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Gopherus polyphemus populations are diminishing throughout their range due
to urbanization, fragmentation, and poor management of habitats. Increased
population densities, poor habitat quality, and lack of fire may influence disease
transmission. Parasite roles within wild tortoise populations are largely unknown,
despite evidence these pathogens may pose health risks. This study provides a
baseline of gopher tortoise endoparasites across South Florida and reports on how
varying environmental and tortoise characteristics may affect endoparasite species
prevalence, approximate loads, and overall distributions. Tortoise fecal samples were
taken from five differing SF habitats. Seven species of intestinal parasites were
discovered from 123 tortoises. Identified parasites include endo-helminths such as
cyathostomes, pinworms, ascarids, flukes, and protozoans including Eimeria,
Cryptosporidium, and Amoeba species. Significant differences in parasite prevalence
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and loads were seen between sampling years, seasons, size classes, and sites,
however, overall parasite distributions suggest parasitism remains relatively
ubiquitous throughout most host and site characteristics.
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INTRODUCTION
The Gopher Tortoise
The gopher tortoise, Gopherus polyphemus, is taxonomically classified in the
family Testudinidae which contains twelve genera and approximately 50 extant tortoise
species (Ernst and Barbour 1989). North America is known to have at least four tortoise
species, which include the Desert Tortoise (Gopherus agassizii), the Texas/Berlandier’s
Tortoise (Gopherus berlandieri), the Bolson Tortoise (Gopherus flavomarginatus), and
the Gopher Tortoise (Gopherus polyphemus) (Rostal et al. 2014). Recently, however,
some herpetologists have suggested splitting the Desert Tortoise into three species: the
Mohave Desert Tortoise (Gopherus agassizii), the Sonoran Desert Tortoise (G.
morafkai), and the Sinaloan Desert Tortoise (Gopherus evgoodei) (Rostal et al. 2014,
Edwards et al. 2016). The gopher tortoise is endemic to the southeastern region of the
United States (Rostal et al. 2014). Francois-Marie Daudin first described this species in
1802. Daudin named the gopher tortoise after “Polyphemus”, the mythological “cavedwelling giant in the Odyssey” (Daudin 1802; Diaz-Figueroa 2005). The derivative of
Gopherus stems from the word gopher, which was formerly used to describe burrowing
animals (Daudin 1802). In fact, gopher tortoises are the only known terrestrial turtle to
have true “fossorial specialization”; adapted to digging and spending a majority of their
time underground (Hildebrand 1985; Rostal et al. 2014).
Gopher tortoise life history is characterized by low fecundity (average clutch
size about 6 eggs), a lifespan of roughly 40-60 years, and reaching sexual maturity
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around 10 to 15 years of age in northern Florida (Diemer 1989). In South Florida, G.
polyphemus reaches sexual maturity at 7-9 years of age and fecundity is slightly
higher at 10 eggs per clutch (Moore et al. 2009). These chelonian species inhabit
pine, oak, and peripheral (ruderal) communities with low vegetation (roadsides,
fencerows, grove edges, railroads) (Diemer 1986) and generally reside in dry, sandy
soil environments (Diemer 1989; Mushinsky et al. 2006). Gopherus polyphemus is
herbivorous, primarily known to feed on plants such as bluestem grasses, panicum
grasses, St. Augustine grass, silk grass, and most commonly, wire grass (Macdonald
& Mushinsky 1988). A gastrointestinal tract examination of wild gopher tortoises
revealed a wide array of grasses, some fruiting plants (blackberries, saw palmetto
berries, and gopher apple), bones, charcoal, and insect chitin (Carr 1952). Open areas
are a necessary component of gopher tortoise habitat for both foraging and basking
in the sunlight. Typically, mounds of excavated soil are apparent where tortoise
populations are present (Kinlaw and Grasmueck 2012). Well-drained soils (typically
sands) are needed to dig these burrows (Auffenberg and Franz 1982), although
gopher tortoises are also found dwelling in soils that have higher clay contents.
This medium-sized tortoise meets the criteria for an “ecosystem engineer”,
defined as an organism that can physically modify, maintain, and create habitats via
biotic or abiotic materials and, in turn, moderate other species resource availability
(Jones et al. 1994; Kinlaw and Grasmueck 2012). Gopher tortoises construct
extensive burrows that provide shelter and protection to more than 350 commensal
species (complete list in Jackson et al. 1989), many of which are also protected by
federal and state law (Schwartz and Karl 2005). The creation of these burrows also
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sets into motion a type of “burrowing cascade” in which other subsurface dwelling
vertebrates and invertebrates reengineer the initial structure with the addition of si deburrows and pockets (Kinlaw and Grasmueck 2012).
Due to the benefits that they provide to more than 350 vertebrates and
invertebrates, G. polyphemus is also recognized as a keystone species, directly
affecting the biodiversity and health of the ecosystems it inhabits (Eisenberg 1983).
In addition, due to the large amount of soil brought to the surface during burrow
excavation, tortoises create a small-scale disturbance within the landscape. This
minute understory alteration modifies the plant population structure as new soil may
bring increased levels of nutrients to the surface (Kazor and Harnett 1990). Gopher
tortoises also aid in seed dispersal, depositing and fertilizing seeds throughout the
landscape as they pass through their feces (Carlson et al. 2003). Due to these factors,
G. polyphemus burrows exemplify areas termed: “localized ecological hotspots”
(Kinlaw and Grasmueck 2012).

Habitat Declination and Limited Dispersal
Unfortunately, due largely to loss of natural habitat as a result of increased
urbanization, conversion of land to agriculture, and lack of proper management (i.e.
fire), the gopher tortoise has been listed as threatened throughout their native range
(Louisiana, Mississippi, Alabama, Georgia, South Carolina, and Florida) ( Gopher
Tortoise Council [date unknown]a). Extensive habitat loss can lead to habitat
fragmentation and isolation of populations, restricting the available space in which
the populations may disperse (Ashton and Ashton 2008; Scholl et. al. 2012).
Additional factors that have contributed to population declines include, but are not
3

limited to: illegal removal of tortoises from their habitats to keep as house pets,
harvest for food, mortality due to vehicular accidents on roads and highways,
predation, and disease (Gopher Tortoise Council [date unknown]b).
Over the past century, Florida’s “upland habitats”, which sustain nearly all of
the states gopher tortoise populations, have experienced over 80% declines (Davis
1967; Kautz, 1993 McCoy et al. 2006). Agricultural modifications of natural
environments and the rise of urban land-use (roads, buildings, parking lots, etc.) have
resulted in habitat loss and fragmentation (Tigas et al. 2002), with these fragments
often surrounded by a “mosaic of development” (Diemer 1987; McCoy et al. 2006).
These anthropogenic modifications affect the populations of both animals and plants,
and how they adapt and mature. The movement and migration patterns of animals are
also altered by suburban development, road construction, and agricultural growth
(Hanski 1997; Bunnell 1999), as well as limiting food availability and space to create
new burrows.

Population Density and Disease Transmission
Because of limited dispersal capabilities, accompanied by decreased habitat
size, populations may become overcrowded. Unfortunately, there is much dispute
over the required Minimum Reserve Size (MRS), also referred to as minimum patch
size, to sustain gopher tortoise populations and a universal consensus has yet to be
reached. MRS relies on various environmental factors (e.g. habitat type, landscape
around patch, and patch quality) and, thus, the challenge of determining the MRS in
more degraded environments increases (McCoy and Mushinsky 2007). The Florida
Fish and Wildlife Conservation Commission (FFWCC) has recognized two to four
4

tortoises per acre as the standard space that a G. polyphemus population needs to
remain healthy (FWC 2008). However, per the 2013 Gopher Tortoise Minimum
Viable Population and Minimum Reserve Size Working Group Report prepared by
the Gopher Tortoise Council, the maximum number of gopher tortoises is one
tortoise per acre based on a minimum viable population of greater than or equal to
250 adults on a MRS of approximately 250 acres (Gopher Tortoise Council, 2013).
McCoy and Mushinsky (2007) suggest that the minimum patch size required to
maintain a viable population of around 110–310 individuals is approximately 100
hectares (~247 acres), however, this estimate explicitly applies to populations where
dispersal is confined to a certain, particularly disturbed, area. In unconfined
populations, this minimum patch size may be greater (McCoy and Mushinsky 2007).
Multiple studies have been conducted on the effects of population density on
various features of gopher tortoise land use such as movement patterns, home range,
and behavior (Burke 1989; Breininger et al. 1991; McCoy and Mushinsky 1992,
Diemer 1992; Eubanks et al. 2003). Widespread density dependence of G.
polyphemus movement was recently reported in a study conducted in 2012 (Guyer et
al. 2012) at six sites throughout Georgia, Mississippi, and Alabama. They described
a linear relationship between tortoise density and burrow density. Home range
overlap was also shown to increase with increasing tortoise densities, as well as
home range sizes being reduced in high-density areas. The number of tortoises
sharing burrows was also positively correlated with tortoise density (Guyer et al.
2012). If populations exceed the amount of space needed to sustain a healthy
population, a variety of other negative health consequences could arise including
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higher infection rates as well as disease transmission and susceptibility (Chandler
1961; Olsen 1986; Satorhelyi and Sreter 1993; King 2005).
Lack of fire is a major contributor to the decline of suitable habitat. Fire plays
a crucial role in reducing canopy cover and, if absent, can limit low herbaceous
growth due to an increase in shaded environments (Hermann et al. 2002; McCoy et
al. 2006; Guyer et al. 2012). The use of fire may also reduce parasite numbers, since
fire is known to control various arthropods such as ticks (Hoch et al. 1972; Cully
1999). Areas lacking fire will undoubtedly have increased vegetation/canopy cover,
allowing less sunlight (UV radiation) to reach the ground, and providing the moist,
dark conditions ideal for increased parasite egg/larval survival. Ultraviolet radiation
is known to be effective against various protozoal and bacterial cysts, nematode eggs
(affecting some more than others) and most larvae (Dijk et al. 2009). Sunlight
penetration to ground may also aid in reducing soil moisture and increasing
temperatures enough to inactivate parasites eggs and larvae.

Parasites and Conservation
Recently, the role of pathogens has garnered more attention in conservation
biology (Perez-Heydrich et al. 2012) as there has been growing evidence that infections
and pathogens pose an increased health risk as habitats shrink and host populations
become more concentrated (Chavarri et al. 2012). Because the lifecycle of many parasite
species (i.e. endoparasites) require them to exit the host (larvae or oocysts) via the host’s
feces before infecting a new host and progressing to a mature, adult stage (Garcia and
Bruckner 1997), an increase in host density leads to an increase in parasites and the
probability of transmission (Croll 1966). Increased host densities may also allow for
6

more frequent range overlap, and thus a higher chance of encountering other’s feces due
to the greater number of individuals defecating more often in a confined space.
Combined, these factors can cause disease in populations that are typically healthy when
found in more suitable habitats with the appropriate management. Since confined habitats
tend to be located near human settlements, this increased disease risk to wildlife is shared
with neighboring human populations. Thus, continued urbanization emphasizes the need
for future research concerning wildlife disease in urban landscapes for both conservation
and human health (Brearley et al. 2013).
Unfortunately, the manner by which parasites and disease control tortoise
populations is poorly understood. The common practice of translocation and/or release of
captive tortoises into wild populations may introduce new infections and spread disease
(Diaz-Figueroa 2005). This is especially concerning in areas where urbanization isolates
populations and brings about the potential for subsequent crowding, such as in the case of
G. polyphemus populations. The need for evaluation of infections is even greater in
populations of G. polyphemus that dwell in shrinking areas with poor habitat
management.
Parasitology
Before proceeding, I would like to introduce an idea from N. A. Croll (1966) that
should be kept in mind throughout the entirety of this manuscript. Although it is a natural
human tendency to divide the unknown into specific categories to better understand
complex associations, this process can lead to the imposition of distinctions where no
distinction may exist, creating artificial and/or misleading boundaries (Croll 1966). This
is too often the downfall of scientists attempting to understand associations between
7

organisms (i.e. host-parasite) since their relationships are context dependent, and can
have an unlimited range of possible associations, or dependences (Croll 1966). An
example can be seen in the original classification of ruminant protozoa and bacteria as
parasites; however, the increased understanding refuted this claim and they are now
known to be essential to the digestive processes of these organisms (Croll 1966).
Symbiosis translates to “living together”, and by definition all animal associations are
symbiotic (Croll 1966). This leads us to the problem of defining parasitism. When
examining associations of organisms, “absolute definition” is ill-advised and all
transitional associations must, too, be measured. To truly grasp the concept of parasitism,
one must be able to understand the ambiguity of its definition while acknowledging the
pathophysiological problems they may cause (Croll 1966).
The most widely used and commonly accepted definition of a parasite is an
organism that exists in (endoparasite) or on (ectoparasite) another organism; the host.
Parasites will gain their nutrition from the host with which they will spend all, or a vast
majority, of their life (Mader 2006). Parasites may be plants, animals, bacteria, or viruses
and are not limited to a single taxonomic group. They must also, in some way, harm the
host (Croll 1966).
Depending on the species, parasites can complete their life cycles in two ways:
direct or indirect. Direct life cycles only require one host to perpetuate future generations,
although some may need to develop outside of the host in a free-living form before
becoming infective (Mader 2006). Indirect life cycles require more than one host (direct
and indirect) and the movement between them to complete their life cycle. Often, it is
required that the direct host consume the indirect host for transmission (Mader 2006)
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Over time, some parasite species may colonize or live in two types of hosts, the 1)
definitive host and the 2) intermediate host. The definitive host is where the development
of the sexually mature parasite occurs. The intermediate host (i.e. vectors and transport
hosts), which may not always be necessary, harbors immature parasites (Mader 2006).
Generally, parasite transmission into the host is via ingestion of the infective stage
of the parasite (eggs/first stage larvae for worms, cysts/oocysts for gut protozoans). The
direct host usually passes the infective stages via feces into the environment, and the next
host will ingest them (oral-fecal contamination) (Mader 2006). This period of living
independently of the definitive host (free-living or in an intermediate), preventing a
whole generation to be completed in a single individual, is hypothesized to be an
adaptation to avoid hyperinfestation, or overloading the host (Croll 1966).
Various structures are characteristic of parasites (i.e. hooks, claws, suckers,
spines). These are often necessary for ectoparasites and endoparasites to latch onto their
host, temporarily or permanently, by penetrating host tissues (Croll 1966). Once
established in or on a host, parasites tend to lose locomotive organs as they are carried.
This ensures the distribution of the parasite eggs and infective stages (Croll 1966).
The host is not limited to a single parasite species, and in fact may harbor a
diverse array of parasite species (Mader 2006). Parasitic effects on the host can vary from
nonpathogenic to disease causing, and thus form dynamic relationships that either result
in a passive coexistence, or severe disease that may eventually kill the host.
Unfortunately, little is known regarding reptile parasites and there is an even more
minuscule knowledge base on the complexity of their symbiotic relationships with their
hosts as to whether they are a disease-causing pathogen, or simply a “benign symbiont”
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(Mader 2006). On an evolutionary timescale, natural selection of parasites favors those
that cause little, to no host harm, so they can perpetuate their own existence (Mader
2006).
Gastrointestinal Parasites in Reptiles
Endoparasites are organisms that live inside of the host and range from pathogens
to harmless commensals. Focusing on the gastrointestinal tract, parasites may reside
anywhere in the oral cavity, esophagus, stomach, small intestine, cecum, and/or large
intestine (Mader 2006). In the small intestines, parasites can survive unattached within
the lumen, attached to the mucosa, and live extracellularly by penetrating the mucosa, or
intracellularly within the cells of the gut wall (Mader 2006). Furthermore, most host
organ systems contain their own parasites/parasite stages since the distribution of
parasites within the gut may rely on other parasites within the same microhabitat (Mader
2006).
For many endoparasite species, before they can infect a new host and mature to
the adult stage, their life cycle entails the necessary evacuation from the host (in a larval
or cystic stage) via the host’s excrements (Garcia and Bruckner 1997). Stool contains the
most concentrated mass of parasite eggs and larvae to be found outside the host (Croll
1966). Diagnosis of parasitism can only be done via directly identifying the parasite or
ova, since few exhibit parasite specific symptoms (Wilson and Carpenter 1996).
A large variety of protozoan and metazoan parasites are found within the class
Reptilia, especially within their gastrointestinal tracts, however, their consequences to the
host are largely unknown (Diaz-Figueroa 2005). Almost every free-ranging reptile
contains some sort of parasite. Low parasite burdens may not cause significant host
10

health problems, but if present in higher numbers, can be damaging (Diaz-Figueroa,
2005).
Protozoa
Numerous Entamoeba spp. are described in all reptiles. Entamoeba invadens,
however, is the most generally considered disease-causing, gastrointestinal protozoa in
reptiles (Wilson and Carpenter 1996). Entamoeba invadens can cause rapid disease
outbreaks or exist in a suppressed state, and is associated with high mortality in snakes
and occasionally lizards. Wilson and Carpenter (1996) described Amoebiasis symptoms
which include lethargy, anorexia, and the passage of bloodied stool. These symptoms can
be seen in tortoises and turtles, but these species usually present as asymptomatic.
Entamoeba invadens cysts are shed in the feces and engulfed by the next reptile host
where they mature into trophozoites in the GI tract (Wilson and Carpenter 1996). It is
important to note that the normal gut flora of reptiles contains several commensal
amoebae species (Wilson and Carpenter 1996).
Flagellated protozoa, termed flagellates, are generally known to inhabit the
intestines of most healthy reptiles in low numbers (Wilson and Carpenter, 1996).
Consequently, there is difficulty in linking disease to flagellate presence found in fecal
samples. Abnormally high flagellate numbers can occur in concurrence with other factors
such as abnormally low temperatures, stressors, and previous infections (Wilson and
Carpenter, 1996).

