14 Free-Ranging Sea Turtle Health
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14.1 INTRODUCTION

Assessing the health of free-ranging sea turtles has become increasingly important as evidence
grows thatenvironmental and animal health are intrinsically linked and sea turtle numbers continue
to decline. Dr. George’s Chapter 14 of The Biology of Sea Turtles, Volume I (George 1997) has
an excellent review of the known nutritional anomalies, diseases, parasites, and environmental
health problems affecting sea turtles at the time. Dr. Herbst’s and Professor Jacobson’s Chapter 15
of Volume II (Herbst and Jacobson 2003) also has an excellent comprehensive review of the
systematic approaches and pitfalls to conducting a sea turtle disease investigation as at the turn
of the new millennium. Since then, there have been advances in our understanding of the ecology
and pathogenesis of certain diseases, such as fibropapillomatosis, as well as the development
of more sophisticated and standardized tools to assess the health of wild and captive turtles.
Further, in this field of veterinary conservation medicine, there has been a movement toward
Dr. Schwabe’s 1960s principle of One Medicine (Schwabe 1969), with the proposal that sea turtles
are sentinel indicators of environmental health (Aguirre and Lutz 2004). Now known as One
World One Health One Medicine, this concept, defined by the American Veterinary Medical
Association as “the collaborative effort of multiple disciplines—working locally, nationally, and
globally—to attain optimal health for people, animals and our environment” (http://www.avma.
org/onehealth/responding.asp), appears to well suit the objectives and needs of a free-ranging sea
turtle disease investigation.
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While clinical management of sea turtles in captive situations will continue to play an important
role, there is an increasing need, through epidemiological research, to understand causes of decline
if many of these species are to recover successfully. As many diseases of sea turtles are complex,
understanding their drivers and how to manage them will require that veterinarians collaborate with
biologists, environmental scientists, and other professions. This management strategy will need to
proceed in concert with efforts to develop innovative field and laboratory tools and robust baseline
reference intervals to assess the health of wild turtles. Reptile medicine generally, including sea
turtle medicine, has come a long way in recent years with comprehensive texts examining medicine,
surgery, and pathology (Jacobson 2007a, Mader 2006); however, these advances in understanding
clinical management of sea turtles have not significantly increased our understanding of wild turtle
health. There is still a need to continue and refine the research currently being undertaken.

Using a veterinary approach to analyze sea turtle health within a collaborative team of
investigators working in complimentary areas may increase our overall understanding of health
and ill-health etiology and transmission in sea turtles, in addition to the health of the marine
environment (Wilcox and Aguirre 2004). Findings may help mitigate further challenges to both
sea turtle populations and the ecosystem. It is through this philosophy that recent sea turtle disease
investigations have been undertaken, leading to the proposal that sea turtles and other marine
vertebrates may act as a (proxy) sentinel indicator of environmental health due to (1) association
of occurrence of certain diseases such as fibropapillomatosis and poor environmental conditions
(Aguirre and Lutz 2004, Aguirre and Tabor 2004) and (2) their long-lived site fidelity in some
species, such as green turtles that can reside in a single foraging site for decades, only leaving for
courtship and/or nesting.

This chapter outlines factors affecting sea turtle survivorship, design of free-ranging sea turtle
disease investigations, the current diseases of concern, and the employment of sea turtle population
modeling in predicting environmental health.

14.2 SEA TURTLE SURVIVORSHIP

Sea turtles are an integral component of our oceanic ecosystems, and many populations continue
to decline (Chaloupka and Limpus 2001, Chan 2006, Jackson et al. 2001) with all seven extant
species continuing to be of conservation concern (IUCN/SSC 2008). Loss of nesting habitat, nest
depredation, and fisheries bycatch are well-documented causes of wild turtle mortality and probably
play an important role in declines of some populations (Dobbs and Pierce 2005, Limpus 2008a,b,
2009), particularly those that come in contact with human development or activities, but other
populations that are not directly influenced by humans also continue to decline. Other than some
isolated or opportunistic postmortem surveys and case reports producing some baseline references
(Flint et al. 2010e, Glazebrook and Campbell 1990a, Gordon 2005, Limpus et al. 2009, Oros et al.
2005, Raidal et al. 1998, Work and Balazs 2010, Work et al. 2004), veterinary-orientated population-
based analyses or monitoring of free-ranging turtles has not been used to determine the influence
disease has on turtle survivorship. More information on the effects of diseases, their prevalence,
route of transmission, infectivity, and potentiating factors is needed on the basic physiology and
health status of free-ranging turtles as well as improved diagnostic techniques to gain a greater
understanding of the interplay between the environment and their health (Aguirre and Lutz 2004,
Herbst and Jacobson 2003, Morton et al. 2009, Ward and Lafferty 2004, Whiting et al. 2007).
Potential reasons for continued population decline could include effects of climate change that has
been proposed to cause disease emergence, skewed sex ratios of emerging hatchlings, or declines
in available nesting habitat (Habib et al. 2010, Wallace et al. 2011). These environmental factors
may act on the local or global level. Regional variation places individuals under different stressors,
suggesting that diseases may be unique to a specific area (Jackson et al. 2001), but the migratory
capacity of individuals, and as such the capability to transmit disease, suggests disease investigation
and subsequent population trends should also be addressed on a global scale.
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14.2.1 FAcCTORS AFFECTING SEA TURTLE SURVIVORSHIP

