached via cable to a battery and monitor housed within a PelicanTM 

case.  

Burrow Selection 

We used line-transect-distance-sampling (LTDS; Burnham et al., 1980) to 

systematically survey the primary research site for gopher tortoise burrows. We first 

walked the perimeter of the upland habitat to delineate suitable tortoise habitat. We then 

used GIS (ArcGIS Desktop) to create digital transects throughout the delineated upland 
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habitat, spaced 10 m apart and running in an East-West direction. We randomly 

selected 100 transects to survey. Transects were surveyed once by a single observer, 

and all gopher tortoise burrows visible from transects were recorded, flagged, and 

numbered.  

We detected 391 burrows during transect surveys, and selected 190 of the 391 

detected burrows for repeated sampling. We randomly selected 100 of 190 burrows, 

and the remaining ninety burrows were all located within 50 m of burrows that were 

occupied by pythons at least once in the past three years. These burrows were selected 

so that all areas where pythons had been detected in the past three years would be 

included in the repeated sampling for this objective.  

Burrow Surveys 

We used repeated sampling to assess rates of burrow use by Burmese pythons 

during their breeding and nesting seasons. We surveyed all 190 selected burrows once 

per week from January 11, 2017 to April 21, 2017. For survey efficiency, the 190 

burrows were split into five groups consisting of roughly forty burrows each. Each group 

was sampled over the course of one day, typically between 0900 and 1500 hrs. We 

randomly selected the group each day to reduce sampling bias. Each burrow was 

surveyed an average of eleven times (max 12, min 7) over the course of the sampling 

season, resulting in a total of 1,879 burrow surveys. The following features were 

recorded when each burrow was surveyed: python presence or absence, tortoise 

presence or absence, and other commensal vertebrate species presence or absence. 

When a python was detected, a python trap (Chapter 5) was set to catch and remove it.  

We used trail cameras to test the assumption that pythons are not active (i.e., 

remain in burrows) during each sampling period. Thirty gopher tortoise burrows were 
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randomly selected within the area of the primary research site with the most 

documented occurrences of python burrow use 2014 – 2017, and a single trail camera 

(4 BrowningTM Dark Ops Extreme, 26 BushnellTM Essential E3) was placed on each 

burrow. Cameras were programmed to use high sensitivity infrared motion sensors to 

take photos whenever triggered. Each camera was placed within 1 m of a burrow, 

facing the entrance, and remained from January 13, 2018 to May 3, 2018, resulting in a 

total of 79,200 trapping hours. We reviewed images once manually and recorded any 

vertebrate animals captured on camera, as well as their time of capture. 

Habitat Variables 

We measured the following burrow characteristics and habitat variables to 

assess whether any affected the probability of python presence: burrow length (cm), 

burrow entrance width (cm), and burrow orientation (N, E, S, W). Burrow length was 

defined as the approximate length from the entrance of the burrow to the back wall, and 

was measured by marking the burrow scope with white marker. Burrow entrance width 

was defined in accordance with Smith et al. (2009) as the width 50 cm inside the burrow 

and was measured with calipers. Finally, burrow orientation was defined as the direction 

that the burrow entrance faced and was measured using a compass. We converted the 

continuous degree measurements into the four cardinal directions (316o - 45o = N, 46o - 

135o = E, 136o - 225o=S, 226o - 315o =W). The following habitat variables were also 

measured for each burrow: canopy cover (%), distance to water (m), air temperature 

(oC), and relative humidity (%). Canopy cover was defined as the percentage of 

vegetative cover ≥ waist height and was measured at the apron of each burrow using a 

densiometer. Distance to water was defined as the distance from each burrow to the 

nearest permanent water source and was measured using GIS (ArcGIS Desktop). 
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Distance to water was classified as proximate (0 – 100 m), near (100 – 200 m), or far 

(200+ m). Air temperature and relative humidity were recorded at a semi-shaded central 

location within the scrub habitat of the primary research site and were measured using 

an iButton® Hygrochron temperature and humidity data logger.  

Data Analysis 

We performed repeated presence-absence surveys to estimate the proportion of 

burrows occupied by pythons within our primary research site during each sampling 

period. We investigated which factors affect the probability of python presence within 

tortoise burrows using logistic regression in program R version 3.1.2. We evaluated a 

suite of 16 a priori models that represented our hypothesized predictors of python 

presence within tortoise burrows (Table 2-2). We also assessed conditional detection 

probability to minimize potential sampling bias (Zeller et al., 2011). Sampling bias, 

typically caused by the failure to detect the species of interest when it is indeed present, 

can result in underestimates, and ultimately leads to misguided conservation decisions 

(Linkie et al., 2007). Due to the high detection probability of pythons within burrows 

(0.922) and low probability of type II error, we assumed perfect detection probability for 

all models.  

Models were ranked using Akaike’s Information Criterion (AIC; Akaike, 2011) and 

AIC weight (ωi). The weight of any particular model depends on the set of candidate 

models and varies from 0 (no support) to 1 (complete support). I considered any model 

within 2.0 AIC units of the best model to be competing models, and evaluated the model 

goodness of fit by calculating the area under the receiver curve statistic (AUC; Hanley & 

McNeil, 1982).  
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Results 

Python Detection 

We used six telemetry-tagged pythons to evaluate conditional detection 

probability (i.e., the probability of detection, given we know the python is present) of 

Burmese pythons within burrows. Pythons were tracked to a total of seventeen burrows 

(max 5, min 1, avg 2.83) and each burrow was searched with a burrow scope two or 

three times several minutes apart, resulting in a total of forty-six detection attempts. In 

fifteen of seventeen burrows, pythons were detected in all attempts. Python detection 

was only reduced when burrow length exceeded that of the burrow camera, or when the 

burrow contained water in which the python could fully submerge. In total, pythons were 

detected in forty-three of forty-six attempts (Table 2-1) for an average detection rate of 

0.922.  

Burrow Surveys 

During burrow surveys, we detected Burmese pythons on seven occasions, all 

on different dates and in different burrows. The proportion of burrows occupied by 

pythons varied from 0 to 3.1% per day, with an average of 0.36% of burrows occupied 

throughout the sampling season. We detected five pythons in tortoise burrows in 

January 2017, one python in March 2017, and one python in April 2017 (Figure 2-2). 

We found reproductively active male pythons, reproductively active and egg-bound 

female pythons, juvenile pythons, and an old python nest within burrows. Detected 

pythons (4 male, 3 female) ranged in size from 1.74 m TL / 2.05 kg to 4.33 m TL / 34.6 

kg.  

 Burmese pythons were the most common snake and the fifth most common 

vertebrate within tortoise burrows during scoping. Gopher tortoises were seen most 
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frequently, with on average 24% of burrows being occupied throughout the sampling 

season. Other common animals were brown anoles (Anolis sagrei, avg 1.1%), cricket 

frogs (Acris gryllus, avg 1.1%), and cotton mice (Peromyscus gossypinus, avg 0.69%). 

Other notable animals included Eastern indigo snakes (avg 0.17%) and cotton rats 

(Sigmodon hispidus, avg 0.31%).  

During camera trapping, Burmese pythons were detected by cameras on three 

separate occasions at different burrows. Two detections occurred on January 21, 2018 

several minutes apart (15:56, 16:00) at burrows within 10 m of each other, suggesting 

that the same python was detected twice. The third python was detected on May 2, 

2018 at 19:25 hr. All detections occurred at times after burrow surveys (0900 – 1500 

hrs), and support the assumption that pythons did not move among burrows while we 

were actively surveying.  

Habitat Variables 

The best approximating model for python presence indicated that sampling 

period (β = -0.0631 + 0.035; p = 0.07), rather than any burrow characteristics or habitat 

variables, was the best predictor of python presence or absence within burrows (Table 

2-2). However, the AUC indicated the model was only moderately accurate at predicting 

python presence (AUC = 0.71). Additionally, five models were within 2.0 AIC units; the 

top three model weights were similar and overall had 53% of the model weights (Table 

2-2). These models indicated that sampling period, minimum external temperature, and 

burrow length were the best predictors of python presence within burrows, although 

sampling period was the only marginally significant variable (p = 0.07).    
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Discussion 

Our study provides further information on the behavior and life history of 

Burmese pythons in southwestern Florida. Pythons used gopher tortoise burrows within 

upland habitats in southwestern Florida, however the average proportion of burrows 

occupied during the sampling season was extremely low (0.359%). This low rate of 

burrow use, accompanied by the extremely high detection probability of pythons within 

burrows (0.922), suggests that pythons may not be using tortoise burrows at this site as 

frequently as previously thought or that the population density of pythons in and around 

the site is low. Low population density in the area could be attributed to invasion rate 

(i.e., the research site is near the presumed northern margin of the current range of 

Burmese pythons in Florida) or python removals. Python removal efforts in the area 

(see Chapter 1) have been high, resulting in the removal of more than twenty mature 

pythons and four python nests from the study site since 2014.  

Our results also provide evidence that rates of burrow use by pythons vary 

temporally. Five of the seven pythons found within burrows were detected during mid- to 

late-January, suggesting that may be when burrow use by pythons occurs most 

frequently in this region of Florida. Four of the five top models contained sampling 

period as a covariate, further reflecting temporal variability of python burrow use. 

However, likely due to the low number of pythons found within burrows during the 

sampling season, all models were fairly uninformative and all model covariates were 

non-significant. Therefore we cannot precisely estimate how strongly burrow 

characteristics and habitat variables affect the probability of python presence within 

burrows. Regardless, these results match fairly closely with those recorded from 
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previous years which show that telemetry-tagged pythons are found within burrows 

most frequently during the months of January and February (Bartoszek in prep).  

While the detection probability of pythons in most habitats is thought to be 

extremely low (<1%) (Dorcas & Willson 2013), and the overall proportion of burrows 

used by pythons in this study was low, we found the detection probability of pythons 

within tortoise burrows to be extremely high (0.922). It is worth noting, however, that 

detection in this case represents the conditional detection probability. Regardless, we 

found that python detection within burrows was only reduced when burrow length 

exceeded that of the burrow camera, or when the burrow contained water in which the 

python could fully submerge. 

