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 The gopher tortoise, Gopherus polyphemus, is a threatened species native to 

the southeastern United States. The breeding season of G. polyphemus is reportedly 

from April to June. However, out of season hatchlings in Jupiter, Florida, suggest that 

in South Florida, the very southernmost part of the gopher tortoise’s range, the 

warmer climate allows a longer period of reproduction or a year-round breeding 

season. My research sought to find evidence for an extended breeding season and to 

collect fecundity data on the South Florida tortoises by capturing female tortoises and 

X-raying them at different times of the year to check for the presence of eggs. 

Although I found no conclusive proof of an extended breeding season, I present 

additional circumstantial evidence for it, as well as information regarding the 

fecundity of tortoises in the spring.  
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Chapter 1: The Biology of the Gopher Tortoise 
  

The gopher tortoise, Gopherus polyphemus, is a large, mostly herbivorous 

land turtle native to the southeastern United States. First described in 1791, the 

gopher tortoise is now listed by the United States Fish and Wildlife Service as a 

threatened species in much of its range (USFWS 2007). Like the mammal that its 

genus was named for, the gopher tortoise lives in a burrow. The species was first 

described by William Bartram in his 1791 book Travels through North and South 

Carolina, Georgia, east and west Florida. Bartram devotes about two paragraphs to 

the description of this previously unknown species, which he first encountered in 

Georgia. Bartram was apparently impressed with the tortoise’s strength, for, after 

describing its appearance and habit of burrowing, he claims: “It is astonishing what a 

weight one of these creatures will bear; it will easily carry any man standing on its 

back, on level ground” (Bartram 1791). Although this statement seems exaggerated, 

Bartram’s book introduced the gopher tortoise to the world. Bartram (1791) named 

this new species Gopherus polyphaemus, after Homer’s legendary cave-dwelling 

Cyclops, Polyphemus. In his 1802 book, Histoire naturelle, générale et particulaire 

des reptiles, the French scientist Francois-Marie Daudin re-described the gopher 

tortoise, changing the spelling of the tortoise’s name to its modern form: Gopherus 

polyphemus. Because of this change, Daudin is often credited with having been the 

first to describe and name the gopher tortoise (Cohen and Conner 1992).                                                     

Classification: Gopherus polyphemus belongs to the Cryptodira lineage of the 

order Chelonia. The Chelonia belong to the class Reptilia, which in turn are part of 

the Amniota, the group that includes mammals, reptiles, dinosaurs, and birds. The 
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Cryptodira lineage includes all of the turtles, tortoises, and terrapins which are 

capable of retracting their heads and necks completely into their shells. This 

capability is the result of a modification in the structure of the neck that allows it to 

be folded up vertically, unlike the other lineage of chelonians, the pleurodires, which 

pull their heads and necks into their shells horizontally. The gopher tortoise belongs 

to the family Testudinidae, and the genus Gopherus. This genus includes four living 

species in North America, G. agassizii, G. berlandieri, G. flavomarginatus, and G. 

polyphemus. The members of the genus Gopherus are split into two groups based on 

genetics and physical characteristics such as inner-ear and vertebral structures (Lamb 

and Lydeard 1994). The two groups are the agassizii group, which contains G. 

agassizii and G. berlandieri, and the polyphemus group, which contains G. 

polyphemus and G. flavomarginatus of Mexico. While G. polyphemus is very similar 

to its relative G. flavomarginatus, their ranges do not overlap, simplifying 

identification in the field (Ernst et al. 1994).  

Description: Like other chelonians, the gopher tortoise is characterized by its 

shell, which encloses both the pectoral and pelvic limb girdles. The shell is composed 

of bone and covered in horny epidermal scutes. These scutes have growth rings, or 

annuli on them, and a new ridge is added each year. Although these annuli tend to 

become somewhat obscured in older tortoises, they can be very useful for 

determining the age of an individual. The carapace, or top shell of the tortoise, is 

grayish-brown, oblong, and can reach lengths of up to 38.1 cm (Ernst et al.1994). The 

bottom part of the shell is called the plastron. Gopherus  polyphemus lacks the 

plastral hinge that is found in some species of turtles. In gopher tortoises, the plastron 
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has a gular projection, a protrusion underneath the tortoise’s neck, which is larger in 

males than in females. The shape of the plastron can also be used to tell whether the 

adult tortoise is a male or female; the plastron of a male is concave, while that of the 

female is flat. In addition, the size of the mental glands, found under the chin of the 

tortoise, can help with determining the sex of the animal, as males have larger glands. 

The shell also tends to be larger in female tortoises than in males (Ernst et al. 1994). 