Particularly in snakes and lizards, Leptomonas, Hexamastix,

Hypotrichomonas, Tetratrichomonas, and Tritrichomonas have been connected to
disease, while in tortoises, Hexamita sp. has prompted weight loss, increased lethargy,
and even death (Wilson and Carpenter, 1996).
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Reptile gastrointestinal coccidians include, but may not be limited to,
Cryptosporidium,

Eimeria,

and

Sarcocystis

(Wilson

and

Carpenter

1996).

Cryptosporidium is found in approximately 57 reptile species including snakes, lizards,
and tortoises (Donoghue, 1995; Rostal, 2014). Infections occur via the ingestion of
sporulated oocysts shed by infected individuals or by predation on infected individuals
(Wilson and Carpenter 1996). In snakes, C. serpentis infection indications include
stomach enlargement and inflammation, intestinal distress, loss of body mass, vomiting,
and edematous midbody (Wilson and Carpenter 1996). In a 2016 study, tortoises infected
with C. testudinis and C. ducismarci showed no symptoms (Ježková et al. 2016), while
other studies reported signs of weight loss, weakness, lethargy, pneumonia, depression,
lack of appetite, dehydration, diarrhea, and swelling of the head and neck when infected
with C. testudinis or C. ducismarci (Ježková ett al. 2016). Most of the earlier studies were
conducted using sick or weak turtles and it is speculated that symptoms may have been
due to the presence of additional pathogens or immunodeficiencies (Ježková et al. 2016).
Eimeria sp. resides in the gallbladder, bile ducts, and intestinal epithelium. This pathogen
can cause weakness, anorexia, weight loss, vomiting, and inflammation of the intestines
(Wilson and Carpenter 1996). Sarcocystis sp., found in snakes, lizards, and chelonians,
have an indirect life cycle where mammals and reptiles are the definitive host. Infections
generally resolve without treatment (Wilson and Carpenter 1996).
Ciliated protozoa, commonly referred to as ciliates, are also regularly found in
reptile gastrointestinal tracts. A frequently known ciliate that causes disease in reptiles,
and particularly common in tortoises, is Balantidium coli (Wilson and Carpenter 1996).
This ciliate has a direct life cycle and has the capability of causing severe colon
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inflammation, but may be found in the stool of healthy tortoises (Wilson and Carpenter
1996).
Metazoa
Metazoan gastrointestinal parasites include trematodes, cestodes, and nematodes.
Trematodes, also known as flukes, infect various reptiles and may have direct or indirect
life cycles. They can be found in various organ systems, including the intestinal tract.
Severe infections may cause anorexia, weight loss, dyspnea, uremia, and death (Wilson
and Carpenter 1996).
Numerous tapeworm (cestode) species have been discovered in the small
intestine, and other reptilian tissues. Reptiles may serve as the intermediate host or
definitive host (Wilson and Carpenter 1996). Many reptile cestodes are found in the order
Proteocephalidea, which are generally small and reside in the small intestine, having eggs
that are frequently expelled in the feces (Wilson and Carpenter 1996). Signs of severe
infections described by Wilson and Carpenter (1996) include loss of appetite, emaciation,
intestinal blockages, and death. Cestode species in the family Diphyllobothriidae in the
order Pseudophyllidea also infect reptiles. These cestodes are larger and eggs are also
excreted in the feces. In snakes, heavy infestations can cause regurgitation, frailty, and
emaciation. Tapeworms can also lead to damage that serves as an entrance for bacteria
(Wilson and Carpenter 1996).
Nematodes are common reptile parasites comprehensively including over 1,000
species (Anderson 1992, Wilson and Carpenter 1996). For most vertebrate intestinal
nematodes, both males and females reside within the gut with females laying eggs that
are excreted through the feces. For most species, eggs shed via feces, or developed and
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infective larvae are consumed by the next host, or larvae may penetrate host skin (Viney
and Lok 2011). Nematodes are normally detected in captive animals with high
infestations and simultaneous diseases (Wilson and Carpenter 1996). Their sizes differ
and they are most often located in the gastrointestinal tract, however, they can be found
in blood vessels and visceral organs (Anderson 1992; Diaz-Figueroa 2005). Nematodes
include pinworms and strongyles, which have direct life cycles, and ascarids,
acanthocephalans, spirurids, and filaroids, which have indirect life cycles (Anderson
1992). Pathophysiological signs may be difficult to distinguish, but may encompass
anorexia, anemia, regurgitation, bloat, and obstruction (Diaz-Figueroa 2005).
Oxyurids, also known as pinworms, are common reptile nematodes generally
found in lizards, turtles, and snakes. Adult oxyurids are small, usually pin-shaped, and
seldom considered pathogenic (Wilson and Carpenter 1996; Diaz-Figueroa 2005). It is
proposed that they are generally commensals that help “break up” feces within the gut
and prevent constipation (Telford 1981). Eggs, often embryonated, are excreted in the
feces. Severe pinworm infestations have been observed to affect the hibernation patterns
in tortoises, and caused intestinal blockage in an iguana (Wilson and Carpenter 1996).
There are numerous strongyles that infect reptiles (Wilson and Carpenter 1996).
Strongyloides is a genus that contains over 50 species of obligate intestinal parasites of
vertebrates (mammals, birds, amphibians and reptiles), however, most species are only
able to infect one, or very few, host species (Spear 1989; Viney and Lok 2011).
Strongyles contain a free-living adult generation and only adult females make up the
parasitic stages (Viney and Lok 2011). Parasite transmission is direct (larvae can
penetrate host skin or eggs/larvae are ingested) and the parasite is not required to go
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through its free-living stage (Viney and Lok 2011). In non-immunocompromised
individuals, Strongyloides infections cause little harm, (Genta and Caymmi Gomes 1989;
Grove 1989; Viney and Lok 2011) although, they can hinder the ability to uptake
nutrition (Stephenson et al., 2000). In unhealthy individuals, infections of strongyle
worms can spread into other organs (Grove 1989, Viney and Lok 2011). Strongyloides
can also cause diarrhea, anorexia, weight loss, and lethargy (Wilson and Carpenter 1996).
Ascarids, or roundworms, are capable of infecting all groups of reptiles. Adult
forms can reside in the esophagus, stomach, or small intestine and eggs are expelled in
the host stool (Wilson and Carpenter 1996). Symptoms may include vomiting, anorexia,
and in heavy infestations, intestinal blockages can occur with a high mortality rate
(Wilson and Carpenter 1996). These nematodes may also cause lesions when the larvae
move through the viscera, or when adults become rooted in the innermost layer of the
gastrointestinal tract (Wilson and Carpenter 1996).
Reptilian feces often contain artifacts from their diet (i.e. plant and invertebrate
fragments, prey parasite ova) (Wilson and Carpenter 1996). As a result, parasites that
normally belong to another host can be detected during fecal examinations. Many times,
these pseudo parasites may bear a resemblance to host parasite(s), and must be correctly
identified (Mader 2006).
Acanthocephalans, also known as spiny-headed worms or thorny-headed worms,
are generally found in reptile digestive tracts (i.e. snakes and turtles) (Wilson and
Carpenter 1996). These worms lack a digestive tract and have a proboscis covered in
spines at their front end, helping them attach to the host gut (Wilson and Carpenter 1996).
Invertebrates are the primary intermediate host for acanthocephalan worms, however,
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reptiles can also serve as intermediates for immature stages and can be found within the
mesentery or within the intestinal walls (Wilson and Carpenter 1996).

In various

reptilian studies, measurable clinical signs of disease are not present with
Acanthocephalans (Rataj et al. 2011) and are considered rare with adult or immature
forms of the worm (Wilson and Carpenter 1996).
Gastrointestinal Parasite Research in Tortoises
Numerous surveys of tortoise species (i.e. Testudo graeca, T. marginata, T.
hermanni, Agrionemys horsfieldi, G. agassizii, and G. polyphemus) have found various
endoparasites such as ciliate trophozoites and cysts, Entamoeba spp., and eggs and larvae
of many different nematode (i.e. oxyurids, ascarids, capillarids, and small strongyles)
(Satorhelyi and Streter 1993; Baker et al. 1998; Traversa 2008; Chavarri 2012; McGuire
et al. 2013).
To date, only six studies in Georgia and Louisiana on approximately 159
tortoises, have been conducted on G. polyphemus endoparasites showing the need for
further studies to characterize gopher tortoise parasites across their entire range (Walton
1927; Ernst et al. 1971; Petter and Douglass 1976; Lichtenfels and Stewart 1981; DiazFigueroa 2005, McGuire et al. 2013). These species included pinworms (Alaeuris sp. and
Tachygonetria sp.), capillarids, ascarids, strongyles (Chapiniella sp.), an unidentified
trichostrongyle, cestodes (Oochoristica sp.), an acanthocephalan (Neoechinorhynchus
pseudemydis), and the apicomplexan protists Eimeria paynei, and Cryptosporidium, and
possibly Entaomeoba sp. (Walton 1927; Ernst et al. 1971; Petter and Douglass 1976;
Lichtenfels and Stewart 1981; Diaz-Figueroa 2005, McGuire et al. 2013).
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The most recent G. polyphemus endoparasite survey of 117 tortoises from
eight counties in Georgia found tortoises infected with pinworms (Alaeuris spp.),
capillarids, ascarids, Chapiniella sp., as well as cestodes (Oochoristica sp.) and the
Apicomplexan protists Eimeria paynei, and Cryptosporidium (McGuire et al. 2013).
High variability of parasite prevalence in the Georgia populations studied by
McGuire et al. suggests more work needs to be done with many different tortoise
populations to understand parasite infection dynamics more thoroughly. This
research also suggested parasite transmission is likely dependent on tortoise density,
and thus, burrow location and distribution within sites may influence transmission
and this relationship should be examined in future studies (McGuire et al. 2013).
Unfortunately,

these

previous

studies

have

focused

G.

polyphemus

endoparasite identification efforts in more northern, temperate regions (Georgia and
Louisiana) - apart from the Oxyurid species identified in tortoises from Lake Placid,
Florida by Petter and Douglass (1976). Therefore, it is still unclear if gopher tortoise
populations in the more subtropical regions of their range (South Florida) will harbor
the same overall endoparasite species, and in the same prevalence, as other, more
comprehensive, surveys.
This geographically related parasitological information is important as
climate change is causing shifts in species geographic distributions and it is unclear
how populations and their parasitic symbionts may adjust/react to climate change.
Confounding this, numerous studies have projected that increasing temperatures can
intensify some disease incidences (Harvell et al. 2002; Patz et al. 2005; Welsh and
Drent 2015) and that climatic aspects (i.e. weather, temperature, precipitation, etc.)
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are the important influencers of disease transmission (Colwell and Patz 1998).
Furthermore, the genetic diversity of parasites, which is associated with disease
transmission intensities, may differ between endemic geographic regions (Patz et al.
2000).

Broader Impacts
Unless parasites are shown to have medical, economical, or conservation
importance, they are poorly studied, particularly wildlife parasites where baseline
data is minimal or absent for many species (Marcogliese 2004; Thompson et al.
2010; Nichols and Gómez 2011; Hartigan et al. 2013). Often, parasites that may
cause significant host health effects are only acknowledged once there has been a
decline in the host population or in conjunction with the disease screening in captive
breeding programs (Hartigan et al. 2013). Furthermore, increased tortoise densities
might be even more severe in the small urban fragments that gopher tortoises inhabit
in South Florida. These populations are few and far apart, often separated by urban
areas, which impedes their movement between small and isolated populations. It is
vital to collect intestinal parasite baseline data for these gopher tortoise populations,
as their populations are already in decline and face various environmental
challenges, many of which can influence parasitism and disease transmission.
Therefore, it is imperative that these populations are studied to establish a
baseline of intestinal parasites affecting tortoise populations across South Florida,
and to evaluate the effects by which various environmental and tortoise differences
may have on their endoparasites. For this reason, I selected four small, urban sites in
Palm Beach County and Indian River County, Florida, and a larger, more natural site
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in Martin County, Florida. This research will contribute to the general knowledge of
gopher tortoise intestinal parasites across their range by filling in the gaps of
knowledge regarding the endoparasites species present in South Florida and
providing comparative data for future research into endoparasite prevalence,
approximate loads, and distributions.
The objectives of this study are to:
1. Establish a baseline of gastrointestinal parasites within six tortoise populations
across five South Florida sites.
2. Evaluate how varying tortoise (host) and environmental characteristics may affect
Gopherus polyphemus endoparasite species, prevalence, and approximate loads.
I hypothesized that G. polyphemus endoparasites will differ between varying 1) host
(sex, size class) and 2) environmental (site, habitat type, year, season)
characteristics.
I anticipated that the largest differences (higher parasite prevalence and loads)
would be seen in smaller, denser, and lesser maintained sites when compared to
larger, spacious, and more rigorously maintained sites.
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MATERIALS AND METHODS
Study Sites
The five sites are located in Martin County, Palm Beach County, and Indian River
County, FL. All sites are in the sub-tropical zone (latitudes 23.5 º through 35º North). The
sites are listed below, starting from most southern to most northern (Figure 1).
1) Blazing Star Preserve (BSP) (26.3473º North, 80.1194º West) is in Palm Beach
County and consists of a 10.93-hectare scrubland overridden by invasive plants
and overgrown native flora (i.e. sand pine scrub forest, saw palmetto, sand live
oak, myrtle oak, and chapman oak). This area currently undergoes both
mechanical and chemical management practices and is surrounded by Interstate
95 on the east, railroad tracks on the west, and roads and residential development
to the North and South.

The estimated population density at BSP is

approximately 2.20 tortoises per hectare (See Appendix C for density
estimation).
2) Florida Atlantic University Preserve (FAUP) (26.3712º North, 80.1017º West),
located in Palm Beach County on the FAU-Boca Raton campus, covers 36.83
hectares and is divided into two habitat fragments. These fragments are
surrounded by The Boca Regional Airport (west) and Palm Beach State College
(east) (Scholl 2011). The larger, western fragment is mostly composed of xeric
oak scrub mixed with patches of oak hammock and saw palmetto, multiple
invasive species, and mowed grassy triangle to the North. The smaller, eastern
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portion consists of regularly mowed grasses. These two fragments are considered
one, as frequent tortoise crossings are often observed (Scholl 2011). The current
management plan includes mechanical management/bush hogging and herbicidal
treatments, but much of the site still consists of areas of dense canopy, which is
unsuitable for gopher tortoises. There has been no fire management plan
developed for the FAUP. The estimated population density at FAUP is
approximately 2.73 tortoises per hectare (See Appendix C for density estimation).
3) Pine Jog Preserve (PJP) (26.6648º North, 80.1412º West), located in Palm Beach
County, is 54.63 hectares of primarily pine flatwoods habitat, with the remaining
15 acres consisting of prairie, wetland, and oak hammock. This area has
historically undergone intensive mechanical and chemical management with the
recent

implementation of prescribed fire beginning in 2009 (7/8/09:

approximately 6 acres, 4/21/12: approximately 8 acres, 3/18/13: 0.4
acres, 2/17/14: 10 acres, 3/24/16: 0.4 acres). This area is located on Pine Jog
Elementary School’s property and sits between Jog Rd to the west, residential
communities to the east, and SR 80 and Summit Blvd. to the North and South,
respectively. The estimated population density at PJP is approximately 0.95
tortoises per hectare (See Appendix C for density estimation).
4) Jonathan Dickinson State Park (JDSP) (27.0061º North, 80.1289º West), located
in Martin County, is a 4,653.88 hectare, appropriately maintained habitat
(mechanical and herbicidal) with regular prescribed fire that sustains a large
gopher tortoise population. The park contains 16 distinct natural communities
(mesic hammock, mesic flatwoods, sandhill, scrub, scrubby flatwoods, depression
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marsh, dome swamp, floodplain swamp, hydric hammock, strand swamp, wet
flatwoods, wet prairie, sandhill upland lake, flatwoods lake, blackwater stream,
mangrove swamp) in addition to ruderal and developed areas (artificial pond,
abandoned field, abandoned pasture, canal/ditch, clearings) (Florida Department
of Environmental Protection 2012). Areas suitable for gopher tortoise habitation
include mesic flatwoods, sandhill, scrub, and scrubby flatwoods. Ruderal areas
including clearings and pastures may also support gopher tortoise populations
(Florida Department of Environmental Protection, 2012). The estimated
population density for JDSP will not be reported in this thesis (See Appendix C
for density estimation).
Since JDSP is the largest, most appropriately maintained site, and includes two of
the habitat types (pine flatwoods and scrub) that three of my sites (BSP, FAUP,
PJP) are comprised of, it will be used as a reference for comparison throughout
this study. Furthermore, two of my sample populations will be taken from this
site; one from scrub and one from pine. JDSP Scrub consists of ~ 1,214.06
hectares, while JDSP Pine consists of ~ 2,428.11 hectares.
5) Moorings development (MD) (27.583555 º North and -80.328601 º West) is
located on the barrier island south of Vero Beach. The precise location is the
beach walkover located immediately east of the intersection of Galleon Drive and
Reef Road in the Moorings development in the South Beach community on North
Hutchinson Island (Orchid Island) in Indian River County, FL. The site is
approximately 1.38 hectares of remnant beach dune and coastal strand habitat
(USFWS 1999, FNAI 2010) fitted just west of the Atlantic Ocean. The estimated
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population density is approximately 27.69 tortoises per hectare (See Appendix C
for density estimation).
Research Design
Objective 1: Establish a baseline of gastrointestinal parasites within six tortoise
populations across five South Florida sites.
To classify and create a baseline of G. polyphemus endoparasite species in South
Florida, tortoise fecal samples were taken from tortoises from six locations at five sites:
1) Blazing Star Preserve (BSP), 2) Florida Atlantic University Preserve (FAUP), 3) Pine
Jog Preserve (PJP), 4) Moorings Development (MD), 5) Jonathan Dickinson State Park
(JDSP) Pine, and 6) Jonathan Dickinson State Park (JDSP) Scrub.
Gopher tortoises were randomly captured (hand capture) during field surveys
conducted from 2013 to 2017. Tortoises tend to defecate when they are handled. Reptile
feces are brown to black in color and do not encompass the white urates that can also
pass via the cloaca (Mader 2006). Fresh fecal matter was collected and placed into 5mL
collection tubes containing SAF (Sodium acetate, acetic acid, formaldehyde, and distilled
water) in a 3:1 (SAF: feces) ratio (Garcia 2007) then placed in a portable cooler at 4-6° C
in the dark for preservation until they were transferred to the Terrestrial Ecology
Laboratory at Florida Atlantic University (Figure 2). Upon capture, the overall health and
physical condition of each tortoise was noted. Tortoise information such as size class
(adult, sub-adult, and juvenile) based on carapace length (Diemer 1992, Mushinsky et al.
1994), and sex determination based on shell morphology (McRae et al. 1981). To avoid
recaptures being treated as new individuals, tortoises were marked on their scutes using a
metal file based on a pre-established numbering system (Ashton and Ashton 2008). Some
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tortoises had been previously marked at FAUP by Joshua Scholl (Scholl 2011). Once
sampling was complete, tortoises were released at the site of capture. All equipment, as
well as all researchers’ hands that were handling tortoises, was wiped down with a 0.05%
chlorohexidine solution to avoid spreading disease between tortoises.
Samples were submitted to National Bio Vet Laboratory® in Miami, Florida for
parasitological examination and endoparasite identification. National Bio Vet
Laboratory® uses methods in accordance with the American Animal Hospital
Association (AAHA) and with the “National Committee on Clinical Laboratory
Standards and validated for veterinary applications, which are approved by Schools of
Veterinary Medicine nationwide” (National Bio Vet Laboratory, n.d.). Endoparasite
identification included multiple methods: 1) Fecal flotations, 2) Sedimentation, 3)
Trichrome

staining,

and

4)

Direct

Fluorescent

Antibody

tests

(DFA)

for

Cryptosporidium.
SAF was chosen to store feces due to its ability to fix, kill and preserve parasites,
parasite eggs and larvae, protozoan trophozoites and cysts, and coccidian oocysts (Garcia
and Bruckner 1997). SAF also poses no danger to researchers. Furthermore, SAF is
applicable to concentrated and stained smears, and can also be used in immunoassay
analyses (Garcia and Bruckner 1997).
Fecal flotations are one of the most popular methods to isolate and identify
parasite eggs and oocysts. This technique is used to detect nematode and cestode eggs,
nematode larvae, various acanthocephalan eggs, pentasome eggs, coccidian oocysts, and
enteric protozoan cysts (Mader 2006). Flotation relies on the differences in the “specific
gravity” of the eggs, stool debris, and flotation solution. The specific gravity of the
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flotation solution should be greater than the parasite eggs/oocysts so they may ‘float’
while all other fecal debris should fall to the bottom of the solution (Dryden et al. 2005;
Katagiri and Oliveira-Sequeira 2010). These floated eggs/oocysts are collected after a
few minutes and transferred to a microscope slide.
Sedimentations are used when attempting to recover heavier eggs (e.g. fluke) that
will not float (Dryden et al. 2005). Sedimentations require the solution containing stool to
be filtered through gauze into a centrifuge tube and allowed to sit so that sediments can
fall to the bottom. The top liquid is removed, and the process is repeated until the water is
clear and the bottom sediment can be transferred to a microscope slide (Mader 2006).
Trichrome staining is used to produce a stained fecal film for the examination of
intestinal protozoa, specifically for the identification of protozoan cysts and trophozoites
(Center for Disease Control 2017b). This method is more accurate in detecting smaller
protozoa, often missed by wet mounts (Center for Disease Control 2017b).
Direct Fluorescent Antibody (DFA) tests are used for the immunodetection of
antigens on the surface of organisms in fecal samples. This test, specifically the
‘monoclonal antibody-based DFA assays’, is at present, the most commonly preferred
test for Cryptosporidium diagnosis since it is considered to have increased sensitivity
over modified acid-fast staining (Center for Disease Control 2017a)
Objective 2: Evaluate how varying tortoise (host) and environmental characteristics
may affect Gopherus polyphemus endoparasite species, prevalence, and approximate
endoparasite loads.
Known factors that differ between the South Florida sites in this study include,
but are not limited to, site location, gopher tortoise population densities, habitat type,
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habitat size, and management regimes. Many of the differences found between these sites
(i.e. degree of fragmentation, vegetation coverage, etc.) are difficult to quantify, thus
limiting their usefulness as predictors of endoparasite species, prevalence, or loads
among sites. Other than the sites themselves, which encompass individual tortoise
densities, and the primary habitat type of each site (pine, scrub, coastal strand), site
differences were only explored as explanatory factors in the discussion (See Appendix C
for tortoise density estimates). Additional host and environmental characteristics that are
quantifiable and were also statistically examined include gopher tortoise sex, gopher
tortoise size class, the year sampled, and the season sampled. Seasons were classified as:
Spring (March-May), Summer (June-August), Fall (September-November), and Winter
(December-February) following the meteorological seasons for North America
(Trenberth, 1983).

Although these factors may influence parasitism and disease

transmission, additional factors not listed, or not yet quantified, have the potential to
influence disease and therefore, results from this study could not definitively confirm
trends and should only be used as a basis for further, more directed investigation.
The identification data acquired from National Bio Vet Laboratory® helped to
determine the prevalence of gopher tortoise intestinal parasites. Prevalence refers to the
proportion of infected gopher tortoise individuals amongst all individuals sampled
(Ro´zsa et al. 2000). Prevalence values are reflected as percentages, so the calculated
value was multiplied by 100.
In addition, National Bio Vet Laboratory® provided estimates of egg and oocyst
counts during identification. These counts were approximated by taking the average
number eggs/oocysts per high powered field of view (HPF) when samples were examined
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under a light microscope (– (0/HPF), + (<1-1/HPF), ++ (2-4/HPF), +++ (>=5/HPF)).
From this information, I inferred approximate qualitative parasite loads; none, low,
moderate, high. It should be noted, however, that these numbers do not reflect true adult
worm burdens and are only reflective of number of eggs shedding during a single
sampling period. When possible, the use of egg counts as a measure of infection intensity
(number of adult parasites infecting an individual host) should be avoided, since many
factors can influence the number of parasite eggs shed in the host feces (i.e. immunity of
the host, environmental signals, density, stool condition, etc.) (Anderson and Schad 1985;
Christensen et al. 1995; Stear et al. 1995; Roepstorff et al. 1996; Eberhard et al. 2001;
Gillespie 2006). These factors may include those that reduce ovulation such as immunity
of the host, density, and environmental signals Some studies do suggest that counting the
quantity of eggs may serve as a “qualitative measure of intensity” (i.e. low, moderate,
high), but more research still needs to be done on the relationship (Anderson and Schad
1985; Tarazona 1986, Gillespie 2006). For this study, 0 = none, + = low, ++ = moderate,
+++ = high parasite loads. Results are also displayed as percentages, similar to
prevalence, reflecting the proportion of tortoises that harbor a parasite species in the
respective_load_category.
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STATISTICAL ANALYSES
Descriptive Statistics
Descriptive statistics were completed for all tortoises (mean, minimum/maximum,
standard deviation, standard error, 95% CI). A Welch Two Sample t-test was used to
determine if tortoise carapace lengths differed between males and females. A One-Way
ANOVA was performed to determine if there were any differences in the size of tortoises
between sites.
Parasite Prevalence
Two-sided Fisher’s Exact Tests were completed in R to determine if the
proportions of gopher tortoises infected by the different parasite species (prevalence)
would differ between sexes, size classes, sites, habitat types, years of sampling, and
seasons of sampling. This test was chosen because it is ideal for determining if there are
differences in the proportions between two nominal variables and it is more appropriate
than the chi-square or G-test, since sample sizes are relatively low (McDonald, 2014).
This analysis only considers the proportion of tortoises infected one parasite type at a
time.
Parasite Load
A ranked Mann Whitney U analysis was conducted to determine if there were
differences in the approximate parasite loads between sexes. Ranked Kruskal Wallis
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analyses (SPSS) were completed to determine if there were differences in the
approximate parasite loads between gopher tortoise size classes, sites, habitat types, years
of sampling, and seasons of sampling. These tests are considered non-parametric
ANOVAS and assume that the data does not come from a normal distribution
(McDonald, 2014). Loads (none, low, moderate, and high) provided by National Bio Vet
Laboratory® were ranked in the dataset as 0, 1, 2, and 3, respectively. These analyses
were completed in SPSS and only consider one parasite species at a time. Pairwise
comparisons were done to determine which combinations were significant.
Parasite Presence and Load Distributions
ANOSIM Analysis of Similarities (Clarke and Green, 1988; Clarke, 1993) using
the Euclidean distance was conducted to determine if there were differences in the overall
distributions of 1) parasite presence and 2) approximate parasite loads in tortoises
between sexes, size classes, sites, habitat types, years of sampling, and seasons of
sampling.
Analyses were conducted in R-studio using the Vegan package. This analysis
considers the distribution of all parasite types in every individual gopher tortoise, as
opposed to a single species analysis. Similar to an MRPP (Multi Response Permutation
Procedure) Analysis, ANOSIM is a nonparametric technique (McCune and Grace 2002)
that constructs a matrix and measures the degree of distinction between groups by
comparing the average distance between observations in the same group to the average
distance between observations in different group. This test functions on a ranked matrix
and analyzes whether the null hypothesis (between-group similarity is greater/ equal to
within-group similarity) should be rejected. A higher R statistic (ranges from -1 to 1)
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corresponds to more within-group similarity and greater between-group dissimilarity. The
opposite is true for a lower R statistic (Clarke 1993). For my analyses, I ranked parasite
presence (present/absent) as 1 and 0, respectively. Parasite loads (none, low, moderate,
and high), provided by National Bio Vet Laboratory®, were ranked in the dataset as 0, 1,
3, and 5, respectively.
Because significant differences were found in the parasite prevalence, loads, and
distributions between adults and juveniles, and sub adults and juveniles, only adult and
sub adult tortoises were used in all analyses between sites, and habitat types, years of
sampling, and seasons of sampling.
The Bonferroni Correction Factor (requiring a higher significance) was also used
for site and year analyses to offset the problem of multiple comparisons (McDonald
2014). This correction factor is most often used with a relatively small amount of
multiple comparisons to “control the familywise error rate” (probability of making a false
discovery/ Type 1 Error) (McDonald 2014). To calculate the corrected p value, one
would divide the critical p value (familywise error rate), usually 0.05, by the number of
tests/comparisons being made (McDonald 2014). Therefore, the new significance value
for site was calculated to be 0.003 (0.05/15), while the new significance value for year
analyses was calculated as 0.005 (0.05/10).
The specific hypotheses for all analyses can be found in Table 1.
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RESULTS
Tortoises were captured from six locations at five sites from 2013 through 2017.
A total of 126 fecal samples were collected from 123 tortoises; 25 (20.33%) tortoises
from BSP, 20 (16.26%) tortoises from FAUP, 21 (17.07%) tortoises from PJP, 21
(17.07%) tortoises from JDSP Scrub, 15 (12.20%) tortoises from JDSP Pine, and 21
(17.07%) tortoises from MD.

Three (2.44%) tortoises were captured in 2013, 16

(13.01%) tortoises were captured in 2014, 37 (30.08%) tortoises were captured in 2015,
63 (51.22%) tortoises were captured in 2016, and four (3.25%) tortoises were captured in
2017. Combining seasons throughout all sampling years, eight (6.50%) tortoises were
captured in Spring, 62 (60.41%) tortoises were captured in Summer, 18 (14.63%)
tortoises were captured in Fall, eight (6.50%) tortoises were captured in Winter and,
unfortunately, 27 (21.95%) tortoises did not have a month recorded to determine which
season they had feces collected. Females consisted of 46.34% (57/123) of tortoises
captured, males consisted of 34.15% (42/123) of tortoises captured, and 19.51% (24/123)
of tortoises captured were unknown or too young to determine the sex (juveniles and sub
adults). Carapace length measurements, which correlates to size class (Diemer 1992;
Mushinsky et al. 1994), was recorded for most tortoises. One hundred and four (84.55%)
tortoises captured were adults, eight (6.50%) were sub adults, three (2.44%) were
juvenile, and eight (6.50%) were not recorded. Three (2.44%) tortoises had feces
collected twice when encountered more than once during field surveys. Two of these
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resampled tortoises (A and B) were from FAUP, and one (C) was from BSP. Tortoise A
was an adult male and was captured in 2014 and then again in 2015. Tortoise B was an
adult female captured in 2013 and then again in 2016. Tortoise C was an adult female
captured twice in 2015.
The mean, standard deviation, standard error, minimum/maximum, and 95%
confidence intervals for the carapace lengths were completed for all tortoises (Table 2).
For all adult tortoises, carapace length measurements were normally distributed (ShapiroWilk statistic (W): 0.98702, p-value = 0.4316). There was no significant difference in the
carapace length measurements between adult male and female tortoises (Welch Two
Sample t-test, t = -0.4759, df = 83.15, p-value = 0.6354). Significant differences were
found in the size (carapace length) of tortoises among sites (One-way ANOVA, F (5,
104) = 7.1538, p-value=8.66e-06).
Seven types of endoparasites were discovered from the total of 123 tortoises
sampled throughout six South Florida populations (BSP, FAUP, PJP, JDSP Scrub, JDSP
Pine, and MD). Parasites were identified to genus and include multiple endo-helminths
such

as

cyathostomes

(Augusticaecum),

flukes

(Chapiniella),
(Telorchis),

and

pinworms
protozoans

(Tachygonetria),
including

ascarids

Eimeria

and

Cryptosporidium, as well as different amoeba species. Endoparasites were not described
to species since definitive identification entails retrieving adult worms residing in the gut,
which cannot be done unless a deceased tortoise was encountered.
Out of the 123 tortoises sampled, 89% (109/123) were considered parasitized,
while 11% (14/123) had no evidence of parasites at the time of sampling. For all tortoises
sampled, and rounded to the nearest whole number, 80% (99/123) of tortoises were
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infected with Tachygonetria, 47% (58/123) of tortoises were infected with Chapiniella,
6% (7/123) of tortoises were infected with Augusticaecum, 7% (9/123) were infected
with Telorchis, 10% (12/123) were infected with Eimeria, 1% (1/123) were infected with
Cryptosporidium, and 1% (1/123) were infected with amoebas (Table 3, Figure 3).
Parasite loads, approximated from egg counts, also varied for the 123 tortoises
sampled (Table 4, Figure 4). All endoparasites were found in low (+) parasite loads.
Tachygonetria and Chapiniella were the only parasite species also found in moderate
loads (++), and only Tachygonetria was found in high parasite loads (+++).
Regarding the three tortoises sampled twice, parasite presence and load varied
between sampling periods (Table 5). Tortoise A (FAUP) had a moderate amount of
Tachygonetria and low Chapiniella eggs present in the feces after the first sampling
(October, 2014), and after the second sampling (June 2015), only low Tachygonetria
eggs were present. Tortoise B (FAUP) had low Chapiniella eggs present in the feces after
the first sampling (December, 2013), and after the second sampling (June, 2016), did not
have any parasite eggs present. Tortoise C (BSP) had low Tachygonetria eggs and
Eimeria oocysts present in the feces after the first sampling (June, 2015), and after the
second sampling (July, 2015), had high amounts of Tachygonetria, low Chapiniella, and
low Augusticaecum eggs present.
Sex
In all adult tortoises with identified sexes (juveniles, subadults, and individuals of
unknown size classes and/or sexes were excluded from the analysis), the number of
endoparasites did not differ between tortoise sexes. Both males (n=42) and females
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(n=57) had six of the seven endoparasites identified, however Cryptosporidium was only
found in one male, and amoebas were only found in one female.
Parasite prevalence (Table 6, Figure 5) and loads (Table 7) varied between sexes,
however, there were no significant differences found (p<0.05) in the parasite prevalence
or loads among sexes (See Appendices D and E for list of p values). There were also no
significant differences (p<0.05) found in the overall distribution of parasite presence or
distribution of parasite loads among sexes (See Appendices F and G for list of p values).
Size Class
In all tortoises of known size classes (individuals of unknown size classes were
excluded from analysis), the number of endoparasites differed, with the adults (n=104)
cumulatively

harboring

all

seven

endoparasites

(Tachygonetria,

Chapiniella,

Augusticaecum, Telorchis, Eimeria, Cryptosporidium, amoebas), sub adults (n=8) being
infected with three endoparasites (Tachygonetria, Chapiniella, Eimeria), and juveniles
(n=3)

being

infected

with

four

endoparasites

(Tachygonetria,

Chapiniella,

Augusticaecum, Eimeria).
Parasite prevalence (Table 8, Figure 6) fluctuated among size classes, with
Augusticaecum prevalence in juveniles being significantly higher than adults (p<0.00773)
(See Appendix D for list of p values).
A similar trend was seen in parasite loads (Table 9) with significantly more
juvenile tortoises found with low Augusticaecum loads compared to adults (p value
<0.001) and sub adults (p value <0.001) (See Appendix E for list of p values).
Analysis of the overall distribution of parasite presence revealed that adults and
juveniles were significantly dissimilar (R statistic = 0.5413, p value <0.009) but less so
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than sub adults and juveniles (R statistic = 0.7349, p value <0.044) (See Appendix F for
list of p values).
There were no significant trends seen in the overall distribution of parasite loads
among size classes (See Appendix G for list of p values).
Site
In all known adult and sub adult tortoises (juveniles and individuals of unknown
size classes were excluded from the analysis), the number of endoparasites identified
between sampling sites varied, with only pinworm and cyathostomes present within all
populations. Collectively, tortoises from BSP (n=22) had five endoparasites
(Tachygonetria, Chapiniella, Augusticaecum, Telorchis, Eimeria), FAUP (n=18) had
four endoparasites (Tachygonetria, Chapiniella, Eimeria, amoebas), PJP (n=17) had six
endoparasites