We found reproductively active male pythons, reproductively active and egg-

bound female pythons, juvenile pythons, and an old python nest within burrows, 

confirming that Burmese pythons are using tortoise burrows for both reproductive 

purposes and as refugia. While Burmese pythons are typically associated with lowland 

habitats (Barker & Barker, 2008), some features of upland habitats are very conducive 

for their establishment. We detected relatively high rates of rodents, including cotton 

mice and cotton rats, within tortoise burrows, which are among the most common prey 

items in Burmese python gut contents (Romagosa in prep). Additionally, sources of 

fresh water, such as ponds and wetlands, are common within most upland habitats in 

the region, suggesting that Burmese pythons could potentially thrive in these upland 

sites. High prey densities, refuge availability, and water could facilitate higher 

survivorship for pythons of all age classes. 
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 While the overall rate of python burrow use was low, Burmese pythons were 

found in burrows more frequently than any other species of snake; these findings, 

however could be confounded by lower detection probabilities of smaller snake species 

which were not tested as part of this study. Pythons share similar diets with some native 

upland snake species, including Eastern indigo snakes, rat snakes (Pantherophis sp.), 

and Eastern diamondback rattlesnakes (Crotalus adamanteus), all of which were 

detected within burrows in this survey. Pythons could negatively impact populations of 

these native snakes through competitive interactions or the spread of harmful non-

native parasites, which Burmese pythons have been shown to carry (Miller et al., 2018). 

Indigo snakes, however, could potentially impede the establishment of pythons within 

upland habitats, as indigo snakes have been observed consuming juvenile Burmese 

pythons (Andreadis et al., 2018).  

Pythons were found co-occupying burrows with gopher tortoises on two 

occasions throughout the study. While predation by pythons on gopher tortoises has not 

been observed, other large constrictors including green anacondas have been observed 

consuming various species of Testudines (Rivas 1999). Hatchling and juvenile gopher 

tortoises are also depredated by many upland species including several species of 

snakes (Douglass & Winegarner 1977, Butler & Sowell 1996). Additionally, an 

aggregation of seven mature Burmese pythons were found co-occupying a burrow with 

a gopher tortoise in 2015 indicating that multiple occupancy can occur (Bartoszek et al., 

2018). In this event, the pythons blocked the tunnel of the burrow, hindering the 

tortoise’s ability to exit and likely affecting its ability to conduct normal daily activities 

such as feeding and thermoregulating. Pythons could also displace gopher tortoises 
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from their burrows, resulting in prolonged exposure to harsh external temperatures and 

leaving tortoises vulnerable to predators.  

 Finally, our study has provided evidence that burrow surveys conducted with the 

purpose of detecting Burmese pythons can be incorporated into python management 

efforts. The high detection probability of pythons within tortoise burrows can be used to 

potentially locate pythons within upland habitats. The results of our study provide 

evidence that burrow-use by pythons peaks in mid- to late-January, suggesting that 

searches for pythons in tortoise burrows within upland habitats should be focused 

during this time if possible. Maximizing the efficiency of python management will help 

prevent ecosystem damage and protect countless native upland species.  
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Figure 2-1.  A map of the study area broken up into four zones. Zone 1 consists of 

roughly 10.0 ha of upland scrub habitat, zone 2 consists of roughly 15.0 ha of 
upland scrub habitat, zone 3 consists of roughly 6.50 ha of upland scrub 
habitat, and zone 4 consists of roughly 9.00 ha of upland scrub habitat. Zone 
2 was selected as the primary research site for this study. 
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Figure 2-2.  Rates of burrow use (total % of burrows occupied) by Burmese pythons in 

the primary research site. Rates are broken up by sampling period, each 
consisting of one day between the hours of 0900 and 1500. 
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Table 2-1.  Conditional detection probability of Burmese pythons in burrows. 

Burrow 
ID a 

Date b Python 
Size (m) c 

Burrow 
Size (cm) d 

Survey 1 e Survey 2 e Survey 3 e 

B1 05 / 06 / 2016 3.60 30 N N - 
B2 01 / 23 / 2017 3.21 22 Y Y Y 
B3 01 / 24 / 2017 3.21 25 Y Y Y 
B4 02 / 07 / 2017 3.21 27 Y Y Y 
B5 02 / 07 / 2017 4.22 28 Y Y Y 
B6 02 / 14 / 2017 3.21 24 Y Y - 
B7 02 / 21 / 2017 1.74 5.0 Y Y Y 
B8 03 / 07 / 2017 3.60 24 Y Y Y 
B9 03 / 13 / 2017 3.60 30 Y Y - 
B10 03 / 14 / 2017 1.74 5.0 Y Y - 
B11 03 / 18 / 2017 3.60 24 Y Y Y 
B12 04 / 01 / 2017 1.74 5.0 Y Y Y 
B13 05 / 03 / 2017 3.60 24 Y Y Y 
B14 05 / 08 / 2017 1.82 23 Y Y - 
B15 06 / 08 / 2017 4.22 31 Y Y N 
B16 06 / 08 / 2017 4.17 27 Y Y Y 
B17 06 / 13 / 2017 4.22 31 Y Y Y 

a Burrow ID is the identification of each burrow surveyed. b Date indicates the date that each respective 
survey of python detection probability took place. c Python size is the TL of each python, d Burrow Size is 
the width of the burrow measured 50 cm within the burrow, and e Survey indicates whether or not the 
python was successfully detected during each attempt (Y = detected, N = not detected). 

 
 
 
Table 2-2.  Details of covariates used in models of python burrow use. 

Variable Description Units Max Min Avg 

Period Sampling period (1 day each) 1-12 - - - 
Temp Minimum external temperature oC 22.7 6.72 15.3 
Humidity Minimum external humidity % 74.0 21.0 47.8 
Length Approximate length of burrow Cm 655 98.5 305 
Width Width 50 cm inside burrow Cm 49.0 12.5 25.4 
Orientation Orientation of burrow entrance N,E,S,W - - - 
Tortoise Tortoise present in burrow or not Y or N - - - 
Cover Canopy cover % 46.9 0.00 5.20 
Water Distance to water m 394 137 275 
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Table 2-3.  Ranking of single-season logistic regression models used to describe the 

probability of Burmese python use of gopher tortoise burrows in southwestern 
Florida. 

Model Name a K b AIC b ΔAIC b ωi b 

(Period) 1 92.78444 0 0.1897 
(Temp + Length + Period) 3 92.85794 0.0735 0.1829 
(Temp + Period) 2 93.09687 0.31243 0.1623 
(Humidity + Period) 2 94.59762 1.81318 0.0766 
(Temp + Length) 2 94.61259 1.82815 0.0761 
(Temp) 1 94.88629 2.10185 0.0663 
(Temp * Length) 2 96.15356 3.36912 0.0352 
(Humidity + Length) 2 96.19933 3.41489 0.0344 
(Tortoise) 1 96.27768 3.49324 0.0331 
(Temp + Length + Width) 3 96.41584 3.6314 0.0309 
(Temp + Orientation) 2 96.49803 3.71359 0.0296 
(Temp + Length + Cover) 3 96.6032 3.81876 0.0281 
(Temp + Tortoise) 2 96.6259 3.84146 0.0278 
(Humidity + Length + Width) 3 97.99379 5.20935 0.014 
(Temp + Orientation + Cover) 3 98.42297 5.63853 0.0113 
(Global) 9 102.1512 9.36675 0.0018 

a Model covariates include sampling period (Period), minimum external temperature (Temp), minimum 
external humidity (Humidity), burrow length (Length), burrow entrance width (Width), burrow entrance 
orientation (Orientation), gopher tortoise presence within the burrow (Tortoise), canopy cover (Cover), 
and distance to water (water).  
b K = number of variables in model, AIC = Akaike’s Information Criterion, ΔAIC = difference between the 
AIC value of each model and the lowest AIC model, ωi = AIC weight. 
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CHAPTER 3 
BURROW SELECTION BY BURMESE PYTHONS IN SOUTHWESTERN FLORIDA 

Synopsis 

Individuals of the same species within the same local region often occur in 

several distinct types of habitat, occasionally resulting in variation of certain life history 

traits depending on the type of habitat in which each individual occurs. To better 

understand these variations, it is important to understand how individuals of a 

population select the habitat they occupy, commonly analyzed by defining which 

habitats a species uses in relation to the habitats that are available. Knowing this 

information is central to understanding the ecology of that animal, and can greatly 

benefit management efforts. Burmese pythons are an invasive species in southern 

Florida, substantially impacting mammal diversity within the Florida Everglades and 

surrounding areas. In southwestern Florida, pythons occupy upland habitats and 

commonly use animal burrows within these habitats for various purposes. We used 

telemetry-tagged pythons to assess third-order resource selection by Burmese pythons 

occurring in upland habitats in southwestern Florida, and used generalized linear mixed 

models to evaluate which burrow and habitat characteristics pythons select in these 

areas. We found that pythons select burrows nonrandomly, with the highest probability 

of python presence occurring in more compact burrows and burrows located in areas 

with the most canopy cover. This information may help better predict potential 

colonization so that prevention and control efforts can be focused more specifically. 

Background 

Knowing an animal’s use of an environment, including its diet and the habitat it 

occupies, is central to understanding the ecology of that animal (Johnson, 1980). 



 

39 

Individuals of the same species within the same local region often occur in several 

distinct types of habitat (Pulliam & Danielson, 1991). In these cases, certain life history 

traits such as development rates, life spans, birth rates, and death rates may differ 

depending on the type of habitat in which each individual occurs (Pulliam & Danielson, 

1991). This information can benefit management efforts for animals of concern, 

including protected species or potentially destructive invasive species.  

Invasive Burmese pythons (Python bivittatus) have become established in 

southern Florida and are significantly impacting native wildlife. Pythons have been 

implicated in the severe declines of meso-mammal populations in South Florida (Dorcas 

et al., 2012; McCleery et al., 2015) and have also been documented feeding on 

American alligators (Alligator mississippiensis), large mammals, and a wide variety of 

birds (Reed & Rodda, 2009; Dove et al., 2011). Burmese pythons are native to 

Southeast Asia, ranging from Thailand to southern China, and west to India 

(Groombridge & Luxmoore, 1991; Whitaker et al., 2004; Zhao & Adler, 1993). They 

predominantly inhabit lowlands including mangrove forests, rainforests, wet grasslands, 

and coastal plains, and are commonly associated with bodies of water (Barker & Barker, 

2008).  

Although typically considered to be a tropical species, the native range of 

Burmese pythons extends well into the temperate climate regions of China and the 

Himalayas (Groombridge & Luxmoore, 1991; Whitaker et al., 2004; Zhao & Adler, 

1993), suggesting that they may be more tolerant of temperate conditions than widely 

thought. In southwestern Florida, invasive pythons have been documented using both 

lowland habitats, including mangrove forests and flooded grasslands, and dry upland 
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habitats, including upland scrub and pine hammocks (pers. obs.). Pythons that use 

upland habitats in this region of Florida have been commonly observed using gopher 

tortoise (Gopherus polyphemus) burrows (Metzger, 2013; Bartoszek et al., 2018). 