Because the lifestyle of G. polyphemus involves digging burrows, the front feet are 

specially shaped to allow them to be used as shovels. Unlike the more aquatic 

members of the Chelonia group, the gopher tortoise does not have webbing between 

the five toes on each of its feet. The cryptic grayish-brown coloration of the shell, 

skin, and even eyes allows the adult tortoise to blend into its surroundings. The 

hatchlings are a more yellowish color, which may contribute to their vulnerability to 

predators, as they are not as well-camouflaged as the adults (Ernst et al. 1994).  

Behavior: The day-to-day life of the tortoise involves a good deal of basking 

to raise its body temperature, and grazing. Gopher tortoises are active year-round in 

South Florida, but the greatest period of activity occurs between the months of May 

and August (Ernst et al. 1994). On cooler days, the tortoises tend to remain in their 

burrows. During the summer, the tortoises are usually active from about 8:00 am to 

10:30 am, and from 4:00 pm to 7:00 pm, spending the hottest hours in their burrows 

away from the sun (J.A. Moore, pers. comm.). Members of the species that live 

farther north sometimes have a period of dormancy when the winter is particularly 

harsh. While in a torpid state, the tortoise may become partially submerged in water 

that builds up in the burrow. This appears to help maintain the body temperature and 
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water content of the gopher tortoise (Ernst et al. 1994).Gopherus polyphemus feeds 

mainly on grasses and some other kinds of low-growing vegetation, although 

members of the species have occasionally been observed to eat insects as well (Carr 

1952). Favorite foods include wiregrass (Aristidia beyrichiana), gopher apple 

(Licania michauxii), and the berries of the saw palmetto (Serenoa repens) (The 

Gopher Tortoise Council 2000). Captive tortoises have also been seen eating fruits, 

dog food, and various types of meat (Ernst et al. 1994). In addition to basking and 

foraging, a small portion (about 2%) of the time a gopher tortoise spends above 

ground is used for mating and nesting (Ernst et al. 1994). 

The Burrow: A gopher tortoise’s burrow is a very important feature of its 

habitat, as a good deal of the tortoise’s time will be spent there. The burrow is usually 

dug in a fairly straight path, but may turn to avoid rocks or other hard areas in the 

soil. The entrance to the burrow can be up to about a foot in width, and can extend 

underground from 10 to 35 feet, depending on the quality of the soil and the depth of 

the water table in that particular area (Carr 1952). Young tortoises may simply bury 

themselves in the soil or hide in thick vegetation, but many dig their own small 

burrows (Ernst et al. 1994). The burrow of the gopher tortoise serves several 

functions. It allows the tortoise to escape predators and bad weather, and also retains 

a fairly constant temperature throughout the year, offering tortoises some protection 

from the extreme temperatures that may be present on the surface of the ground. The 

very bottom of the burrow contains a larger “room,” where the tortoise can sleep. 

Because this “room” is near the water table and may collect water that runs down into 

the burrow, it retains a higher humidity than the outside air. This increased humidity 
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helps to reduce the tortoise’s water loss, which is very high outside of the burrow 

(Ernst et al. 1994). A single gopher tortoise may construct several burrows over the 

course of its life, and adults often maintain several active burrows at the same time. 

These burrows are all located within the tortoise’s home range, which also includes 

trails of close-cropped grass that are produced by the grazing tortoise (Carr 1952). 

Tortoises may also make use of burrows that were dug by other individuals when 

their owners are not present (Ernst et al. 1994). Gopher tortoises are not the only 

species to use their burrows. The list of organisms that live in empty or abandoned 

gopher tortoise burrows is incredibly long. These commensal species include the 

gopher frog (Rana capito), that is listed as an endangered species in several states, 

although it is currently a “species of special concern” in Florida (Florida Natural 

Areas Inventory 2001). Various species of snakes, over thirty-two species of 

arthropods, opossums (Didelphis virginiana), red foxes (Vulpes vulpes), burrowing 

owls (Athene cunicularia), and many others also use the burrows of the gopher 

tortoise (Carr 1952). Because they are used by so many species, gopher tortoise 

burrows are an integral part of their ecosystems, and have led to the classification of 

G. polyphemus as a Keystone Species—a species that has a disproportionately large 

influence on other species, and whose extinction would greatly change the 

characteristics of its ecosystem (Wahlquist 1991). Gopherus polyphemus is also 

considered an Ecosystem Engineer, as its creation of burrows provides important 

structures that other organisms can use. 