(Tachygonetria,

Chapiniella,

Augusticaecum,

Telorchis,

Eimeria,

Cryptosporidium), JDSP (21) Scrub had three endoparasites (Tachygonetria, Chapiniella,
Telorchis), JDSP (n=14) Pine had three endoparasites (Tachygonetria, Chapiniella,
Augusticaecum), and MD (n=20) had three endoparasites (Tachygonetria, Chapiniella,
Augusticaecum).
Parasite prevalence among sites differed (Table 10, Figure 7). Without correcting
for multiple comparisons, Chapiniella prevalence was significantly lower in BSP
compared to FAUP (p value <0.02438), and significantly lower in JDSP Pine compared
to FAUP (p value <0.0155). Telorchis prevalence was significantly higher in BSP
compared to FAUP (p value < 0.0243) and MD (p value <0.0216). Eimeria prevalence
was significantly higher in BSP compared to JDSP Scrub (0.04885) and MD (p value
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<0.04918), and significantly higher in PJP compared to JDSP Scrub (p value <0.03224)
and MD (p value <0.03604) (See Appendix D for list of p values).
Parasite loads among sites also varied (Table 11) with Telorchis and Eimeria
showing significant differences in respect to site (p values <0.004, 0.010, respectively).
Pairwise comparisons revealed there was a significantly higher number of tortoises with
low Telorchis loads at BSP when compared to FAUP, MD, JDSPS and JDSPP (p values
<0.001, 0.001, 0.004, 0.002, respectively). There was also a significantly higher number
of tortoises with low Eimeria loads at BSP when compared to JDSPP, JDSPS, and MD (p
values <0.020, 0.009, 0.010, respectively). Low Eimeria loads in tortoises at PJP were
also significantly higher compared to JDSPP, JDSPS, and MD (p values <0.023, 0.012,
0.013, respectively) (See Appendix E for list of p values).
Analysis of the overall distribution of parasite presence among sites revealed that
sites, generally, were more similar than dissimilar (R Statistic = 0.02716, p value <0.053)
(See Appendix F for list of p values).
An analogous trend was also seen in the overall distribution of parasite loads
between sites, where sites tended to be more similar than dissimilar (R Statistic =
0.04576, p value <0.02) (See Appendix G for list of p values).
However, with the use of the Bonferroni correction factor (p<0.003), none of the
endoparasite prevalence differences among sites were significant, and only the number of
tortoises with low Telorchis loads at BSP were still significantly higher compared to
FAUP, MD, and JDSPP. Analysis of the overall distribution of parasite presence and
loads using the Bonferroni correction factor also revealed no significant trends among
sites.
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Gopher Tortoise Densities at Sampling Sites
Since the total tortoise population of MD was previously determined (~40
individuals), in addition to the number of burrows on the site, I tested four common
correction factors that convert burrow information into a population abundance estimate
to determine which one would estimate closest to MD’s true population. Based on the
results obtained for each correction factor, I determined that the Florida Fish and Wildlife
correction factor (dividing the number of active tortoise burrows by two) estimated
closest (33.5 individuals) to the true number of individuals at MD. I then applied this
formula to four out of my six study populations (BSP, FAU, PJP, MD) to estimate
population abundance at each of these sites, which I later divided by the size (hectares) of
the site to obtain a density estimation (See Appendix C for a detailed explanation on
density estimation). In order from most to least dense, I concluded that MD had an
approximately 33.5 individuals with a density of 27.69 tortoises per hectare, FAUP had
approximately 99.5 individuals with a density of 2.73 tortoises per hectare, BSP had an
estimated population of approximately 24 individuals with a density of 2.20 tortoises per
hectare, and PJP had an estimated 52 individuals with a density of 0.95 tortoises per
hectare.
Habitat Type
In all known adult and sub adult tortoises (juveniles and individuals of unknown
size classes were excluded from the analysis), the number of endoparasites varied
between habitat types with only pinworm, cyathostomes, and ascarids present in all
habitat types. Collectively, pine dominated habitats (n=31) contained six endoparasites
(Tachygonetria, Chapiniella, Augusticaecum, Telorchis, Eimeria, Cryptosporidium),
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scrub dominated habitats (n=61) contained six endoparasites (Tachygonetria,
Chapiniella, Augusticaecum, Telorchis, Eimeria, amoebas), and the single coastal strand
habitat

(n=20)

contained

three

endoparasites

(Tachygonetria,

Chapiniella,

Augusticaecum).
Parasite prevalence varied among pine, scrub, and coastal strand habitats (Table
12, Figure 8), however, there were no significant differences (p<0.05) found between
habitat types (See Appendix D for list of p values).
Parasite loads also varied (Table 13), yet no significant differences (p<0.05) were
found in parasite loads among habitat types (See Appendix E for list of p values).
There were no significant trends (p<0.05) found in the overall distribution of
parasite presence among habitat types (See Appendix F for list of p values).
Analysis of the distribution of parasite loads among habitat types revealed the
three habitats types to be more similar than dissimilar (R statistic=0.07155, p value
<0.021) (See Appendix G for list of p values).
Sampling Year
In all adult and sub adult tortoises with known years in which they were sampled
(juveniles and individuals of unknown size classes and/or sampling years were excluded
from analysis), the number of endoparasites varied between sampling years with only
pinworm present in all years. The 2013 sampling year (n=2) had three endoparasites
present (Tachygonetria, Chapiniella, amoebas ), the 2014 sampling year (n=16) had four
endoparasites present (Tachygonetria, Chapiniella,

Telorchis, Eimeria), the 2015

sampling year (n=31) had six endoparasites present (Tachygonetria, Chapiniella,
Augusticaecum, Telorchis, Eimeria, Cryptosporidium), the 2016 sampling year (n=59)
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had four endoparasites present (Tachygonetria, Chapiniella, Augusticaecum, Eimeria),
and the 2017 sampling year (n=4) had only one endoparasite present (Tachygonetria). If
juveniles were included, year 2016 would also include Telorchis.
Prevalence differed among sampling years (Table 14, Figure 9). Without
correcting for multiple comparisons, analyses showed that Chapiniella prevalence was
significantly higher in 2014 compared to 2017 (p value <0.02601), Telorchis prevalence
was significantly higher in 2015 compared to 2016 (p value <0.000352), and Amoeba
prevalence was significantly higher in 2013 compared to 2016 (p value <0.03279) (See
Appendix D for list of p values).
Parasite loads also differed among years (Table 15). The number of tortoises with
low Telorchis loads was significantly higher in 2015 compared to 2014 (p value <0.040),
and compared to 2016 (p value <0.001). The number of tortoises with low Amoeba loads
was significantly higher in 2013 compared to 2014, 2015, 2016, and 2017 (p values
<0.001 - 0.001) (See Appendix E for list of p values).
The overall distribution in parasite presence differed significantly among all
sampling years, with years being more dissimilar than similar (R statistic = 0.7533, p
value <0.001) (See Appendix F for list of p values).
The distribution in parasite loads across years varied, with some years being more
significantly dissimilar, while other years were significantly more similar (R statistic =
0.2557, p value <0.001). When comparing the year 2013 to 2016 and 2017, and 2014 to
2017, these were all considered to be highly dissimilar (R statistics = 0.7684, 0.8214,
0.7175, p values <0.003, 0.066667, 0.001, respectively). Years 2013 and 2015 were
moderately dissimilar (R statistic=0.5038, p value <0.025). Year 2014 compared to 2013
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and 2016 revealed more differences with some overlap (R statistics = 0.3438, 0.4239, p
values <0.047, 0.001, respectively). Year 2015 compared to 2014, 2016 and 2017 was
more significantly similar with few differences (R statistics = 0.1046, 0.1653, 0.258; p
values <0.028, 0.002, 0.033, respectively) (See Appendix G for list of p values).
Using the Bonferroni correction factor (p<0.005), only Telorchis prevalence and
loads were significantly higher in 2015 compared to 2016. Amoeba loads were also still
significantly higher in 2013 compared to 2014, 2015, 2016, and 2017. The overall
distribution in parasite presence still differed significantly between all sampling years,
with years being more dissimilar than similar. When reexamining the distribution in
parasite loads; year 2013 compared to 2016, and 2014 compared to 2016 and 2017 were
still considered to be more dissimilar, while year 2015 compared to 2016 was more
significantly similar.
Sampling Season
In all adult and sub adult tortoises with known sampling seasons (juveniles and
individuals of unknown size classes and/or sampling seasons were excluded from
analysis), the number of parasites differed between seasons. Tortoises sampled in Spring
(n=8) had two endoparasites (Tachygonetria, Cryptosporidium). Tortoises sampled in
Summer (n=62) had five endoparasites (Tachygonetria, Chapiniella, Augusticaecum,
Telorchis, Eimeria). Tortoises sampled in Fall (n=18) had four endoparasites present
(Tachygonetria, Chapiniella, Augusticaecum, Eimeria). Tortoises sampled in Winter
(n=8) had three endoparasites (Tachygonetria, Chapiniella, amoebas).
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Parasite prevalence varied among seasons (Table 16, Figure 10), with
significantly less Chapiniella found in tortoises in the Spring than in Summer (p value
<0.007353) and Fall (p value <0.007393) (See Appendix D for list of p values).
Approximate parasite loads were also variable (Table 17), with significant
differences seen in Chapiniella, Cryptosporidium, and Amoeba loads between seasons (p
values <0.039, 0.012, 0.012, respectively). Pairwise comparisons revealed significantly
less tortoises with low and moderate Chapiniella loads in Spring than in Summer (p value
<0.010) or Fall (p value <0.005), significantly more tortoises with low Cryptosporidium
loads in Spring than in Summer (p value <0.001), Fall (p value <0.004) or Winter (p
value <0.014), and significantly more tortoises with low amoeba loads in the Winter than
in Spring (p value <0.014), Summer (p value <0.001), or Fall (p value <0.004) (See
Appendix E for list of p values).
Overall, no significant trends were seen in the distribution in parasite presence
across seasons, however, further pairwise comparisons revealed Spring and Fall to be
more significantly similar with few differences (R statistic 0.1966, p value <0.019) (See
Appendix F for list of p values).
Parasite load distribution analyses across seasons also saw no significant trends,
however further pairwise comparisons revealed Fall and Winter to be more significantly
similar with few differences (R statistic 0.2456, p value <0.009) (See Appendix G for list
of p values).
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DISCUSSION
This study aimed to establish a gastrointestinal parasite baseline for South Florida
gopher tortoise populations, while also examining the influence various environmental
and host factors may have on parasite presence and approximate loads. I expected to see
similar parasite species as described in other G. polyphemus endoparasite surveys
throughout the northern parts of their range (Georgia and Louisiana). These species
included pinworms (Alaeuris sp. and Tachygonetria sp.), capillarids, ascarids, Strongyles
(Chapiniella sp.), an unidentified Trichostrongyle, cestodes (Oochoristica sp.), an
acanthocephalan (Neoechinorhynchus pseudemydis), and the Apicomplexan protists
Eimeria paynei, and Cryptosporidium, and possibly Entaomeoba sp. (Walton 1927; Ernst
et al. 1971; Petter and Douglass 1976; Lichtenfels and Stewart 1981; Diaz-Figueroa
2005; McGuire et al. 2013).
This study on 123 tortoises from six locations in five South Florida sites found at
least seven species of endoparasites and represents the first comprehensive gopher
tortoise intestinal parasite study in the sub-tropical region of South Florida.

Three

nematodes (Tachygonetria, Chapiniella, Augusticaecum), one trematode (Telorchis), and
at least three protozoans (Eimeria, Cryptosporidium, amoebas) were among the parasites
identified. These genera have been recorded in previous gopher tortoise surveys, which
suggests that these endoparasites are part of the normal gastrointestinal flora of gopher
tortoises across their range (temperate and subtropical). Unfortunately, identification to
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species level was not possible since many nematode eggs are similar in appearance and
adult worms agenerally needed for a more detailed morphologic examination (McGuire
et al. 2013). This examination is usually not accomplished without a necropsy (Mader
2005).

Tachygonetria are a common genus of pinworm in the family Oxyuridae
(Martinez, 2011), and are routinely found in reptiles; tortoises included (Jacobson 2007;
Diaz-Figueroa 2005; McGuire et al. 2013). Oxyurids are generally considered nonpathogenic, although impactions with high parasite numbers have been reported (Kane et
al. 1976; Munakata 1999; Loukopoulos et al. 2007; Martinez 2011). Parallel to earlier
studies, pinworms were found to be the most prevalent parasite detected across the South
Florida gopher tortoise populations. Tachygonetria was also found in the highest parasite
loads, approximated from the number of eggs shed within the feces during one sampling
period. It should be noted, however, that the qualitative load descriptions (low, moderate,
high) are based solely on egg counts and are not reflective of true infection intensities or
the number of the adult worms in the gut. Therefore host health effects or degree of
parasitism cannot be inferred from these load descriptions alone. Interestingly, the genus
of pinworm identified between studies varied; Tachygonetria sp. were identified in
Louisiana (Diaz-Figueroa 2005), central Florida (Petter and Douglass 1976), and in this
current South Florida study, while Alaeuris sp. were identified in Georgia (McGuire et al.
2013) and central Florida (Petter and Douglass 1976). Oxyuris sp. were also identified in
a previous central Florida study (Petter and Douglass 1976). These differences suggest
various species of pinworm naturally reside in gopher tortoises across their range.
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Chapiniella sp., another endoparasite genus in the Strongylid family having been
described previously in gopher tortoises (Lichtenfels 1981; McGuire et al. 2013), was the
second most prevalent endoparasite, and found in the second highest loads across the
South Florida gopher tortoise populations. In non-immunocompromised individuals,
Strongyloides infections cause little harm, (Genta and Caymmi Gomes 1989; Grove 1989
Viney and Lok 2011) although, they can hinder the ability to uptake nutrition
(Stephenson et al. 2000).
Both Tachygonetria and Chapiniella were the only two parasites identified
throughout all sampling sites, sexes, size classes, habitat types, and sampling years. Only
Tachygonetria was identified across all seasons, while Chapiniella was only found in
Summer, Fall, and Winter; absent during the worst of the dry season which runs from
October 31-May 31) (Davis and Ogden 1997). Tachygonetria and Chapiniella were also
the only two parasites found in high (Tachygonetria only), moderate, and low parasite
loads. All other endoparasites were only found in low parasite loads.
Chapiniella prevalence rates were variable across sites, however, unlike the
Georgia study, no sites lacked Chapiniella infections. Prevalence at FAUP was
measurably higher compared to BSP and JDSP Pine, however, after the application of the
Bonferroni correction factor to avoid multiple comparisons, these notable differences
were insignificant. Large prevalence variations were also seen between the 2014 and
2017 sampling years, however, after correcting for multiple comparisons, these
differences were also insignificant.

It was revealed, however, that Chapiniella

prevalence and loads were significantly higher in the Summer and Fall, than in the
Spring. This trend may be a reflection of the direct life cycle of Strongyloides (Viney and
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Lok 2011); possibly being able to survive longer outside the host during the Florida wet
season which coincidently occurs from late Spring into the Fall (Obeysekera et al. 1999),
with peak rainfall generally seen June through September (Duever et al. 1994).
Eggs/larvae passed via feces during this period would experience the moist conditions, as
well as a potential for higher vegetation growth as a result of increased rainfall, necessary
for prolonged survival until transmission is accomplished via ingestion.
The apicomplexan protist Eimeria is the most commonly known turtle and
tortoise coccidian (Jacobson 2007), and was the third most prevalent endoparasite found
in this study. Since 2013, only two studies in Georgia have identified Eimeria in gopher
tortoises (Ernst et al. 1971; McGuire et al. 2013). Generally, Eimeria is not associated
with host disease, though high parasite burdens in younger individuals may cause clinical
disease (McGuire et al. 2013). Eimeria was detected in all tortoise size classes and in
three of the pine and scrub dominated habitats (BSP, FAUP, PJP) throughout the Summer
and Fall seasons of the 2014, 2015, and 2016 sampling years.