Preliminary data suggest that reproductively mature pythons primarily use tortoise 

burrows during the python’s breeding and nesting seasons for aggregating, mating, and 

laying eggs while juvenile pythons have been documented using burrows during every 

month of the year (Bartoszek unpublished data). As this behavior by Burmese pythons 

was first documented in Florida in 2010 (Metzger, 2013), little is known about the extent 

of their burrow-use (see Chapter 2) or the impacts it may have on native upland 

species.  

An essential requirement for effectively managing populations of invasive 

species, such as the Burmese python, is understanding the life history and biology of 

that particular species (Engeman et al., 2011). This information may help better predict 

potential colonization so that prevention and control efforts can be focused more 

specifically. Habitat selection is commonly analyzed by defining which habitats a 

species uses in relation to the habitats that are available (Bradshaw et al., 1995). 

Availability is defined as the accessibility of a habitat or component of a habitat to an 

individual, although conclusions about availability often depend on the investigator’s 

notion of what components of a habitat are actually available to the animal (Johnson, 

1980). Habitat use is considered selective, as opposed to random, if habitat types are 

used disproportionately to their availability (Johnson, 1980). Habitat selection is 

hierarchical, broken down into the following orders: first-order selection describes the 

physical or geographical range of a species, second-order selection describes the home 
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range of an individual or social group, third-order selection describes the use of various 

habitat components within the home range, and fourth-order selection describes the use 

of micro-habitats and the procurement of food items (Johnson, 1980).  

 Our objective was to assess burrow selection, a measure of third-order resource 

selection (Johnson, 1980), by Burmese pythons at our research site in southwestern 

Florida. We used a comparative design with telemetry-tagged pythons to investigate 

potential differences between occupied and available burrows. We hypothesized that 

pythons select burrows nonrandomly based on the burrow characteristics and 

surrounding habitat. First, we expected the probability of python presence to be highest 

in longer burrows, as long burrows are typically deeper and maintain more stable 

microclimates (i.e., consistent temperature and humidity). Second, as Burmese pythons 

commonly associate with water and lowland areas (Barker & Barker, 2008), we 

expected the probability of python presence to be highest in burrows near water. Finally, 

scrub habitat typically consists of patchy vegetation and intermittent open sandy areas 

(Christman, 1988; Fernald, 1989; Myers, 1990). As previous studies have shown that 

pythons in Everglades National Park commonly use habitats with dense 

over/understories (Walters et al., 2016), we expected the probability of python presence 

to be highest in burrows located in patches of vegetation with highest percentages of 

canopy cover, rather than intermittent open sandy areas.  

Study Area 

I conducted the study within ~40 ha of upland scrub habitat in Rookery Bay 

National Estuarine Research Reserve (Figure 3-1), located near Naples in southwestern 

Florida (see Chapter 2).  
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Methods 

Telemetry Tracking 

We used telemetry-tagged pythons provided to us by the Conservancy of 

Southwest Florida to conduct fieldwork for this study (see Chapter 1). Our study area 

was located within the home ranges of seven telemetry-tagged Burmese pythons (5 

male, 2 female). These pythons ranged in size, with the smallest python measuring 174 

cm TL / 2.05 kg, and the largest python measuring 422 cm TL / 43.1 kg. Five of the 

tagged pythons (3 male, 2 female) were reproductively mature, while two (2 male, 0 

female) were juvenile. We tracked tagged pythons on a weekly or biweekly basis to 

monitor their locations. Whenever a python was tracked to a tortoise burrow, we scoped 

the burrow with a burrow camera to confirm python occupancy. From January 23, 2017 

to June 5, 2017, we tracked telemetry-tagged pythons to a total of seventeen different 

burrows. We also tracked telemetry-tagged pythons to three different burrows from 

February 16, 2018 to March 5, 2018, resulting in a total of twenty python occupied 

burrows used in the analysis of burrow selection. Each python was tracked to an 

average of 2.86 burrows (max 5, min 1). We measured burrow and habitat 

characteristics of all python occupied burrows.  

Burrow Detection 

We compared burrows that were occupied by tagged pythons to all other 

detected burrows that were within a 150 m radius. We selected 150 m based on the 

distances traveled by three different telemetry-tagged pythons during four different 

overnight dispersal events. During dispersal events, each python moved from one 

burrow to another over the course of one night. Dispersal distances were 312 m, 88 m, 

69 m, and 63 m, for an average nightly dispersal distance of 133 m. We used 150 m, as 
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opposed to the entire home range of each telemetry-tagged animal as described in 

Gillies et al. (2006), due to the relatively limited area of suitable gopher tortoise habitat 

and expansive home range sizes of Burmese pythons (Hart et al., 2015). We used line-

transect-distance-sampling (LTDS; Burnham et al., 1980) to systematically survey the 

150 m area around the python occupied burrows with the purpose of detecting all other 

burrows. We used a Geographic Information System (GIS, ArcGIS Desktop) to create 

digital transects within the 150 m area. Transects were spaced 10 m apart from each 

other and ran in an East-West direction. All transects were surveyed once by a single 

observer, and all burrows visible from transects were recorded, flagged, and numbered. 

We then randomly selected 50% of the burrows that were detected during transect 

surveys for analysis. We measured characteristics of the randomly selected burrows 

along with habitat variables of the immediate area.  

Habitat Variables 

We measured burrow characteristics and habitat variables to assess third-order 

resource selection (Johnson, 1980) by Burmese pythons. The following burrow 

characteristics were measured for each burrow: burrow length (cm), burrow entrance 

width (cm), and burrow orientation (N, S, E, W). Burrow length was recorded as the 

approximate length from the entrance of the burrow to the back wall, and was measured 

by marking the burrow scope with a white marker. Burrow entrance width was recorded 

in accordance with Smith et al. (2009) as the width 50 cm within the burrow and was 

measured using calipers. Finally, burrow orientation was recorded as the direction that 

the burrow entrance faced and was measured using a compass. The continuous degree 

measurements were then converted into the four cardinal directions (316o - 45o = N, 46o 

- 135o = E, 136o - 225o=S, 226o - 315o =W). We also measured the following habitat 
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variables for each burrow: canopy cover (%) and distance to water (m). Canopy cover 

was recorded as the percentage of vegetative cover ≥ waist height and was measured 

at the apron of each burrow using a densiometer. Distance to water was recorded as 

the distance from each burrow to the nearest permanent source of water and was 

measured using GIS (ArcGIS Desktop). Distance to water was classified as proximate 

(0 – 100 m), near (100 – 200 m), or far (200+ m). 

Data Analysis 

We used telemetry-tagged pythons to compare occupied and available burrows, 

which represents third-order resource selection (Johnson, 1980). In total, we used 

twenty burrow locations from two juvenile pythons (30 cm – 250 cm TL) and five adult 

pythons (250+ cm TL). Samples were unbalanced, varying from one to five locations per 

individual python (Table 3-1). All detected burrows located within a 150 m radius of a 

python were considered available to that python at that time. We investigated which 

factors affect the probability of python presence within burrows using mixed effects 

logistic regression in program R version 3.1.2. To capture variation between individual 

pythons within our model, we used the covariate “Python ID” as a random intercept. We 

evaluated a suite of 13 a priori models that represented our hypothesized predictors of 

python presence within burrows (Table 3-2).  

We ranked models using Akaike’s Information Criterion (AIC; Akaike, 2011) and 

AIC weight (ωi). The weight of any particular model depends on the set of candidate 

models and varies from 0 (no support) to 1 (complete support). I considered any model 

within 2.0 AIC units of the best model to be competing models, and evaluated the model 

goodness of fit by calculating the area under the receiver curve statistic (AUC; Hanley & 

McNeil, 1982).  
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Results 

We tracked seven telemetry-tagged Burmese pythons to a total of twenty 

different burrows. The size of burrows occupied by pythons ranged from 5.0 cm 

entrance width to 31 cm entrance width, with an average of 22 cm entrance width per 

burrow. Burrow entrance width was highly correlated with python age class (R2=0.96), 

with juvenile pythons occupying much smaller burrows. We observed pythons 

occupying gopher tortoise burrows, nine-banded armadillo (Dasypus novemcinctus) 

burrows, and very small burrows presumably created by rodents. Nine of the burrows 

were in active use by gopher tortoises, and seven of the nine were occupied by both the 

resident gopher tortoise and a Burmese python at the same time. Two telemetry-tagged 

pythons were observed going through ecdysis within burrows. Eighteen of the burrows 

occupied by pythons contained a single python. One burrow contained two pythons: a 

telemetry-tagged mature male python and an untagged slightly smaller python. One 

burrow contained three pythons: a telemetry-tagged mature male python, an untagged 

slightly smaller mature male python, and an untagged large mature female python. Two 

of the single-occupied burrows were used by mature female pythons for nesting.  

 The best approximating model of burrow selection and third-order habitat 

selection by pythons included two variables, burrow entrance width and canopy cover 

(Table 3-2). This model indicated that these variables were the best predictors of python 

burrow use, as it was weighted much higher than any other candidate models (ωi = 

0.9857, Table 3-2). The AUC indicated the model accurately predicted python presence 

and absence (AUC = 0.88; Figure 3-2). Python presence within burrows was negatively 

correlated with burrow entrance width (β = -0.9801 + 0.28, p<0.001) and positively 

correlated with canopy cover (β = 1.197 + 0.24, p<0.001).  
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Discussion 

Our study provides further information about burrow use and upland habitat use 

by Burmese pythons in southwestern Florida. Burmese pythons commonly use gopher 

tortoise burrows within upland habitats in this region of Florida, a behavior only recently 

documented in Florida (Metzger, 2013), although this may be due to minimal access to 

upland habitats throughout most of the southern regions of the Greater Everglades 

Ecosystem where pythons have been established for the longest periods of time (Snow 

et al., 2007). Our results provide considerable support for our hypothesis that pythons 

are selecting burrows nonrandomly based on characteristics of the burrows and the 

surrounding habitat.  