Social Interactions: Since each tortoise lives in its own burrow within its 

own home range, which can be quite large, social interactions between tortoises are 
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limited. When two tortoises encounter each other outside of mating season, they will 

usually begin to bob their heads. The dominant tortoise holds its head high, while the 

submissive one keeps its head low. The dominant tortoise will then sniff the other for 

a few minutes before losing interest and moving off. In some cases, however, the 

encounter will turn into a fight for dominance. This often involves the two tortoises 

ramming each other with the gular projections on their shells. The fight usually ends 

when one tortoise is able to hook its gular projection under the other tortoise and flip 

it over (Ernst et al. 1994). Another type of encounter occurs when a tortoise tries to 

enter another tortoise’s burrow when the owner is inside. The resident gopher tortoise 

usually responds to this by turning sideways, thus blocking the passageway. Cases 

have been found, however, of burrows with co-habiting tortoises, usually a male and 

a female (Ernst et al. 1994). Dr. Jon Moore has observed up to three tortoises in the 

same burrow at once (pers. comm.). Several sensory systems are key to social 

interactions of any kind between gopher tortoises. Visual signals such as head-

bobbing are important during the first stages of an encounter. As the tortoises move 

closer together, tactile signals such as ramming and biting are used to determine the 

nature of the encounter, whether it be a combative interaction or courtship. Olfactory 

cues are also important for courtship behaviors. The secretions of the mental gland on 

the jaw of the gopher tortoise are believed to contain pheromones which are sniffed 

by the other tortoise during courtship (Pough et al. 2005). 

Mating Behavior: Further interactions between individual tortoises occur 

during the mating season, which is typically during April and May (Iverson 1980). 

The male tortoises go looking for females, sometimes going specifically to the 
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burrow of a female. When he finds an appropriate mate, the male walks in a circle 

around her and begins bobbing his head. When she responds by bobbing her head, the 

males moves closer and bites the female on the head, legs, and gular projection of the 

plastron. After this courtship, mounting occurs. Some authors have suggested that 

female tortoises are capable of storing sperm, but it is unknown for how long it is 

viable (Ernst et al. 1994). From April until July, the female tortoises lay their eggs. 

They begin by digging a nest, often, but not always, close to their burrows. Some 

nests are located in the apron of the burrow, the patch of sandy soil created by the 

digging of the burrow. Regardless of proximity to the burrow, the nest is always 

placed so that plenty of sunlight will fall on it (Ernst et al. 1994). Next, between 1 and 

9 spherical white eggs are laid in the nest. Some authors have reported up to 30 eggs 

being laid, but the credibility of these claims is doubtful (Iverson 1980). Because 

some sand falls into the nest after each egg is laid, they rarely touch each other. After 

laying her eggs, the female goes about her business, and no further parental care is 

given to the eggs, which hatch after about 90 days of incubation by the sun. Like its 

close relative, Gopherus agassizii, the sex of the hatchlings is thought to be 

determined by the temperature at which the eggs are incubated. Temperatures 

between 26˚ C and 30˚ C result in male tortoises, while 33˚C to 35˚C produces female 

hatchlings (Spotila et al. 1994). Because the temperature may vary at different 

locations within the nest, one clutch can produce both males and females. Due to the 

lack of parental care, the rate of nest depredation and hatchling mortality is very high, 

and can reach up to 94% (Epperson and Heise 2003). Even once the eggs that escape 

predation hatch, the young tortoises must dig their way out of the nest and avoid 
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being eaten by larger animals. Hatchlings then dig small burrows, which helps them 

escape predators. If a young tortoise can survive the first few years of its life, it has a 

much better chance of survival, as larger tortoises have far fewer predators than 

hatchlings (Epperson and Heise 2003). 

Habitat: Gopherus polyphemus is generally found in habitats including soil 

that is sandy and easy to burrow in, but also provides plenty of edible vegetation. The 

gopher tortoise also chooses to live in areas that have sunny patches available. These 

patches are needed for basking and nesting, when the warmth from the sun provides 

the heat necessary for the incubation of the tortoise’s eggs. Examples of ideal habitats 

include beach scrub and pine flatwoods, as well as oak hammocks (Ernst et al. 1994). 

The pine flatwoods habitat is characterized by sandy soils and stands of slash pine 

(Pinus elliottii) surrounded by saw palmetto (Serenoa repens), gall berry (Ilex 

glabra), and wiregrass (Aristida stricta), in addition to other species (Abrahamson 

and Abrahamson 1996). This ecosystem is pyrogenic, or fire-dependent, as it requires 

regular burning to keep it in balance. This is ideal for the gopher tortoise, which feeds 

on the grasses that cannot grow if there is too much shade, and needs open space in 

which to dig burrows. If fires do not occur, the species diversity decreases, as some 

species will choke out or shade others. Usually, the saw palmetto and gall berry 

become thicker and spread out, reducing the grassy and sandy areas, forcing animals 

that live in these regions to move elsewhere. In addition, some species of plants 

produce seeds that require the high temperatures created by fires to germinate. In the 

absence of fires, seedlings of these species will not be present (Abrahamson and 

Abrahamson 1996).  
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Range and Endangerment: Gopherus polyphemus is found only in the 

southeastern United States, from southern South Carolina to Florida, and west as far 

as Mississippi and eastern Louisiana. The distribution of the gopher tortoise seems to 

be limited by temperature, as gopher tortoises are more active on warm days, 

preferring to remain in their burrows during colder weather. The range of the gopher 

tortoise has decreased in recent years due to factors such as agricultural use of their 

habitat, mining, and capture for food or the pet trade. These and other threats to the 

tortoises have led to such reduced populations that they are now listed as a threatened 

species in Alabama, Louisiana, Mississippi (U.S. Fish and Wildlife Service 1991). In 

