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ABSTRACT OF THE DISSERTATION 

 

 

Alligator Parasitism- the Mysterious Frontier Unfolded: 

Exploration of the Ecological Interaction between an Archaic Predator 

 (Alligator mississippiensis) and its Parasites 

 

by 

 

Christina Marisa Tellez 

Doctor of Philosophy in Biology 

University of California, Los Angeles, 2014 

Professor Donald G. Buth, Chair 

 

The interaction of a symbiotic relationship between hosts and parasites requires an 

integration of scientific subjects to fully comprehend the host-parasite dynamic.  Such 

knowledge can be vital in evaluating co-evolution, parasite niche radiation, host immunology, 

and how ecosystem alterations affect the host-parasite dynamic, among other facets of host life 

history traits.  Although parasites of the American Alligator (Alligator mississippiensis) have 

been recorded throughout their range, this interaction has not been thoroughly examined.  It is 

significant to understand the alligator-parasite interaction in order to predict how this paradigm 

will shift with increase ecological alterations.  Because parasites are significant mediators in host 

population dynamics and trophic energy flow, examining host-parasitism of a keystone predator 

can provide beneficial information for ensuring the preservation of biodiversity within its habitat.  



 iii  

The following research intends to provide knowledge on an unknown host-parasite system, and 

examine how environmental perturbations effect parasitism in a long-lived reptilian predator 

through a cross-disciplinary approach incorporating eco-parasitology, ecology, eco-toxicology, 

and ecological niche modeling in alligators and its metazoan parasites.   
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Introduction 

Crocodilians are the sole surviving reptilian archosaurs of an ancient phylogenetic 

lineage, evolving into the keystone predators of their habitat within the tropics and subtropics 

(Brochu et al., 2007). It is possible that parasites of crocodilians are highly host specific, 

resulting in a relationship that began over 200 million years ago.  Analyzing parasite-host 

specificity, geographic distribution, and taxonomy can provide otherwise cryptic details about 

crocodilian ecology and evolution, as well as their local food web dynamics.  This information 

may also be useful to implement improved conservation tactics for both crocodilians and their 

habitat. 

The complex interaction and fundamental dependence parasites have with their host and 

environment are two significant factors that designate them as a significant mediator in shaping 

host populations and key biological indicators of environmental disturbance (Olica et al., 2004; 

Thomas et al., 2005; Britton, 2012).  Siddall et al. (1994) and Marcogliese and Cone (1996) 

discovered that studying the prevalence of digene cercariae and miracidiae in an area affected by 

increase sewage sludge and water acidity was more effective in determining the negative impact 

on the ecosystem than assessing intermediate host abundance.  In addition, the higher heavy 

metal accumulation and extreme concentration difference by helminth parasites in comparison to 

their host make them superior bio-indicators of heavy pollutants in the geographic area of study.  

This allows investigators to determine the cause of a negative factor that was otherwise 

undetectable in a host or environment (Sures et al., 1998, 2003).  

Crocodilian parasites have been well documented since the early 1800s (Tellez, 2012), 

yet there is a lack of scientific data on the unique, and possibly prehistoric, association between 

crocodilians and their parasites (Brooks 2004; Junker et al, 2008).  As climate change, 
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anthropogenic conflict, and environmental pollution endanger crocodilian ecosystems, there is a 

need for organized information on how ecological perturbations may alter this host-parasite 

system.  This study intends to establish knowledge on this host-parasite system through an 

interdisciplinary approach incorporating ecology, ecotoxicology, ecological niche modeling, and 

eco-immunology in Alligator mississippiensis and its helminth parasites.  The first goal is to 

examine the intestinal community structure, and spatial and annual dynamics of alligator 

parasites over a three-year period in correlation to environmental and anthropogenic variables in 

Louisiana.  Secondly, I use prey stomach contents of Floridian alligators and progressive 

statistical techniques to hypothesize intermediate hosts of alligator parasites.  Given that lung 

pentastomids are the only parasites known to cause mortality in crocodilians, I also examined the 

spatial distribution and parasitic patterns of this parasite among Florida and Louisiana alligators.  

Additionally, I analyzed the correlation of heavy metals in Louisiana (LA) and Florida (FL) 

alligators to parasite intensity, as well as compare heavy metal concentrations between lung, 

stomach and intestinal parasites to alligators.  Finally, as a result of not finding intestinal 

parasites in Florida alligators, used an ecological niche model to predict the occurrence of 

parasites to assist in determining habitat suitability, and deducing external factors that may 

extirpate parasites and shift the host-parasite paradigm.     
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ABSTRACT :  Pentastomids are the most common endoparasite that infects the respiratory tracts 

of reptiles, such as crocodilians.  In this study, we examined lung pentastomid parasitism of 

Alligator mississippiensis from northern Florida and southern Louisiana (partitioned into 

Louisiana West Zone and Louisiana East Zone) to determine the potential effects of alligator 

gender, size, and location on pentastomid distribution and abundance.  In total, 1,405 lung 

pentastomids identified as Sebekia mississippiensis were found in 69 alligators (81.2% 

prevalence).  Male alligators were found to have a higher pentastomid prevalence and intensity 

in comparison to females, which may be the effect of disparate life-history traits between the 

sexes, and the larger size of males.  Host size classes were found to be a significant trait 

influencing parasitism as pentastomid prevalence and intensity increased in conjunction with 

alligator maturation.  Our results also indicated S. mississippiensis has a higher prevalence 

among Louisiana West Zone alligators, yet the intensity was found to be higher among Florida 

alligators.  Variation of intermediate host abundance is likely the primary cause for the differing 

pentastomid distribution among study locations.  As such, these data further our understanding of 

the patterns of alligator pentastomiasis. 
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INTRODUCTION  

The American alligator (Alligator mississippiensis) occupies a diverse range of habitats 

throughout its geographic distribution in the southern United States (Beard, 1938; Davis et al., 

2005).  Because of the innovative conservation management and strategies emphasizing the 

ecological and economic value of this archaic reptile, a large amount of data on alligator biology, 

ecology, and foraging habits have been generated (Delany and Abercrombie, 1986; Delany, 

1990; Delany et al., 1999; Thorbjarnarson, 1999).  Fishes constitute a large portion of the 

alligator diet, however alligators are opportunistic predators consuming a diverse array of prey, 

such as fish, mammals, and reptiles (Valentine et al., 1972; Delany and Abercrombie, 1986; 

Delany, 1990; Delany et al., 1999).  The composition of the prey biomass is dependent on prey 

availability and density, thus varies with the disparate abiotic and biotic factors among habitats 

(Valentine et al., 1972; Delany and Abercrombie, 1986; Delany, 1990; Delany et al., 1999).  

Consequently, the variation of prey abundance may have a direct effect on the prevalence of 

alligator parasites.  Thus, alligator parasitism could be a direct reflection of prey biomass and 

predatory strategies, which could provide cryptic information on the foraging habits of this 

archaic reptile.    

Like other crocodilians, Alligator mississippiensis is host to a variety of endoparasites, 

including nematodes, trematodes, and pentastomids (Tellez, 2013).  A common pentastomid 

species of American alligators, Sebekia mississippiensis, is part of an enigmatic group of 

parasitic crustaceans commonly found in reptiles (90% of the described pentastomid species 

occur in reptiles), infecting the respiratory tracts of its definitive host (Riley et al., 1978; Barnes, 

1982; Jacobson, 2007; Roberts et al., 2008; Tellez, 2013).  Pulmonary edema, lesions and 

hemorrhaging are caused by pentastomid secretions, and have been directly linked to crocodilian 
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host mortalities in natural and captive populations in heavy pentastomiasis infections (Hazen et 

al., 1978; Boyce et al., 1987; Adams et al., 2001; Jacobson, 2007; C. Manolis, pers. comm.).  To 

the best of our knowledge, crocodilian pentastomids, such as Sebekia spp., are the only parasites 

known to cause mortality or morbidity among the order Crocodylia.  Given the severe 

complications caused by these parasites, the examination of pentastomid distribution patterns 

could help identify individuals who are driving pentastomid infections, which could be beneficial 

in conservation management (Scott, 1988).   

Pentastomid infections in alligators have been documented (Tellez, 2013), but there is a 

paucity of data on patterns of infection among alligator hosts.  This study examines pentastomid 

parasitism of Alligator mississippiensis from Louisiana and Florida to determine the effects of 

alligator gender, size, and habitat on pentastomid distribution and abundance.  To our 

knowledge, this is the first study to examine pentastomid infection among multiple alligator 

hosts in various habitats.  Information gathered will be used to determine which populations or 

individuals of alligators may be more susceptible to higher pentastomiasis infections. 