Surveillance programs have concentrated on establishing the essential basic parameters of biology
and ecology. These global population surveillance programs identified sea turtle numbers were
experiencing long-term declines and subsequent intervention strategies were developed (Dobbs and
Pierce 2005). Recovery plans, such as the Recovery Plan for Marine Turtles in Australia (RMPTA
2003, 2006) and the recovery plans for U.S. Pacific and Atlantic populations of the green and log-
gerhead turtles (NMFS and USFWS 2008, NOA A 2008a,b), have synthesized data and issued man-
dates to various environmental protection and management agencies to design protocols to decrease
mortality and increase the survivorship of sea turtles. With a focus on human impacts, one of the
significant deficits in the recovery plans is a lack of understanding of the effects of environmental
impacts on morbidity and mortality, the role of disease, and how to verify whether a turtle popula-
tion was clinically healthy (Herbst and Jacobson 2003).

From a management perspective, the majority causes of death in sea turtles can be broken down into
human impacts (e.g., boat strike, harvest, disorientation, fishing-related effects, malicious mischief,
and drowning), natural (e.g., parasites, disease, nesting [trauma and thermal stress] and predation),
and unknown (no cause of death determined due to advanced decomposition or unclear findings).

14.2.1.1 Human Impacts

Potential causes of anthropogenic population declines in sea turtles include (1) bycatch of turtles in
trawl nets or longline fisheries resulting in turtle drownings; (2) commercial (large-scale) harvesting
of turtles for saleable products such as jewelry, oils, meat, and ornaments; (3) traditional harvest of
breeding females or eggs by indigenous peoples for food; (4) marine debris such as discarded/lost/
unmonitored fishing gear (crab nets, lobster or crab pots, and hook and fishing line) causing entrap-
ment resulting in drowning or intestinal disorders such as torsion caused by linear foreign bodies
and/or gastric ruptures; (5) boat strike by recreational watercraft in high-traffic zones; (6) predation
by terrestrial predators including native high-density predators such as raccoon and varanids and
nonnative pigs (e.g., Sus scrofa in Australia) and foxes (e.g., Vulpes vulpes in Australia) raiding nests
to consume eggs; (7) environmental contamination caused by agricultural pesticide and herbicide
runoff such as DDTs and pollutants including sewage and oils entering shallow waters via com-
mercial and public drains causing loss of feeding grounds such as sea grass beds, primary toxicosis
in individuals, and, in the case of oils, the formation of tar balls (e.g., nonvolatile petroleum or
sand conglomerated by oil) that subsequently causes gastrointestinal impaction; (8) environmental
degradation caused by habitat removal and/or flooding events; and (9) human-induced climate
change, causing damage to oceanic systems such as coral reefs, sea grass species and survivorship,
changing water and ambient temperature that affects sea level, as well as altering the sex ratio of
hatchlings, and potentially creating previously absent niches for the emergence of new diseases
(Dobbs and Pierce 2005, Habib et al. 2010, Limpus 2008a,b, Limpus 2009).

Strategies that have been implemented to combat these threats include (1) protected habitats
(national parks, marine protected areas, and green zones), (2) turtle exclusion devices (TEDs) and
bycatch reduction devices (BRDs), (3) regulations to cease the legal commercial harvesting of sea
turtles, (4) indigenous involvement in conservation, (5) substantial fines for littering marine reserves,
(6) “go-slow” zones (speed-limits) for boats in areas known to have turtles, (7) feral animal control
strategies, (8) environmental monitoring and mitigation, and (9) unsuccessful global attempts to
limit impacts or production of climate-change-inducing carbon dioxide (Dobbs and Pierce 2005,
Habib et al. 2010, Limpus 2008a,b, 2009). The response of sea turtle populations to these single or
multiple strategies have been variable, with some populations continuing to decline.