Results from our study suggest that pythons occurring within upland habitats may 

select for burrows that are smaller and burrows located within areas containing the 

highest percentage of canopy cover. Preference for compact burrows by pythons in 

southwestern Florida corresponds with the findings by Mukherjee et al. (2017), who 

found that Indian pythons in Keoladeo National Park, India most commonly use small, 

compact chambers within burrows. Reasons for this are unknown, but could be related 

to more efficient thermoregulation, due to the smaller volume within the compact 

chambers, or the avoidance of burrows that allow space for potential predators. 

Preference for dense canopy cover corresponds with the findings of Walters et al. 

(2016) who found that Burmese pythons within Everglades National Park select for 

broad-leafed habitats, which are characterized by dense over/understory. Dense 

canopy cover likely provides suitable cover for pythons to better avoid potential 

predators and ambush possible prey.  
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Our data show that all age classes of pythons, from hatchlings to mature adults, 

use burrows for various purposes. We found that all age classes appear to use burrows 

for refuge, presumably for escaping environmental extremes and avoiding potential 

predators. We also found evidence of both juvenile and adult pythons undergoing 

ecdysis within burrows. Two pythons were observed in the process of shedding within 

burrows, suggesting that pythons may use the safety of burrows to complete ecdysis (a 

period where their visual acuity is reduced) or potentially use the higher humidity within 

burrows to aid in the ecdysis process. Several observations provide evidence that 

pythons use burrows for various reproductive purposes, as well. One burrow contained 

an aggregation of three pythons including two mature males and one mature female, 

suggesting that the snakes aggregated for reproductive purposes. This aggregation 

behavior has also been observed in previous years (Bartoszek et al., 2018). 

Additionally, two tagged female pythons laid and incubated their respective clutches of 

eggs inside gopher tortoise burrows during this study. These observations suggest that 

burrows may be very important to the life history of Burmese pythons in areas where 

pythons have access to them.  

We observed pythons co-occupying burrows with gopher tortoises on seven 

occasions throughout the study, although potential impacts that pythons may have on 

tortoises are currently unknown. Two occasions of co-occupancy involved the two 

mature female pythons that each laid and incubated eggs within their respective burrow. 

These pythons each occupied their respective tortoise burrow for over two months, 

resulting in the displacement of the resident tortoises (observed via camera trap data). 

Displacement from its burrow could potentially result in prolonged exposure to harsh 
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external temperatures and leave the tortoise vulnerable to predators. Additionally, a 

large aggregation of seven reproductively mature Burmese pythons was found co-

occupying a burrow with a gopher tortoise in 2015 (Bartoszek et al., 2018). In this event, 

the pythons blocked the tunnel of the burrow, hindering the tortoise’s ability to exit and 

likely affecting its thermoregulation. Fortunately, predation by pythons on gopher 

tortoises has not been observed, although other large constrictors including green 

anacondas have been observed depredating various species of Testudines throughout 

their native range (Rivas, 1999). Hatchling and juvenile gopher tortoises are also 

depredated by many upland species including several species of snakes (Douglass & 

Winegarner, 1977; Butler & Sowell, 1996). Additionally, we found that Burmese pythons 

select for smaller burrows, which could impact juvenile and subadult gopher tortoises, 

age classes with low survival rates in many populations. This could affect tortoise 

recruitment rates and have implications on gopher tortosies at a population level. 

Gopher tortoises are considered to be a keystone species, and greatly benefit the 

ecosystems in which they are found (Landers & Speake, 1980; Diemer & Speake, 1981; 

Campbell & Christman, 1982; Eisenberg, 1983). Burmese pythons are significantly 

impacting native animals within their Florida range (Dorcas et al., 2012; McCleery et al., 

2015), and could potentially have negative effects on species that are endemic to 

upland habitats, including gopher tortoises. 

Burmese pythons are generally associated with lowland habitats and bodies of 

water (Barker & Barker, 2008), however habitat use by pythons throughout 

southwestern Florida has been highly variable (pers. obs.). Pythons use a range of 

habitats in this region, including lowland habitats, agricultural matrices, and upland 
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habitats (pers. obs.). Some features of upland habitats are very conducive for the 

establishment of pythons. Upland habitats in southwestern Florida have fairly high 

densities of various mammal species including rodents, raccoons, opossums, marsh 

rabbits, bobcats, feral hogs, and white-tailed deer (pers. obs.), all of which have been 

found in gut contents of Burmese pythons in Florida (Romagosa unpublished data). 

Additionally, sources of fresh water, such as ponds and wetlands, are common within 

most upland habitats in the region. High densities of prey items combined with high 

availability of refuge and water could facilitate higher rates of survivorship for pythons of 

all age classes.  

In cases where animal species within the same local region occur in several 

distinct types of habitat, such as the case with Burmese pythons in southwestern 

Florida, certain life history traits including development rates, life spans, birth rates, and 

death rates may differ depending on the type of habitat in which each individual occurs 

(Pulliam & Danielson, 1991). To maximize the success of management efforts, it is 

important to understand the ecology of Burmese pythons within all habitats they utilize. 

The data we have gathered for this study can be used to identify and predict areas 

within upland habitats that are most suitable for invasive pythons, thus improving python 

management efforts within Florida. Our finding that pythons select burrows located in 

areas with dense canopy cover suggests that searches should be focused in these 

areas. Reducing cover through management techniques such as prescribed fire may 

also make habitats less suitable and discourage pythons from establishing. Finally, due 

to prolonged durations of burrow occupancy by female pythons during their nesting 

season, implementing targeted searches during that time could help manage adult 
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female pythons and python nests, potentially impacting Burmese pythons at a 

population level.   
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Figure 3-1.  A map of the upland scrub habitat used for this study, located within 

Rookery Bay NERR in southwestern Florida.   
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Figure 3-2.  ROC curve and respective area under the curve (AUC) of the best model of 
python burrow selection (canopy cover + burrow entrance width).  
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Table 3-1.  Number of VHF telemetry locations per Burmese python used in analysis. 

Python ID No. of locations Sex Size 

P1 3 Male 1.74 m / 2.05 kg 
P2 2 Male  
P3 3 Male 3.21 m / 20.87 kg 
P4 4 Female 4.22 m / 43.09 kg 
P5 5 Male 3.60 m / 22.45 kg 
P6 1 Female  
P7 2 Male 3.20 m / 15.06 kg 

 
 

Table 3-2.  Details of covariates used in models of python burrow selection. 

Variable Description Units Max Min Avg 

Length Approximate length of burrow Cm 655 62.0 296 
Width Width 50 cm inside burrow Cm 49.0 5.00 25.1 
Orientation Orientation of burrow entrance N,E,S,W - - - 
Tortoise Tortoise present in burrow or not Y or N - - - 
Cover Canopy cover % 88.5 0.00 7.30 
Water Distance to water m 394 44.7 269 

 

 
Table 3-3.  Ranking of single-season mixed effects logistic regression models (using 

Python ID as a random intercept) used to describe Burmese python burrow 
selection in southwestern Florida. 

Model Name a K b AIC b ΔAIC b ωi b 

(Width + Cover) 2 117.6976 0 0.9857 
(Water * Cover) 3 127.3871 9.6895 0.0078 
(Cover) 1 128.9855 11.2879 0.0035 
(Tortoise + Cover) 2 130.3543 12.6567 0.0018 
(Orientation + Cover) 2 130.9063 13.2087 0.0013 
(Width + Tortoise) 2 149.4748 31.7772 <0.001 
(Width * Water) 3 150.678 32.9804 <0.001 
(Width) 1 154.7898 37.0922 <0.001 
(Length + Tortoise) 2 165.3325 47.6349 <0.001 
(Length + Orientation) 2 168.2153 50.5177 <0.001 
(Length) 1 168.5317 50.8341 <0.001 
(Orientation + Water) 2 171.7172 54.0196 <0.001 
(Water) 1 171.7484 54.0508 <0.001 

a Model covariates include burrow length (Length), burrow entrance width (Width), burrow entrance 
orientation (Orientation), gopher tortoise presence within the burrow (Tortoise), canopy cover (Cover), 
and distance to water (Water).  
b K = number of variables in model, AIC = Akaike’s Information Criterion, ΔAIC = difference between the 
AIC value of each model and the lowest AIC model, ωi = AIC weight. 
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CHAPTER 4 
GOPHER TORTOISE BURROWS AS SUITABLE REFUGE FOR INVASIVE BURMESE 

PYTHONS NORTH OF THEIR CURRENT RANGE IN FLORIDA 

Synopsis 

Species distributions are commonly influenced by a variety of factors, and often 

shift and expand over time. The range margins of distributions can serve as areas of 

diversification where species adapt to novel environments. Determining how species 

respond to novel environments and which factors influence species adaptations is very 

applicable to invasive species ecology. Invasions of non-native species often spur rapid 

evolutionary events, and several studies have provided evidence of invasive species 

undergoing rapid evolutionary change during their invasion, especially at the range 

margins of the invasion. In southwestern Florida, near the presumed northern margin of 

their invaded range, Burmese pythons have been commonly observed occupying 

upland habitats and using gopher tortoise burrows within these habitats for various 

purposes. As gopher tortoise burrows typically experience relatively little temperature 

fluctuation, they are commonly used by many native species, including gopher tortoises, 

for refuge and to avoid temperature extremes. We assessed the internal environements 

of gopher tortoise burrows along a latitudinal gradient throughout Florida and 

southwestern Georgia to evaluate the possibility of Burmese pythons using tortoise 

burrows to survive environmental extremes north of their current range. We found that 

internal environments within tortoise burrows vary based on latitude and burrow length, 

but overall maintain temperatures conducive for Burmese pythons to survive, even as 

far north as southwestern Georgia. Burmese pythons have not been observed using 

subterranean refugia to overwinter for extended periods in their invaded or native 
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ranges, but could potentially adopt such a behavior and use burrows to survive in areas 

that would typically be too cold. 

Background 

Understanding factors that influence a species’ distribution and range limits is 

one of the fundamental challenges of ecology (Krebs, 1978). Species ranges are often 

variable, shifting and expanding over time (Brown et al., 1996; Davis & Shaw, 2001; 

Gaston, 2003). This mobility makes it challenging for ecologists to recognize which 

conditions promote niche conservatism versus those that facilitate adaptive 

diversification, akin to niche evolution when occurring at a species’ range margin (Holt & 

Gomulkiewicz, 1997; Sexton et al., 2009). Range margins can serve as population sinks 

where adaptation is prevented by small population size and maladaptive gene flow or as 

areas of diversification where niche evolution occurs during adaptation to novel 

environments (Gaston, 2003; Sexton et al., 2009). Unfortunately, few empirical studies 

have been conducted examining the factors contributing to population differentiation at 

range margins.  