 

MATERIALS AND METHODS  

Alligators were collected with the assistance of personnel from the Louisiana Department 

of Fisheries and Wildlife (LDWF) and Florida Fish and Wildlife (FFW) from August-September 

during the 2011 and 2012 annual alligator harvests in Louisiana and Florida (Fig.1.1).  The 

statewide alligator harvests in Louisiana and Florida assist in the management and conservation 

of the American alligator through an internationally recognized program that promotes the 

sustainable and commercial use of alligators.  The LDWF Alligator Management Program 

separates Louisiana into two zones during the one-month harvest season.  The East Zone (LAE) 
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harvest begins in late August, and the West Zone (LAW) begins a week later in early September.  

The boundaries of LAE and LAW are designated by the LDWF Alligator Management Program, 

geographically separated by the Atchafalaya River and Interstate 55.  Animals were collected by 

licensed hunters, and transported to licensed processing sheds where alligator dissections were 

performed by our research team in Louisiana and Florida.  A total of 85 alligators were examined 

from Florida (n = 30) and Louisiana (n = 55).   Of the 55 hosts from Louisiana, 30 were from the 

East Zone (LAE) and 25 were from the West Zone (LAW).  Table 1.1 outlines GPS coordinates 

of collection localities.  Locations of capture included wooded wetlands, lakes, swamps and 

bayous, which are species rich in birds, mammals, and fishes.  All alligators were sexed by 

examining gonads: FL (22 males, 8 females), LAE (19 males, 11 females), and LAW (13 males, 

12 females).  Total body length (from the tip of the snout to the tip of the tail) was recorded and 

alligators were separated into three size classes per reference to LDWF total length standards:  

juveniles (30-89 cm), sub-adults (90-180 cm), and adults (≥180 cm). 

Lungs of alligators were removed from the visceral pleura within 21-48 hours of the 

hosts’ death and examined for pentastomids.  Pentastomids recovered were cleaned in distilled 

water then placed in vials of 70% ethanol.  Pentastomids were then cleared in glycerin alcohol, 

and individually examined with a compound microscope.  Identification of species was based on 

morphological attributes described by Overstreet et al. (1985). Voucher specimens were 

deposited in the Harold W. Manter Parasite Collection, University of Nebraska, Lincoln, 

Nebraska (accession number P2013-002).   

To characterize the variation of the pentastomid infracommunity among alligators, we 

pooled data from both harvests and conducted various analyses.  As our data illustrated non-

normality, we used non-parametric statistics to perform our analyses. First, parasite prevalence 
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and median intensity among each category of sex, size, and location were compared with 

Fisher’s Exact and Mood’s Median tests.  Fisher’s Exact Test compares the prevalence of two or 

more sample of hosts, and Mood’s Median Test examines the variation of median intensities of 

two or more hosts.  To compare the distribution of mean abundances between male and female 

hosts, a Bootstrap t-Test was used.  The Bootstrap t-Test, Fisher’s Exact Test and Mood’s 

Median Test were calculated with 95% confidence intervals (CI) being determined if possible 

using Quantitative Parasitology 3.0 (Reiczigel and Rozsa, 2005), which handles the ubiquitous 

left skewed distribution of parasites (Shaw et al., 1998; Rozsa et al., 2000).   

Variation of mean pentastomid abundance between 1) FL, LAE, and LAW, and 2) 

alligator size were each separately analyzed with a Kruskal-Wallis Rank Sum test. Because the 

sample size of juveniles was significantly smaller than sub-adults and adults, a Wilcoxon-Signed 

Rank Test was used to examine if there was a difference in infracommunities between sub-adults 

and adults.  Kruskal-Wallis Rank Sum Test and Wilcoxon-Signed Rank Test were performed 

with program R (R Development Core Team, 2012). All statistical tests in this study were 

considered statistically significantly different when p < 0.05. 

 

RESULTS 

Of the 85 alligators, 69 (81.2%, CI = 72.89% to 89.51%) were infected with 

pentastomids.  All 1,405 pentastomids collected were identified as Sebekia mississippiensis.  

While pentastomid prevalence appeared to be higher in LAW (92.9%) vs. LAE (70.4%) and FL 

(83.3%), these apparent differences were not significant (Fisher’s exact test, p = 0.094).  Both 

median intensity and mean abundance were significantly greater in FL than LAE and LAW 

(Mood’s Median, p < 0.0001; Kruskal-Wallis, x2 = 15.848, df = 2, p = 0.036), which suggest that 
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FL alligators carried a heavier pentastomid burden in comparison to Louisiana localities.  Table 

1.2 summarizes pentastomid prevalence, mean intensity, and mean abundance among location 

sites (Fig 1.2).   

Parasite prevalence and median intensity were higher in adults (84%; median intensity = 

20.0) than sub-adults (83%; median intensity = 8.0) and juveniles (50%; median intensity = 

10.5); yet there was no significant difference (Fisher’s exact test, p = 0.210; Mood’s median test, 

p = 0.093) among size classes.  Despite the statistical insignificance of pentastomid prevalence 

and median intensity among alligator sizes, mean pentastomid abundance was found to 

significantly vary (Kruskal-Wallis, x2 =7.489, df = 2, p = 0.024).  Additionally, mean 

pentastomid abundance analyzed between sub-adults and adults revealed a significant difference 

between the two size classes (Wilcoxon, W = 392.5, p = 0.029), adults respectively having a 

higher pentastomid load than sub-adults.  Table 2.3 summarizes pentastomid prevalence, mean 

intensity, and mean abundance among different size classes of alligators.  

Pentastomid prevalence (Fisher’s exact test, p = 0.035), mean intensity (Bootstrap t-test, 

p = 0.011), and median intensity (Mood’s median test, p = 0.047) were found to be significantly 

higher in males than females.  During analyses, it appeared that pentastomid prevalence, 

intensity, and abundance may significantly vary between males and females from the same 

locality (i.e., FL vs. LAW vs. LAE.).  We therefore performed statistical analyses to determine if 

there was any significant variation of pentastomiasis between males and females in each 

location.  Our results suggest that males and females from the same location do not significantly 

vary in regards to pentastomid infections. For example, in FL prevalence was 91% in males and 

75% in females (Fisher’s exact test, p = 0.284).  Median intensities were also not significantly 

different among sexes in Florida (Mood’s median test, p = 0.160). In LAW, 100% of males and 
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82% of females were infected, yet parasite prevalence proved not to significantly differ (Fisher’s 

exact test, p = 0.146), in addition to median intensity (Mood’s median test, p = 0.411).  Finally, 

in LAE prevalence was also higher in males (79%) than females (62%), but this difference was 

not statistically significant (Fisher’s exact test, p = 0.420).  There was also no significant 

difference in median intensity (Mood’s median test, p = 0.074).  Even though the pentastomid 

burden did not significantly vary between males and females from the same location, 

collectively, parasitism among males was statistically greater in comparison to females.  Table 

3.4 summarizes pentastomid prevalence, mean intensity, and mean abundance between male and 

female alligators.  

 

DISCUSSION 

 Despite the widespread range of alligators, the parasite infracommunity is comparable 

among host populations (Tellez, 2013).  However, based on our data the heterogeneity of 

habitats and different life-history traits of alligators seem to generate the varying distribution and 

abundance of parasite conspecifics.  In accordance, our results showed that pentastomid infection 

significantly varied among alligator locations, size, and sex.  Adult alligators from Florida were 

shown to have the highest parasitic intensity in contrast to other locations and size classes.  

Gender did not seem to be influential in the aggregation of pentastomids, however males did 

show significantly higher pentastomiasis infection compared to females.  Unlike the intestinal 

infracommunity of alligators (Tellez, 2013), lung parasitism was found to be depauperate in 

species richness.  

Pentastomids residing within the lungs of A. mississippiensis were identified as S. 

mississippiensis.  Sebekia mississippiensis is a close relative to S. oxycephala found in South 
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American crocodilians, and has been described from A. mississippiensis in Louisiana, 

Mississippi, and Florida (Overstreet et al., 1985).  Previous descriptions of S. oxycephala have 

been considered to be mis-diagnosed specimens of S. mississippiensis (Overstreet et al., 1985).  

Our specimens are analogous to the description of S. mississippiensis in respect to the smaller 

size, a less spinous fulcrum shield, and a broader base of the oral cadre, amongst other 

morphological characteristics (Overstreet et al., 1985).  Although the life cycle of S. 

mississippiensis has not been thoroughly studied, it is likely transmission includes a diverse array 

of intermediate hosts, including mammals, reptiles, and fishes (Overstreet et al., 1985).  Similar 

to other pentastomid infections, fishes are likely the primary hosts of S. mississippiensis 

(Overstreet et al., 1985; Boyce et al., 1987).  Given that fishes are a dominant food source for 

alligators augments the probability of infection, which may justify the overall high prevalence 

and intensity of S. mississippiensis we found in our alligator specimens.  