14.2.1.2 Natural Factors

With population numbers continuing to decline and adverse environmental events, both natural and
anthropogenic, managers in many regions have increased efforts to determine the cause of death. It
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is becoming apparent that an increasing number of sea turtle deaths cannot be fitted into the human
impacts identified earlier, nor is it sufficient with respect to making management decisions to group
other causes of death under the umbrella of “natural.” Collaboration between biologists, ecologists,
toxicologists, and veterinarians is starting to tease out the undisclosed “natural” causes using a
structured, holistic approach to investigating disease (Flint et al. 2010e).

14.3 SEA TURTLE DISEASE INVESTIGATION

Disease investigation is the characterization of disease processes, sources, and contributing factors
that result in abnormal findings in individuals and populations. This contrasts health assessment
programs that describe and establish normal and abnormal values within a population (Herbst and
Jacobson 2003). In the case of sea turtles, the investigator often needs to establish baseline param-
eters while simultaneously characterizing disease processes using both live and dead turtles to
gather the required information to gain a comprehensive understanding of the diseases affecting
sea turtle populations.

The first foray into researching the diseases of sea turtles arose with commercial green turtle
farming on the Grand Cayman Island, British West Indies, in 1968 and the head start programs in
the 1970s (Jacobson 1993). Recently, attention has turned to the concept of disease emergence as
a major cause of population decline (George 1997, Ward and Lafferty 2004). Attempts are under
way to understand etiologies and pathogenesis of specific diseases within turtle populations and
to develop and refine diagnostic methods to identify and characterize these processes (Flint et al.
2009b, 2010c¢,d, Herbst and Jacobson 2003, Valente et al. 2006, 2007a,b).

Specific primary diagnostic tools such as reference intervals for hematology and blood biochemistry
are an effective way of assessing the health of live free-ranging sea turtles. However, these reference
intervals often do not exist for the cohort or population of turtle being examined and need to be derived.
Absent or inadequate tools may be due to reference intervals derived from limited replicates or from
captive sea turtles, which are known to vary from free-ranging sea turtles (Herbst and Jacobson 2003).
Further, variations are known to be due to differences in the geographical location, gender, breeding
status, age, and diet (Hamann et al. 2002, 2003, Jessop et al. 2004, Spotila 2004, Whiting et al. 2007).

To advance the field of sea turtle disease investigation, studies should be designed to incorporate
components of health assessments and disease investigation. This requires examining sufficient
numbers of clinically functional (sufficiently healthy live animals to not strand or die but may still
carry subclinical disease) and nonfunctional (dead) sea turtles within a population to derive statisti-
cally sound comparisons. To achieve this, sea turtle disease investigations may require morphometric
data, external examination, clinical examination, primary diagnostic screening tests, derivation of
differential diagnoses, secondary diagnostic tests, and postmortem examinations before definitive
diagnoses of the diseases processes within a population may be made (Herbst and Jacobson 2003).

14.3.1 APPROACH TO A DISEASE INVESTIGATION

Health assessments and disease investigations have advantages and disadvantages. Assessing the
health of live turtles lends itself to collecting blood samples for hematology and blood biochemis-
try, collecting fresh samples for microbial cultures, and performing radiographs, ultrasounds, and
other advanced imaging. While these tools can indicate if the turtle is clinically healthy or not,
they seldom give the exact cause of how any identified abnormalities were contracted or if this
abnormality is going to affect the turtle’s chances of surviving or breeding. By contrast, conducting
disease investigations on dead turtles allows for gross and microscopic pathological examination
and assessment of parasitism, which will more often provide a cause of death. However, this strat-
egy biases sample collection toward the critically ill or dead subsets of the population and may miss
subclinical diseases or nonfatal diseases of the functional population, reducing our understanding
of the range of diseases within a population.
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14.3.1.1 Live Sea Turtles
14.3.1.1.1  Body Condlition

Morphometric examination allows for the collection of fundamental biological information such
as body condition that can indicate the health status of the individual. Determined as the ratio of
straight or curved carapace length and weight (or girth), body condition can be expressed empirically
providing a quantitative value (Bjorndal et al. 2000).