Determining which factors influence species adaptations at range margins is very 

applicable to invasive species ecology. Invasions of non-native species often spur rapid 

evolutionary events, resulting in populations that are genetically dynamic over both time 

and space (Reznick & Ghalambor, 2001; Lee, 2002). Several studies have provided 

evidence of invasive species undergoing rapid evolutionary change during their 

invasion, especially at the range margins of the invasion (Thomas et al., 2001; Lee, 

2002; Travis & Dytham, 2002; Cox, 2004; Phillips et al., 2006; Darling et al., 2008). 

Some of the most common examples of adaptation by invasive species include 

physiological tolerance to environmental stress, often involving responses to novel 
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climate conditions (Potvin & Simon, 1989; Williams & Moore, 1989; Lee, 1999; Huey et 

al., 2000).  

Invasive Burmese pythons (Python bivittatus) have established throughout 

southern Florida and are negatively impacting native wildlife (Snow et al., 2007). 

Burmese pythons have been implicated in the severe declines of meso-mammal 

populations within their invaded range (Dorcas et al., 2012; McCleery et al., 2015) and 

have also been documented eating threatened and endangered species, such as the 

Key Largo woodrat (Neotoma floridana smalli) and the wood stork (Mycteria americana) 

(Snow et al., 2007; Reed & Rodda, 2009). There is uncertainty in the geographic range 

Burmese pythons could establish in the United States. Some species distribution 

models predict that pythons are restricted to the range they presently inhabit in southern 

Florida (Pyron et al., 2008). However, Rodda et al. (2011) corrected several 

inaccuracies reported in Pyron et al. (2008), and found that Burmese pythons could 

potentially establish throughout most of Florida. The Burmese python’s native range 

extends well into temperate climate zones in China and the Himalayas (Groombridge & 

Luxmoore, 1991; Zhao & Adler, 1993; Whitaker et al., 2004), suggesting that they may 

be more tolerant of temperate conditions than widely thought.  

Geographic distribution, particularly among ectothermic animals, is commonly 

limited by temperature, especially minimum temperatures during winter months (Ultsch, 

2006). However, many animals survive extreme conditions by limiting their exposure. 

Ectothermic species commonly survive in cold climates by using behavioral 

thermoregulation, often involving the selection of subterranean or aquatic hibernation 

sites, to avoid exposure to freezing temperatures (Storey, 1990). In many cases, the 
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likelihood of winter survival is dependent on the timely discovery and selection of proper 

overwintering refugia (DeGregorio et al., 2012).  

In southwestern Florida, near the presumed northern margin of the Burmese 

python’s current distribution, pythons use both lowland and upland habitats (pers. obs.). 

These habitats include mangrove forests, flooded grasslands, agricultural matrices, pine 

and oak hammocks, and Florida scrub, among others. Pythons occurring within xeric 

upland habitats in southwestern Florida commonly use animal burrows, a behavior that 

is also occasionally seen within their native range of Southeast Asia (Sharma & Kandel, 

2016). Many of the burrows that pythons use in this region of Florida are those created 

by nine-banded armadillos (Dasypus novemcinctus) or gopher tortoises (Gopherus 

polyphemus). As gopher tortoise burrows typically experience relatively little 

temperature fluctuation (DeGregorio et al., 2012), they are commonly used by many 

native species, including the gopher tortoise itself, for refuge and to avoid temperature 

extremes (Lips, 1991). Burrow-use by pythons is significant because it may have 

implications for the geographic range that pythons could potentially inhabit in the 

southeastern United States.  

Our objective was to assess gopher tortoise burrows as suitable overwintering 

refugia sites for Burmese pythons north of their current range in Florida. We used a 

comparative design to investigate and describe potential physical and microclimatic 

differences between gopher tortoise burrows located within the southwestern range of 

Burmese pythons in Florida and gopher tortoise burrows located north of that range. We 

expected microclimatic characteristics of tortoise burrows to show variation among 

regions, but maintain temperatures suitable for pythons to survive.  
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Study Area 

Python Occupied Site 

We conducted part of the study within Rookery Bay National Estuarine Research 

Reserve (RBNERR), located near Naples in southwestern Florida. Situated near the 

edge of the Greater Everglades Ecosystem, RBNERR is comprised predominantly of 

mangrove forests, a habitat that covers over 45,000 ha of the reserve. Patches of 

upland hammock and scrub habitats can also be found intermittently within the 

mangrove forests. These are some of the southern-most patches of upland scrub 

habitat in Florida, and are among the first upland areas that Burmese pythons have had 

access to over the course of their establishment in Florida. One such scrub patch 

located within the reserve has been monitored for pythons since 2014, with documented 

occurrences of pythons occupying gopher tortoise burrows every year since then. This 

patch served as the python occupied study area for this objective.  

Northern Sites 

We also conducted the study at several sites located north of the current range of 

Burmese pythons. Northern sites were selected based on their geographic location and 

amount of respective gopher tortoise habitat. These sites included the Archbold 

Biological Station (ABS; 27.1829° N, 81.3521° W; 130 km from RBNERR), Ashton 

Biological Preserve (ABP; 29.5431° N, 82.5800° W; 400 km from RBNERR), and 

Joseph Jones Ecological Research Center (JJERC; 31.2205° N, 84.4792° W; 630 km 

from RBNERR). ABS is located in south-central Florida at the southern tip of Lake 

Wales Ridge near the headwaters of the Greater Everglades Ecosystem. Of the three 

northern sites, ABS is the closest to the current range of Burmese pythons in Florida. 

ABS is comprised of relict sandy dunes, including scrub habitats and flatwoods, along 
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with wetlands, ranchlands, and lakes. ABP is located in north-central Florida on the 

edge of Brooksville Ridge. It is comprised of rolling hills with xeric upland and sandhill 

habitats, along with wooded hammocks and wetlands. Finally, JJERC is located in 

southwestern Georgia on the Dougherty Plain. It is comprised of a diverse range of 

ecological communities including longleaf pine forests, mixed pine hardwoods, riparian 

pine hardwood forests, agricultural fields, depressional wetlands, rivers, and creeks. All 

three of these sites contain populations of gopher tortoises and relatively high densities 

of tortoise burrows.  

Methods 

Burrow Selection 

We selected ten gopher tortoise burrows from each of the three northern sites 

(ABS, ABP, & JJERC) and the python occupied site (RBNERR) for use in this study. 

Burrow locations within the python occupied site (RBNERR) were provided from a 

previous study (Chapter 2), and we randomly selected ten of the previously located 

unoccupied tortoise burrows to be used for this study. Only unoccupied, but structurally 

sound, tortoise burrows were used for this study to increase the likelihood that 

temperature loggers remained in burrows for the duration of the sampling season. 

Previous experience showed that gopher tortoises commonly buried or removed 

temperature loggers located within their burrows. We used organized searching to 

locate the ten burrows to be used at each northern site (ABS, ABP, & JJERC). Areas of 

suitable gopher tortoise habitat were first identified prior to surveying, and a group of 

one to four people then systematically surveyed the habitat until a burrow was located. 

Once located, we scoped the burrow using a burrow camera to determine its occupancy 

status. If unoccupied by a tortoise, the burrow was selected to be used for the study. 
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Several areas of suitable tortoise habitat were surveyed for burrows at each site to 

minimize potential pseudo-sampling and to ensure that multiple areas were 

represented.  

Habitat Characteristics 

We measured habitat variables, physical characteristics, and microclimate 

characteristics of each selected burrow to compare tortoise burrows along a latitudinal 

gradient. At each burrow we recorded canopy cover (%), as the percentage of 

vegetative cover waist height and above measured at the burrow apron using a 

densitometer. We collected air temperature (oC) from weather stations located within or 

in close proximity to each site. The following burrow characteristics were also measured 

for each burrow: burrow length (cm), burrow entrance width (cm), burrow orientation (N, 

S, E, W), and burrow temperature (oC). We recorded burrow length as the approximate 

length from the entrance of the burrow to the back wall, and measured it by marking the 

burrow scope with a white marker. We recorded burrow entrance width in accordance 

with Smith et al. (2009) as the width 50 cm within the burrow and measured it using 

calipers. We recorded burrow orientation as the direction that the burrow entrance faced 

and measured it using a compass. We then converted the continuous degree 

measurements into the four cardinal directions (316o - 45o = N, 46o - 135o = E, 136o - 

225o=S, 226o - 315o =W). Finally, we recorded burrow temperature using an iButton® 

Thermochron temperature data logger (-40oC to +85oC capability) set to record once 

every four hours and placed near the back of the burrow. We connected each 

temperature logger to a thin rope and pushed them to the back of each burrow using a 

small hook on a burrow scope (Environmental Management Systems; Canton, GA). 

Temperature loggers were left in burrows from January 2018 to May 2018.  
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Data Analysis 

We measured physical and microclimatic characteristics of gopher tortoise 

burrows within the four sites. We used analysis of variance (ANOVA) in program R 

version 3.1.2 to determine how physical and microclimatic characteristics of gopher 

tortoise burrows varied within and between each site. We also used linear models (LM) 

in program R version 3.1.2 to determine the influence of latitude and various physical 

burrow characteristics on the minimum temperature, maximum temperature, and 

average temperature within gopher tortoise burrows. We ranked models using Akaike’s 

Information Criterion, corrected for small sample size (AICc; Sugiura, 1978), and AICc 

weight (ωi). The weight of any particular model depends on the set of candidate models 

and varies from 0 (no support) to 1 (complete support). I considered any model within 

2.0 AICc units of the best model to be competing models. 

Results 

Four of forty temperature loggers failed to collect data. Three more temperature 

loggers were pulled out of their respective burrows by animals during the sampling 

season, and were not recovered. Two more temperature loggers were pulled out of their 

respective burrows in February 2018, so their data were not used in analysis. In total, 

thirty-one temperature loggers recorded temperature data from January 15, 2018 until 

May 23, 2018 (Table 4-1). 

 Minimum burrow temperature (F = 22.46, p < 0.01), maximum burrow 

temperature (F = 37.99, p < 0.01), and average burrow temperature (F = 345.6, p < 

0.01) varied among sites (Table 4-2). ANOVA results from both the minimum burrow 

temperatures and the maximum burrow temperatures showed slight variation within 
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each site, while results from the average burrow temperatures showed very little 

evidence of variance within each site.  

 We used linear regression to determine the influence of latitude and various 

physical burrow characteristics on the minimum temperature, maximum temperature, 

and average temperature within gopher tortoise burrows. The best approximating model 

of minimum burrow temperature included sampling site and burrow length (Table 4-3). 

