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ABSTRACT 
The Florida Everglades is facing an environmental management problem. Burmese Pythons, a non-
indigenous species, are eating native wildlife at an alarming rate, causing an imbalance in the food chain; 
thus, they must be controlled. In 2014 The Army Corps of Engineers preformed tests using thermal 
imaging to detect Burmese Pythons nesting sites, elevated from the swamp in a bucket truck. We have 
super-sized that research. In this paper we will discuss why our team of experts was formed, the 
challenge of creating an aerial infrared search and capture protocol in an unforgiving environment, how 
the drones were used and the methodology we have developed. We will also discuss how publicity from 
newspapers and UAS blogs over the internet about our Python project lead us to a segment on National 
Geographic Explorer show.  
 
INTRODUCTION 
Florida is subject to non-indigenous species due to the sub-tropical climate and huge coast line. It all 
started 26 years ago. The Serpentarium, once a reptile research center and popular tourist spot in south 
Miami, blew down after hurricane Andrew, and the inhabitants escaped. Over time, the once captive 
pythons established a population in Everglades National Park. Currently they are out of control and 
threating the alligator population and have decimated the small animal population. They can reach a girth 
as big as a telephone pole. Burmese Pythons are among the largest snakes on earth. Proven to live and 
breed anywhere in South Florida.  
 
In August 2013, Florida Fish & Wildlife authorized licensed hunters to capture these pythons in the wild 
for the first time, to control the population. But the snakes have been difficult to locate.  
 
Experts in 2014 from the Army Corp Engineers tried to simulate a python hunt using thermal imaging as a 
possible solution. To conduct their test, the Corps enlisted the help of a 10-foot Burmese python named 
"Max," captured in the Everglades and now owned by the park. He was released and headed out of sight 
and into the swamp and was then found by a Thermographer in a bucket truck, 30 feet above the swamp. 
Their research provided good thermal data on this pest.  

 
The Army Corp of Engineers research inspired me to get involved. In 
early 2015 I started a self-funded thermal python research project. The 
research is based on controlling the population by locating python 
nests while they are incubating their eggs, as an integrated pest 
management control strategy. My objective was to create a method 
using thermal equipped UAV’s to expand the hunting area beyond just 
walking the narrow levees leaving hundreds of thousands of acres of 
swamp on both sides, too difficult to access due to the unforgiving 
nature of the swamp. 
 
The Florida Everglades is an amazing place however, not an ideal 
hunting grounds for humans. If you’re not in a boat, swamp buggy or 
on the levees, you are in danger.  
 
In 2017 I was asked to team up with Media celebrity, Fire fighter, and 
Champion python hunter, Bill Booth and also Charles Zwebner CEO of 

Figure 1. Army Corp of Engineer in 
a bucket truck. 



Volaero Drones. This was an opportunity to test my ongoing thermal research on Burmese Python 
control. 
 
MEET THE TARGET PEST 
COMMON NAME: Burmese Python | SCIENTIFIC NAME: Python bivittatus | TYPE: Reptiles | DIET: 
Carnivores AVERAGE LIFE SPAN IN THE WILD: 20 to 25 years | SIZE: 16 to 23 ft. | WEIGHT: Up to 200 
lbs. 
 
They are excellent swimmers and can stay submerged for up to 30 minutes before surfacing for air. They 
have a fierce bite. Burmese pythons are cold blooded solitary animals and are generally, only seen 
together during spring mating. Females lay clutches of up to 50-100 eggs, which they incubate for two to 
three months. To keep their eggs warm, they continually contract, or shiver, their muscles.  
 
The ideal temperature for happy and healthy Burmese Python is between 85 and 90 degrees Fahrenheit. 
The best temperatures for Burmese daytime air temperature of 84-88 degrees Fahrenheit, with heated 
basking areas that can achieve a surface temperature between 88-92 degrees Fahrenheit.  
 