Other morphometric data collected should include species identification, presence of applied
tags and/or microchips for individual identification, head dimensions, standard depth, plastron
length, and tail length (Figure 14.1) to gain an understanding of the population structure, to allow

(c)

(d)

FIGURE 14.1 Landmarks for the recommended morphometric measurements taken as part of the prelimi-
nary external examination: (a) curved carapace length, measured dorsally from the midline cranial suture
of soft tissue and carapace and the caudal midline (blue line); and curved carapace width, measured dorso-
ventrally at the widest point of the carapace from the lateral edge of the marginal scutes (red line); (b) head
width, measured dorsally at the widest part of the skull; (c) standard depth, measured dorsoventrally from the
highest point of the carapace; (d) plastron length, measured ventrally midline from the cranial most to caudal
most section of the plastron; and (e) tail length, measured from the caudal most point of the carapace to the
tip of the tail.
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managers the ability to confirm recorded data, and to provide cohort data that may be used to pre-
dict disease predilection for a specific age group, sex, or species (Flint et al. 2009b). In addition,
it is advantageous if the sex of the animal, its breeding status, and relative age can be determined
by laparoscopic examination (Limpus and Limpus 2003, Limpus and Reed 1985) based on gonad
development (Miller and Limpus 2003).

14.3.1.1.2  External Examination

External examination provides the initial subjective assessment of the health and well-being of
a sea turtle and may provide clues as to what factors (e.g., fresh boat strike wounds) impacted on
the animal’s health. In addition to body condition, it should entail assessment for abnormalities,
asymmetry, epibiont load and growths, such as tumors (Bjorndal et al. 2000, Herbst and Jacobson
2003, Wolke and George 1981, Work 2000, Wyneken 2001). For example, a high epibiont load in a
loggerhead turtle (Caretta caretta) may be normal, but in a green turtle (Chelonia mydas), it could
indicate ill-health such as a buoyancy disorder causing the animal to spend extended periods of time
at the water’s surface.

14.3.1.1.3  Clinical Examination

In addition to the external examination, clinical assessment should entail, but not be limited to,
cranial nerve examination, mentation, cloacal temperature (particularly in cases of suspected hypo-
thermia), respiratory rate, heart rate, symmetrical use of head and limbs, and assessment of the
accessible internal organs (Chrisman et al. 1997, Deem et al. 2006, 2009, Flint et al. 2010c, Herbst
and Jacobson 2003).

14.3.1.1.4  Screening Tests

Screening tests should be the same basic assessment techniques as those used in domestic
animal veterinary medicine. These may include hematology, blood biochemistry, microbiology,
parasitology, toxicology, and histology. Selection of which test may be used or what order tests
should be prioritized is based on a case-by-case basis in individual medicine. In population health
assessments, tests can be selected by those which will achieve the objectives (or test the hypotheses)
of the study. In most cases, assessments should prioritize hematology and blood biochemistry as
these tools can provide disease process information at the turtle’s system level, which can provide
direction for the selection of follow-up tests.

14.3.1.1.4.1  Hematology and Blood Biochemistry Blood obtained from the external jugular
veins (Owens and Ruiz 1980) can be used to derive hematological and biochemical values (Arthur
et al. 2008, Bolten and Bjorndal 1992, Jacobson et al. 2007) as well as identify clinical ill-health
once normal reference intervals have been established using clinically healthy representatives
of a turtle population (Deem et al. 2006, 2009, Flint et al. 2009a, 2010c, Perrault et al. 2012,
Stamper et al. 2005, Whiting et al. 2007, Work and Balazs 1999).

With well-detailed descriptions of blood cytology and morphology (Casal 2007, Casal and Oros
2007, Samour et al. 1998, Work et al. 1998) and improved techniques for the establishing of refer-
ence intervals(Flint et al. 2010c, Horn et al. 1998, Pesce et al. 2005, Solberg 1987), risk factors such
as geographical location, habitat, genetics (Herbst and Jacobson 2003), maturity, sex (Hamann et al.
2006), breeding status (Deem et al. 2006), migratory status (Stamper et al. 2005), and diet (Whiting
et al. 2007) can be grouped to produce a robust and functional diagnostic tool that may be applicable
to multiple sea turtle cohorts (Flint et al. 2010c). With these improvements, hematology and blood
biochemistry reference intervals are becoming an increasingly useful and necessary tool in health
assessments for determining conservation management strategies (Hamann et al. 2006) and provide
a less invasive alternative to postmortem-based disease investigations.
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14.3.1.1.4.2  Microbiology, Parasitology, Toxicology, and Histology Microbiology, parasitol-
ogy, and histology are important tools in refining the diagnoses of disease in animals within a popu-
lation. Numerous species of bacteria and fungi have been identified in sea turtles (Work et al. 2003);
however, the pathogenic nature of these microbes should be interpreted with caution as many may
be present without causing significant pathology. Parasite infections have been proposed as a sig-
nificant cause of clinical disease and mortality in sea turtles (Aguirre et al. 1998, Cribb and Gordon
1998, Dailey et al. 1991, Flint et al. 2010a,c, Glazebrook et al. 1989, Gordon et al. 1998, Jacobson
et al. 2006, Raidal et al. 1998), but the association between parasitism and stranding/mortality is not
straightforward, rather a part of a multifactorial disease process (Gordon et al. 1998, Jacobson et al.
2006). Researchers should view studies on parasites as an integral component of any disease inves-
tigation. Morphological identification (Platt 2001, Smith1997) and characterization of the genetic
sequences (Blair 2006, Nolan and Cribb 2005, Work et al. 2005) of the prevalent parasite species
affecting sea turtles can be employed to identify which species are in selected populations or if body
organ predilection (and secondary disease) is occurring. Collecting biopsies of tissues (soft tissue
organs, blood, skeletal muscle, subcutaneous tissue, or bone) allows for the assessment of contami-
nants (toxins, heavy metals, PCBs, and DDTs) (Jacobson et al. 2006, Keller et al. 2004, 2006), for
histological diagnoses (Flint et al. 2009b) and research investigations such as ageing (Klinger and
Musick 1992). Currently under investigation is the development of bulk screening kits to cheaply
screen multiple potential contaminants using relatively noninvasive whole blood or hematologic
sampling (C. Gaus, personal communication).