The best approximating model of maximum burrow temperature included canopy cover 

and burrow length (Table 4-4). Finally, the best approximating model of average burrow 

temperature included sampling site and canopy cover (Table 4-5).  

Discussion 

Our study provides further information about the characteristics of gopher tortoise 

burrows and how the physical and microclimatic conditions vary along a latitudinal 

gradient. Our results suggest that gopher tortoise burrows can serve as suitable 

overwintering refugia for Burmese pythons north of their current range in Florida. We 

measured physical and microclimatic characteristics of burrows within Rookery Bay 

National Estuarine Research Reserve (RBNERR), located on the northern margin of the 

Burmese python’s current range in Florida, and as far north as southwestern Georgia. 

Burmese pythons are commonly observed occupying gopher tortoise burrows 

throughout RBNERR, located in southwestern Florida. Microclimatic characteristics of 

burrows, including minimum burrow temperature, maximum burrow temperature, and 

average burrow temperature, all showed significant variation among sites (Table 4-2).  

Despite the aforementioned inter-site variation in thermal characteristics, thirtry of 

thirty-one burrows maintained temperatures above those described as lethal for 

Burmese pythons, even when external temperatures dropped well below the lethal limit 



 

63 

(~5o C, Dorcas et al., 2011). The one burrow that dropped (3o C) below the lethal limit 

described for Burmese pythons was the shortest burrow included in the study, 

measuring approximately 90 cm total length.  

In their native range, Burmese pythons are generally associated with lowland 

habitats and bodies of water (Barker & Barker 2008), however habitat use by pythons 

throughout their southwestern Florida range has been highly variable (pers. obs.). 

Pythons use a range of habitats in this region, including mesic lowland habitats, 

agricultural matrices, and xeric upland habitats (Bartoszek unpublished data). Pythons 

commonly use upland habitats, contradicting the presumption made in Pyron et al., 

(2008) that the proposed expansion of Burmese pythons into the continental United 

States would require an expansion of the tropical marshland comprising most of the 

Everglades. In addition to access to tropical marshland habitats, the species distribution 

models presented in Pyron et al. (2008) predicted that pythons are limited by their 

critical thermal minimum, restricting them to the range they presently inhabit in the 

United States. However, Rodda et al. (2011) corrected several inaccuracies reported in 

Pyron et al. (2008), and found that Burmese pythons could potentially establish 

throughout most of Florida. Many species distribution models only include climate data, 

and neglect to include variables related to availability of prey and suitable refuge. The 

importance of burrows and other subterranean refugia is often overlooked, as they 

provide protection against temperature extremes, fire, and predation (Campbell & Clark, 

1981; Alkon & Saltz, 1988; Reichman & Smith, 1990; Mukherjee et al., 2017). 

Furthermore, little is known about Burmese python ecology or the factors that delimit 
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any part of their native range (Rodda et al., 2009), suggesting that these distribution 

models may be speculative, at best. 

Two studies conducted in north-central Florida and South Carolina have provided 

evidence that Burmese pythons may not be capable of surviving severe winters, 

although pythons may withstand conditions substantially cooler than those typically 

experienced in South Florida (Avery et al., 2010; Dorcas et al., 2011). In both cases, 

pythons exhibited inappropriate thermoregulatory behavior or did not have access to 

proper subterranean refugia, resulting in their deaths (Avery et al., 2010; Dorcas et al., 

2011). While overwintering behavior by Burmese pythons has not yet been described in 

its native or nonnative range, the Indian python (Python molurus, Linnaeus 1758), to 

which the Burmese python is closely related, has been reported to overwinter in animal 

burrows for up to four months in parts of northern Pakistan (Minton, 1966; Rodda et al., 

2009). Additionally, the Burmese python’s native range extends well into temperate 

climate zones in China and the Himalayas (Groombridge & Luxmoore, 1991; Zhao & 

Adler, 1993; Whitaker et al., 2004), suggesting that they may be more tolerant of 

temperate conditions than widely thought. 

The purpose of this study was to determine whether microclimatic conditions 

within gopher tortoise burrows are conducive for Burmese pythons to survive extreme 

temperatures, should they adopt any overwintering behavior. We found that gopher 

tortoise burrows, given the appropriate length, maintain temperatures above the lethal 

limits of Burmese pythons (Dorcas et al., 2011), even when external temperatures drop 

well below those limits. We recommend further field trials be conducted, using natural 

refugia and pythons that are accustomed to using gopher tortoise burrows for refuge.  
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Figure 4-1.  Locations of sites used to assess physical and microclimatic characteristics 
of gopher tortoise burrows. JC = Joseph Jones Ecological Research Center, 
AS = Ashton Biological Preserve, AR = Archbold Biological Research Station, 
RB = Rookery Bay National Estuarine Research Reserve.  
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Figure 4-2.  Maximum, minimum, and average burrow temperatures of each burrow at 

four different sites from January – May 2018. 
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Figure 4-3.  External temperatures and average internal temperatures of gopher tortoise 

burrows (n=9) from the Joseph Jones Ecological Research Center, located in 
southwestern Georgia, well north of the current range of Burmese pythons. 
External temperatures obtained from University of Georgia climate station 
located within JJERC. Python lethal limit set at 5o C, the conservative limit 
described in Dorcas et al., (2011). 
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Figure 4-4.  External temperatures and average internal temperatures of gopher tortoise 

burrows (n=8) from Ashton Biological Preserve, located well north of the 
current range of Burmese pythons in Florida. External temperatures obtained 
from Weather Underground climate station located near ABP. Python lethal 
limit set at 5o C, the conservative limit described in Dorcas et al., (2011). 

 



 

69 

 
 
Figure 4-5.  External temperatures and average internal temperatures of gopher tortoise 

burrows (n=7) from Archbold Biological Station, located in close proximity to 
the current range of Burmese pythons in Florida. External temperatures 
obtained from ABS climate station. External temperatures unavailable 
3/10/2018 - 3/21/2018. Python lethal limit set at 5o C, the conservative limit 
described in Dorcas et al., (2011). 
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Figure 4-6.  External temperatures and average internal temperatures of gopher tortoise 

burrows (n=7) from Rookery Bay NERR, located within the current range of 
Burmese pythons in Florida. External temperatures obtained from Weather 
Underground climate station located in close proximity to research site (Isles 
of Capri, FL). Python lethal limit set at 5o C, the conservative limit described in 
Dorcas et al., (2011). 
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Table 4-1.  Number of iButton temperature loggers used at each sampling site. 

Location a Dates b # iButtons Used b 

Jones Center 01/02/2018 – 05/22/2018 9 
Ashton Preserve 01/08/2018 – 06/01/2018 8 
Archbold 01/15/2018 – 05/23/2018 7 
Rookery Bay 01/15/2018 – 05/20/2018 7 

a Locations include the Joseph Jones Ecological Research Center (Jones Center), Ashton Biological 
Preserve (Ashton Preserve), Archbold Biological Research Station (Archbold), and Rookery Bay National 
Estuarine Research Reserve (Rookery Bay). 
b Dates = the period that the iButton was recording temperature, # iButtons Used = the number of 
iButtons that were used in analysis. 
 
 
 
 
 

Table 4-2.  Results of analyses of variance (ANOVA). 

Variable F-value P-value 

Minimum Burrow Temp. 22.46 <0.01 
Maximum Burrow Temp. 37.99 <0.01 
Average Burrow Temp. 345.6 <0.01 
Burrow Length 1.33 0.258 
Burrow Entrance Width 8.58 <0.01 
Orientation 1.67 0.206 
Canopy Cover 126.3 <0.01 

 
 
 
 
   

Table 4-3.  Ranking of single-season linear regression models used to describe 
Minimum Burrow Temperature. 

Model Name a K b AICc b ΔAICc b ωi b 

(Site + Length) 2 182.1304 0 0.7185 
(Site + Cover + Length) 3 184.0314 1.901 0.2777 
(Cover + Length) 2 192.7829 10.6525 0.0035 
(Cover + Orientation) 2 199.0694 16.939 <0.001 
(Site) 1 201.5777 19.4473 <0.001 
(Site + Cover) 2 202.7301 20.5997 <0.001 
(Length + Orientation) 2 213.1038 30.9734 <0.001 
(Length) 1 214.5099 32.3795 <0.001 

a Model covariates include sampling site (site), burrow length (Length), burrow entrance width (Width), 
burrow entrance orientation (Orientation), and canopy cover (Cover).  
b K = number of variables in model, AICc = Akaike’s Information Criterion corrected for small sample size, 
ΔAICc = difference between the AICc value of each model and the lowest AICc model, ωi = AICc weight. 
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Table 4-4.  Ranking of single-season linear regression models used to describe 
Maximum Burrow Temperature. 

Model Name a K b AICc b ΔAICc b ωi b 

(Cover + Length) 2 139.8935 0 0.569 
(Site + Cover + Length) 3 141.863 1.9695 0.213 
(Cover + Orientation) 2 142.7525 2.859 0.136 
(Site + Cover) 2 144.5489 4.6554 0.056 
(Site) 1 147.265 7.3715 0.014 
(Site + Length) 2 147.6559 7.7624 0.012 
(Length) 1 170.2474 30.3539 <0.001 
(Length + Orientation) 2 172.2249 32.3314 <0.001 

a Model covariates include sampling site (site), burrow length (Length), burrow entrance width (Width), 
burrow entrance orientation (Orientation), and canopy cover (Cover).  
b K = number of variables in model, AICc = Akaike’s Information Criterion corrected for small sample size, 
ΔAICc = difference between the AICc value of each model and the lowest AICc model, ωi = AICc weight. 
 
 
 
 
 

Table 4-5.  Ranking of single-season linear regression models used to describe 
Average Burrow Temperature. 