These giant snakes need to be given the opportunity to thermoregulate (self-regulate their body 
temperature) by having about a third of their nest out of the water, on a dry surface heated to 88-90 
degrees Fahrenheit.  
 
Due to the lack of predators approx. 77% of the clutch will hatch. When born, the hatchling pythons are 
about 20 inches long; making their survival rate much better than most indigenous species.  
 
Burmese pythons rhythmic shivering will generate heat, despite changes in the ambient temperature. This 
behavior presents the opportunity to find them with thermal aerial drones as they lay their eggs. It is also 
a way to locate them, using thermal UAV’s and documenting GPS coordinates.  
 
Their diet consists of mammals, birds and reptiles. The pythons are thriving, and small critter population is 
decreasing which is a major concern for the future of the eco system in the Florida Everglades. 
 
At night, the ground water temperature can drop to be too cold for them and they begin to move to higher 
ground.  
 
The air temperature dictates how far north they will go. Currently they have gone as far north as lake 
Okeechobee. They are threating to expand their breeding ground in the agriculture community located in 
the northern sector of the Everglades. They are moving east into the general population of South Florida’s 
western communities. They are popping up in homes, pools, landscape, under cars and in homes. More 
than 1,000 pythons have already been captured in the National Park since 2013. The statewide captures 
outside the of the National Park may be considerably more however, these giants are still thriving. The 
population is estimated to be over 300,000 and growing. Apparently, a lot more control and effective 
strategies will be necessary for realistic control. The State Wildlife Management have reached out to the 
citizens to bring forth ideas to help control these majestic animals. 
 
Wild females select nesting sites based on several factors, including security, temperature fluctuation, 
and moisture level. After the eggs are laid, the female covers them completely with her body. In the 
Everglades, the sawgrass clumps grow above the water line. This can be a good place for these pythons 
to nest in addition to any one of the many thousands of islands that comprise most of the Everglades.  
 
Incubating female pythons are also able to influence moisture in the environment immediately around the 
eggs by behavioral means. The respiration of the eggs themselves generates some moisture. This 
moisture can be conserved the female coils tightly around her eggs, or it can be allowed to escape if she 
opens her coils. Incubating female pythons are constantly monitoring temperature and moisture levels of 
their eggs and adjusting throughout the incubation period. The best time to hunt them is when the water 
temperature cools quickly after a sunny day. There are a few things in our favor for example, their size 



which, produces a large thermal signal. I have found a minimum of 10°F ∆T is good for hunting reptiles, 
using thermal imaging from drones however, I have had success at night lower than an (5°F ∆T).  

 
Figure 2. Incubating Burmese Python, tightly coiled while thermo-regulating 

 
PRESENT METHOD OF CAPTURING PYTHONS 

• Walking the levees, licensed hunters walk, drive and cycle along the levees of the National Park 
day and night hunting Burmese Pythons. It is effective to some degree however, it is one snake at 
a time and has not produced enough yet to make a difference to have a real impact on the 
growing population. The other problems are that the levee roads are not made for heavy traffic 
and hunter safety issues.  

• Judas snakes are telemetered pythons that lead researchers to other pythons, which are then 
captured and euthanized. Of the 25 snakes discovered by this method in two years, 19 were 
captured and removed, and the other six escaped before capture was possible. A nest was found 
with this method; ironically it was found on the swale of the levee, where it could have been found 
by just walling or riding a bicycle north or south. A valuable part of this research was that several 
relocated pythons demonstrated a “homing” ability: after being released far from where they were 
captured, they returned long distances. These findings suggest that pythons searching for a 
suitable home have the potential to breed in almost any area in South Florida.  

• Radio-telemetry University of Florida researchers were and may still be using radio telemetry to 
determine how pythons are using the habitat and the extent and timing of their movements. This 
method is also used to find groups of pythons during the breeding season (called “breeding 
aggregations”). Since December 2005, 17 adult pythons have been captured and surgically 
implanted with very high frequency (VHF) radio transmitters in ENP and on lands owned by 
SFWMD. 