Florida, the gopher tortoise was listed as a “species of special concern” from 1979 

until 2006, when the Fish and Wildlife Commission voted to change the status of G. 

polyphemus to “threatened” (Jones 2006). This status will come into effect when a 

management plan is voted on in September, 2007 (J.A. Moore, pers. comm.). The 

decreasing population of gopher tortoises is a cause for concern, not only for the sake 

of the tortoises, but for the ecosystems in which they live. The burrows that are dug 

and abandoned by Gopherus polyphemus are used by many other species such as 

mice, burrowing owls, foxes, frogs, and more (Ernst et al. 1994). Without the 

tortoises to create burrows, the other animals that use the burrows will begin to suffer. 

Threats to the Tortoise: Reasons for the plight of this tortoise are numerous. 

One of the most critical problems is the development of the tortoise’s habitat by 

humans. An associated problem is the increased amount of roads and traffic in areas 

where the tortoises live, leading to a spike in tortoise deaths as road kill (Wahlquist 

1991). Humans are the worst predators of the tortoises, whether they are capturing 
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tortoises for food or the pet trade, or driving the cars that often kill tortoises on the 

roads (Ernst et al. 1994). When a tortoise feels threatened, it will withdraw into its 

shell, pulling in its head, neck, and legs for protection. Because of the physiology of 

the tortoise, it cannot breathe while withdrawn, so the animal cannot stay inside its 

shell indefinitely. It can, however, usually stay withdrawn long enough to cause the 

potential predator to lose interest and leave the tortoise in peace (Pough et al. 2005). 

Imported red fire ants (Solenopsis invicta), however, are a dangerous predator to both 

hatchling and adult tortoises. Unfortunately for the gopher tortoise, withdrawing into 

its shell fails to protect against the ants, which can then sting the tortoise to death 

(Wetterer and Moore 2005). In some areas, an upper respiratory tract disease (URTD) 

has also been affecting gopher tortoises. This disease does not appear to be 

immediately lethal, so the tortoises have more time to spread it to their neighbors. 

URTD acts as a sort of “walking pneumonia,” weakening the tortoises. However, 

several tortoises are known to have lived with the disease for many years, and some 

have even recovered (J.A. Moore, pers. comm.). It is believed that URTD was 

originally introduced to wild populations from captive tortoises that were infected and 

later released. In recent years, the infection has spread to tortoise populations in many 

areas (McDougal 2000). 

Hatchling Mortality: High rates of hatchling mortality are another factor in 

the decline of gopher tortoise populations. G. polyphemus has a low reproductive rate 

to begin with, because the tortoises do not mature until they are between 10 and 21 

years old. In the population used for this research, growth rings indicated that 

reproduction usually begins between the ages of 12-13 years for males, and 14-15 
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years for females. The gopher tortoise normally lays an average of about 5-6 eggs 

once per year (Carr 1952). Even before hatching, the tortoise eggs are at risk of being 

eaten by raccoons and other predators, and many of the eggs that escape predation do 

not hatch. After hatching, the young tortoise must be able to dig its way out of the 

nest, a process which claims the lives of some hatchlings. Those that survive this far 

must then avoid being attacked by fire ants, raccoons, foxes, and other hungry 

animals, while also staying away from roads, fires, and holes. Overall, only about 1 in 

every 30 hatchlings lives to be two years old (Epperson and Heise 2003).  
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Chapter 2: The Gopher Tortoise Population of the Abacoa Greenway 
 

Site Description: The Abacoa Greenway, located in Jupiter, Florida, is a 260- 

acre tract of protected land that is integrated into the community as numerous sections 

of natural habitat in close proximity to developed land (Blubaugh 2006). The county 

has made efforts to remove invasive plant species, such as Brazilian Pepper (Schinus 

terebinthifolius) and Melaleuca (Melaleuca quinquenervia). The result is that most of 

the Greenway consists of pine flatwoods habitat with wet basin areas that serve as 

part of the water management system interspersed throughout. Each segment of the 

Greenway is enclosed by 4-foot high chain link fences that extend several inches 

underground in an attempt to keep animals such as cats and dogs out while keeping 

native species such as the gopher tortoise in the preserve (Blubaugh 2006).  