Prevalence and

approximate loads varied greatly between sites, however, after applying the Bonferroni
correction factor, differences were found to be insignificant.
Telorchis, a genus of intestinal trematode (Stunkard 1915) in the family
Telorchiidae, was the fourth most prevalent endoparasite found in this study and the first
report of a fluke in gopher tortoises. Flukes of this family comprise of approximately 80
species, and frequently reside in turtles, snakes, and salamanders as their definitive hosts
around the world (Yousesfi et al. 2013). Although common in reptiles, little information
exists on disease these flukes may cause (Mader 2006). In this study, Telorchis was
detected in only adult tortoises of three pine and scrub dominated habitats (BSP, PJP,
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JDSP Scrub) throughout the summer seasons of the 2014 and 2015 sampling years. With
an applied Bonferroni correction factor, Telorchis prevalence and loads were still
significantly higher in 2015 compared to 2016, with year 2016 lacking Telorchis
altogether. Approximate Telorchis loads also differed significantly between sites, with
higher loads seen at BSP compared to FAUP, JDSPP, and MD. However, with the
applied correction factor to reduce multiple comparisons, site differences originally seen
were found to be insignificant, other than Telorchis loads at BSP beimg still significantly
higher than three of the other sites.
Augusticaecum, a genus of ascarid, was the fifth most prevalent endoparasite
found in South Florida gopher tortoises. This is the second report of an ascarid in gopher
tortoises; the first being described by McGuire et al. (2013) in Georgia. These nematode
roundworms may cause a variety of health problems, and with heavy infestations, fatal
intestinal blockages can occur (Wilson and Carpenter, 1996). Augusticaecum was only
present in adult and juvenile tortoises in pine, scrub, and coastal strand dominated
habitats (BSP, PJP, JD Pine, MD) throughout the Summer and Fall seasons of the 2015
and 2016 sampling years. Significant Augusticaecum variations were seen between
tortoise size classes, specifically more low loads being present in juveniles compared to
adults and sub adults.
The protists Cryptosporidium and amoebas were the least prevalent endoparasites
identified in this study. Cryptosporidium was detected in one adult female tortoise in the
pine dominated habitat of PJP in the Spring of 2015. Amoebas were detected in one adult
male tortoise in the scrub dominated habitat of FAUP in the Winter of 2013. Both
endoparasites have been previously identified in gopher tortoises (Raphael et al. 1997;
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Stedman et al. 2000; McGuire et al. 2013). Most of amoebiasis cases in reptiles are
caused by Entamoeba invadens, yet, other species can also cause disease (Lane and
Mader 1996; Ratcliffe and Geiman 1934). It is generally thought that most reptiles are
“resistant to the disease”, however, clinical disease can progress. In fact, acute hepatic
necrosis in a gopher tortoise has occurred (Jacobson et al. 1983; Stedman et al. 2000;
Diaz-Figueroa 2005; McGuire et al. 2013). Although infrequent, Cryptosporidium sp.
have been described in many species and can cause disease in tortoises (Brownstein et al.
1977; Heuschele et al. 1986; Graczyk et al. 1998; Griffin et al. 2010; McGuire et al.
2013). Significantly more tortoises with low Cryptosporidium loads were found in the
Spring than in Summer, Fall, or Winter, and significantly more tortoises with low
Amoeba loads were found in Winter than in Spring, Summer, or Fall. Additionally,
tortoises with low Amoeba loads were significantly higher in 2013 compared to 2014,
2015, 2016, and 2017.
Hypothesis I: I hypothesized that G. polyphemus endoparasites will differ between
varying host characteristics (sex, size class)
Sex
Overall, no significant variations were found in endoparasite numbers,
prevalence, approximate loads, or overall distributions in presence and loads among
sexes. Thus, the null hypotheses stating no differences in the parasite prevalence, loads
and distributions among sexes are accepted and data suggests that males and females
harbor the same parasite species in the same amounts. Diaz-Figueroa (2005) and
McGuire et al. (2013) also found no differences in endoparasites between tortoise sexes.
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Size Class
Regarding tortoise size class, the number of parasites found in each size class
varied, with adults being identified with more endoparasite types than sub adults and
juveniles. Furthermore, Augusticaecum prevalence in juvenile tortoises was found to be
significantly higher than adults, and Augusticaecum loads in juveniles were significantly
higher than adults and sub adults. Overall distribution analyses also revealed that parasite
presence in juveniles was significantly more dissimilar than adults and sub adults. These
results allow the rejection of the null hypotheses which stated no differences in the
parasite prevalence, loads and distributions among size classes. However, it should be
stressed that the differences in parasitism found between tortoise size classes may be a
function of the low sample sizes of juvenile (n=3) and sub adult (n=8) tortoises,
compared to adults (n=104). In McGuire’s 2013 study (eight juveniles, 109 adults), size
class was not found to be a significant factor in parasite prevalence (McGuire et al.
2013).
Hypothesis II: I hypothesized that G. polyphemus endoparasites will differ between
varying environmental characteristics (site, habitat type, year, season)
Site
Variations were seen in the number of parasites found in each site. The larger,
more appropriately maintained pine and scrub habitats from JDSP saw less parasite
species than three of the other pine and scrub habitats (BSP, FAUP, PJP). The only
exception was MD; the single coastal strand habitat with the smallest acreage and highest
population density. Contrary to what was originally anticipated for such a small and
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highly dense site, MD also had a lower number of identified parasite species than BSP,
FAU, and PJP.
Furthermore, significant differences in parasite prevalence and loads were found
between sampling sites, however, significance varied depending on whether a correction
factor was used. Only focusing on the differences after an applied correction factor, it
was found that parasite prevalence did not significantly differ between sites, allowing for
the null hypothesis of no differences to be accepted. Alternatively, it was determined that
BSP had significantly higher Telorchis loads compared to FAUP, MD, and JDSP Pine,
and the null hypothesis of no differences among parasite loads was rejected. BSP is the
second smallest site in this study, does not implement fire management, and has the third
highest population density out of the four sites measured (see Appendix C for density
estimation). On the contrary, when analyzing the overall distributions in the parasite
presence and loads between sites, ANOSIM revealed no significant trends and thus, these
null hypotheses were accepted.
Based on these results, density does not seem to play a direct role in higher
parasite numbers, presence, or loads, however, conclusive evidence that density has no
effect on parasitism in wild populations was not attainable in this study, and the
seemingly low parasitism at MD may also be attributed to the dry sandy habitat and
largely open canopy that is more likely to degrade parasite eggs/larvae. The higher
parasitism at BSP compared to other, denser, sites might be due to the fact that Telorchis
was completely absent from several of the other sites, thus influencing statistical results.
These higher loads at BSP may also be attributed to the distribution of burrows within the
site, since the density values obtained in this study are only reflective of the
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approximated number of individuals (based on the number of burrows) divided by the
entire size of the site. This means that the density estimation did not account for
unsuitable habitat within the sites or clustering of burrows/tortoises in more suitable
areas. Observational evidence of overgrown vegetation at BSP suggests that the 10.93hectare site is largely unsuitable for a large tortoise population, and many of the burrows
are crowded on the exterior portions of the site. If density can be quantified in a manner
that accounts for the spatial distribution of burrows within each site, outcomes may be
different. In previous studies, McGuire et al. (2013) found differences in several parasite
species between sites. These differences were attributed to low sample sizes in some sites
and possible dissimilarities in environmental characteristics (i.e. habitat, soil) or past
and/or current land usage amongst populations (McGuire et al. 2013). Diaz-Figueroa’s
2005 study found no differences in parasite species between sites (Diaz-Figueroa 2005).
Habitat Type
No significant differences were seen in the prevalence, load, or overall
distributions in endoparasite presence or loads between habitat types. Therefore, these
null hypotheses stating no differences among habitat types were accepted and this
suggests parasites are relatively ubiquitous throughout these South Florida habitats.
However, the number of parasite types found between habitats did vary. Pine and Scrub
both had six endoparasite types, while the single coastal strand habitat had only three
endoparasite types identified. This difference may be a function of a lower sample size in
the only coastal strand site (n=20) compared to the two pine and three scrub habitats
(n=31 and n=61, respectively). Low sample sizes increase the potential for parasites to
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missed and/or not shedding at the time of sampling and may also not give a true
representation of gastrointestinal parasite presence or loads.
Sampling Year
The number of endoparasites varied between sampling years, with only pinworm
present in all years. The 2017 sampling year had the least amount of parasite types, with
only one endoparasite type identified, while the 2015 sampling year had the most with six
endoparasites types present. Significant differences in parasite presence, loads, and
distributions in parasite presence and loads were also seen between sampling years,
permitting the rejection of these null hypotheses stating no differences between years.
Telorchis prevalence and loads were significantly higher in 2015 compared to 2016, and
Amoeba loads were significantly higher in 2013 compared to 2014, 2015, 2016, and
2017. The overall distribution in parasite presence also differed significantly between all
sampling years, with years being more dissimilar than similar, while the distribution in
parasite loads revealed that year 2013 compared to 2016, and 2014 compared to 2016 and
2017 were more dissimilar than similar.
Some of the variations between sampling years may be another reflection of low
sample sizes, specifically in years 2013 (n=2) and 2017 (n=4). However, differences seen
between years with more appropriate sample sizes may be due to environmental
differences experienced between years, such as fluctuating temperatures, humidity,
rainfall, vegetation coverage, management changes, etc. Additionally, some years were
more heavily sampled in certain seasons than other seasons, and some sites were
completely sampled in just one year, while other sites were sampled over multiple years.
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Sampling Season
The number of parasites identified between seasons varied, with Spring having
the least number of parasites, while Summer had the most. Seasonal variation was also
detected for parasite presence and loads, allowing for the rejection of these two null
hypotheses. Significantly lower Chapiniella presence was detected in Spring than in
Summer and Fall. While for approximate parasite loads, significantly lower Chapiniella
loads were found in Spring than in any other season, significantly higher
Cryptosporidium loads were found in Spring than in any other season, and significantly
higher amoeba loads were found in Winter than in any other season. However, these
findings may be misleading, since only one tortoise was infected with amoebas and only
one tortoise was infected with Cryptosporidium throughout the entire study. Interestingly,
when analyzing the overall distributions in parasite prevalence and loads using ANOSIM,
no significant differences were found, and these null hypotheses of no difference between
seasons were accepted.
Not including overall parasite distributions, the discovery that some parasites
were more prevalent and/or found in higher loads in some seasons compared to others
suggests a possible seasonality component to their lifecycles. However, some of the
variations seen between seasons may be a result of low sample sizes in Spring (n=8) and
Winter (n=8), in combination with the unequal sampling effort throughout the seasons of
each year, and the fact that, for analyses, seasons were lumped throughout all sampling
years. Thus, definitive conclusions for seasonal variation in the parasitism of South
Florida gopher tortoise populations cannot be drawn using data solely from this study.
Nevertheless, it is generally known that parasites in the wild may fluctuate depending on
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the time of the year, the host-parasite relationship can be affected by season (Cattadori et
al. 2005; Altizer et al. 2006; Cornell et al. 2008, Turner and Getz 2010), and that these
changes can indirectly impact parasite transmission (Stromberg 1997; Turner and Getz
2010). Furthermore, it is speculated that the immunity of a host to disease can also
fluctuate by season relative to alterations in reproduction, diet, strain, and light periods.
(Martin et al. 2008; Turner and Getz 2010). Interestingly, Diaz- Figueroa (2005) did not
find any variation in gopher tortoise endoparasites between seasons. Future studies
should focus on sampling all sites throughout all four seasons and in the same years to
more accurately measure sampling year and seasonal differences. Florida’s wet and dry
seasons should also be explored more in detail, since Florida does not typically
experience the more drastic seasonal changes seen further north.
Regarding the three tortoises sampled twice; both parasite prevalence and
approximate loads differed between sampling periods. Intestinal parasite eggs/oocysts are
shed in feces sporadically and can lead to false negatives. Therefore, false negative
results may not necessarily correlate to a lack of infection altogether. The same is true for
the 11% (14/123) of tortoises found in this study to have no parasites at the time of
sampling. Optimal results to determine true parasite prevalence and loads may be
achieved if recurrent sampling from the same individual could be accomplished, although
with wild populations, capturing the same animal more than once is often difficult.
It should be noted that all previous endoparasite studies conducted on gopher
tortoises failed to use a correction factor (i.e. Bonferroni correction factor) to avoid the
problem of chance significance when performing multiple comparisons. Thus, in these
previous studies, significant differences found may, in fact, not truly reflect substantial
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differences at all. Although lessening the chance of significant findings, future studies
should incorporate, or at least consider, a correction factor to more accurately describe
differences between comparisons.
Additionally, no previous gopher tortoise endoparasite study incorporated a
distribution matrix in their analyses. The current analysis performed in this thesis used
ANOSIM to construct a matrix that considered the distribution of all parasite species for
all tortoises at once. To do this, ANOSIM measures the degree of distinction between
groups (i.e. sites, sexes, habitat types, etc.) by comparing the average distance between
observations in one group to the average distance between observations in the other
group. In other words, comparing the overall assemblage of parasite presence/loads
between groups, allowing for a more comprehensive and inclusive analysis. For example,
when only considering a single species at a time, Kruskal Wallace analyses determined
that higher Telorchis loads were found at BSP compared to FAUP, MD, and JDSP Pine,
however, when considering the overall distribution in the parasite loads between sites,
ANOSIM revealed that there were no significant trends between sites. A similar
conclusion was drawn when analyzing the distribution in parasite presence and loads
across seasons; significant trends observed using parasite by parasite analyses (Fischer’s
Exact Test and Kruskal Wallace), were often in disagreement with insignificant results
provided by ANOSIM. In fact, in some cases, ANOSIM determined that certain groups
were more similar than dissimilar. Therefore, based on the differences found between
these varying data analysis methods, future studies should also strive for more detailed
and comprehensive analyses that includes the total number of parasites in all individuals,
in additional to parasite by parasite analyses.
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Thus, basing results solely using ANOSIM (Analysis of Similarities) and the
Bonferroni correction factor where it applies, results suggest parasitism remains
relatively ubiquitous throughout most host and site characteristics. When examining the
distribution in parasite presence, there were no significant differences found between
tortoise sexes, habitat types, or sites, and Spring and Fall were, in fact, more significantly
similar than dissimilar. It was determined, however, that adults and juveniles and sub
adults and juveniles were still significantly dissimilar and the overall distribution in
parasite presence still differed significantly between all sampling years. Regarding the
distributions in parasite loads, there were no significant differences found between
tortoise sexes, size classes, or sites. Habitat types were found to be more similar than
dissimilar, as well as for the Fall and Winter seasons. Only certain years (2013~2016;
2014~2016, 2017) still differed significantly regarding the distribution in parasite loads,
however, some years were found to be more similar (2015~2016). It should be noted that
the differences still seen using ANOSIM, specifically in year analyses, could be
attributed to poor sample sizes, and more robust sample sizes should be attained and
compared to gain a more definitive conclusion.
Long term monitoring should be continued in both urbanized and more natural
populations to determine trends in parasitism as it relates to changes in land management,
population structure, climate, and parasite life cycles. This continued monitoring is
especially true since our study differed in various aspects to other endoparasite studies
across their range. Cofounding to this, G. polyphemus is a frequently translocated species
(Tuberville et al. 2011) and understanding parasite distributions will be vital (McGuire et
al. 2013) in preserving these keystone species. This study represents the first
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comprehensive intestinal parasite baseline conducted in South Florida and due to G.
polyphemus’ declining numbers and threatened status, new information may be
significant and vital to improving the management of this species and ensure its existence
in the future.
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SUMMARY
Prior to this study, no data has been published on Gopherus polyphemus from
Florida, South Carolina, Alabama, or Mississippi (McGuire et al. 2013). This study
represents the first comprehensive gopher tortoise intestinal parasite study in the subtropical region of South Florida.
I expected parasite species to be similar among South Florida sites, however, I
did anticipate a difference in prevalence and loads between sites due to variations in
tortoise densities, habitat size, type, quality, and degree of management. Specifically, I
anticipated the largest difference would be seen in smaller, denser, and lesser maintained
sites (BSP, FAUP, PJP, MD) when compared to larger, spacious, and more rigorously
maintained sites (JDSPS and JDSPP).
Three nematodes (Tachygonetria, Chapiniella, Augusticaecum) one trematode
(Telorchis), at least three protozoans (Eimeria, Cryptosporidium, amoebas) were among
the parasites identified. These genera have been recorded in previous gopher tortoise
surveys, which suggests that these endoparasites are part of the normal gastrointestinal
flora of gopher tortoises across their range. Parallel to earlier studies, pinworms were
found to be the most prevalent parasite detected across the South Florida gopher tortoise
populations, and found in the highest loads. The genus of pinworm identified between
studies varied; Tachygonetria sp. was identified in Louisiana (Diaz-Figueroa 2005) and