• Trained dogs also are being evaluated for their effectiveness at sniffing out snakes. Not very 
practical in this environment.  

• Trapping is another way to control the population. The development of sex pheromones used as 
a bait may produce better results. From a practical view, limited number of snakes captured for 
the time and effort.  

• Thermography: using a thermal IR scope or IR hand held camera. This helps gather thermal 
data from the environment and from the snake’s body while in their natural habitat.  

• Certified Thermal UAV Invasive Wildlife Management. This application has proved that 
thermal UAV’s can locate Burmese in the wild with realistic control expectations.  

 



  

Figure 3. TV monitors on the roof of the truck Figure 4. Aerial view of the team in action 
 
THERMAL TECHNICAL DATA 
The following data is what was published between 2006-2014. This is the data I began with: January is 

the start of breeding season. Air temp range: 75°F– 30°F.  Water temp 
range: 77-50 F. Python exterior body temp: 93°F-55°F. Delta T of 10°F. 
The female can lose 54% of her body weight while breeding, laying, and 
incubating eggs, and abandons the nest 3 days before eggs began 
hatching.  
 
Egg-mass temperature was 26.29–31.41 °C (mean = 28.07 °C) and was 
more stable than the temperature in direct sun above the nest, which 
ranged from 20.81 °C to 45.70 °C (mean = 28.45 °C). Egg-mass temp 
was likely buffered from extreme heat by adjacent vegetation, where the 
temperature ranged from 23.19 °C to 30.48 °C (mean = 27.05 °C) and 
from extreme cold by shivering thermogenesis.  
 

COMBINE THERMAL IMAGING DRONES AND HUNTERS  
The combination of several skill sets combined to scout and hunt incubating females is a good fit. This 
project has proved that hunting with this “Thermal UAV’s Method” works consistently and has led to 
captures of Burmese Pythons. However, as it relates to finding female pythons and their eggs, we are not 
there yet but, we are extremely close. The recon data provides locations where multiple pythons breeding 
together in the same area called, “breeding aggregations” sites in the spring. Although there are 
difficulties, this is a viable thermal application to locate nesting and breeding pythons.  
 

The execution of this method requires a multi-level approach. The 
initial task is performed by the recon team and the snake capture by 
the removal team. The recon teams mission is to find incubating 
females in the wild by flying over thousands of acres in the swamp 
locating suspect target breeding sites and gather other useful recon 
data. I chose a fixed wing long rang Censys Technologies state of the 
art drone using Zenmuse XT powered by, FLIR. This drone fly’s one 
thousand acres per hour, 4-8 thousand acres per day or night for the 
recon missions. The recon team requires a pilot with a very exclusive 
F.A.A. approval to fly Beyond Visible Line of Sight or BVLOS waiver as 
it’s called and a Certified Thermographer to interpret the IR footage in 
real time. I teamed up with Ryan Langlois, Argus international gold 
rated pilot and CEO of Untamed Aero Solutions to provide that 
expertise 

 
The biggest hurdle is the vegetation canopy. Military grade thermal imagery, though costly, is best for this 
application.  An option is post processing enhancing equipment that coverts commercial grade thermal 
footage into near military grade thermal footage. However, due to the time necessary to process the raw 
data, that would eliminate the team from working together simultaneously.  

Figure 5. This is the thermal signal       
due to thermogenesis. 

Figure 6. Long range state of the art 
drone 



 
Another way is by using high resolution aerial mapping. This does not require processing time thus, can 
provide data in real time. Thermal video footage to scan for targets, i.e. incubating Burmese, married with 
Artificial Intelligent software is a great solution. This works by repeatably viewing images of the target pest 
until recognized by the software. Then algorithms are used to spot the female and her eggs without 
having to physically view the footage to locate our targets. This helps by providing a more defined thermal 
look below and beyond the canopy in a fast and effective way. We have this technology at our disposal 
for this project. 
 