14.3.1.1.5 Secondary Diagnostic Tests

The use of secondary tests in sea turtle diagnostics allows for the refinement of the diagnoses, and
is often selected based on the clinical examination and results of the primary tests, such as hema-
tology and blood biochemistry, in the same manner as for other species. Secondary tests include
radiography (contrast or plain), ultrasonographic investigation, endoscopy, exploratory laparoscopy,
exploratory surgery, computerized tomography scanning (CT scan), and magnetic resonance imag-
ing (MRI) (Norton 2005, Nutter et al. 2000, Valente et al. 2006, 2007a,b, 2008. Although guide-
lines for the use of these tools are in the early stages of development, their application to individual
patient care and the nonlethal approach is allowing easy collection of information that may be
applicable at the population level if multiple sea turtles from within a population are examined to
provide health extrapolation to the population as a whole.

14.3.1.2 Dead Sea Turtles
14.3.1.2.1 Postmortem Examination

Necropsies form the basis of disease investigations and are often the most useful tool for diagnos-
ing causes of mortality required at the population level to indicate what appropriate actions, if any,
should be taken to mitigate mortalities or morbidity (Flint et al. 2009b). Information derived from
isolated single individuals compiled over time can contribute substantially to understanding what is
causing mortality in wild turtles, thereby allowing managers to prioritize whether or not particular
causes of mortality need to be mitigated or reduced. Like any other technique, necropsies have
their limitations in that the population sample comprised only animals that are found dead and/or
stranded and does not take into account animals with less severe or subclinical diseases. For each
local area, any fresh dead turtles should be necropsied to determine the prevalent local causes of
death and disease to contribute to the body of knowledge.

In the absence of medical history, one looks to environmental clues that could explain the
mortality, for example, assessing the local food resources for depletion or change, determining
if known foraging habitats or migratory paths have undergone anthropogenic environmental
(dredging or redirecting) or usage (new shipping lanes or mining activity) changes, and factoring in
occurrence of unusual events such as droughts or floods causing alteration of freshwater runoffs or
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concentrations of contaminants; all of which may contribute to interpretation of postmortem findings
(Flint et al. 2009b, Herbst and Jacobson 2003). Similarly, one should also use the environmental
clues to exclude potentially erroneous differential diagnoses. For example, multiple superficial abra-
sions on the carapace and soft tissue of a turtle carcass found at the low tide mark of a rocky beach
may be due to wave action on a hard substrate and could have occurred postmortem.

Postmortem examination should consist of complete external and internal exams along with
collections of tissues for microscopic examination (Flint et al. 2009b,c, Jacobson 1999, Wolke and
George 1981, Work 2000, Wyneken 2001).

14.4 DISEASES OF CONCERN IN FREE-RANGING SEA TURTLES

14.4.1  PARASITISM

Professor Greiner provides a comprehensive review in Chapter 16 of this volume concentrat-
ing on parasites found in sea turtles in Florida. As such, this section will present findings in sea
turtles in Australia where two predominant parasite groups have been associated with diseases:
Spirorchiidae (digenetic trematode parasites) and Caryospora cheloniae (coccidia). Under certain
circumstances, high death rates in sea turtles have been associated with both parasites (Flint et al.
2010a, Gordon et al. 1993, 1998).