57

this current Florida study, while Alaeuris sp. was identified in Georgia (McGuire et al.
2013). Both Tachygonetria and Chapiniella were the only two parasites identified
throughout all sampling sites, sexes, size classes, habitat types, and sampling years.
Overall, males and females seem to harbor the same parasite species and in the
same amounts. Endoparasites also seem to be relatively ubiquitous throughout these three
South Florida habitat types (scrub, pine, coastal strand). Conclusions cannot be drawn
regarding the differences seen between tortoise size classes, since sub adult and juvenile
sample sizes were exceptionally low compared to adults. Variations were also seen
between sites, however, based on these results, density does not seem to play a large role
in parasite numbers, presence, or loads and thus, differences seen between sites may be a
function of vegetation cover, management, and host population differences not directly
measured or quantified in this current study. Differences between sampling years may be
another reflection of low sample sizes in certain years, however, differences seen
between years with more appropriate sample sizes may be due to environmental
differences experienced between years, such as fluctuating temperatures, humidity,
rainfall, vegetation coverage, management changes, and sampling bias. Seasonal
variation was also detected, however, low sample sizes and lumping seasons throughout
all sampling years may have influenced results and no conclusions can be drawn.
Future work should focus on systematically sampling multiple sites throughout all
seasons in the same years to more accurately measure and distinguish any differences
found. Larger sample sizes of tortoises in all size classes should also be included. The
quantification of supplementary environmental factors and host characteristics should
also be pursued to help determine the root of differences that may be found. Additional
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investigation should also utilize recurrent sampling techniques to avoid false negatives
and increase parasite detection. Correction factors should also be considered in analyses
to avoid the problem of chance significance with multiple comparisons. In addition,
overall distribution matrices that include all parasites ought to be constructed to allow for
a more comprehensive and inclusive analysis.
Future studies should especially be enacted in South Carolina, Alabama, or
Mississippi to create a baseline of gopher tortoise endoparasites in these locations and to
fill in the gaps in knowledge across their range. This work should include the classifying
endoparasites down to species, which generally requires the adult worms. Thus, adult
worm retrieval should be pursued via deceased tortoises when encountered in the field
via natural deaths or road kill (McGuire et al. 2013).
Due to G. polyphemus’ declining numbers and threatened status, new information
may be significant and vital to improving the management of this species and ensure its
existence in the future.
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APPENDICES
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APPENDIX A
Figures

Figure 1. Map of Study Sites
Study sites and counties where sites are located. The five sites are in Martin County,
Palm Beach County, and Indian River County, Florida. These include Blazing Star
Preserve (BSP), Florida Atlantic University Preserve (FAUP), Pine Jog Preserve (PJP),
Jonathan Dickinson State Park (JDSP), and Moorings Development (MD).
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A

B

Figure 2. 5-mL Fecal Collection Tubes
Fecal collection tubes (5-mL) containing SAF without feces (A) and with feces (B) in a
3:1 preservative to feces ratio.

62

Prevalence (%)

100
90
80
70
60
50
40
30
20
10
0

Parasite Type
Figure 3. Total Combined Endoparasite Prevalence
Total combined endoparasite prevalence (proportion of infected hosts among all the hosts
examined) for all 123 tortoises sampled from Blazing Star Preserve, Florida Atlantic
University Preserve, Pine Jog Preserve, Jonathan Dickinson State Park Pine, Jonathan
Dickinson State Park Scrub, and Moorings Development from 2013-2017.
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Figure 4. Total Combined Endoparasite Load
Parasite loads approximated from egg counts for all 123 tortoises sampled from Blazing
Star Preserve, Florida Atlantic University Preserve, Pine Jog Preserve, Jonathan
Dickinson State Park Pine, Jonathan Dickinson State Park Scrub, and Moorings
Development from 2013-2017. Load is described as the proportion (percent) of
individual tortoises from the total population who reflect load values of – (none), + (low),
++ (moderate), +++ (high) for each parasite type.
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Figure 5. Endoparasite Prevalence by Sex
Endoparasite prevalence (proportion of infected hosts among all the hosts examined) of
all known male (n=42) and female (n=57) tortoises sampled from Blazing Star Preserve,
Florida Atlantic University Preserve, Pine Jog Preserve, Jonathan Dickinson State Park
Pine, Jonathan Dickinson State Park Scrub, and Moorings Development.
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Figure 6. Endoparasite Prevalence by Size Class
Endoparasite prevalence (proportion of infected hosts among all the hosts examined) for
all known adult (n=104), sub adult (n=8), and juvenile (n=3) tortoises sampled from
Blazing Star Preserve, Florida Atlantic University Preserve, Pine Jog Preserve, Jonathan
Dickinson State Park Pine, Jonathan Dickinson State Park Scrub, and Moorings
Development from 2013-2017.
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Figure 7. Endoparasite Prevalence by Site
Endoparasite prevalence (proportion of infected hosts among all the hosts examined) for
all known adult (n=104), sub adult (n=8), and juvenile (n=3) tortoises sampled from
Blazing Star Preserve, Florida Atlantic University Preserve, Pine Jog Preserve, Jonathan
Dickinson State Park Pine, Jonathan Dickinson State Park Scrub, and Moorings
Development from 2013-2017.
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Figure 8. Endoparaite Prevalence by Habitat Type
Endoparasite prevalence (proportion of infected hosts among all the hosts examined) for
all tortoise’s adult and sub adult tortoises sampled in pine (n=31), scrub (n=61), and
coastal strand (n=20) habitat types of Blazing Star Preserve, Florida Atlantic University
Preserve, Pine Jog Preserve, Jonathan Dickinson State Park Pine, Jonathan Dickinson
State Park Scrub, and Moorings Development from 2013-2017.
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Figure 9. Endoparasite Prevalence by Year
Endoparasite prevalence (proportion of infected hosts among all the hosts examined) for
all tortoise’s adult and sub adult tortoises sampled from Blazing Star Preserve, Florida
Atlantic University Preserve, Pine Jog Preserve, Jonathan Dickinson State Park Pine,
Jonathan Dickinson State Park Scrub, and Moorings Development during the years of
2013 (n=2), 2014 (n=16), 2015 (n=31), 2016 (n=59), 2017 (n=4).
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Figure 10. Endoparasite Prevalence by Season
Endoparasite prevalence (proportion of infected hosts among all the hosts examined) for
all tortoise’s adult and sub adult tortoises sampled from Blazing Star Preserve, Florida
Atlantic University Preserve, Pine Jog Preserve, Jonathan Dickinson State Park Pine,
Jonathan Dickinson State Park Scrub, and Moorings Development during the Spring
(n=8), Summer (n=62), Fall (n=18), and Winter (n=8) seasons from 2013-2017.
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APPENDIX B
Tables
Table 1
Specific Hypotheses
Variable
Sex

Analysis
Parasite
Prevalence

Parasite Load

Parasite
Distribution

Size Class

Parasite
Prevalence

Parasite Load

Parasite
Distribution

Null Hypothesis
Ho: There will be no
difference in the
proportions of gopher
tortoises infected by
parasites among sexes.
Ho: There will be no
difference in the
approximate parasite loads
among sexes.
Ho: The similarity in
parasite presence/loads
among sexes will be
greater/equal to the
similarity within each sex.
Ho: There will be no
difference in the
proportions of gopher
tortoises infected by
parasites among size
classes.
Ho: There will be no
difference in the
approximate parasite loads
among size classes.
Ho: The similarity in
parasite presence/loads
among size classes will be
greater/equal to the
similarity within each size
class.
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Alternative Hypothesis
HA: There will be
differences in the
proportions of gopher
tortoises infected by
parasites among sexes.
HA: There will be
differences in the
approximate parasite
loads among sexes
HA: The similarity in
parasite presence/loads
among sexes will be
less than the similarity
within each sex.
HA: There will be
differences in the
proportions of gopher
tortoises infected by
parasites among size
classes.
HA: There will be
differences in the
approximate parasite
loads among size
classes.
HA: The similarity in
parasite presence/loads
among size classes will
be less than the
similarity within each
size class.

Sites

Parasite
Prevalence

Parasite Load

Parasite
Distribution

Habitat Type

Parasite
Prevalence

Parasite Load

Parasite
Distribution

Sampling
Year

Parasite
Prevalence

Parasite Load

Parasite
Distribution

Ho: There will be no
difference in the
proportions of gopher
tortoises infected by
parasites among sites.
Ho: There will be no
difference in the
approximate parasite loads
among sites.
Ho: The similarity in
parasite presence/loads
among sites will be
greater/equal to the
similarity within each site.
Ho: There will be no
difference in the
proportions of gopher
tortoises infected by
parasites among habitat
types.
Ho: There will be no
difference in the
approximate parasite loads
among habitat types.

HA: There will be
differences in the
proportions of gopher
tortoises infected by
parasites among sites.
HA: There will be
differences in the
approximate parasite
loads among sites
HA: The similarity in
parasite presence/loads
among sites will be less
than the similarity
within each site.
HA: There will be
differences in the
proportions of gopher
tortoises infected by
parasites among habitat
types.
HA: There will be
differences in the
approximate parasite
loads among habitat
types.
Ho: The similarity in
HA: The similarity in
parasite presence/loads
parasite presence/loads
among habitat types will
among habitat types
be greater/equal to the
will be less than the
similarity within each
similarity within each
habitat types.
habitat type.
Ho: There will be no
HA: There will be
difference in the
differences in the
proportions of gopher
proportions of gopher
tortoises infected by
tortoises infected by
parasites among years.
parasites among years.
Ho: There will be no
HA: There will be
difference in the
differences in the
approximate parasite loads approximate parasite
among years.
loads among years.
Ho: The similarity in
HA: The similarity in
parasite presence/loads
parasite presence/loads
among years will be
among years will be
greater/equal to the
less than the similarity
similarity within each
within each year.
year.
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Sampling
Season

Parasite
Prevalence

Parasite Load

Parasite
Distribution

Ho: There will be no
difference in the
proportions of gopher
tortoises infected by
parasites among seasons.

HA: There will be
differences in the
proportions of gopher
tortoises infected by
parasites among
seasons.
Ho: There will be no
HA: There will be
difference in the
differences in the
approximate parasite loads approximate parasite
among seasons.
loads among seasons.
Ho: The similarity in
HA: The similarity in
parasite presence/loads
parasite presence/loads
among seasons will be
among seasons will be
greater/equal to the
less than the similarity
similarity within each
within each season.
season.
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Table 2
Descriptive Statistics for Tortoise Carapace Lengths
n Mean
Carapace Length (cm) 112 28.69

SD
5.14

SE
0.48

95% CI
27.99-29.92

Min/Max
6.00-36.0

Female

55

30.13

2.80

0.3706

29.61-30.66

23.10-35.50

Male

40

29.99

2.82

0.4439

29.47-30.52

23.0-36.00

Adult

102 30.13

2.76

0.28

129.59-30.62

23.0-36.00

Sub Adult

8

18.21

3.638

1.23

17.53-18.89

13.50-22.5

Juvenile

2

8.150 3.0405

2.15

7.58-8.72

6.99-10.00
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Table 3
Total Combined Endoparasite Prevalence for 123 Tortoises Sampled
Parasite Type
Tachygonetria

Prevalence (%)
80% (99/123)

Chapiniella

47% (58/123)

Augusticaecum

6% (7/123)

Telorchis

7% (9/123)

Eimeria

10% (12/123)

Cryptosporidium

1% (1/123)

Amoebas

1% (1/123)
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Table 4
Total Combined Approximate Endoparasite Loads for 123 Tortoises Sampled

Tachygonetria

None
(-)
20% (24/123)

Approximate Parasite Load*
Low
Moderate
(+)
( ++ )
34.% (42/123) 33.% (41/123)

High
( +++ )
13% (16/123)

Chapiniella

52% (65/123)

41% (50/123)

7% (8/123)

0% (0/123)

Augusticaecum

94% (116/123)

6% (7/123)

0% (0/123)

0% (0/123)

Telorchis

93% (114/123)

7% (9/123)

0% (0/123)

0% (0/123)

Eimeria

90% (111/123)

10% (12/123)

0% (0/123)

0% (0/123)

Cryptosporidium

99% (122/123)

1% (1/123)

0% (0/123)

0% (0/123)

Amoebas

99% (122/123)

1% (1/123)

0% (0/123)

0% (0/123)

Parasite Type

Note. Results are displayed as percentages, as well as fractions, reflecting the proportion
of tortoises that harbor a parasite species in the respective load category out of all
tortoises sampled.
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Table 5
Endoparasite Presence and Approximate Parasite Loads for Resampled Tortoises
Tortoise

Parasite Type
Tachygonetria
Chapiniella

Sampling Period 1* Sampling Period 2*
++
+
+

Augusticaecum
A (FAU) Telorchis
Eimeria
Cryptosporidium
Amoebas
Tachygonetria
Chapiniella

+

Augusticaecum
B (FAU) Telorchis
Eimeria
Cryptosporidium
Amoebas
Tachygonetria

C (BSP)

+

+++

Chapiniella

+

Augusticaecum

+

Telorchis
Eimeria

+

Cryptosporidium
Amoebas
Note. Load is described as – (none), + (low), ++ (moderate), +++ (high).
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Table 6
Endoparasite Prevalence by Sex
Parasite Type
Tachygonetria

Female (n=57)
79% (45)

Male (n=42)
74% (31)

Chapiniella

47% (27)

50% (21)

Augusticaecum

4% (2)

5% (2)

Telorchis

11% (6)

5% (2)

Eimeria

9% (5)

5% (2)

Cryptosporidium

2% (1)

0% (0)

Amoebas

0% (0)

2% (1)

Note. Percentages describe the proportion of tortoises that
harbor a parasite species in each sex. The number of
positive individuals are shown in parentheses.
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Table 7
Approximate Endoparasite Loads by Sex
Female (n=57)
Parasite Type
Tachygonetria

None(-)
21% (12)

Low (+)
32% (18)

Load*
Moderate (++) High (+++)
37 (21)
11% (6)

Chapiniella

53% (30)

40% (23)

7% (4)

0% (0)

Augusticaecum

96% (55)

4% (2)

0% (0)

0% (0)

Telorchis

89% (51)

11% (6)

0% (0)

0% (0)

Eimeria

91% (52)

9% (5)

0% (0)

0% (0)

Cryptosporidium

98% (56)

2% (1)

0% (0)

0% (0)

Amoebas

100% (57)

0% (0)

0% (0)

0% (0)

Male (n=42)
Parasite Type
Tachygonetria

None(-)
26% (11)

Load*
Low (+)
29% (12)

Moderate (++) High (+++)
29% (12)
17% (7)

Chapiniella

50% (21)

43% (18)

7% (3)

0% (0)

Augusticaecum

95% (40)

5% (2)

0% (0)

0% (0)

Telorchis

95% (40)

5% (2)

0% (0)

0% (0)

Eimeria

95% (40)

5% (2)

0% (0)

0% (0)

Cryptosporidium

100% (42)

0% (0)

0% (0)

0% (0)

Amoebas

98% (41)

2% (1)

0% (0)

0% (0)

Note. Percentages describe the proportion of tortoises that harbor a parasite
species in the respective load category. The number of positive individuals are
shown in parentheses.
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Table 8
Endoparasite Prevalence of by Size Class
Parasite Type
Tachygonetria

Adult (n=104)
78% (81)

Sub Adult (n=8) Juvenile (n=3)
100% (8)
100% (3)

Chapiniella

48% (50)

25% (2)

3% (1)

Augusticaecum

4% (4)

0% (0)

66% (2)

Telorchis

8% (8)

0% (0)

0% (0)

Eimeria

9% (9)

13% (1)

33% (1)

Cryptosporidium

1% (1)

0% (0)

0% (0)

Amoebas

1% (1)

0% (0)

0% (0)

Note. Percentages describe the proportion of tortoises that harbor a
parasite species in each size class. The number of positive individuals
are shown in parentheses.
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Table 9
Approximate Endoparasite Loads by Size Class
Adult (n=104)
Parasite Type
Tachygonetria

None (-)
22% (23)

Low (+)
32% (33)

Load*
Moderate (++)
33% (34)

Chapiniella

52% (54)

40% (42)

8% (8)

0% (0)

Augusticaecum

96% (100)

4% (4)

0% (0)

0% (0)

Telorchis

92% (96)

8% (8)

0% (0)

0% (0)

Eimeria

91% (95)

9% (9)

0% (0)

0% (0)

Cryptosporidium

99% (103)

1% (1)

0% (0)

0% (0)

Amoebas

99% (103)

1% (1)

0% (0)

0% (0)
High (+++)
13% (1)

High (+++)
13% (14)

Sub Adult (n=8)
Parasite Type
Tachygonetria

None (-)
0% (0)

Low (+)
50% (4)

Load*
Moderate (++)
38% (3)

Chapiniella

75% (6)

25% (2)

0% (0)

0% (0)

Augusticaecum

100% (8)

0% (0)

0% (0)

0% (0)

Telorchis

100% (8)

0% (0)

0% (0)

0% (0)

Eimeria

88% (7)

13% (1)

0% (0)

0% (0)

Cryptosporidium

100% (8)

0% (0)

0% (0)

0% (0)

Amoebas

100% (8)

0% (0)

0% (0)

0% (0)
High (+++)
33% (1)

Juvenile (n=3)
Parasite Type
Tachygonetria

None (-)
0% (0)

Low (+)
67% (2)