Preference of prey, in addition to ontogenetic dietary shifts, can significantly affect the 

prevalence, abundance and patterns of parasite infracommunities among individual hosts (Timi 

et al., 2010; Katahira et al., 2011).  In our study, contrasting foraging behaviors may have 

influenced the higher pentastomid prevalence in sub-adults in comparison to juveniles.  As 

juveniles mature into sub-adult alligators, a dietary shift of a primarily invertebrate-based diet to 

a more fish based diet is established (Delany and Abercrombie, 1986; Delany, 1990; Delany et 

al., 1999), predisposing sub-adults to higher pentastomid infection.  The adult diet also consists 

of fishes, however, the more frequent opportunistic feeding behavior of adults exposes them to 

other intermediate and paratenic hosts of S. mississippiensis (Overstreet et al., 1985; Delany and 

Abercrombie, 1986; Delany et al., 1999).  Additionally, adult alligators have the ability to 

predate on larger intermediate hosts, which can carry heavier larval infections of parasites than 
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smaller hosts (Muñoz and Zamora, 2011).  Predation on larger prey could thus contribute to high 

pentastomid infections among larger alligators in contrast to smaller conspecifics.  In 

conjunction with dietary consumption, the apparent long life span among pentastomids (Riley, 

1983), and the large niche space of adult alligator lungs may collectively explain the higher 

pentastomid prevalence and abundance among adult alligators.  However, different prey 

consumption throughout ontogeny is likely the most significant factor contributing to the 

disparate pentastomid infections among alligator size classes. Consequently, the variation of 

microhabitat occupation during maturation affects the disparate diets of alligator size classes.  

For example, adults and sub-adults predate more often in open water, whereas juveniles are more 

likely to forage in heavily vegetated or remote areas (Goodwin and Marion, 1979; Joanen and 

McNease, 1987).  Given the different use of habitat, rates and abundance in which individual 

alligators are exposed to primary intermediate hosts will vary, thus having an influential effect 

on the intensity of alligator pentastomiasis.   

Besides the variation of habitat use among size classes of alligators, male and female 

alligators occupy different niches within the same habitat.  Similar to size classes, the 

inhabitation of different microhabitats can influence the rate of parasitism by S. mississippiensis 

between male and female alligators.  Upon maturation males tend to inhabit open water year 

round, whereas females will seclude themselves in dense vegetation, only emerging to the open 

water during mating season (Joanen and McNease, 1970, 1972; Rootes et al., 1991).  The 

variation of habitat exposes sexes to difference abundance of prey; female alligators largely prey 

upon mammals, whereas fishes and reptiles are the preferred prey of male alligators (Delany and 

Abercrombie, 1986). Because of the differing foraging strategies between the sexes, it is likely 

males consume the primary intermediate hosts of S. mississippiensis at a higher rate than 
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females, which may contribute to the greater pentastomid prevalence and intensity in males as 

suggested by our data.  Other attributes of male alligators, such as size, physiology, and 

behavior, may also contribute the difference in parasitism between the sexes.  First, male 

alligators tend to be larger than females (Delany and Abercrombie, 1986; Joanen and McNease, 

1987).  Analogous to adult alligators, pentastomids can exploit male lungs at high intensities 

because of the larger physical space and increase resources that support pentastomid maturation 

and reproduction (Holt and Boulinier, 2005; Pereira et al., 2012). Secondly, male alligators have 

higher energetic demands because of their larger size and certain behavioral characteristics, such 

as territorial defense (Joanen and McNease 1987; Vliet, 2001).  Given that males consume prey 

at a higher rate than females (Delany and Abercrombie, 1986; Delany et al., 1999), it is likely the 

predation of intermediate hosts is greater as well.  Finally, the significant difference of parasite 

intensity reflected between males and females may also be caused by variation in immunity, as 

seen in other vertebrates (Ros et al., 2012).  In general, pentastomiasis among male alligators 

was higher in all collection sites.   

Despite the variation of habitats in which individuals were collected, prevalence of S. 

mississippiensis did not differ significantly among alligators from Florida LAE, and LAW.  

However, pentastomid infections among Florida alligators were found to be more abundant than 

in LAW and LAE.  Consequently, the variation in prey abundance and availability among 

localities are influential in alligator feeding habits (Delany and Abercrombie, 1986), thus can 

affect the establishment of parasitism.  Although fishes are a large component of alligators’ diet 

throughout their range, diet of Louisiana alligators is heavily based upon nutria and blue crabs, 

whereas fishes and turtles are the dominant food source for Florida alligators (Valentine et al., 

1972; Delany and Abercrombie, 1986).  Hence, the difference in availability and density of 
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intermediate hosts appears to be a plausible cause of the variation in infections among localities 

observed herein.   

In summary, our results suggests that alligator size, ontogenetic diet patterns, location, 

and differences between male and female life history traits are significant variables that influence 

alligator pentastomiasis.  As alligators are keystone species, as well as economically important 

for the states of Louisiana and Florida (Chabreck, 1965; Kushlan, 1974; Joanen et al., 1997), 

these data are important to show which alligator sub-groups, such as large males, may drive 

infection dynamics in wild populations.  Such data could be beneficial in controlling and 

preventing alligator epizootics caused by pentastomiasis.  Further studies can elaborate how 

external factors such as environmental and anthropogenic disturbances may affect this host-

parasite system.  It would also be interesting to include similar studies of other crocodilian 

species to examine if pentastomid patterns are convergent across taxa, or vary among species.     
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Figure 1.1 Collection areas in Louisiana West Zone (black triangles), Louisiana East Zone (gray 
circles), and Florida (black circles).  For reference of exact GPS points, see Table 1.   
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Figure 1.2  Variation of parasite intensity among different sizes of alligators throughout sample 
locations. Louisiana West Zone = (), Louisiana East Zone = (), and Florida = ( ). 
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Table 1.1. Outline of GPS coordinates of alligator collection sites. 

Region: Collection Site: Coordinates: 
Louisiana East 

Zone 
Maurepas Swamp Wildlife 
Management Area WMA 

30°9'58"N, 90°38'40"E 

 Assumption Parish 29°55'23"N, 91°5'53"E 

 
Plaquemines Parish 
Government Delta 

29°14'35"N, 89°12'36"E 

 Abercrombie 29°28'50"N, 89°41'38"E 
 Continental Land 29°37'2”N, 90°53'22"E 
 St. Mary Parish 29°43'10"N, 91°8'8"E 

 
Assumption/St. 

Martin/Terrebonne Parishes 
29°42'3"N, 91°5'45"E 

 Pearl River WMA 30°18'31”N, 89°40'20"E 
 Morgan City 29°42'20.77"N, 91°13'5.45"W 
 Raceland 29°43'38.76"N,  90°35'56.31"W 
 Pierre Part 29°57'47.55"N,  91°12'31.90"W 
 Patterson 29°41'38.26"N,  91°18'1.42"W 
 Berwick 29°41'40.75"N,  91°13'8.37"W 
 Pass-A-Loutre WMA 29°10'31"N, 89°7'17"E 

Louisiana West 
Zone 

Iberville Parish 30°16'19"N, 91°26'34"E 

 White Lake 29°44'36"N, 92°26'26"E 
 Iberia Parish 29°59'48"N, 91°42'46"E 
 Vermilion Corp 29°58'29"N, 92°8'3"E 
 Pomme-de-Terre WMA 31°3'2"N, 91°50'52"E 
 St. Mary LDWF 30°0'1"N, 91°38'31"E 
 Belle Isle, LLC 29°34'36"N, 89°34'27"E 

Florida Lake Sidney 28°58'56"N, 81°31'43"E 
 Lake Loochloosa 29°29'23"N, 82°8'33"E 
 Lake Apopka 28°37'29"N, 81°37'31"E 
 Putnam 29°37'35"N, 81°46'43"E 
 Crescent Lake 29°28'57"N, 81°30'17"E 
 Lake Orange 29°28'6"N, 82°11'16"E 
 Suwanee River 29°28'12"N, 82°41'29"E 
 Lake George 29°16'36"N, 81°35'1"E 
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Table 1.2.  Pentastomid infection in alligators throughout Florida, Louisiana East Zone (LAE), 
and Louisiana West Zone (LAW). Prevalence, mean intensity and mean abundance are followed 
by 95% confidence intervals (CI). 
 