Spirorchiid trematode (cardiovascular or heart fluke) infection has been proposed as a significant
cause of clinical disease and mortality in turtles in some regions (Flint et al. 2010e). Eggs and
the lesions they cause are found in all organs, most significantly affecting the cardiovascular,
gastrointestinal, lymphatic, and central nervous systems (Flint et al. 2010e, Gordon et al. 1998,
Jacobson et al. 2006, Patterson-Kane et al. 2009, Stacy et al. 2008). Postmortem examinations show
multiple granulomas and adult parasites throughout each organ with clinical pathology including
complete occlusion of the primary vasculature, gastrointestinal stasis, lymphatic congestion, and
space-occupying lesions of the brain (Figure 14.2; Flint et al. 2010e, Patterson-Kane et al. 2009,
Stacy et al. 2010).

Globally, stranding investigations report a spirorchiid infection rate of up to 100% (Dailey et al.
1991, 1992, Gordon et al. 1998). Despite at least 14 species being reported in turtles, only 4 of the
spirorchiid species have had their pathology of disease in sea turtles characterized (Carettacola,
Hapalotrema, Neospirorchis, and Learedius spp). Similarly, the life cycles of these parasites have
not been described, resulting in a poor understanding of how transmission occurs and the role of
intermediate hosts in their life cycle (Flint et al. 2009b). A Hawaiian study demonstrated spirorchiid
antibody could be detected by a crude ELISA test (Work et al. 2005), but it did not identify what
species were infecting turtles nor did it give an indicator of parasite burden, thereby complicat-
ing our understanding of the effects of these parasites on sea turtles. To date, much of the parasite
investigations have been conducted during postmortem examinations. Using molecular biological
techniques on blood would provide a technique applicable to antemortem animals. Adjunct research
into this area indicates the ITS region, which can be used to code for the Spirorchiid parasites of
interest in terms of causing pathology in sea turtles (Platt 2001, Snyder 2004, Tkach et al. 2009),
and mitochondrial DNA are showing promise as an accurate way to identify the known trematode
parasite species found in sea turtles. When refined, these techniques may be employed to deter-
mine parasite status on initial examination of live sea turtles, response to treatment and prevalence
of infection in a population. Similarly, as part of this study, a comparison is being made of the
species of spirorchiid parasites and their associated pathology in sea turtles of Florida, Hawaii, and
Queensland to determine what role, if any, regional mortality and environmental factors are having
on this complex disease process.

Coccidial infection by the species Caryospora cheloniae has been reported to cause epizootic
mortality in Australian green turtles in Moreton Bay, Queensland (Gordon 2005, Gordon et al. 1993).
Infection rates and severities, as for those of Spirorchiid parasites, may be related to environmental
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FIGURE 14.2 (a) Adult spirorchiid parasites causing occlusion of the aorta; (b) spirorchiid parasite
granulomas, formed around the spirorchiid parasite eggs, causing occlusion of the right descending aorta; and
(c) histological micrograph (100x; H&E stain) adult spirorchiid parasite and eggs within a granuloma in the
brain of a large immature green sea turtle in Australia.

factors including temperature-related efficiency of turtle immune responses (Gordon et al. 1993).
Sporadic fatalities due to C. cheloniae infection are still being observed in the Moreton Bay area but
at a much reduced rate (Flint et al. 2010e). Reasons for these changes in these associated mortality
rates and why Moreton Bay was a “hot spot” for such an outbreak are still unknown.

14.4.2 FIBROPAPILLOMATOSIS

Fibropapillomatosis (FP) is a common cutaneous, apparently infectious condition in all species of
sea turtles, with gross and histological appearance similar to that in domestic species. Sea turtle FP
was first reported in Florida in 1938 and has now caused numerous epidemics in green, loggerhead,
and olive ridley (Lepidochelys olivacea) sea turtles worldwide (Greenblatt et al. 2005, Herbst 1994,
Limpus and Miller 1990, Smith and Coates 1938, Stacy et al. 2008, Work et al. 2004). Juvenile
turtles are most often affected, but not during or immediately after the pelagic life phase. Indeed,
molecular evidence suggests that sea turtles acquire infection with the virus after recruitment to
neritic habitat (Ene et al. 2005). Low levels of disease are observed in adult sea turtles (George
1997, Limpus and Miller 1990). Papillary or smooth, flat or nodular masses, ranging in size from
<1 to >30 cm diameter, occur on soft tissues including the oral, ocular, orbital adnexa, neck, limbs,
and tail, as well as the sutures of the plastron and carapace (Figure 14.3; Flint et al. 2009b). They
may also involve the internal organs (Jacobson 2007b, Milton and Lutz 2003, Wyneken et al. 2006)
depending on the biogeographic region, where in Florida and Hawaii it is seen more commonly
than in places like Australia. Similarly, they may invade the corneal surface of the eye as has been
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FIGURE 14.3 Cutaneous fibropapillomatosis of the left axilla in a small immature green sea turtle in
Australia. Tumors range in presentation from smooth to cauliflower, white to dark gray and from less than
1 cm in diameter to greater than 8 cm.