Model Name a K b AICc b ΔAICc b ωi b 

(Site + Cover) 2 106.3411 0 0.698 
(Site + Cover + Length) 3 108.3282 1.9871 0.258 
(Site) 1 112.7251 6.384 0.029 
(Site + Length) 2 113.9555 7.6144 0.015 
(Cover + Length) 2 132.1166 25.7755 <0.001 
(Cover + Orientation) 2 134.157 27.8159 <0.001 
(Length) 1 191.2541 84.913 <0.001 
(Length + Orientation) 2 192.6038 86.2627 <0.001 

a Model covariates include sampling site (site), burrow length (Length), burrow entrance width (Width), 
burrow entrance orientation (Orientation), and canopy cover (Cover).  
b K = number of variables in model, AICc = Akaike’s Information Criterion corrected for small sample size, 
ΔAICc = difference between the AICc value of each model and the lowest AICc model, ωi = AICc weight. 
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CHAPTER 5 
TRAPPING BURMESE PYTHONS FROM GOPHER TORTOISE BURROWS 

Synopsis 

Invasive species management is among the most challenging conservation 

issues confronting the state of Florida this century, with at least sixty-three non-native 

species of reptiles and amphibians currently established. Among these are Burmese 

pythons, which have been implicated in the severe declines of mammal populations in 

southern Florida and are substantially impacting mammal diversity within the Florida 

Everglades. In southwestern Florida, Burmese pythons have been commonly observed 

occupying gopher tortoise burrows for various purposes. When found in burrows, 

pythons are typically removed via excavation, a process that can sometimes damage 

the integrity of the burrow. Given the importance of burrows to native species, it is 

imperative that the structural integrity of tortoise burrows is maintained whenever 

possible. We developed and tested a new trap designed to remove pythons from 

burrows without damaging the burrow. While our design has limitations, it successfully 

captured pythons of various sizes in five of eight attempts.  

Background 

At least sixty-three non-native species of amphibians and reptiles are currently 

established in Florida (Krysko et al., 2016), including three species of large constricting 

snakes belonging to the families Pythonidae (Cope 1864) or Boidae (Gray 1825). These 

species include the Burmese python (Python bivittatus), the Northern African python 

(Python sebae), and the boa constrictor (Boa constrictor; Snow et al., 2007; Reed et al., 

2010). All three of these species use animal burrows to some extent in their native 

ranges (Peirce, 1974; Montgomery & Rand, 1978; Sharma & Kandel, 2016) and are 
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also likely using animal burrows within their invaded ranges. Two of the species, the 

boa constrictor and the Burmese python, have been observed using gopher tortoise 

(Gopherus polyphemus) burrows within southeastern and southwestern Florida, 

respectively (pers. obs., Metzger, 2013; Bartoszek et al., 2018). Burmese pythons have 

been implicated in the severe declines of mammal populations in southern Florida 

(Dorcas et al., 2012; McCleery et al., 2015), making management of their expansion 

into new habitats of the utmost concern. 

Burmese pythons have been observed using gopher tortoise burrows regularly in 

southwestern Florida, with the first record occurring in December 2010 (Metzger, 2013). 

Pythons use burrows for refuge and reproductive purposes, and will occasionally 

aggregate within active tortoise burrows (Bartoszek et al., 2018). The effects that 

Burmese pythons may have on native burrow-using species are currently unknown, but 

pythons could negatively affect native species though predation, competition, 

displacement, or the spread of disease.  

Due to the ecological damage attributed to pythons and their status as an 

invasive non-native species, they should be removed when found. Removing pythons 

from burrows can be challenging, however, as gopher tortoise burrows commonly 

exceed 4.5 m in length (Hallinan, 1923; Hansen, 1963). Prior to 2017, burrow 

excavation was the only reliable method for removing Burmese pythons from burrows. 

Gopher tortoises are listed as a threatened species in Florida, and excavation of a 

burrow requires a permit. Additionally, gopher tortoise burrows are important features 

within the habitats they are found, with over 360 native animal species using tortoise 

burrows for various purposes (Hallinan, 1923; Young & Goff, 1939; Brode, 1959; Hutt, 
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1967; Auffenburg, 1969; Landers & Speake, 1980; Woodruff, 1982; Eisenberg, 1983; 

Jackson & Milstrey, 1989). Given their importance to the tortoise and other native 

species, it is imperative that the structural integrity of tortoise burrows is maintained 

whenever possible.  

Our objective was to design and test a new trap to remove invasive pythons from 

gopher tortoise burrows without damaging the structural integrity of the burrow via 

excavation. Our trap design is loosely inspired by the existing gopher tortoise flap-trap 

described in Enge et al. (2012). We designed the python trap to safely and effectively 

capture pythons as they exit the burrow.  

Study Area 

We conducted the study within Rookery Bay National Estuarine Research 

Reserve, located near Naples in southwestern Florida. Situated near the edge of the 

Greater Everglades Ecosystem, Rookery Bay is comprised predominantly of mangrove 

forests, a habitat that covers over 110,000 acres of the reserve. Patches of upland 

hammock and scrub habitats can also be found intermittently within the mangrove 

forests. These are some of the southern-most patches of upland scrub habitat in 

Florida, and are among the first upland areas that Burmese pythons have had access to 

over the course of their establishment in Florida. One such scrub patch located within 

the reserve has been monitored for pythons since 2014, with documented occurrences 

of pythons occupying gopher tortoise burrows every year since then. This patch served 

as the study area for this objective.  
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Methods 

Trap Construction 

We designed the python trap with two components: a trap and an extension that 

allowed the python to fully enter the trap (Figure 5-1). The trap design was modeled off 

of Enge et al. (2012). 

We constructed the trapping component using 16-gauge galvanized-steel-mesh 

wire, available at most hardware stores. We cut two sheets each measuring roughly 91 

x 152 cm (one 91 x 152 cm sheet made a single trapping component) and made two 

90o folds in the 91 x 152 cm sheet of wire mesh approximately 56 cm from both ends 

(Figure 5-1). We then folded each long side inward at 90o and used cable ties to 

securely attach the folded ends in the middle, enclosing the sides of the trap. This 

resulted in a rectangular cage measuring roughly 56 cm long x 51 cm wide x 41 cm 

high, with all sides enclosed except the front. We gently bent the wire mesh at the front 

of the trap to taper it slightly, allowing the extension component to better attach.  

Next, we fitted a hinged door to the bottom of the trapping component to act as 

the trapping mechanism (Figure 5-1). To do this, we flipped the trapping component 

upside-down and, using wire-cutters, cut a 33 x 28 cm square-shaped opening in the 

rear-center of the bottom of the trap. This would serve as the opening through which a 

python could enter the trap. A piece of galvanized-steel sheet metal was cut to 

approximately 36 x 30 cm to allow it to fit over the opening on the bottom of the trap. 

The sheet metal was then positioned overtop the opening on the inside of the trap and 

attached to the bottom using a stainless steel hinge. Stainless steel screws and 

washers were used to attach the hinge to both the sheet metal and the trap.  
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We then constructed the extension component. The purpose of the extension 

component was to lengthen the trap, allowing room for the python to completely exit the 

burrow so that the hinged door could fall behind the python and trap it inside. Three 

types of extension components were tested: a canvas bag, a mesh bag, and a 16-

gauge galvanized-steel-mesh wire cage. See Results for assessments of each of the 

extension types. Material for canvas bags and mesh bags were sewn into 183 x 40 cm 

cylinders using a sewing machine. We constructed the wire cage extension type using 

16-gauge galvanized-steel-mesh wire. A piece of wire mesh measuring roughly 91 x 

183 cm was folded length-wise three times into a long rectangular cage with an 

entrance diameter of 40 cm (Figure 5-1). We then bent the wire mesh on the back of the 

cage, folding it against itself so that all sides were enclosed but the front, where it would 

connect to the trapping component. We cut small pieces of the wire mesh measuring 

roughly 25 x 15 cm and used zip ties to loosely connect them to each side of the front of 

the extension component (Figure 5-1). These pieces allowed the extension component 

to connect to the trapping component with no space for the python to escape or injure 

itself.  

Python Detection 

We located burrows occupied by pythons using random burrow surveys and 

telemetry-tagged pythons. We randomly surveyed gopher tortoise burrows using a 

burrow-scoping camera designed by Environmental Management Systems (Canton, 

GA) and used the python trap to remove any python we detected in a burrow (Chapter 

2). We also tested the python trap on three telemetry-tagged pythons that needed to be 

removed from the field for equipment maintenance.  
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Trapping 

We used the python trap to capture Burmese pythons during 2017 and early 

2018. All trapping took place in southwestern Florida, within scrub and pine upland 

habitats where gopher tortoises were present. When a python was detected in a burrow, 

vegetation around the burrow entrance was cleared so that the trap could lie flat on the 

ground without obstruction. We aligned the trap so that the hinged door on the bottom of 

the trapping component was directly above the entrance to the burrow. Alignment varied 

slightly depending on the angle of the burrow entrance and surrounding habitat. We 

then secured the trapping component to the ground using four spiral-shaped stakes, 

attaching one stake to each corner of the trap and twisting them firmly into the ground. 

We packed sand in gaps between the trap and the ground, assuring that there was no 

space through which the python could escape or injure itself.  

We attached the extension component to the opening at the front of the trapping 

component using small elastic cords or metal clips. This was done after the trapping 

component was secured to the ground so that the trap did not shift off the burrow 

entrance while attaching the extension component. To prevent prolonged sun exposure 

to any captured animals, we used palm fronds and snake bags to cover portions of the 

trap. Once the python trap was properly set, we placed a trail camera within view of the 

trap to determine the exact moment the python was captured. Traps were checked 

every two hours during daylight and first thing in the morning to assure the safety of any 

animals captured (Figures 5-3 & 5-4).  

Results 

During 2017 and 2018, we tested the python trap at eight tortoise burrows 

occupied by pythons. Pythons were successfully captured in five of eight attempts 
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(Table 5-1). Two male pythons and three female pythons were successfully captured 

(Table 5-1). Captured pythons ranged in size from 1.74 m TL / 2.05 kg to 4.33 m TL / 

34.6 kg.  

Trapping success was most affected by the type of extension component 

attached to the trap. The canvas bag extension was successful in one out of three 

attempts and the mesh bag extension was unsuccessful in one attempt. The mesh bag 

extension was tested only a single time because the python ripped through the bag. The 

wire mesh cage extension was the most successful extension type, capturing pythons 

four times in four attempts (Figure 5-2, 5-3). The duration of successful trapping 

attempts varied from approximately 3.47 hrs to 73.03 hrs after trap placement, with an 

average of 31.72 hrs per attempt. Four of the five trapped pythons entered the trap 

between 19:00 and 20:00 hrs (Table 5-1).  

Over the eight trapping attempts, we did not observe any signs that the traps 

disturbed native wildlife. The traps did not capture any non-target species, although it 

has yet to be tested on a burrow containing both a python and a gopher tortoise.  