 

Location n 

Prevalence 

95%CI Mean intensity Mean abundance 

Florida 30 

83.3 

69.95 – 96.6 

39.92  

31.47 – 48.37 

28.27  

19.41 – 37.13 

Louisiana     

LAE 30 

70.4 

54.07 – 86.73 

11.53  

7.04 – 16.02 

8.61  

4.41 – 12.81 

LAW 25 

92.9 

82.83 – 102.97 

12.42  

7.78 – 17.06 

11.14  

6.5 – 15.78 
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Table 1.3. Pentastomid infection among size classes of alligators in Florida, Louisiana East Zone 
(LAE), and Louisiana West Zone (LAW). Prevalence, mean intensity and mean abundance are 
followed by 95% confidence intervals (CI). Inapplicable CIs are marked as na. 
 
 

Location Host n Prevalence (%) Mean intensity Mean abundance 

Florida Juvenile 0 0 na 0 na 0 na 

 Sub-adult 1 100 na 11 na 11 na 

 Adult 29 

86.2 

73.65 – 98.75 

36.56  

27.92 – 45.2 

30.46  

21.78 – 39.14 

Louisiana      

LAE Juvenile 3 

33 

-20.21 – 86.21 1 na 

0.33  

-0.33 – 0.99 

 Sub-adult 4 

50 

1 - 99 

17  

4.53 – 29.48 

8.5 

-3.51 – 20.51 

 Adult 20 

80 

64.47 – 97.53 11.5 ± 12.92 9.2 ± 12.41 

LAW Juvenile 1 100 na 20 na 20 na 

 Sub-adult 14 

85.7 

67.36 – 104.04 

7.85 

4.27 – 11.43 

7.29 

3.69 – 10.89 

 Adult 13 

92.3 

77.81 – 106.79 

16.75 

8.74 – 24.76 

15.46 

7.39 – 23.53 

Total 

Summary Juvenile 4 

50 

1 - 99 

10.5  

-2.67 – 23.67 

5.25  

-4.39 – 14.89 

 Sub-adult 18 

83 

65.65 – 100.35 

9.07  

5.43 – 12.71 

7.56  

3.89 – 11.23 

 Adult 63 

84 

74.95 – 93.05 

23.55  

18.28 – 28.82 

19.81  

14.54 – 25.08 
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Table 1.4. Pentastomid infection between male and female alligators in Florida, Louisiana East 
Zone (LAE), and Louisiana West Zone (LAW). Prevalence, mean intensity and mean abundance 
are followed by 95% confidence intervals (CI). Inapplicable CIs are marked as na. 
 
 

Location Host n Prevalence (%) Mean intensity Mean abundance 

Florida Males 22 

91 

79.04 – 102.96 

38.75  

28.9 – 48.6 

45.2  

34.48 – 55.92 

 Females 8 

75 

44.99 – 105.01 

14.67 

6.44 – 22.9 

9.25  

1.63 – 16.87 

Louisiana      

LAE Males 14 

79 

57.66 – 100.34 

7.91 

4.3 – 11.52 

6.21 ± 6.92 

2.59 – 9.83 

 Females 13 

62 

35.61 – 88.39 

16.5  

7.27 – 25.73 

10.15  

1.77 – 18.53 

LAW Males 17 100 na 

14.95  

8.54 – 21.36 

14.95  

8.54 – 21.36 

 Females 11 

82 

59.3 – 104.7 

8.33  

4.36 – 12.3 

6.82  

6.75 – 10.89 

Total 

Summary Males 53 

91 

83.3 – 98.7 

23.13 

17.22 – 29.04 

20.94 

15.31 – 26.57 

 Females 32 

72 

56.44 – 87.56 

12.83  

8.53 – 17.13 

9.92  

5.77 – 14.07 
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ABSTRACT :  We examined the variation of stomach nematode intensity and species richness of 

the Alligator mississippiensis from coastal estuarine and inland freshwater habitats in Florida and 

Georgia, and integrated prey content data to predict possible intermediate hosts.  Nematode 

parasitism within inland inhabiting populations was found to have a higher intensity and be more 

species rich than those inhabiting estuarine systems.  This pattern potentially correlates with the 

difference and diversity of prey available between freshwater and estuarine habitats.  Increase 

consumption of a diverse array of prey was also correlated with increase nematode intensity and 

species richness in larger alligators.  Dujardinascaris waltoni, Brevimulticaecum tenuicolle, 

Ortleppascaris antipini, Goezia sp., and Contracaecum sp. were present in alligators from both 

habitat types.  Brevimulticaecum tenuicolle, O. antipini, and Contracaecum sp. had a 

significantly higher intensity among inland inhabiting alligators than hosts from estuarine 

populations.  Our findings also suggest that host specific nematode parasites of alligators may 

have evolved to infect multiple intermediate hosts, particularly fishes, crustaceans, and turtles, 

perhaps in response to the opportunistic predatory behaviors of alligators.  
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INTRODUCTION  

The American alligator (Alligator mississippiensis) occupies a broad geographic range 

within the southeastern United States, where it inhabits freshwater swamps, wetlands, inland 

lakes, and rivers, in addition to coastal estuarine salt marshes and mangroves (Davis et al., 2005).  

The diversity of alligator habitats encompasses a broad range of prey that can directly influences 

the composition of parasites acquired via trophic transmission from prey hosts.  Alligators are 

considered opportunistic generalist predators (Wolfe et al., 1987), whose food habits differ due 

to prey availability, sex, sixe, and the degree of individual specialization (Chabreck, 1971; Wolfe 

et al., 1987; Rootes et al., 1991; Delany et al., 1999; Gabrey, 2010; Rosenblatt et al., (in 

review)), however, the parasitic assemblage of the American alligator is similar across their 

distribution (Tellez, 2013).  This contradicts a prevailing paradigm that parasitism of a definitive 

host species that is widely distributed should be heterogeneous due to variable abiotic and biotic 

factors, such as differential availability of suitable intermediate hosts (Marcogliese, 1997; 

Santoro et al., 2012).  Explanations for the widespread similarity of alligator parasites include, 1) 

that the range of the intermediate hosts is congruent with that of the alligator definitive host, or 

2) that alligator parasites infect multiple intermediate hosts across the range of habitats in 

response to the variation in the distribution of prey.  If the latter is true, this multiple intermediate  

host use pattern may be an evolutionary response to the generalist foraging strategies and the 

wide range of ecological communities used by alligators.  Adapting to the selective feeding 

patterns and predictable predator-prey interactions of the definitive host is a likely selective 

pressure for parasites that are trophically transmitted (Sukhdeo and Hernandez, 2006; Anderson 

and Sukhdeo, 2011).  Such an adaptive pattern would create a mosaic of trophic interactions 
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across the diverse habitats of the American alligator, while concurrently sustaining a similar 

assemblage of parasite species throughout the reptilian host’s broad geographic distribution. 

               Unlike many other reptiles, stomach parasites of the American alligator are diverse and 

species rich (Aho, 1990; Tellez, 2010, 2013).  Ten nematode genera, including 12 species, have 

been identified from alligators via stomach flushing or dissection (Tellez, 2010, 2013).  Seven of 

the nematode species are identified as specific to crocodilians (Tellez, 2010, 2013).  Although 

gastric nematodes of American alligators have been documented since 1819 (Rudolphi, 1819; 

Tellez, 2010, 2013), there is still relatively little known about the plausible intermediate hosts for 

the various parasite species (Gabrey et al., 2008; Waddle et al., 2009).  This paucity of data on 

transmission pathways of alligator parasites may be the reason why parasites have not yet been 

integrated into analyses of alligator feeding ecology.  Most information regarding alligator 

feeding relationships has been revealed through stomach content analysis (SCA) (Chabreck, 

1971; Valentine et al., 1972; Delany and Abercrombie, 1986; Delany et al., 1999; Rice et al., 

2007).  However, SCA provides only a snap-shot of the full spectrum of the diet of an alligator, 

which could be misleading to evaluate dietary composition and trophic linkages due to the 

potentially confounding effects of variable digestion rates among prey taxa (Jackson et al., 1974,  

Garnett 1985, Janes and Gutzke 2002; Johnson et al., 2004; Doi et al., 2008; Lafferty et al., 

2008).  Trophically transmitted parasites, such as alligator gastric nematodes, are potential 

biological indicators of foodweb connectance and of prey consumed over an extensive period of 

time (Johnson et al., 2004; Doi et al., 2008; Lafferty et al., 2008).  Because parasites can 

sometimes be used to more precisely describe host diet than stomach contents, (e.g., Bertrand et 

al., 2008), the identification of intermediate hosts of alligator parasites can help evaluate feeding 



 27

behavior in the absence of prey content, and contribute further information about alligator-prey 

interactions in various habitats. 