Load*
Moderate (++)
0% (0)

Chapiniella

67% (2)

33% (1)

0% (0)

0% (0)

Augusticaecum

33% (1)

67% (2)

0% (0)

0% (0)

Telorchis

100% (3)

0% (0)

0% (0)

0% (0)

Eimeria

67% (2)

33% (1)

0% (0)

0% (0)

Cryptosporidium

100% (3)

0% (0)

0% (0)

0% (0)

Amoebas

100% (3)

0% (0)

0% (0)

0% (0)

Note. Percentages describe the proportion of tortoises that harbor a parasite
species in the respective load category. The number of positive individuals
are shown in parentheses.
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Table 10
Endoparasite Prevalence by Site
Parasite Type

BSP
(n=22)

FAUP
(n=18)

PJP
(n=17)

JDSP
Pine
(n=14)
93% (13)

MD
(n=20)

76% (13)

JDSP
Scrub
(n=21)
81% (17)

Tachygonetria

68% (15)

78% (14)

Chapiniella

27% (6)

66% (12)

53% (9)

57% (10)

21% (3)

50% (10)

Augusticaecum

5% (1)

0% (0)

6% (1)

0% (0)

7% (1)

5% (3)

Telorchis

27% (6)

0% (0)

6% (1)

5% (1)

0% (0)

0% (0)

Eimeria

23% (5)

6% (1)

24% (4)

0% (0)

0% (0)

0% (0)

Cryptosporidium

0% (0)

0% (0)

6% (1)

0% (0)

0% (0)

0% (0)

Amoebas

0% (0)

6% (1)

0% (0)

0% (0)

0% (0)

0% (0)

85% (17)

Note. Percentages describe the proportion of tortoises that harbor a parasite species in
each site. The number of positive individuals are shown in parentheses.
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Table 11
Approximate Endoparasite Loads by Site
BSP (n=22)
Parasite Type
Tachygonetria

None (-)
32% (7)

Load*
Low (+)
Moderate (++)
41% (9)
18% (4)

Chapiniella

73% (16)

27% (6)

0% (0)

0% (0)

Augusticaecum

95% (21)

5% (1)

0% (0)

0% (0)

Telorchis

73% (16)

27% (6)

0% (0)

0% (0)

Eimeria

77% (17)

23% (5)

0% (0)

0% (0)

Cryptosporidium

100% (22)

0% (0)

0% (0)

0% (0)

Amoebas

100% (22)

0% (0)

0% (0)

0% (0)

High (+++)
9% (2)

FAUP (n=18)
Parasite Type
Tachygonetria

None (-)
22% (4)

Load*
Low (+)
Moderate (++)
22% (4)
44% (8)

Chapiniella

33% (6)

56% (10)

11% (2)

0% (0)

Augusticaecum

100% (18)

0% (0)

0% (0)

0% (0)

Telorchis

100% (18)

0% (0)

0% (0)

0% (0)

Eimeria

94% (17)

6% (1)

0% (0)

0% (0)

Cryptosporidium

100% (18)

0% (0)

0% (0)

0% (0)

Amoebas

94% (17)

6% (1)

0% (0)

0% (0)

PJP (n=17)
Parasite Type
Tachygonetria

None (-)
24% (4)

Load*
Low (+)
Moderate (++)
29% (5)
35% (6)

Chapiniella

47% (8)

41% (7)

12% (2)

0% (0)

Augusticaecum

94% (16)

6% (1)

0% (0)

0% (0)

Telorchis

94% (16)

6% (1)

0% (0)

0% (0)

Eimeria

76% (13)

24% (4)

0% (0)

0% (0)

Cryptosporidium

94% (16)

6% (1)

0% (0)

0% (0)

Amoebas

100% (17)

0% (0)

0% (0)

0% (0)

None (-)
19% (4)

Low (+)
52% (11)

Load*
Moderate (++)
24% (5)

High (+++)
5% (1)

JDSP Scrub (n=21)
Parasite Type
Tachygonetria
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High (+++)
11% (2)

High (+++)
12% (2)

Chapiniella

43% (9)

52% (11)

5% (1)

0% (0)

Augusticaecu

100% (21)

0% (0)

0% (0)

0% (0)

Telorchis

95% (20)

5% (1)

0% (0)

0% (0)

Eimeria

100% (21)

0% (0)

0% (0)

0% (0)

Cryptosporidium

100% (21)

0% (0)

0% (0)

0% (0)

Amoebas

100% (21)

0% (0)

0% (0)

0% (0)
High (+++)
29% (4)

JDSP Pine (n=14)
Parasite Type
Tachygonetria

None (-)
7% (1)

Low (+)
29% (4)

Load*
Moderate (++)
36% (5)

Chapiniella

79% (11)

14% (2)

7% (1)

0% (0)

Augusticaecum

93% (13)

7% (1)

0% (0)

0% (0)

Telorchis

100% (14)

0% (0)

0% (0)

0% (0)

Eimeria

100% (14)

0% (0)

0% (0)

0% (0)

Cryptosporidium

100% (14)

0% (0)

0% (0)

0% (0)

Amoebas

100% (14)

0% (0)

0% (0)

0% (0)

MD (n=20)
Parasite Type
Tachygonetria

None (-)
15% (3)

Load*
Low (+)
Moderate (++)
20% (4)
45% (9)

Chapiniella

50% (10)

40% (8)

10% (2)

0% (0)

Augusticaecum

95% (19)

5% (1)

0% (0)

0% (0)

Telorchis

100% (20)

0% (0)

0% (0)

0% (0)

Eimeri

100% (20)

0% (0)

0% (0)

0% (0)

Cryptosporidium

100% (20)

0% (0)

0% (0)

0% (0)

Amoebas

100% (20)

0% (0)

0% (0)

0% (0)

High (+++)
20% (4)

Note. Percentages describe the proportion of tortoises that harbor a parasite
species in the respective load category. The number of positive individuals are
shown in parentheses.
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Table 12
Endoparasite Prevalence of Tortoises by Habitat Type
Parasite Type
Tachygonetria

Pine
(n=31)
84% (26)

Scrub
(n=61)
75% (46)

Coastal strand
(n=20)
85% (17)

Chapiniella

39% (12

49% (30)

50% (10)

Augusticaecum

6% (2)

2% (1)

5% (1)

Telorchis

3% (1)

11% (7)

0% (0)

Eimeria

13% (4)

10% (6)

0% (0)

Cryptosporidium

3% (1)

0% (0)

0% (0)

Amoebas

0% (0)

1% (1)

0% (0)

Note. Percentages describe the proportion of tortoises that
harbor a parasite species in each habitat type. The number of
positive individuals are shown in parentheses.
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Table 13
Approximate Endoparasite Loads by Habitat Type
Pine (n=31)
Parasite Type
Tachygonetria

None (-)
16% (5)

Load*
Low (+)
Moderate (++)
29% (9)
35% (11)

Chapiniella

61% (19)

29% (9)

10% (3)

0% (0)

Augusticaecum

94% (29)

6% (2)

0% (0)

0% (0)

Telorchis

97% (30)

3% (1)

0% (0)

0% (0)

Eimeria

87% (27)

13% (4)

0% (0)

0% (0)

Cryptosporidium

97% (30)

3% (1)

0% (0)

0% (0)

Amoebas

100% (31)

0% (0)

0% (0)

0% (0)

High (+++)
19% (6)

Scrub (n=61)
Parasite Type
Tachygonetria

None (-)
25% (15)

Load*
Low (+)
Moderate (++)
39% (24)
28% (17)

Chapiniella

51% (31)

44% (27)

5% (3)

0% (0)

Augusticaecum

98% (60)

2% (1)

0% (0)

0% (0)

Telorchis

89% (54)

11% (7)

0% (0)

0% (0)

Eimeria

90% (55)

10% (6)

0% (0)

0% (0)

Cryptosporidium

100% (61)

0% (0)

0% (0)

0% (0)

Amoebas

98% (60)

2% (1)

0% (0)

0% (0)

Coastal strand (n=20)
Parasite Type
None (-)
Tachygonetria
15% (3)

Low (+)
20% (4)

Load*
Moderate (++)
45% (9)

High (+++)
20% (4)

Chapiniella

50% (10)

40% (8)

10% (2)

0% (0)

Augusticaecum

95% (19)

5% (1)

0% (0)

0% (0)

Telorchis

100% (20)

0% (0)

0% (0)

0% (0)

Eimeria

100% (20)

0% (0)

0% (0)

0% (0)

Cryptosporidium

100% (20)

0% (0)

0% (0)

0% (0)

Amoebas

100% (20)

0% (0)

0% (0)

0% (0)

High (+++)
8% (5)

Note. Percentages describe the proportion of tortoises that harbor a parasite
species in the respective load category. The number of positive individuals are
shown in parentheses.
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Table 14
Endoparasite Prevalence by Sampling Year
Parasite Type
Tachygonetria

2013
(n=2)
50% (1)

2014
(n=16)
88% (14)

2015
(n=31)
74% (23)

2016
(n=59)
80% (47)

2017
(n=4)
100% (4)

Chapiniella

100% (2)

69% (11)

42% (13)

44% (26)

0% (0)

Augusticaecum

0% (0)

0% (0)

6% (2)

3% (2)

0% (0)

Telorchis

0% (0)

6% (1)

23% (7)

0% (0)

0% (0)

Eimeria

0% (0)

6% (1)

19% (6)

5% (3)

0% (0)

Cryptosporidium

0% (0)

0% (0)

3% (1)

0% (0)

0% (0)

Amoebas

50% (1)

0% (0)

0% (0)

0% (0)

0% (0)

Note. Percentages describe the proportion of tortoises that harbor a parasite species in
each sampling year. The number of positive individuals are shown in parentheses.
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Table 15
Approximate Endoparasite Loads by Sampling Year
2013 (n=2)
Parasite Type
Tachygonetria
Chapiniella

None (-)
50% (1)

Load*
Low (+)
Moderate (++)
0% (0)
0% (0)

High (+++)
50% (1)

0% (0)

100% (2)

0% (0)

0% (0)

Augusticaecum

100% (2)

0% (0)

0% (0)

0% (0)

Telorchis

100% (2)

0% (0)

0% (0)

0% (0)

Eimeria

100% (2)

0% (0)

0% (0)

0% (0)

Cryptosporidium

100% (2)

0% (0)

0% (0)

0% (0)

Amoebas

50% (1)

50% (1)

0% (0)

0% (0)

2014 (n=16)
Parasite Type
Tachygonetria

None (-)
13% (2)

Load*
Low (+)
Moderate (++)
31% (5)
44% (7)

Chapiniella

31% (5)

56% (9)

13% (2)

0% (0)

Augusticaecum

100% (16)

0% (0)

0% (0)

0% (0)

Telorchis

94% (15)

6% (1)

0% (0)

0% (0)

Eimeria

100% (16)

6% (1)

0% (0)

0% (0)

Cryptosporidium

100% (16)

0% (0)

0% (0)

0% (0)

Amoebas

100% (16)

0% (0)

0% (0)

0% (0)

High (+++)
13% (2)

2015 (n=31)
Parasite Type
Tachygonetria

None (-)
26% (8)

Load*
Low (+)
Moderate (++)
29% (9)
32% (10)

Chapiniella

58% (18)

35% (11)

6% (2)

0% (0)

Augusticaecum

94% (29)

6% (2)

0% (0)

0% (0)

Telorchis

77% (24)

23% (7)

0% (0)

0% (0)

Eimeria

81% (25)

19% (6)

0% (0)

0% (0)

Cryptosporidium

97% (30)

3% (1)

0% (0)

0% (0)

Amoebas

100% (31)

0% (0)

0% (0)

0% (0)

2016 (n=59)
Parasite Type
Tachygonetria

None (-)
20% (12)

Load*
Low (+)
Moderate (++)
36% (21)
31% (18)
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High (+++)
13% (4)

High (+++)
14% (8)

Chapiniella

56% (33)

37% (22)

7% (4)

0% (0)

Augusticaecum

97% (57)

3% (2)

0% (0)

0% (0)

Telorchis

100% (59)

0% (0)

0% (0)

0% (0)

Eimeria

95% (56)

5% (3)

0% (0)

0% (0)

Cryptosporidium

100% (59)

0% (0)

0% (0)

0% (0)

Amoebas

100% (59)

0% (0)

0% (0)

0% (0)

2017 (n=4)
Parasite Type
Tachygonetria

None (-)
0% (0)

Load*
Low (+)
Moderate (++)
50% (2)
50% (2)

Chapiniella

100% (4)

0% (0)

0% (0)

0% (0)

Augusticaecum

100% (4)

0% (0)

0% (0)

0% (0)

Telorchis

100% (4)

0% (0)

0% (0)

0% (0)

Eimeria

100% (4)

0% (0)

0% (0)

0% (0)

Cryptosporidium

100% (4)

0% (0)

0% (0)

0% (0)

Amoebas

100% (4)

0% (0)

0% (0)

0% (0)

High (+++)
0% (0)

Note. Percentages describe the proportion of tortoises that harbor a parasite
species in the respective load category. The number of positive individuals are
shown in parentheses.
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Table 16
Endoparasite prevalence by Season
Parasite Type

Spring
(n=8)
75 % (6)

Summer
(n=62)
81% (50)

Fall
(n=18)
94% (17)

Winter
(n=8)
63% (5)

Chapiniella

0% (0)

50% (31)

61% (11)

50% (4)

Augusticaecum

0% (0)

3% (2)

11% (3)

0% (0)

Telorchis

0% (0)

8% (5)

0% (0)

0% (0)

Eimeria

0% (0)

6% (4)

5% (1)

0% (0)

Cryptosporidium

13% (1)

0% (0)

0% (0)

0% (0)

Amoebas

0% (0)

0% (0)

0% (0)

13% (1)

Tachygonetria

Note. Percentages describe the proportion of tortoises that harbor a
parasite species in each season. The number of positive individuals are
shown in parentheses.
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Table 17
Approximate Endoparasite Loads by Season
Spring (n=8)
Parasite Type
Tachygonetria

None (-)
25% (2)

Low (+)
25% (2)

Load*
Moderate (++)
50% (4)

Chapiniella

50% (8)

0% (0)

0% (0)

0% (0)

Augusticaecum

100% (8)

0% (0)

0% (0)

0% (0)

Telorchis

100% (8)

0% (0)

0% (0)

0% (0)

Eimeria

100% (8)

0% (0)

0% (0)

0% (0)

Cryptosporidium

88% (7)

13% (1)

0% (0)

0% (0)

Amoebas

100% (8)

0% (0)

0% (0)

0% (0)

High (+++)
0% (0)

Summer (n=62)
Parasite Type
Tachygonetria

None (-)
19% (12)

Load*
Low (+)
Moderate (++)
34% (21)
31% (19)

Chapiniella

50% (31)

42% (26)

8% (5)

0% (0)

Augusticaecum

97% (60)

3% (2)

0% (0)

0% (0)

Telorchis

92% (57)

8% (5)

0% (0)

0% (0)

Eimeria

94% (58)

6% (4)

0% (0)

0% (0)

Cryptosporidium

100% (62)

0% (0)

0% (0)

0% (0)

Amoebas

100% (62)

0% (0)

0% (0)

0% (0)

Fall (n=18)
Parasite Type
Tachygonetria

None (-)
6% (1)

Low (+)
33% (6)

Chapiniella

39% (7)

50% (9)

11% (2)

0% (0)

Augusticaecum

89% (16)

50% (9)

0% (0)

0% (0)

Telorchis

100% (18)

0% (0)

0% (0)

0% (0)

Eimeria

94% (17)

6% (1)

0% (0)

0% (0)

Cryptosporidium

100% (18)

0% (0)

0% (0)

0% (0)

Amoebas

100% (18)

0% (0)

0% (0)

0% (0)

None (-)
38% (3)

Low (+)
13% (1)

Winter (n=8)
Parasite Type
Tachygonetria

Load*
Moderate (++)
61% (11)

High (+++)
16% (10)

Load*
Moderate (++)
13% (1)
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High (+++)
0% (0)

High (+++)
38% (3)

Chapiniella

50% (4)

50% (4)

0% (0)

0% (0)

Augusticaecum

100% (8)

0% (0)

0% (0)

0% (0)

Telorchis

100% (8)

0% (0)

0% (0)

0% (0)

Eimeria

100% (8)

0% (0)

0% (0)

0% (0)

Cryptosporidium

100% (8)

0% (0)

0% (0)

0% (0)

Amoebas

88% (7)

13% (1)

0% (0)

0% (0)