PHASE TWO  
The removal team consists of licensed hunters, a Certified Thermographer to make corrections to the 
camera setting’s, document data, and interpret the thermal signatures in real time. The removal team is 
approx. 20-30 minutes behind the recon team or can act independently and use the recon data at another 
time when the removal team is in place.  

 
The removal team drone pilot scans the swamp for a closer look at 
suspect targets at locations obtained by the recon team. They confirm 
the targets and the conditions around that sighting. 
 
A Zenmuse aerial thermal camera powered by FLIR is what the 
removal team uses. For this phase a commercial thermal drone that 
can also record GPS data is paramount. This drone is used to confirm 
the target is a Burmese, better identify the conditions near the target, 
and confirm the location of nesting pythons; all this without disturbing 
the snake in the process, and with low human impact to the 
environment.  
 
Then the chief hunter then instructs the other hunters on the team as 

they wait close by in boats, air boats, swamp buggies, etc. to receive the location and the go ahead to the 
location to remove the female with her eggs. When pythons are captured, they are euthanized by USNPS 
personnel. All python nests found in South Florida are also destroyed.  
 
NATIONAL GEOGRAPHIC  

We had received some attention with our project from the local news 
outlets and internet media about some of what we’re doing, and it 
resulted in National Geographic inviting us to be a part of a show 
called National Geographic Explorer. This show is hosted by ten-time 
Emmy winner Phil Keoghan of Amazing Race, a popular TV show for 
decades. The film crew met us at the Everglades National Park and 
went with us on a python hunt capture mission. It is a real challenge to 
hunt these pythons, in the wild. The swamp is not going to give up 
anything without a fight. We had a good weather condition, plenty of 
solar load with cold air temperature. The wind speed was 15-20 mph 
which limited the time that the solar load would last. We hunted miles 
into the Everglades; I can’t say what happened after that you will have 
to tune in and see the segment.  

 
Aside from the segment another truly amazing event happened on this hunt, a full-blown meter shower 
occurred in the night. We were miles from the city lights, we could see it all, it was magnificent. 
 

Figure: 8. Aerial Thermal Image of 
Burmese Python.  

Figure 9. Phil Keoghan host Nat 
Geo 



   

Figure 10: Random images of the Nat Geo while filming us 
 
SUMMARY 
How are thermal UAVs having a positive impact on controlling these giants? 

• By creating an organized method, as described above, with viable inspection protocols. 
• This method creates safer hunting conditions 
• Increases the access to significantly more searchable area 
• Increase field of view, zooms in on targets, to reduce of misidentification 
• Hunters armed with aerial intel will lead to a higher success rate    
• Time effective, getting more snakes in less time over the season 
• Low impact to the levees and environmentally friendly 
• Focused on the reproductive system of the target pest  
• Capture teams can be duplicated and managed easily  
• Dramatically produce more control 
• Statistically, a better overall return on investment, as opposed to other methods  

 
CONCLUSION  

The skills handed down from the accent swamp hunters combined with 
the latest technology providing reliable data in real time can surely help 
in controlling the population of these amazing creatures. To the best of 
my knowledge, the thermal UAV methodology as described in this 
paper, is the most practical method to date. My research is ongoing 
and has great promise. We have not yet achieved the goal of this 
project, that is too harvest python eggs as a control method. I do have 
all components in place for next season. I believe that the thermal UAV 
method is a necessary addition to the list of existing control methods. 
My hope is that we can incorporate and combine some of the methods 
mentioned above to develop even an more effective control strategy. 
 
Florida Congressman Francis Rooney has met with President Trump to 
discuss support for Everglades Restoration projects in this fiscal year’s 
2018 Budget. Congressmen Rooney himself has gone python hunting. 

We are hoping for State funding to help. In any case, I plan to continue my self-funded UAV thermal 
research as the primary method of control for this pest, for as long as I can afford to do so.  
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