               Here we examined gastric parasites of the American alligator from coastal estuarine 

and inland freshwater habitats in Florida and Georgia, and integrated prey content data to predict 

possible intermediate hosts.  Even though the majority of alligator nematodes are ubiquitous 

across their host’s range (Tellez, 2010, 2013), we anticipated a significant distinction of 

nematode intensity and species richness among inland and estuarine alligator populations as a 

result of abiotic and biotic variation (i.e., salinity, water pH, prey diversity, etc.) between these 

aquatic environments, and differences in prey abundance.  Secondly, we predicted that variation 

in environments and the opportunistic predatory behavior of the archaic reptilian host has 

influenced nematode species to evolve flexible life cycles over evolutionary time, causing the 

infection of multiple taxa as secondary intermediate hosts.  We anticipated that these data will 

further our understanding of alligator feeding behavior in various environments, as well as of 

factors influencing the similarities and differences of stomach parasitism among geographically 

isolated populations. 

 

MATERIAL AND METHODS  

Sample Collection 

Alligators (n = 48) were captured between May 2008 and August 2011 as a part of 

ongoing research in five locations (3 coastal and 2 inland, Fig. 2.1).  Estuarine coastal sites 

include Sapelo Island, Georgia (n = 11, May 2008-July 2009, 31.443483 °N, 81.260272 °W), 

Cape Canaveral (n = 8, April 2010, 28.499862 °N, 80.601395 °W), and Guana Lake, Florida (n 

= 5, July-August 2011, 30.080452 °N, 81.340742 °W).  Inland sites include Lake Apopka (n = 
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12, April 2010, 28.626022 °N, 81.625298 °W) and Lake Woodruff (n = 12, April 2010, 

29.097947 °N, -81.417577 °W), Florida.  Alligators were captured using standard crocodilian 

capture techniques (Chabreck, 1963), and were subject to morphometric measurements and 

various tissue and fluid sampling techniques.  In the case of 16 individuals captured in two 

coastal sites (n = 11, Sapelo Island and n = 5, Guana Lake) stomach contents were removed via 

gastric lavage (Fitzgerald, 1989).  Stomach contents from all other individuals (n = 8, from Cape 

Canaveral and n = 24, from inland lakes) were removed during necropsy as a part of ongoing 

ecotoxicology and environmental contaminant studies.  Collected contents were washed using 

fresh water to remove excess gastric enzymes then passed through a 1 mm mesh sieve (No. 18 

USA Standard Test Sieve, Hogentogler and Co, Inc., Columbia, Maryland) to collect identifiable 

prey and gastric parasites.  The remaining portions were preserved in 70 % ethyl alcohol until 

further processing.  Stomach contents were separated first by broad taxonomic categories (e.g., 

vertebrates, invertebrates, vegetation) then identified to the lowest taxonomic subdivision 

possible, in many cases to the genus and/or species level.  Numbers of individuals for each prey 

taxon were counted based on the presence of body portions specific to one individual for that 

particular taxon, e.g. the presence of an atlas bone for Actinopterygii, or the eye stalks for 

Decapoda.  Gastric nematodes were placed in petri-dishes of glycerin alcohol for clearing, and 

examined via compound and stereo-microscopes and identified.  All study techniques adhered to 

methods approved by the University of Florida and Institutional Animal Care and Use 

Committee (IACUC) (Protocol F-139 and 201005071) and Kennedy Space Center IACUC 

(Protocol GRD-06-044).  All field collections were performed under Florida Fish and Wildlife 

(Scientific Collecting Permit No. SPGS-10-44R and SPGS-10-4) and Georgia Department of 

Natural Resources (Scientific Collecting Permit No. 29-WBH-08-178 and 29-WBH-09-56).  
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Voucher specimens are deposited at the Manter Laboratory of Parasitology, Lincoln, Nebraska 

(Accession numbers:  68502-68507). 

 

Statistical Analyses 

To determine if parasite intensity and species richness significantly differed among 

estuarine and inland alligator hosts, it was necessary to consider the SCA methods applied in 

obtaining nematode samples before statistically analyzing variation in parasitism between the 

two types of habitats.  Although stomach flushing is a common method used in ecological and 

parasitological studies, not all stomach contents will be flushed out, particularly from large adult 

alligators.  Examination of our raw data showed a lower average of mean parasite intensity 

among stomach flushed estuarine alligators (n = 16) than necropsied estuarine alligators (n = 8) 

or total necropsied alligators from both estuarine and inland freshwater environments (n = 32).  

To control for this confounding variable, we first performed a negative binomial regression 

analysis to determine if location and a particular SCA method were significant predictor 

variables of nematode intensity.  We also performed a negative binomial regression to determine 

if location and a particular SCA method were significant predictor variables of nematode species 

richness.  Location and SCA method were associated with parasite intensity, and location was 

the only variable associated with parasite species richness.  This suggests only location affects 

parasite species richness, and location and SCA method affects parasite intensity.  As a result of 

the SCA method affecting parasite intensity, we performed a second negative binomial 

regression analyses using parasitic data from necropsy coastal and inland alligators to evaluate 

variation of parasitism between coastal and inland alligators.  Variation of parasite species 

richness between the two habitats was examined with a Wilcox signed-rank test.  Negative 
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binomial regression analyses and Wilcox signed-rank test following the above protocol were also 

used to examine significant differences of identified nematode species between habitat types. 

As alligator size is correlated with variation in prey types and also the amount of food 

consumed, and both can cause variation in trophically transmitted parasitism, Spearman rank 

correlation analysis was used to investigate the association of host size with parasite intensity 

and parasite species richness.  Parasite intensity and species richness was log transformed. 

Stomach contents of alligators were quantified and identified to lowest recognizable 

categories, Family (n = 23), Order (n = 18), or Class (n = 10) (Table 2.1).  Because the quantity 

of prey in each prey category was not normally distributed, we used non-parametric analyses to 

examine the relationship of prey categories to parasite intensity and species richness.   

Additionally, non-parametric tests are used to examine parasitism among hosts since parasites 

are aggregated among hosts (i.e., some hosts are heavily parasitized while other hosts are 

minimally or non-parasitized, creating an overdispersed distribution of parasitism).  To identify 

probable intermediate hosts, a negative binomial regression was used to examine the relationship 

of parasite intensity (dependent variable) to prey categories (independent variables).  We inferred 

that prey categories that have a strong relationship to parasite intensity were more likely 

candidates for alligator intermediate hosts.  Additionally, the relationship of parasite species 

richness to prey categories was also examined with a negative binomial regression to examine if 

a particular prey category could be an intermediate host for multiple nematode parasites.  For 

each of these two analyses, five negative binomial regressions were performed independently 

using taxonomic categories:  family, order, total order, class, total class.  Categories “total order” 

and “total class” considered all organisms identified to that taxonomic level.  Categories “order” 



 31

and “class” include organisms that were only identified to that particular prey taxonomic level 

because prey samples could not be further identified to lower taxonomic levels. 

            Negative binomial regressions were also used to analyze the relationship of each 

particular nematode species associated with prey categories (independent variables).  We 

predicted that prey categories that have a strong relationship to a particular nematode species 

should comprise species that are likely intermediate hosts of alligator nematodes.  For each 

analysis performed with a nematode species (dependent variable), five negative binomial 

regressions were performed independently of each other in accordance with taxonomic category 

(independent variables):  family, order, total order, class, total class.  Similar to negative 

binomial regression analyses performed on parasite intensity and species richness, categories 

“total order” and “total class” considered all organisms identified to that taxonomic level.  

Categories “order” and “class” include organisms that were only identified to that particular prey 

taxonomic level as prey samples could not be identified to lower taxonomic levels.  Negative 

binomial regressions, Wilcox signed-rank test, and Spearman rank correlations were performed 

with Program R 2.15.1 (R Core Development Team, 2012), and all tests were considered 

significant at p < 0.05.  False discovery rates were calculated for each taxonomic category to 

analyze Type I error of multiple comparisons.  Accumulation curves for prey content collected in 

estuarine and inland habitats, and nematode species were generated to evaluate sampling 

effectiveness by randomizing samples 1000 times using EstimateS 9.1.0 (Colwell, 2006). 

 

RESULTS                  

A total of 17,199 nematodes comprised of five genera (Dujardinascaris waltoni, 

Brevimulticaecum tenuicolle, Ortleppascaris antipini, Goezia sp., Contracaecum sp.) from the 
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families Ascarididae and Anisakidae were identified from both inland and estuarine locations 

(Table 2.2, Fig. 2.2).  The sampled nematode species accumulation curve reached its asymptote 

rapidly suggesting we collected all representative species of alligator gastric nematodes (Fig. 