Importance of Fire: The gopher tortoise prefers to dig its burrows in the 

sandy soil of the pine flatwoods habitat and grazes on the grass and small shrubs 

native to this ecosystem. Without fires, the burrows become overgrown and 

inhospitable, grasses are pushed to the outer limits of the area, and sunny spots for 

basking become harder to find. Unfortunately, because the Abacoa Greenway is so 

close to residential and commercial areas, fires are prevented. Even controlled burns 

are not used because of the danger inherent in them. As a result, the Abacoa 

Greenway has not been burned at least since its establishment in 1992 (Blubaugh 

2006). The saw palmettos have expanded, eliminating much of the gopher tortoise 

habitat and forcing them to relocate to the edges of the Greenway.  

Mowing: In an attempt to simulate the effects of a brush fire without 

endangering surrounding developed areas, reduction mowing has been done in 
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several sections of the Abacoa Greenway. This technique involves the use of heavy 

equipment to clear cut areas overgrown by saw palmettos and other low-growing 

plants. Although the pines and other trees are left standing, the other plant matter is 

cut down and left covering the ground. While the reduction mowing cannot mimic the 

high heat generated by a fire, it does help to reduce the biomass and overgrowth of 

the shrubs and palms (Blubaugh 2006). Range VIa of the Abacoa Greenway, the 

section in which this research was conducted, underwent reduction mowing in 

October, 2006. The process covered many of the gopher tortoise burrows with cut 

vegetation, but tortoises inside these burrows were able to dig out. The workers were 

careful to avoid the marked burrows, but some burrows may have been accidentally 

collapsed by the heavy machinery. However, the mowing restored access to many 

burrows that had become covered and surrounded by saw palmettos, preventing 

tortoises from using them (J.A. Moore, pers. comm.). 

Research in the Greenway: The population of gopher tortoises in the 

Greenway has been the subject of many research projects and ongoing study. 

Currently, over 128 tortoises have been marked in Abacoa Range VIa, although some 

of these individuals have moved to other areas. These markings are numbers drawn 

above each leg on the carapace in yellow paint marker and on the plastron in black 

marker. Each time a tortoise is captured for research or observation, its numbers are 

refreshed and it is usually weighed, measured, and checked for signs of illness before 

being released. In addition to marking the tortoises, many of the burrows are also 

numbered, mapped, and marked with plastic flags. Which tortoises are found at which 

burrows is also recorded to make it easier to locate a particular individual. Research 
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on the gopher tortoises in the Abacoa Greenway includes several thesis projects on 

issues such as the incidence of Upper Respiratory Tract Disease (URTD) and the 

home ranges of tortoises (Karlin 2002, 2005, Szabo 2005, Thomasson in prep, Del 

Signore in prep).  

Problems of the Greenway: While the Abacoa Greenway is an important 

habitat for G. polyphemus and many other species, it also has its problems. Because 

of its proximity to roads and developed areas, road kill is a problem for the animals 

living there. Although fences surround the land, they only reach a few inches into the 

soil, and the gopher tortoises are capable of digging underneath them. The shape of 

the Greenway is also something of an issue. By its very nature, the Abacoa Greenway 

is made up of narrow strips of land with a large perimeter-to-area ratio. Because of 

this, much of the area is “edge,” in contrast to interior land surrounded by preserved 

land. The “edge effect,” which refers to how edge land is more disturbed than interior 

land, can be seen in the Greenway. Species that prefer disturbed land, such as the red 

imported fire ant (Solenopsis invicta), have more space to live in areas with a large 

perimeter-to-area ratio. Gopher tortoises living in burrows near the edges of the 

Greenway often have problems with these ants invading their burrows and stinging 

them (Wetterer and Moore 2005).  

  Predators such as cats and dogs can also get into the Greenway from the 

residential areas nearby, and may contribute to the nest depredation and hatchling 

mortality rate of the gopher tortoises which is already high due to natural predators 

(Epperson and Heise 2003). Coyotes and foxes pose a large hazard to hatchlings and 

young tortoises as well (Moore et al. 2006). URTD is another threat to the gopher 
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tortoise population. This disease appears to be easily spread between members of the 

species. In the Jupiter area, many people who find a gopher tortoise along the road or 

on a piece of land that is about to be developed will move the tortoise to the Abacoa 

Greenway. Although their concern is commendable, this practice has led to a large 

population of G. polyphemus in a restricted area. Because of the highly contagious 

nature of the disease, the relatively high density of tortoises in the Greenway probably 

facilitates the spread of URTD between individuals (Berish et al. 2000). 