Note. Percentages describe the proportion of tortoises that harbor a parasite
species in the respective load category. The number of positive individuals
are shown in parentheses.
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APPENDIX C
Population Density Estimation and Correction Factors
Each of the sites in this study (BSP, FAUP, PJP, JDSP Pine and Scrub, MD) has
had a previous population survey conducted, however, the methods of data collection
varied, as well as the year surveyed. FAUP and BSP were surveyed using Belt Transects
(McCoy et al. 2006, Ashton and Ashton 2008) in 2011 (Scholl et al. 2012). JDSP was
surveyed

in

2015

using

Line

Transect

Distance

Surveys

by

the

Joseph

W. Jones Ecological Research Center under a contract with FWC. Pine Jog was surveyed
in 2017 using Belt Transects. Moorings Development was surveyed in 2015 during a total
population survey.
Unfortunately, it is almost impossible to accurately compare population density
data acquired from different survey methods. Various studies have concluded that the
assessment of gopher tortoise burrow abundance is biased by survey method, and
abundance estimates attained via transect surveys are larger for the same area compared
to those found in complete surveys (Styrsky et al. 2010). Confounding to this, many
researchers exercise caution when using a broad correction factor to estimate population
sizes (Cox et al., 19887; Burke, 1989; Witz et al. 1992), since tortoise occupancy per
burrow is known to vary in respect to time and space (Fucigna et. Al. 1989, Godley,
1989; Stout et al., 1989). Tortoises are also known to use more than one burrow at a time.
The most common correction factors include the Auffenberg and Franz correction factor
where the number of burrows in an area is multiplied by 0.614 (Auffenberg and Franz
1982), a Florida Fish and Wildlife Conservation Commission (FWC) burrow correction
factor where the number of active burrows is divided by two (FWC 2008), and the least93

squares regression equations of the relationship between number of tortoises and number
of active and inactive burrows (Strysky et al. 2010). Unfortunately, these correction
factors can under- and overestimate actual population sizes. Furthermore, it is suggested
that correction factors be ‘site specific’ since tortoises have such variability in their
burrowing patterns and behavior. In fact, the Auffenberg and Franz correction factor can
range from 0.4 - 0.8 depending on sites and/or habitat types (Burke 1989, Breininger et
al. 1991, Deimer 1992). To calculate a site-specific correction factor, the number of
occupied burrows is divided by the number of burrows in a given area. To definitively
determine burrow occupancy, a number of burrows from an area would be chosen,
followed by excavation to confirm occupancy (Smith et al. 2005). To save the burrow
from destruction, an intra-burrow camera could be used to determine occupancy
(Tuberville and Dorcas 2001).
For this study, the time and supplies needed to accurately carry out density
measurements and proper correction factors was not attainable, and thus only four sites
were deemed comparable, since they have close to complete surveys conducted; BSP,
FAUP, PJP and MD. BSP and FAU had population surveys conducted in 2011 using belt
transects conducted by the same primary individual, Joshua Scholl, which helped to
reduce individual bias. The dependent double observer method was used (Nichols et al.
2000), and belt transects were completed by placing transects, at a width of 5 meters and
length to 50 meters, inside 50 x 50-meter quadrats to ensure total coverage within each
quadrat and guarantee the most accurate transect lines (McCoy et al. 2006, Scholl 2011).
These constraints only left 2.5 meters on either side of the transect line, which was the
most robust survey possible and thus, allowing the assumption of essentially 100%

94

detection. PJP also utilized the same methods as Joshua Scholl, but were conducted in
2017 by Natalie Frendberg of Pine Jog. Because belt transect surveys completed in this
way yield almost 100% detection probability, I felt that it was comparable to the total
population survey conducted by Dr. John Moore at MD in 2015.
Since the total population of MD is known, I tested all the correction factors
described previously on the active and inactive burrows obtained from Dr. Moore’s 2015
survey. This survey found 23 inactive and 67 active burrows (90 total), and 40
individuals. In 2017, the number of individuals increased to 47, however, since this site is
so close to the beach, tortoises have a greater ability to immigrate an emigrate to
and from this site using the beach as a connection to other adjacent beach habitats. Based
on these burrow estimates, the correction factor that estimated closest to the number of
individuals found at MD was the Florida Fish and Wildlife correction of dividing the
number of active burrows by two; estimating approximately 33.5 tortoises (See Table
Below).
Moorings Development Estimated Population Calculations
Reference

Equation

Auffenberg &
Franz, 1982

Number of active and inactive burrows x 0.614

Estimated
Population
55.26

FWC, 2008

Number of active burrows / 2

33.5

Strysky, et al.,
2010

Log (number of tortoises) = -0.351 + (0.883) [log 18.60
(number of active and inactive burrows)] - (SE of
the slope = 0.109)

Strysky, et al.,
2010

Log (number of tortoises) = -0.301 + (0.998) [log 16.95
(number of active burrows)] - (SE of the slope =
0.082).

Noticeably, this is an underestimation (assuming ~40-47 actual individuals), but
to serve as a universal comparison between sites, I will use this correction factor for all
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sites, except JDSP Pine and Scrub, which will be excluded from this analysis. Once the
correction factor was applied, the number of tortoises could be estimated. Once an
abundance estimation was obtained, it was divided by the size of the site in hectares to
obtain density (See Table Below).
Sampling Site Density Calculations
Site

Inactive
Burrows
11

Estimated
Population
24

Size
(Ha)
10.9

Estimated
Density
2.20/ha

FAUP 199

23

99.5

36.4

2.73/ha

PJP

104

93

52

54.6

0.95/ha

MD

67

23

33.5

1.21

27.69/ha

BSP

Active
Burrows
48
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APPENDIX D
Significance Values for Parasite Prevalence Analyses
Fischer’s Exact Test: Sex (p<0.05)
Tachygon. Chapin. August. Telorchis Eimeria Crypto. Amoebas
Male
Female

~

0.6326

0.8406

1

0.461

0.6954

1

0.4242

Fischer’s Exact Test: Size Class (p<0.05)
Tachygon. Chapin. August.
Adult ~
Juvenile

Telorchis Eimeria Crypto. Amoebas

1

1

0.00773

1

0.2572

1

1

Adult ~ Sub
Adult

0.2029

0.2815

1

1

0.5388

1

1

Sub Adult ~
Juvenile

1

1

0.05455

1

0.4909

1

1

Fischer’s Exact Test: Site (p<0.05) (Bonferroni correction p<0.003)
Tachygon. Chapin. August. Telorchis Eimeria Crypto. Amoebas
BSP ~ FAU

0.7235

0.02438

1

0.0243

0.1969

1

0.45

BSP ~ PJP

0.7245

0.1837

1

0.1125

1

0.4359

1

BSP ~
JDSPP

0.115

1

1

0.06246

0.1336

1

1

BSP ~
JDSPS

0.4876

0.2152

1

0.09457

0.04885

1

1

BSP ~ MD

0.2842

0.204

0.3327

0.0216

0.04918

1

1

FAU ~ PJP

1

0.4998

0.4857

0.4857

0.1774

0.4857

1

FAU ~
JDSPP

0.3547

0.0155

0.4375

1

1

1

1

FAU ~
JDSPS

1

0.334

1

1

0.4615

1

0.4615

0.6867

0.3423

0.2319

1

0.4737

1

0.4737

FAU ~ MD
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PJP ~ JDSPP

0.3445

0.1378

1

1

0.1075

1

1

PJP ~ JDSPS

1

1

0.4474

1

0.03224

0.4474

1

PJP ~ MD

1

1

0.6088

0.4595

0.03604

0.4474

1

JDSPP ~
JDSPS

0.6272

0.1621

0.4

1

1

1

1

JDSPP ~
MD

0.6272

0.1529

0.6272

1

1

1

1

JDSPS ~
MD

1

1

0.1069

1

1

1

1

Fischer’s Exact Test: Habitat Type (p<0.05)
Tachygon. Chapin. August. Telorchis Eimeria Crypto. Amoebas
Pine ~ Scrub

0.4360

0.382

0.2617

0.2599

0.728

0.337

0.3441

Pine ~ Sand

1

0.5464

1

1

0.1453

1

1

Scrub ~ Sand

0.5383

1

0.4352

0.1845

0.3279

1

1

Fischer’s Exact Test: Year (p<0.05) (Bonferroni correction p<0.005)
Tachygon. Chapin. August. Telorchis Eimeria Crypto. Amoebas
2013~2014

0.3137

1

1

1

1

1

0.1111

2013~2015

0.4773

0.5257

1

1

1

1

0.06061

2013~2016

0.3836

0.2066

1

1

1

1

0.03279

2013~2017

0.333

0.2066

1

1

1

1

0.333

2014~2015

0.1638

0.1246

0.5412

0.2343

0.3956

1

0.06061

2014~2016

0.7205

0.969

1

0.2133

1

1

1

2014~2017

1

0.02601

1

1

1

1

1

2015~2016

0.5992

1

0.6056

0.000352

0.0874

0.3444

1

2015~2017

0.5531

0.2735

1

0.562

1

1

1

2016~2017

1

0.136

1

1

1

1

1
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Fischer’s Exact Test: Season (p<0.05)
Tachygon. Chapin.
Spring ~
Winter

August.

Telorchis Eimeria Crypto. Amoebas

1

0.07692

1

1

1

1

1

Spring ~
Summer

0.6561

0.007353

1

1

1

0.1143

1

Spring ~
Fall

0.2154

0.007393

0.5292

1

1

1

1

Winter ~
Summer

0.3551

1

1

1

1

1

0.1143

Winter ~
Fall

0.07211

0.6828

0.5292

1

1

1

0.3077

Summer ~
Fall

0.2778

0.4357

0.07244

0.5823

1

1

1
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APPENDIX E
Significance Values for Parasite Load Analyses
Mann Whitney U: Sex (p<0.05)
Tachygon. Chapin. August. Telorchis Eimeria Crypto. Amoebas
Male
Female

~

0.912

0.811

0.756

0.301

0.444

0.391

0.244

Kruskal Wallace: Size Class
Tachygon. Chapin. August. Telorchis Eimeria Crypto. Amoebas
Size Class

0.740

0.362

0.001

0.637

0.346

0.948

0.948

Pairwise Comparisons: Size Class (p<0.05)
Augusticaecum
Adult ~ Sub Adult

0.639

Sub Adult ~ Juvenile

0.001

Adult ~ Juvenile

0.001

Kruskal Wallace: Site (p<0.05) (Bonferroni correction p<0.003)
Tachygon. Chapin. August. Telorchis Eimeria Crypto. Amoebas
Site

0.077

0.058

0.794

Kruskal Wallace: Pairwise Comparisons for Site
Telorchis Eimeria
BSP ~ FAU

0.001

0.059

BSP ~ PJP

0.10

0.931

BSP ~ JDSPP

0.002

0.020

BSP ~ JDSPS

0.004

0.009

BSP ~ MD

0.001

0.010

100

0.004

0.010

0.348

0.389

FAU ~ PJP

0.501

0.064

FAU ~ JDSPP

1

0.586

FAU ~ JDSPS

0.567

0.546

1

0.551

PJP ~ JDSPP

0.529

0.023

PJP ~ JDSPS

0.894

0.012

PJP ~ MD

0.491

0.013

JDSPP ~ JDSPS

0.594

1

JDSPP ~ MD

1

1

JDSPS ~ MD

0.556

1

FAU ~ MD

Kruskal Wallace: Habitat Type (p<0.05)
Tachygon. Chapin. August. Telorchis Eimeria Crypto. Amoebas
Habitat Type

0.052

0.727

0.469

0.139

0.272

0.271

Kruskal Wallace: Year (p<0.05) (Bonferroni correction p<0.003)
Tachygon. Chapin. August. Telorchis Eimeria Crypto. Amoebas
Year

0.936

0.074

0.817

0.003

Pairwise Comparisons: Year (p<0.05) (0.005
Telorchis Amoeba
2013~2014

0.747

0.001

2013~2015

0.232

0.001

2013~2016

1

0.001

2013~2017

1

0.001

2014~2015

0.040

1

2014~2016

0.391

1

2014~2017

0.666

1

2015~2016

0.001

1
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0.207

0.625

0.001

0.658

2015~2017

1

1

2016~2017

1

1

Kruskal Wallace: Season (p<0.05)
Tachygon. Chapin. August. Telorchis Eimeria Crypto. Amoebas
Season

0.892

0.039

0.395

0.413

0.785

Pairwise Comparisons: Season (p<0.05)
Chapiniella Cryptosporidium Amoebas
Spring ~ Winter

0.073

0.014

0.014

Spring ~ Summer

0.010

0.001

1

Spring ~ Fall

0.005

0.004

1

Winter ~Summer

0.842

1

0.001

Winter ~ Fall

0.476

1

0.004

Summer ~ Fall

0.395

1

1
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0.012

0.012

APPENDIX F
Significance Values for Distribution of Parasite Presence Analyses
ANOSIM Dissimilarity Matrix: Sex (p<0.05)
R ANOSIM statistic Significance
Male ~ Female

-0.01283

0.737

ANOSIM Dissimilarity Matrix: Size Class (p<0.05)
R ANOSIM statistic Significance
Adult ~ Juvenile

0.5413

0.009

Adult ~

-0.139

0.925

Sub Adult ~
Juvenile

0.7349

0.044

PJP ~ BSP

0.0184

0.27

BSP ~ FAU

0.09058

0.021

JDSPS ~ JDSPP

0.05073

0.138

Sub Adult

ANOSIM Dissimilarity Matrix: Site (p<0.05) (Bonferroni correction p<0.003)
R ANOSIM statistic Significance
All

0.02716

0.053

JDSPP ~ PJP

0.01938

0.249

JDSPS ~ BSP

0.09333

0.011

JDSPS ~ FAUP
JDSPS ~ PJP
JDSPS ~ MD
JDSPP ~ FAU
JDSPP ~BSP
JDSPP ~ MD

-0.01892
0.04126
-0.02607
0.1133
-0.07794
0.006952

0.679
0.125
0.847
0.021
0.979
0.372

MD ~ FAU
MD~PJP
MD ~ BSP
PJP ~ FAU

0.001093
0.03121
0.06828
0.005021

0.39
0.166
0.037
0.32
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ANOSIM Dissimilarity Matrix: Habitat Type (p<0.05)
R ANOSIM statistic Significance
All

-0.06123

0.966

Pine ~ Scrub

-0.02573

0.758

Pine ~ Sand

-0.04534

0.893

Scrub ~ Sand

-0.1151

0.994

ANOSIM Dissimilarity Matrix: Year (p<0.05) (Bonferroni correction p<0.005)
R ANOSIM statistic Significance
All

0.7533

0.001

2013 ~ 2014 0.7624

0.005

2013 ~ 2015 0.9979

0.001

2013 ~ 2016 1

0.001

2016 ~ 2017 1

0.066667

2014 ~ 2015 0.4389

0.001

2014~ 2016

0.001

0.9998

2014 ~ 2017 1

0.001

2015 ~ 2016 0.6464

0.001

2015 ~ 2017 0.9895

0.001

2016 ~ 2017 0.5022

0.001

ANOSIM Dissimilarity Matrix: Season (p<0.05)
R ANOSIM statistic Significance
ALL

-0.005051

0.525

Spring ~ Winter

0.09431

0.111

Spring ~ Summer

0.004663

0.479

Spring ~ Fall

0.1966

0.019

Winter ~ Summer 0.03994

0.335
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Winter ~ Fall

0.1225

0.078

Summer ~ Fall

-0.05466

0.806
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APPENDIX G
Significance Values for Distribution of Parasite Load Analyses
ANOSIM Dissimilarity Matrix: Sex (p<0.05)
R ANOSIM statistic Significance
Male ~ Female

-0.005242

0.552

ANOSIM Dissimilarity Matrix: Size Class (p<0.05)
R ANOSIM statistic Significance
Adult ~ Juvenile
Adult ~

0.1124

0.214

-0.09574

0.885

0.1142

0.155

Sub Adult
Sub Adult ~
Juvenile

ANOSIM Dissimilarity Matrix: Site (p<0.05) (Bonferroni correction p<0.003)
R ANOSIM statistic Significance
All
JDSPP ~ PJP

0.04576
0.01157

0.02
0.294

JDSPS ~ BSP

0.009409

0.256

JDSPS ~ FAUP
JDSPS ~ PJP
JDSPS ~ MD
JDSPP ~ FAU
JDSPP ~BSP
JDSPP ~ MD

0.02457
0.04061
0.08342
0.03064
0.127
-0.02893

0.202
0.149
0.023
0.189
0.024
0.696

MD ~ FAU
MD~PJP

-0.01669
0.004466

0.563
0.325
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MD ~ BSP
PJP ~ FAU
PJP ~ BSP
BSP ~ FAU
JDSPS ~ JDSPP

0.135
-0.03356
0.0465
0.0771
0.1463

0.011
0.856
0.108
0.041
0.016

Fischer’s Exact Test: Habitat Type (p<0.05)
R ANOSIM statistic Significance
All

0.07155

0.021

Pine ~ Scrub

0.0692

0.034

Pine ~ Sand
Scrub ~ Sand

-0.02832
0.1083

0.765
0.032

ANOSIM Dissimilarity Matrix: Year (p<0.05) (Bonferroni correction p<0.005)
R ANOSIM statistic Significance
All

0.2557

0.001

2013 ~ 2014

0.3438

0.047

2013 ~ 2015

0.5038

0.025

2013 ~ 2016

0.7684

0.003

2016 ~ 2017

0.8214

0.066667

2014 ~ 2015

0.1046

0.028

2014~ 2016

0.4239

0.001

2014 ~ 2017

0.7175

0.001

2015 ~ 2016

0.1653

0.002

2015 ~ 2017

0.258

0.033

2016 ~ 2017

0.03851

0.342

ANOSIM Dissimilarity Matrix: Season (p<0.05)
R ANOSIM statistic Significance
ALL

0.02904

0.285

Spring ~ Winter

0.06027

0.187
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Spring ~ Summer

-0.04355

0.634

Spring ~ Fall

0.04807

0.213

Winter ~ Summer 0.1492

0.064

Winter ~ Fall

0.2456

0.009

Summer ~ Fall

-0.009076

0.521
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