2.3).  Intensity of O. antipini, B. tenuicolle, and Contracaecum sp. were found to be statistically 

higher in inland freshwater alligators than estuarine alligators (W = 48, p = 0.017; p = 0.05; W = 

218, p = 0.043).  Intensity of Dujardinascaris waltoni, and Goezia sp., did not statistically differ 

among habitats (p = 0.284; p = 0.86).  However, total nematode intensity and parasite species 

richness between inland and estuarine populations did significantly differ (p = 0.044; p = 0.015) 

(Fig. 2.4). 

Alligator total length (TL) (mean ± SD, 254 ± 71 cm) ranged from 84 to 384 cm, 

spanning all size classes from juveniles (< 0.9 m TL) to adults (> 1.83 m TL).  We found no 

significant association of parasite species richness with alligator size (p = 0.116, rs ≈ 0.229), 

however size was highly correlated with parasite intensity (p < 0.001, rs ≈ 0.592, Fig. 2.5a).  We 

performed a second analysis to test if the result was driven by the two largest alligators with the 

highest intensities.  Size and parasite intensity were still highly correlated (p < 0.001, rs ≈ 0.536, 

Fig. 2.5b).  Given the correlation of parasite intensity with host size, we then examined the 

association of alligator size to the intensity of the various species of nematodes.  No relationship 

evident for B. tenuicolle. O. antipini, Goezia sp., or Contracaecum sp. (p = 0.793, rs ≈ 0.04; p = 

0.185, rs ≈ 0.195; p = 0.328, rs ≈ -0.144; p = 0.170, rs ≈ 0.201).  However, the intensity of D. 

waltoni significantly increased and showed a strong association with alligator size (p < 0.001; rs 

≈ 0.6).  Again, the two largest alligators were excluded and D. waltoni was still found to be 

highly correlated with host size (p < 0.001, rs ≈ 0.6). 
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Five stomachs (10.4 % of all samples), three from coastal habitats and two from inland 

lake alligators, contained no prey items (Table 2.2).  A species accumulation curve of coastal 

prey contents did not approach an asymptote (Fig. 2.6a).  In this case, our data only provides a 

lower-bound estimate of species richness.  The asymptote of the species accumulation curve of 

inland stomach contents suggests we collected the majority of possible prey of inland alligator 

populations (Fig. 2.6b). Further sampling of alligator stomachs should yield more species of 

alligator prey in both coastal and inland habitats.  Overall, the majority of prey content 

occurrence from estuarine alligators was comprised of invertebrates (89%), whereas prey content 

from inland alligators was mainly comprised of vertebrates (56%) (Fig. 2.7). 

There were some categories in which prey items were originally identified only to order 

and class, and these groups were analyzed separately before incorporating data from contents 

identified to family (Table 2.1, Fig. 2.8 classifies taxonomic level class). Results from these 

particular categories are described as follows.  Unidentifiable prey contents from orders 

Testudines and Coleoptera were strong predictors of parasite intensity (p < 0.001; p = 0.001).   

An interesting finding was the significant relationship of classes Aves, Mammalia, and 

Gastropoda to parasite intensity (p = 0.001; p = 0.006; p = 0.029) as these are uncommon hosts 

for the particular parasite species identified in our study.  No relationship between parasite 

species richness and order or class was found.  Prey contents identified only to orders Testudines 

and Coelopteran, and classes Aves, Mammalia and Gastropoda were significant predictors of D. 

waltoni (p = 0.004; p = 0.002; p = 0.001; p = 0.009; p = 0.022).  Brevimulticaecum tenuicolle 

had a significant relationship with classes Mammalia (p = 0.026), Actinopterygii (p = 0.026), and 

Insecta (p = 0.043).  Ortleppascaris antipini also had significant interactions with two class 

categories, which include Actinopterygii (p = 0.009) and Mammalia (p = 0.023).   
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In order to distinguish probable intermediate hosts, we statistically analyzed prey 

contents at three taxonomic levels (family, order, class).  Various taxonomic families were strong 

predictors of parasite intensity. Our model suggests that Poecillidae has the strongest relationship 

with parasite intensity (p < 0.0001), followed by Panopeidae (p < 0.0001), Portunidae (p < 

0.001), Sesarmidae (p = 0.001), Colubridae (p = 0.002), Cyprinodontidae (p = 0.004), 

Procyonidae (p = 0.012), Centrarchidae (p = 0.022), and Dytiscidae (p = 0.035).  Total order 

categories Decapoda, Testudines, and Cyprinodontiformes also illustrated a strong relationship 

with parasite intensity (p = 0.002; p < 0.001; p < 0.001). In examining the Total Class category, 

the most significant predictors of parasite intensity were Insecta (p < 0.001), Decapoda (p = 

0.001), Reptilia (p = 0.001), Mammalia (p = 0.004), and Actinopterygii (p = 0.043).  No 

taxonomic family or Total Class category had a significant relationship with parasite species 

richness (p > 0.05).  However, the Testudines representative of the Total Order category was 

found to have a significant relationship with parasite species richness (p = 0.014). 

Several taxonomic families illustrated a strong relationship to Dujardinascaris waltoni.  

Poeciliidae (p < 0.001), Panoeipidae (p < 0.001), Portunidae (p < 0.001), Sesarmidae (p = 0.002), 

Colubridae (p = 0.002), Cyprinodontidae (p = 0.005), Procyonidae (p = 0.014), Centrarchidae (p 

= 0.022), and Dytiscidae (p = 0.033).  Cyprinodontiformes, Testudines, and Decapoda from the 

category of Total Order were significant predictors of the presence of D. waltoni (all p < 0.001).  

From the Total Class category, Insecta, Reptilia, Decapoda, and Mammalia illustrated a strong 

relationship to the presence of D. waltoni (p < 0.001; p = 0.001; p =0.001; p = 0.004). 

Brevimulticaecum tenuicolle only had a significant relationship with Class Total 

taxonomic categories Insecta (p = 0.002), Mammalia (p = 0.004), and Actinopterygii (p = 0.012).  

Actinopterygii also showed a significant association with O. antipini (p = 0.002).  No significant 
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interactions between Goezia, sp., Contracaecum sp., and acrid larvae were found among any of 

the taxonomic categories (all p > 0.05).  False discovery rate’s for the above significant statistical 

analyses are summarized in Table 2.3. 

 

DISCUSSION 

               Understanding the trophic interactions of top- and apex predators is an important goal 

for ecologists, as these species are known to exert strong top-down pressures on prey affecting 

community as well as ecosystem structure and function (Duffy 2002; Sergio et al 2008; Estes et 

al. 2011; Nifong and Silliman 2013).  Alligators, in particular, serve as an interesting model 

species to study the interaction of parasitism and trophic interactions since alligators consume 

both terrestrial as well as aquatic inhabiting prey.  Thus, the study of alligator parasitism can 

allow for a more broad perspective of food web network structure between terrestrial and aquatic 

ecosystems.  The identification of intermediate hosts of higher order consumers, such as apex 

predators, can possibly identify cryptic trophic links that could perhaps increase the perspective 

of the local foodweb network (Arias-González and Morand, 2006; Thompson et al., 2005; 

Lafferty et al., 2008).  We predicted gastric nematodes of alligators evolved life-cycle pathways 

that included the use of multiple secondary intermediate hosts.  The use of multiple alligator prey 

as intermediate hosts could be a response to the variation of prey availability and abundance 

throughout the hosts’ geographic distribution, in addition to the generalist foraging strategy of 

alligators.  Because alligators are opportunistic predators, evolving to infect multiple prey 

species ensures successful completion of parasite transmission.  Our results suggest multiple 

prey taxa, such as reptiles, crustaceans, and fish, are probable intermediate or paratenic hosts of 

alligator nematode parasites.  The dissimilarity of secondary intermediate host abundance among 
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different habitats likely influences the significant difference of parasitism found between coastal 

estuarine and inland freshwater inhabiting alligators.  The diversity of potential prey, as well as 

larger size of prey that can be consumed in addition to the higher metabolic demands of larger 

sized alligators, may explain the effect of body-size on alligator parasite intensity. 

 

Parasitism and Alligator Size 

The opportunistic feeding behavior and diversity of prey species alligators consume 

exposes these aquatic predators to a multitude of probable intermediate hosts, particularly as they 

grow in size.  While the consumption of potential prey becomes more diverse as alligators grow 

in size (e.g., Wolfe et al. 1987, Gabrey 2010), our study showed no variation of nematode 

species richness among alligator size classes.  It is possible that nematode species richness 

reaches a threshold upon adult maturation as large sub-adults and adults may predate upon 

intermediate hosts at a similar rate.  In contrast to species richness, parasite intensity increased in 

accordance with alligator size.  Larger alligators are more likely to consume intermediate hosts 

more frequently than smaller conspecifics to supplement their higher energy requirements, thus 

exposing larger alligators to higher parasitic intensities.  Furthermore, the larger stomach size of 

adults also decreases interference competition as a result of the greater niche space, allowing 

more nematodes access to acquire a common resource than stomachs from smaller alligators.    