recorded in several parts of the world at different times (Flint et al. 2010b, Jacobson et al. 1989,
Norton et al. 1990). Spontaneous regression of tumors has been observed in turtles in Hawaii,
Florida, and Queensland, although the frequency of regression and the duration of FP in sea turtles
appear to vary at each location. Further, significance of body part affected by the FP also influences
potential survivorship. Animals with internal, glottal, or corneal FP are thought to have a poor
prognosis, whereas in Hawaii approximately 30% of animals with cutaneous FP, and near 100% in
Australia, are believed to make a full recovery without the need for medical or surgical intervention
(Chaloupka and Balazs 2005).

Fibropapilloma masses are benign, although they often cause severe debilitation due to space-
occupying effects or interference with systemic function (Aguirre and Lutz 2004). Advanced FP
has been linked to lymphopenia, chronic inflammation, immunosuppression, and systemic Gram-
negative bacterial infections (Norton et al. 1990, Work and Balazs 1999, Work et al. 2000, 2003).
These factors may contribute to the overrepresentation of turtles with moderate to severe FP in
strandings when compared with the FP frequency of the functional population.

The etiology and pathogenesis of FP in sea turtles are only partly understood. An alpha-herpes-
virus (chelonid FP-associated herpesvirus; CFPHV) has been isolated from naturally occurring
tumor masses (Greenblatt et al. 2004), but to date attempts to isolate and sequence the virus have
not been successful (Herbst et al. 1995, Work et al. 2009). In the natural environment, the marine
leech Ozobranchus margoi and cleaner fish saddleback wrasse Thalassoma duperrey are suspected
mechanical vectors (Greenblatt et al. 2004, Lu et al. 2000). Progression to tumor development is
likely to be multifactorial and involve environmental cofactors. For example, seasonal elevation
of water temperature, high levels of anthropogenic activity in the immediate environment, and
exposure to potential tumor-promoting compounds including okadaic acid produced by the benthic
dinoflagellate Prorocentrum species and products of Lyngbya majuscula (toxic cyanobacterium)
algal blooms are thought to be implicated (Aguirre et al. 1994, Arthur et al. 2006, Greenblatt et al.
2004, Herbst 1994, Work et al. 2005).

14.4.3 INFECTIOUS DISEASES

Reported bacterial infections in sea turtles have included Vibrio, Aeromonas, Salmonella,
Pseudomonas, Bacteroides, Fusobacterium, Flavobacterium, Clostridium, and Mycobacterium
spp. (Figure 14.4; Clary and Leong 1984, Glazebrook and Campbell 1990a,b, Greer et al. 2003,
McArthur 2004, Obendorf et al. 1987, Sinderman 1977, Stewart 1990, Wiles and Rand 1987). A few
infectious diseases with zoonotic potential have been identified in sea turtles. These include Vibrio,
Campylobacter, Salmonella, and atypical Mycobacterium spp. (Glazebrook and Campbell 1990a).
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FIGURE 14.4 Secondary infiltration of a spirorchiid parasite granuloma with bacteria in a large immature
green sea turtle in Australia.

These isolates are of particular importance to indigenous communities who hunt these turtle spe-
cies and to veterinarians, who are likely to come in close contact with fluids and discharges during
examination and treatment. Vigilance for zoonotic diseases should be maintained, and any occur-
rence reported to monitoring authorities to ensure the information may be circulated.

Fungal infections in free-living sea turtles are considered rare but may manifest as systemic
mycoses, gastrointestinal disorders, or pulmonary airway diseases under stressful conditions such
as captive environments or cold shock. Fungal infections including Colletotrichum acutatum,
Candida, Penicillium lilacinum, Cladosporium, Sporotrichum, Paecilomyces, Aspergillus, and
Fusarium spp. have been identified, predominantly in captive turtle populations (Flint et al. 2009b,
Glazebrook and Campbell 1990a, Oros et al. 2004).

14.4.4 ToxiNs

The encroachment of urbanization, with associated runoffs of herbicides, pesticides, and storm-water
debris, pathogens, toxins, and wastes (Chilvers et al. 2005), can affect sea turtles either directly or
indirectly by affecting food sources and breeding cycles. Covered comprehensively by Dr Keller in
an earlier chapter of this volume, environmental pollutants including heavy metals and organochlo-
rine pesticides have been identified in blood and tissues of various sea turtle populations, and are
associated with subtle negative effects on immune function and other health parameters. However,
until recently, most resulting impacts on the effects of contaminants on sea turtles were subject to
conjecture (Day et al. 2005, 2007, Hermanussen et al. 2006, Hochscheid et al. 2004, Keller et al.  AQI
2004, 2006, Perrault et al. 2011). It is assumed the full suite of contamination effects acting on sea
turtle populations have not yet been comprehensively measured due to the cost-inhibitory nature of
mass toxin screening and consequently our understanding of their exact role in disease contribution
and manifestation is limited.