Among the worst predators of the gopher tortoise are humans. Although G. 

polyphemus is a threatened species in Florida, and is protected as such, stealing 

gopher tortoises for the pet trade is not unheard of. Even more common is the taking 

of tortoises for use as food. All of these factors are contributing to the decline in the 

numbers of gopher tortoises. It is thus important to understand the ecology and issues 

facing this species so that it can be better conserved in the future. 
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Chapter 3: Breeding Season and Fecundity of G. polyphemus in South Florida 

Introduction 

The gopher tortoise, Gopherus polyphemus, is a threatened species native to 

the southeastern United States. The breeding season of G. polyphemus is reportedly 

from April to June. However, out of season hatchlings in Jupiter, Florida, suggest that 

in South Florida, the very southernmost part of the gopher tortoise’s range, the 

warmer climate allows a longer period of reproduction or a year-round breeding 

season. According to Iverson (1980), the gopher tortoise in North Florida mates 

during the months of April and May, and lays a single clutch of eggs each year in 

May or June. A paper by Butler and Hull (1996) summarizes data from eight studies 

on gopher tortoise reproduction, seven of which found no eggs laid until mid-May to 

June. One study, conducted on Sanibel Island, found eggs in mid-April (McLaughlin 

1990 in Butler and Hull 1996). After ~90 days, the eggs hatch, usually during August 

and September. Iverson’s findings are usually believed to apply to all gopher 

tortoises, although Iverson states that the reproductive biology of tortoises from South 

Florida may be different from those he studied (Iverson 1980). This possible 

difference could be due to the fact that the climate in South Florida is much warmer 

and more conducive to reproductive activity than it is in other parts of G. 

polyphemus’s range. Moore (pers. comm.), who has been studying gopher tortoises in 

South Florida for the past seven years, has observed members of the population of 

tortoises in the Abacoa Greenway engaging in courtship behavior throughout the 

entire year. He has also found hatchlings and predated nests out of season during 

months such as October and January (J.A. Moore, pers. comm.).  
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These discrepancies led Szabo (2005), to investigate the breeding patterns of 

G. polyphemus in South Florida. Hypothesizing that South Florida’s warm climate 

could allow an extended breeding season, or even year-round reproduction, Szabo’s 

research involved catching female tortoises and X-raying them to determine the 

presence or absence of calcified eggs in the reproductive tract. Her research spanned 

the months from June to November, 2005, and failed to find eggs inside any of the 

female tortoises, seemingly confirming a lack of reproduction during those months 

(Szabo 2005).  

This project built on Szabo’s (2005) research, as female tortoises living in 

South Florida were captured and X-rayed to identify calcified eggs inside the tortoise. 

In contrast, however, this research took place during the months of October, 2006 and 

April, 2007. The X-rays done in October were taken to further test the possibility of 

an extended or year-round breeding season. The reduction mowing that took place 

around this time led to a disruption in research because of the disturbance to the area. 

The tortoises were frightened by the heavy equipment and remained in their burrows 

for some time; a few individuals probably had to dig their way out of the vegetation 

that covered the entrance to their burrows. After the initial disturbance, the tortoises 

were able to move back into areas that had previously been overgrown. The result 

was a shuffling of tortoises between burrows, making it difficult to find individuals. 

The winter was very dry, leading to a drought so severe that many counties imposed 

water restrictions in 2007 to conserve water (King 2007). This, in combination with 

the reduction mowing, reduced the forage available to the tortoises in the area, once 

again scattering individuals. Although capturing and X-raying females was delayed 
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due to the tortoises movements and the fact that their new locations needed to be 

documented, some courtship activity was observed in the Greenway during the winter 

months. 

The month of April is when published literature states that G. polyphemus 

begins mating and laying eggs (Ernst et al. 1994). The beginning of April is slightly 

earlier than eggs were found in gopher tortoises in more northern regions, but is not a 

great deal earlier. Therefore, the X-rays taken in April, 2007 could not offer much 

information about an extended breeding season in the South Florida population of 

tortoises. Because of this, data collected during April was used to determine the 

fecundity of the tortoises in the Abacoa Greenway. This information is important for 

several reasons. First, the number of eggs seen in an X-ray will show how many eggs 

are actually being laid, something that is difficult to determine after laying due to nest 

depredation. Second, although estimates of clutch size exist, they vary wildly. Iverson 

(1980) states that 1-9 eggs are usually laid, but other authors have claimed that eggs 

are laid singly or that clutches may include up to 30 eggs (Carr 1952, Hutt 1967 in 

Iverson 1980). The average clutch size is generally believed to be 5-6 eggs (Butler 

and Hull 1996). 

The use of X-rays in this research was decided upon because it offers the 

unique opportunity to visualize and even count the eggs that are to be laid without 

seriously disturbing the female tortoises. Counting the eggs before they are laid also 

eliminates the problem of predators eating eggs before they are found and recorded 

by researchers. This method has been proven effective for use on tortoises by 

researchers in other parts of the state, providing data on a population in a different 
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region similar to that which I collected on the tortoises in South Florida (Colson-

Moon 2003). 