Previous research shows gastric nematode intensity significantly increases with the onset 

of large sub-adult alligators broadening their diet (Goldberg, 1991; Delany et al., 1999; authors’ 

unpub. data).  We suggest the increase in nematode intensity parallels the ontogenetic shift of 

alligators.  Therefore, examination of nematode parasitism could be used to evaluate the 

ontogenetic dietary shifts within alligator populations.  
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Parasitism between Inland and Estuarine Alligator Populations 

In this study, parasitism appeared to correlate to the consumption and proportion of 

vertebrate vs. invertebrate prey among inland and estuarine alligators (Fig. 2.7).  The larger 

portion of inland freshwater population diets consisted of fishes and higher vertebrate species, 

such as turtles, which are more likely to be intermediate or paratenic hosts for alligator nematode 

parasites.  Previous theories presume fish as primary intermediate hosts of D. waltoni, B. 

tenuicolle, O. antipini, Goezia spp. and Contracaecum spp. (Sprent, 1978; Gabrey et al., 2008; 

Waddles et al., 2009).  However, non-piscine vertebrates may also have a significant role in the 

life cycle of alligator nematodes.  Reptiles are known intermediate hosts for Goezia spp. and 

Contracaecum spp. (Sprent, 1954).  Frogs are considered as a paratenic host of Dujardinascaris 

spp. and Ortleppascaris spp., and mammals are obligatory intermediate or paratenic hosts of 

Ortleppascaris spp. and Brevimulticaecum spp. (Sprent, 1954; Sprent, 1978; Moravec and 

Kaiser, 1995).  Paratenic hosts are useful for closing a trophic gap, and increasing the parasite’s 

chance of successful transmission to the definitive host.  The use of various paratenic and 

intermediate vertebrate hosts is a common phenomenon among life cycles of ascarid species 

(Anderson, 2000; Bush et al., 2001), thus it should be taken into consideration that the life cycle 

of alligator ascarids may involve a range of vertebrate prey as possible secondary hosts.  Our 

results are in accordance with previous alligator diet studies in which examination of the raw 

data illustrates an association between alligator nematode parasitism with higher vertebrate prey 

(Delany and Ambercrombie, 1986; Gabrey et al., 2008; Waddle et al., 2009).  In comparison, the 

majority of the prey biomass of estuarine in habiting alligators is largely made up of 

invertebrates (Nifong and Silliman, 2013).  Although crabs have been associated to the presence 

of Dujardinascaris spp. (Arya, 1980, Villegas and Solis, 2009, author’s unpub. data), shrimp, 
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crayfish, and horseshoe crabs are not associated intermediate hosts for these nematode genera 

(Anderson, 2000).  It seems the large percent volume of invertebrate (particularly non-

crustacean) prey correlates to the lower stomach nematode intensity and species richness among 

estuarine alligators.  Based on the above results, we postulate that the variation of trophic 

interactions and abundance of vertebrate prey strongly influences the higher intensity and 

richness of nematode species illustrated among inland alligators.     

 

Correlation of Nematode Species and Parasite Intensity to Prey Categories 

In agreement with previous theories, nematode intensity was found to be highly 

correlated to fish.  Because D. waltoni was the most abundant nematode species found, D. 

waltoni appeared to drive the overall interaction between parasite intensity and taxonomic 

groups, thus the statistical outcomes of parasite intensity and D. waltoni were found to parallel 

one another.  Out of the four taxonomic orders identified from Class Actinopterygii, 

Cyprinodontiformes was the only order to show a significant relationship with total nematode 

intensity and D. waltoni.  This interaction was validated by the strong association of two 

cyprinodontid taxonomic families, Poeciliidae and Cyprinodontidae, to parasite intensity and D. 

waltoni.  Although our data also suggests that the family Centrarchidae is a good predictor of 

parasite intensity and the presence of D. waltoni, we presume the strong statistical association of 

parasite intensity with cyprinodonts illustrates their primary role in the life cycle of D. waltoni.  

It should be considered that centrarchids are still viable intermediate hosts, but may not have a 

primary role in the life cycle of D. waltoni.  Based on the few identifiable species of 

cyprinodonts from prey stomach contents, future experimental life cycles should primarily 

include mosquitofish (Gambusia affinis) and mummichog (Fundulus heteroclitus) or other 
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common cyprinodontid species to confirm this taxon as intermediate hosts of D. waltoni.  The 

distribution of both these species is sympatric with the geographic range of alligators, which 

could explain the widespread distribution of D. waltoni (Tellez, 2010, 2013).  

Similar to D. waltoni, our data suggest fishes may be primary obligate intermediate hosts 

of Brevimulticaecum tenuicolle and O. antipini.  It is possible these two nematode species share 

the same intermediate hosts as D. waltoni.  However, evolving to infect different intermediate 

hosts prevents competition of a similar resource, and ensures successful parasite transmission.  

For example, examination of previous alligator diet studies suggests perciform fishes represent a 

large portion of the total prey biomass of alligators in Lake Woodruff, FL.  In conjunction with 

our results showing B. tenuicolle and O. antipini were higher among inland than estuarine 

alligators, as well as the strong association of centrarchids (Order Perciformes) with high parasite 

intensity, we suggest centrarchids (sunfish) as viable intermediate host candidates of B. 

tenuicolle or O. antipini.  We propose future experimental life cycles of B. tenuicolle and O. 

antipini should focus on centrarchids, such as black crappie (Pomoxis nigromaculatus), sunfishes 

(Lepomis spp.) and basses (Micropterus spp.).  

Reptiles, particularly turtles (Order Testudines), seemed to be strong predictors of 

parasite intensity and species richness, in addition to the presence of D. waltoni.  Gabrey et al. 

(2008) considered it unlikely that reptiles function as intermediate hosts of the heavily fish based 

diet of alligators.  However, certain ascarid species utilize reptiles as obligate intermediate hosts 

(Sprent, 1954; Kinne, 1985).  As turtles make up a considerable portion of the diet of inland 

freshwater alligator populations in Florida (Delany and Abercrombie, 1986; Delany et al., 1999), 

we postulate that alligator stomach nematodes has evolved to utilize turtles to successfully 

complete their life cycle.  This could explain the significant correlation of adult size to presence 
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of infection of D. waltoni, as larger adults have the capability of ingesting larger prey such as 

turtles.  Furthermore, the significant difference of O. antipini between inland and estuarine 

alligators may be a result of consumption of turtles in addition to other higher vertebrate.  An 

interesting association found among class Reptilia was the relationship of colubrids to parasite 

intensity and the presence of D. waltoni.  Larvae of Dujardinascaris spp. have been found in 

other reptiles, such as lizards (Bursey et al., 2005).  As snakes do not make up a large component 

of the alligator diet, it is possible snakes are paratenic hosts of D. waltoni.   

Paratenic hosts are a common phenomena among ascarid life cycles (Bush et al., 2006).  

Even though birds and mammals illustrated a strong association with D. waltoni, B. tenuicolle, 

and O. antipini, it is most likely these terrestrial organisms are paratenic hosts for alligator 

gastric parasites.  Predation upon terrestrial prey, such as raccoons (Procyonidae), correlates to 

an ontogenetic dietary shift in alligators as consumption of large prey parallels the increase in 

alligator body size.  From the perspective of the parasite, the inclusion of paratenic hosts is a 

favorable endeavor to ensure transmission success, particularly when the definitive host is an 

opportunistic predator.  Mammals and birds are known paratenic hosts for other ascarid species, 

and have been associated with the presence of Dujardinascaris spp., Brevimulticaecum spp., and 

Ortleppascaris spp. (Sprent, 1954; Anderson, 2000; Villegas and Solis, 2009).  However, 

including birds or mammals as obligatory hosts would be evolutionary unfavorable as they 

represent a small portion of the prey biomass of alligators.  Future life cycle experiments would 

help determine the role of mammals and birds in the life cycle history of alligator nematodes. 