Trapping attempts were deemed unsuccessful if a python showed signs of 

activity (some part of the python’s body seen outside the burrow entrance via trail 

camera) but was not captured within five days of detection. Attempts were limited to five 

days because, although there was no sign that the traps disturbed native wildlife, we 

wanted to minimize the amount of time that burrows were inaccessible to tortoises and 

other commensal species. When trapping attempts were deemed unsuccessful, we 

exchanged the extension component of the trap and began a new trapping attempt.  
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Of the three unsuccessful trapping attempts, two occurred while using the canvas 

bag extension type and one occurred while using the mesh bag extension type. During 

the attempts using the canvas bag extension, pythons showed interest in exiting the 

burrow (seen via trail camera), but refused to enter the canvas bag. In both of these 

attempts, the python was successfully captured after the canvas bag extension was 

exchanged for a wire-mesh cage extension. During the attempt using the mesh bag 

extension, the python completely entered the trap but ripped through a corner seam of 

the bag and escaped. It is worth noting, however, that trail camera footage showed the 

python was trapped overnight within the mesh bag for roughly five hrs before breaking 

free.   

Discussion 

We found the python trap to be a feasible and effective alternative to burrow 

excavation when an invasive python needs to be removed from a gopher tortoise 

burrow. The sample size is small due to the amount of effort needed to detect pythons, 

but the python trap shows promise. The trap has successfully captured both juvenile 

and adult pythons, showing that trapping pythons of all age classes is very possible. 

Juvenile pythons weighing only 2-3 kg, mature male pythons weighing 16-20 kg, and a 

mature female python weighing over 34 kg were all successfully captured (Table 5-1). 

The trap has yet to be tested on hatchling pythons. 

The python trap is strong and durable enough to withstand hours of pushing and 

prodding by large constricting snakes, while maintaining its structural integrity during 

long periods of exposure to direct sunlight or intense rain. Trapping duration was 

relatively short in most cases, ranging from 3.47 hrs to 73.03 hrs with an average of 

31.72 hrs per attempt (Table 5-1). Reasons for this variation are not understood, but 



 

81 

could include environmental conditions, the duration of burrow occupancy before the 

python was detected, or if the python was undergoing ecdysis. The trap design is 

simple, with few parts that can malfunction or affect trap success. Trap set up is easy 

and efficient, typically taking less than 30 minutes once a python is located within a 

burrow. Most importantly, using the python trap prevents any substantial damage to the 

burrow, which allows tortoises and other native animals to continue to use them for 

refuge after trapping.  

The eight trapping attempts also shed light on several interesting aspects of 

Burmese python behavior. Of the pythons captured during winter, all four emerged from 

their respective burrows between the hours of 19:00 and 20:00, roughly an hour after 

sunset. The python captured in mid-April, a 34 kg female, emerged from her burrow at 

12:23. Upon necropsy, she was found to be gravid and was likely preparing to nest. Her 

time of emergence reflects the fact that gravid female Burmese pythons typically bask 

for several hours during the heat of the day, presumably to aid in physiological 

processes such as follicle development (pers. obs.).  

It is also worth noting that Burmese pythons seem to refrain from entering python 

traps that they cannot completely see through. Only when the canvas bag extension 

type was being used did the python refuse to fully enter the trap. The canvas bags were 

large enough to hold pythons and were propped open in several places with wire 

framing. Trail camera footage shows the pythons in both circumstances partially exiting 

the burrow and tongue flicking towards the bags, but refusing to enter and ultimately 

retreating back down the burrow. All bags were washed prior to use, so it is unlikely that 

leftover scent on the bag caused this behavior. Pythons did completely enter the traps 
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when more transparent extensions like the wire cage extension type or the mesh bag 

extension type were being used.  

While the python trap has been successful, it has limitations. The most 

successful version of the trap including the wire cage extension is fairly cumbersome, 

making it difficult to transport to remote locations. The mesh bag extension type shows 

promise, as it is light-weight and successfully captured a python for several hours, but a 

stronger material, such as aviary cloth, is needed to prevent pythons from ripping 

through. Trapping success is also dependent on the trap being flush with the ground, 

providing no space for the python to escape through. This can be difficult when tortoise 

burrows are on uneven terrain or in dense vegetation. In these circumstances, burrow 

excavation may be the only option for python removal.  

If Burmese pythons continue to spread north, they will encounter more xeric 

habitats including Florida scrub and upland hammocks. Pythons use gopher tortoise 

burrows within these habitats for refuge, mating, and nesting (Metzger, 2013; Bartoszek 

et al., 2018). While burrow-use by Burmese pythons may be potentially harmful to 

native species, it can also be used as a management tool. Management of pythons is 

notoriously difficult, as their probability of detection is <1% in most habitats (Dorcas & 

Willson, 2013) and there is currently no reliable population estimate. However, detection 

of pythons within tortoise burrows, given a python is present, is very high (Chapter 2). 

Using burrow surveys in areas near the python invasion front may be a practical method 

for managers to assess python presence and rates of spread in the near future.  

This trap design may be effective on other large burrow-dwelling invasive snake 

species, as well, including boa constrictors and African pythons. As invasive Burmese 
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pythons gain access to more upland habitats within Florida, they will also gain increased 

access to gopher tortoise burrows. As this occurs, removing pythons without damaging 

the structural integrity of the burrow will be crucial for protecting native species that rely 

on tortoise burrows for refuge and protection. The python trap captures the invasive 

python while protecting the burrow and all the native species that rely on it. 
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Figure 5-1.  The python trap designed to capture large snakes as they exit gopher 

tortoise burrows. a) The trapping component is constructed by folding 16-
gauge galvanized-steel-mesh wire roughly into a square, b) while the 
extension component is folded into rectangle. c) Bungie cords are used to 
connect the two components together. d) A hinged door is used as the 
trapping mechanism, e) spiral stakes are used to secure the trap to the 
ground, f) and vegetation is used to provide shade to captured animals. g) A 
Burmese python in the process of being captured. 
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Figure 5-2.  The python trap in-situ after having captured a 4.33 m / 34.6 kg python. 
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Figure 5-3.  The python trap in-situ after having captured a 1.96 m / 2.95 kg python. 
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Table 5-1.  Details of trapping attempts. 

Extension 
Type 

Date Success? Duration 
(Hrs) 

Time of 
Capture 

TL (m) / Weight (kg) Sex 

Canvas Bag 01/11/17 Yes 3.47 19:10 1.74 / 2.05 ♂ 
Canvas Bag 01/21/17 No NA NA 2.95 / 14.7 ♀ 
Canvas Bag 01/25/17 No NA NA 1.96 / 2.95 ♀ 

Mesh Bag 03/24/17 No NA NA 3.60 / 22.45 ♂ 

Wire Cage 01/21/17 Yes 4.28 19:04 2.95 / 14.7 ♀ 
Wire Cage 01/26/17 Yes 25.58 19:17 1.96 / 2.95 ♀ 
Wire Cage 04/20/17 Yes 73.03 12:23 4.33 / 34.6 ♀ 
Wire Cage 02/18/18 Yes 52.25 19:47 3.20 / 15.06 ♂ 
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CHAPTER 6 
CONCLUSION 

The primary objective of this project was to assess and describe burrow use by 

Burmese pythons in their invaded southwestern Florida range. We conducted three 

complimentary studies focused on measuring the frequency and drivers of python 

burrow use, as well as implications gopher tortoise burrow use could have on the 

geographic range of pythons in Florida. We assessed how frequently gopher tortoise 

burrows were occupied by pythons within our study site in southwestern Florida, as well 

as which burrow and habitat characteristics pythons selected for in upland habitats. 

Further, we compared characteristics of the gopher tortoise burrow environment along a 

latitudinal gradient to assess the potential for pythons to use burrows as overwintering 

refugia north of their current range. Finally, we developed and tested a burrow trap to 

remove and capture pythons from burrows without damaging the structural integrity of 

the burrow.  

Through the use of both repeated surveys and radiotelemetry, we observed 

Burmese pythons using gopher tortoise burrows within upland habitats in southwestern 

Florida. While the average proportion of burrows occupied during the sampling season 

was extremely low (0.359% of burrows), telemetry-tagged animals were found using 

burrows fairly frequently, suggesting that the population density of pythons in and 

around the site may be lower than expected. Low population density in the area could 

be attributed to invasion rate (i.e., the research site is near the presumed northern 

margin of the current range of Burmese pythons in Florida) or python removals. Python 

removal efforts in the area (see Chapter 1) have been high, resulting in the removal of 

more than twenty mature pythons and four python nests from the study site since 2014. 
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Additionally, our radiotelemetry results suggest that pythons are selecting burrows 

nonrandomly based on characteristics of the burrows and the surrounding habitat. 

Pythons occurring within upland habitats selected for burrows that were smaller, 

possibly due to more efficient thermoregulation in the smaller volume of the compact 

chambers, or the avoidance of burrows that allow space for potential predators. They 

also selected for burrows located within areas containing the highest percentage of 

canopy cover, likely to provide suitable cover to better avoid predators and ambush 

potential prey. 

Our results suggest that gopher tortoise burrows can conceivably be used as 

overwintering refugia by Burmese pythons north of their current range in Florida. 

Although internal burrow temperature showed latitudinal variation, thirty of thirty-one 

monitored burrows maintained temperatures above those described as lethal for 

Burmese pythons, even when external temperatures dropped well below the lethal limit 

(~5o C, Dorcas et al., 2011). Although Burmese pythons are widely thought to be 

thermally restricted in Florida, the importance of burrows and other subterranean refugia 

is often overlooked. Burrows provide protection against temperature extremes, fire, and 

predation (Campbell & Clark, 1981; Alkon & Saltz, 1988; Reichman & Smith, 1990; 

Mukherjee et al., 2017), and could potentially facilitate a range expansion by pythons 

substantially farther north than their current distribution. 

To maximize the success of management efforts, it is important to understand 

the ecology of Burmese pythons within all habitats they occupy, including lowland 

habitats that comprise most of the Florida Everglades, and upland habitats that 

comprise much of southwestern Florida. The data we have gathered for this study can 
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be used to identify and predict areas within upland habitats that are most suitable for 

invasive pythons, thus improving python management efforts within Florida. Our results 

suggest that reducing over / understory cover through management techniques such as 

prescribed fire may potentially make habitats less suitable and discourage pythons from 

establishing. Additionally, as the detection probability of pythons within burrows is 

extremely high, burrow surveys may be an effective tool for managing and monitoring 

python populations, especially along the range margins. Implementing targeted 

searches during the python nesting season could help manage adult female pythons 

and python nests, potentially impacting Burmese pythons at a population level.   
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