Because of the field observations of out-of-season hatchlings and depredated 

nests in the Greenway, this research attempted to show evidence for tortoise 

reproduction outside of the documented breeding season. X-rays were taken during 

the month of October, 2006 for this purpose. The X-rays conducted during April, 

2007 provide data on the numbers of eggs laid during the generally accepted period of 

reproduction. The fecundity of the gopher tortoise is intimately linked to the species’ 

potential for recovery from its population decline in recent years. Determining the 

fecundity and breeding season for this South Florida population will provide valuable 

data for conservation efforts. Knowing the time of the year during which reproduction 

is occurring can prove useful for future researchers who want to know the best times 

of the year to observe gopher tortoise hatchlings. The fecundity data can be used to 

determine whether the populations of G. polyphemus are capable of replenishing 

themselves, and may be needed should the establishment of a captive breeding 

program ever be necessary. Public education is another area where this information 

may be useful, so that people can be made aware of the tortoises and their nests, and 

know when they need to be careful of nests and hatchlings.  
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Materials and Methods 
 

 The gopher tortoises used to conduct this research were residents of Range 

VIa of the Abacoa Greenway system in Jupiter, Florida. This tract of land is about 23 

acres in size, and consists mainly of pine flatwoods habitat. This part of the Greenway 

is home to a population of about 70 tortoises which have been numbered and whose 

burrows have been extensively mapped. Records have been kept over the past seven 

years to track which tortoises use which burrows; this made it much easier to locate 

the females. The older, larger females were sought out, as the males prefer to visit and 

mate with these females. 

 Several trips were made to the Greenway to capture and X-ray tortoises. 

Research was begun in October, 2006, when two female tortoises were X-rayed to 

look for out-of-season reproduction. Unfortunately, however, this tract of land was 

mown in October in an attempt to rejuvenate the habitat by killing off the low-

growing vegetation—especially the saw palmettos—mimicking the effects of a fire. 

Because the Greenway is surrounded by residential areas, the controlled burns needed 

to maintain the pine flatwoods were not a viable option. Thus, the mowing operation 

was used as an alternative. The heavy equipment that was used generated enough 

noise and vibrations to keep the tortoises confined to their burrows for some time. 

Even after the mowing was completed, many of the tortoises were cautious and 

remained underground for several days. Also, the cut vegetation covered over many 

of the burrows, making them inaccessible, although the tortoises in covered burrows 

were able to dig their way out. All of this disturbance made it impossible to capture 

and X-ray tortoises for a period of several weeks. After this, the weather began to 
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cool off, causing the gopher tortoises to become less active and remain in the burrows 

for longer periods. The combination of circumstances led to the postponement of 

further research until the beginning of April, 2007. In April, two trips were made to 

the Greenway. The first of these was on April 7, 2007, when six female tortoises were 

captured and X-rayed. The second was on April 21, 2007, and four more females 

were X-rayed. 

 The capturing and X-raying of the female tortoises was done in three trips to 

the Greenway. The tortoises that were used were either found outside of their burrows 

or were removed from them. Burrows that were known to be used by females were 

checked to see if a tortoise was inside. The females that were in their burrows were 

coaxed out by shining a flashlight down the tunnel or by inserting a stick and gently 

tapping on the carapace of the tortoise. These techniques induced the females to move 

up the tunnel to investigate the intrusion. When they came close enough to the 

surface, they were captured by grabbing one of the legs and carefully pulling the 

tortoise out of the burrow. Once the tortoises were captured, measurements were 

taken of their carapace length (CL), plastron length (PL), carapace width (CW), and 

shell height (SH) using a set of calipers. These dimensions were recorded, along with 

the tortoise’s weight in kilograms, measured with a portable hanging scale. The 

overall health of the tortoise was also observed, looking especially for symptoms of 

URTD. In some cases, the age of the tortoise was estimated by counting the number 

of annular rings on the scutes of the tortoise’s shell. After recording this data, the 

captured female tortoise was placed in a plastic bin and transported to the car. Up to 

four tortoises were taken at a time, but were kept in separate bins to prevent the 
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transmission of any diseases. On the first trip, open bins were used, but it was found 

that the tortoises became restless in these. Therefore, on subsequent days, plastic bins 

that had been spray-painted gray and had lids were used, as the darkness helped to 

keep the tortoises calm during transportation.  

The tortoises in their bins were driven to the Bluffs Animal Hospital in 

Jupiter, FL, a distance of about five miles, or a ten-minute trip. Once at the animal 

hospital, the tortoise was placed on its back on the X-ray table. Although the tortoises 

held fairly still, a strip of surgical tape was placed across the plastron to hold the 

tortoise in place. Using the measurements taken earlier, the machine was set at the 

correct power and a single film was taken. After replacing the tortoise in the bin, the 

X-ray film was developed, checked to see if eggs were present, and filed. The entire 

process took about 10 minutes for each tortoise. If the machine used to develop the 

films was not turned on upon arrival, it took about 15 minutes to warm up. This time 

was used to take as many X-rays as possible, and these were all developed after the 

machine was ready.  After cleaning up the X-ray machine with a disinfectant solution, 

the tortoises were transported back to the Greenway and released at their burrows. 