14.4.5 GASTROINTESTINAL ANOMALIES

In wild populations of sea turtles, gastrointestinal anomalies may include linear foreign bodies
and perforations, obstructions, obstipation, or gastrointestinal ileus (Figure 14.5). Although there
is substantial literature highlighting techniques to treat impactions and devitalized gastrointestine,
the causes of these nonmechanical anomalies are poorly understood. In cases such as linear foreign
bodies caused by fishing lines and hooks, which may result in plication of the gut or coelomitis with
intestinal perforation, there is a clear etiology. Other types of foreign body material that may cause
obstruction include fiber, metal, plastic, rubber, and atypical food types. These are a common cause
of pathology in some cohorts of stranded or sick sea turtles (Boyle and Limpus 2008), but are not
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(a)

FIGURE 14.5 (a) Gastrointestinal torsion with associated natural-fiber fecal balls and secondary inflamma-
tion of the intestinal mucosa in a mature green sea turtle; and (b) a common gross presentation of fishing line
ingestion (linear foreign body) causing intestinal plication in a small green sea turtle.

noted in others (Chaloupka et al. 2008b, Flint et al. 2010e, Oros et al. 2005). Also with a straightfor-
ward etiology, obstructions can be due to torsions as seen in other species, or by digesta that occlude
or reduce the patency of the lumen of the intestine. By contrast, it is the etiology of obstipation that
are less obvious. It is often associated with fecal balls comprised solely of natural food products
(e.g., crushed shells in loggerheads and compressed sea grasses in green turtles), but whether the
impaction is secondary to a primary pathology such as ileus is unknown. A theory, which is yet to
be supported or rejected, is denervation of the vagal and associated nerves, which innervate and
regulate/control the peristaltic movement of the gut that enables ingesta and digesta to move. Viral,
bacterial, or parasitic agents may be implicated, rendering the gut functionally static.

14.5 POPULATION MODELING

Population modeling is becoming an important tool in wildlife management (Ward and Lafferty
2004). Since the first deterministic models were used to predict survivorship of sea turtles (Crouse
et al. 1987), modeling has improved to include population response to a wide range of parameters
(Bjorndal et al. 2000, Chaloupka 2002, Chaloupka and Balazs 2005, 2007, Wallace et al. 2011) that
take into account predicted mortality and recruitment within the population, but do not necessar-
ily account for the effects of disease. While these models allow for overall changes in mortality
or survivorship to be investigated, they do so irrespective of the origin of the change. Modeling
using meta-analyses has concentrated on using published studies to elicit trends in populations
providing retrospective feedback to an environment’s management plan (Dethmers et al. 20006,
Jackson 1997, Jackson et al. 2001). This resulted in a delayed feedback to implemented changes
(i.e., they were not predictive of the effect on environment). Population models, especially those
implemented in Marine Area Protection management, are now capable of dynamic predictive moni-
toring (Chaloupka and Limpus 2005, Chaloupka et al. 2008a). This allows small adjustments to
be incorporated into both the model and the management plan in “real time,” creating an adaptive
management plan (Gerber et al. 2005).

K13384_C014.indd 388 @ 10/5/2012 7:44:28 PM



Free-Ranging Sea Turtle Health 389

Given the versatility of this analysis tool, disease modeling could be directly applied to sea
turtles with minor modifications of principles used in existing models. Models could be improved
and modified as a better understanding of the risk factors and diseases affecting sea turtles in each
locale are gained. Such an approach would provide near-instant survivorship feedback under a range
of disease and environmental conditions and allow the real-time adjustments to management plans
required to mitigate negative effects on these threatened animals.

14.6  CONCLUSIONS

Disease in sea turtles has shown to be a multifactorial, understudied area of epidemiology and veteri-
nary medicine. Efforts to address this have increased greatly in recent years. If the impact of disease
on wild populations of sea turtles is to be mitigated, then disease investigations incorporating turtle
biology and ecology, clinical assessment, postmortem examination to definitively diagnose disease
(at a population level through collaborative efforts), environmental assessment, and disease modeling
need to be conducted. This will allow prediction of the effects of environment on disease occurrence
and prevalence in a timely manner that may allow for active intervention strategies to be employed.
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