 

 

 

 

 

 

 



Results 

The X-rays taken in October, 2006 did not show any eggs present. However, 

courtship behavior was observed by Dr. Moore (pers. comm.) three times in 

November, 2006, four times during December, 2006, as well as once in January, 

2007, and five times during February, 2007.  In addition, we found two young 

hatchlings inside small burrows in the Abacoa Greenway during April, 2007. Their 

yellow coloration and size indicated that they were only a few months old, although 

no nests were directly observed earlier in the year. Of the 10 tortoises X-rayed in 

April, 2007, 7 were gravid (Table 1). The numbers of eggs visible were 8, 9, 9, 10, 

11, 11, and 13 (mean ± 1 SD = 10.1 ± 1.5). 

Table 1. Data from 11 Female Gopher Tortoises (tortoise # 10 measured twice)  
 
Date ID # Eggs Weight (kg) CL (mm) PL (mm) CW (mm) SH (mm)

10/31/2006 10 0 6.21 315 317 223 134 

10/31/2006 101 0 4.37 330 326 235 130 

4/7/2007 Y 0 4.92 312 315 219 134 

4/7/2007 6 0 6.32 320 317 227 130 

4/7/2007 14 13 6.83 324 323 236 142 

4/7/2007 47 11 6.9 329 330 245 134 

4/7/2007 71 9 4.93 304 311 226 119 

4/7/2007 21 8 5.62 301 300 222 126 

4/21/2007 75 0 6.59 324 327 245 134 

4/21/2007 43 11 5.94 319 330 233 130 

4/21/2007 10 10 6.38 315 317 223 135 

4/21/2007 11 9 5.69 300 307 232 128  
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Discussion 

 Because the X-rays taken in October, 2006 did not reveal the presence of any 

eggs, it cannot be conclusively proven that reproduction was occurring during the fall 

months. The observations of courtship behavior in the months of November, 

December, January, and February, however, suggest that out-of-season reproduction 

is a definite possibility. The two young hatchlings found in April also offer more 

circumstantial evidence for an extended or year-round breeding season. If these 

hatchlings were a few months old, allowing for a 90-day incubation period would 

mean that they were laid as eggs sometime in the fall of 2006, well outside the 

reported nesting season. 

The X-rays performed in April, 2007, revealed the presence of eggs in 7 of the 

10 females that were captured. Although April is near the time when the gopher 

tortoise is known to reproduce, it is slightly early for calcified eggs to be found, 

especially since some of the gravid females were found in the first week of April. 

Two studies that involved X-raying tortoises from populations in Central Florida did 

not find shelled eggs inside the females until mid-May or June (Diemer and Moore 

1994, Colson-Moon 2003). Another study, conducted in Southwestern Georgia, found 

that nesting peaked during the month of June (Landers et al. 1980). Thus, it appears 

that this South Florida population may be breeding slightly earlier in the spring than 

tortoises from more northern areas.  

Another interesting result from the data collected in April, 2007 was the 

clutch sizes of the seven gravid females. It is noteworthy that the largest clutches 

tended to be found inside the largest females X-rayed. All seven tortoises contained 
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more eggs than the generally reported average of 5-6 eggs, with the smallest clutch 

containing 8 eggs. The average of the four clutches was 10.14 eggs, which is high 

compared with the findings of other studies. The 23 nests studied by Butler and Hull 

(1996) in Northeastern Florida contained from 3-8 eggs, with an average of 5.04. 

Other studies conducted in North-Central Florida and Southwestern Georgia found 

clutch sizes ranging from 3-10 (average 5.8) and from 4-12 (average 7) respectively. 

Although the sample size for this study was fairly small, the average clutch size was 

significantly larger than others reported in the literature. In addition, the largest 

number of eggs present in a female, 13 eggs, was larger than the largest clutches 

reported in the studies mentioned above. A possible explanation for the larger clutch 

sizes in South Florida is the greater supply of forage available due to the longer 

growing season. Thus, because of the warm climate, the tortoises may have more 

energy to devote to reproduction.  

One additional finding is that 3 of the 7 gravid females identified in this study 

tested positive for URTD in the past (J.A. Moore, unpublished data). These 3 females 

include the tortoise marked as T14, whose X-ray revealed the presence of 13 eggs, the 

largest clutch found in this study. It is thus important to note that even females 

infected with URTD are capable of reproduction, making them critical members of 

the population. 
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