Previous studies illustrate a stronger interaction with vertebrates, such as fish, as obligate 

intermediate hosts of alligator gastric nematodes (Hazen et al., 1978; Delany and Ambercrombie, 

1986; Scott et al., 1999; Gabrey et al., 2008).  Yet, various ascarid life cycles also include 
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invertebrates (Anderson, 2000; Bush et al., 2001).  Besides fishes, decapods make up a large 

percentage of the American alligators’ diet in juveniles, sub-adults, and adults (Delany and 

Abercrombie, 1986; Delany et al., 1999; Rice 2004; Nifong and Silliman, 2013).  Our data 

suggest a strong association with decapods, particularly crustaceans from the families 

Portunidae, Panopeidae, and Sesarmidae, to parasite intensity and the presence of D. waltoni.  It 

is possible crustaceans, specifically crabs, have a strong role in the life cycle transmission of D. 

waltoni, similar to that of fish (Arya, 1980; Villegas and Solis, 2009).  Dujardinascaris petterae, 

a sister species to the alligator stomach nematode D. waltoni, was found infecting a crab in 

Africa (author’s unpub. data).  Additionally, D. waltoni has been the only nematode species 

found in juvenile alligator stomachs in Louisiana (author’s unpub. data).  As juveniles, alligator 

diets primarily consist of invertebrates, such as crabs and insects (Barr, 1997; Delany, 1990).  

The strong trophic interaction between crabs and alligators throughout the ontogenetic diet stages 

of alligators identifies them as probable intermediate host candidates.  Considering the above 

field data, and statistical results from this study, we suggest future investigations of D. waltoni 

should include crabs.   

An interesting finding was the strong association of class Gastropoda and Insect, order 

Coeloptera, and the family Dysticidae to parasite intensity and D. waltoni or B. tenuicolle.  

Gastropods and insects make up part of the alligator prey volume, but are not part of any known 

life cycle of alligator congeneric parasite species.  Insects are consumed by documented prey of 

alligators, such as sunfishes (Lepomis spp.), Lake Chubsucker (Erimyzon sucetta), and yellow-

bellied turtles (Trachemys scripta) (Delany et al., 1999), and it is possible for the exoskeleton to 

survive the digestion process of its immediate predator (such as a turtle or fish), and then 

alligators due to the slow digestion process of insect chitin (Garnett, 1985; Barr, 1997; Janes and 
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Gutzke, 2002).  Ant exoskeletons have also been found in alligator stomachs and intestines along 

with prey fragments of fishes (Tellez, pers. obs.). The high number of coleopterans found in 

alligator stomachs may be secondarily consumed when alligators feed upon carrion or as by-

catch while attempting capture of other prey.  Coleopterans are known to feed on carrion so it is 

highly likely that these organisms were consumed when alligators preyed upon dead organisms, 

and not obligate intermediate hosts.  Additionally, leeches are known to infect turtles so their 

presence may actually be the result of secondary ingestion following alligator predation on 

turtles (Dodd, 1988).  Alternatively, leeches from family Glassiphoniidae have been found in the 

mouth and esophagus of alligators (Tellez, 2013; pers. obs.).  It is likely leeches were dislodged 

during stomach flushing and mixed with prey contents.  Overall, we conclude gastropods and 

insects are not intermediate hosts for alligator gastric parasites. 

Based on our data, Goezia sp, and Contracaecum sp. were not strongly associated with 

alligator prey.  Both Goezia spp. and Contracaecum spp. are considered common parasites of 

fish-eating birds and marine mammals (Sprent, 1954; Anderson, 2000).  These two nematodes 

have not been regularly identified from the stomach of alligators (Deardorff and Overstreet, 

1979; Tellez 2010, 2013).  It is possible that these two species are not common as a result of 

interspecific competition among D. waltoni, B. tenuicolle, and O. antipini.  Comparing the 

response of Contracaecum sp. and Goezia sp. in the absence and presence of other gastric 

alligator nematodes would verify species interaction.  Future observations would provide an 

explanation for the low intensity and prevalence of Contracaecum sp. and Goezia sp., which 

would present evidence of interspecific competition as one of the driving forces of the gastric 

nematode infracommunity structure. 
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Parasitism and Correlation to Food Consumption 

The observed pattern between nematode species and intermediate hosts offers insight on 

previous food consumption, and can be useful in predicting long-term predation activities in the 

absence of diet data as larger crocodilians will halt from feeding for months (Ross, 1989).  For 

example, five necropsied adult alligators (Lake Woodruff: n = 2; NASA: n = 2; unspecified 

estuarine location: n = 1) in our study were void of any prey fragments, yet parasitized by 1 or 4 

species of nematode (Table 4.2).  Dujardinascaris waltoni was common among the five 

alligators, but was the only species of nematode present in four of the alligators (i.e., three 

estuarine and one inland alligator) at a low intensity.  We would expect a higher nematode 

intensity and species richness if fish, turtles, or crustaceans were a major component in the diet 

of these four alligators.  Non-obligate intermediate hosts, such as non-crustacean invertebrates, 

mammals, and birds, may be more important food sources for these particular alligators.  In 

comparison, the high nematode intensity and species richness of the second inland alligator may 

suggest a heavily fish based diet of cyprinodonts, crustaceans, or turtles.  The contrast of 

parasitism between the two inland alligators perhaps reflects the variation of selective predation 

among individual alligators within Lake Woodruff as a result of a high diversity of prey.  The 

diet of Lake Woodruff alligators is known to be highly diverse compared to other inland 

populations in Florida (Rice, 2004; Rice et al., 2007).  Fishes are the predominant food source of 

Lake Woodruff alligators, but frequent consumption and preference of other large vertebrates, 

such as mammals, that are non-intermediate hosts for alligator nematodes lessens the chance of 

parasitic infection.  Additionally, territorial behavior of alligators may affect parasitism as size of 

territories limits foraging and predatory interactions to only the available prey within that 

territorial range.  Variation of parasitism could consequently be indicative of the territorial 
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perimeter and dispersal among alligators within a habitat.  Because stomach nematodes are 

trophically transmitted, they are natural bioindicators of the predator-prey interactions within 

alligator habitat.  The incorporation of nematode data can be beneficial for future alligator 

ecology studies as parasitism can be informative of alligator movement within the local habitat, 

as well as allowing estimation of long-term feeding activities if prey items from stomach 

contents are not ascertainable. 

 

Fish as Secondary Intermediate Hosts 

A common life cycle characteristic of D. waltoni, B. tenuicolle, and O. antipini is the 

inclusion of fishes as secondary intermediate hosts (Hazen et al., 1978; Delany and 

Ambercrombie, 1986; Scott et al., 1999).  Throughout the disjunct distribution of alligators in 

both estuarine and inland habitats, fishes are a dominant source of prey and have shown a 

relationship to the presence of stomach nematodes, particularly D. waltoni (Hazen et al., 1978; 

Delany and Ambercrombie, 1986; Scott et al., 1999; Gabrey et al., 2008).  However, prey 

consumed by alligators in different habitats is directly influenced by differences in prey 

availability and abundance among habitats.  The dissimilarity of diet and intermediate hosts 

throughout the alligator range may have generated the adaptive radiation of multiple 

transmission pathways of gastric nematodes.  For example, Gabrey et al. (2008) described a 

strong relationship between a heavy fish-based diet and D. waltoni in Louisiana alligators, and 

concluded that fishes were the primary source of alligator infection.  However, turtles comprise a 

large portion of the alligator diet in Florida (Delany and Ambercrombie, 1986; Delany et al., 

1999), and our data suggest a strong association between ascarid stomach nematodes and turtles.  

It is possible D. waltoni has coevolved to infect turtles in Florida in contrast to Louisiana in 
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response to the selective feeding habits of Florida alligators.  Additional exploration of probable 

intermediate hosts may clarify the cause for similarities and dissimilarities, and identify the 

environmental factors that influence life cycles of D. waltoni, B. tenuicolle, and O. antipini. 

 

Conclusion 

In summary, alligator nematode intensity and species richness of inland alligators was 

higher than estuarine alligators, which could reflect selective predation by the hosts or variation 

of prey availability between habitats.  Variation in diet also seems to influence difference of 

nematode intensity among sizes of alligators as parasite intensity increases with alligator size in 

relation to ontogenetic diet shifts. Our data suggest alligator stomach nematodes have evolved 

flexible life cycles in response to the opportunistic predatory behavior of alligators and 

geographic variation of prey abundance by infecting multiple intermediate hosts, particularly 

fishes, turtles, and crustaceans.  We also recognized taxonomic fish families that are likely 

intermediate hosts for D. waltoni, B. tenuicolle, and O. antipini.  We intend that our study will 

facilitate future investigations of alligator nematode life cycles by narrowing the taxonomic 

identification of probable intermediate hosts.  Further exploration of nematode life cycles could 

essentially reveal tightly linked trophic relationships between host specific nematodes (D. 

waltoni, B. tenuicolle, and O. antipini) and their archaic host as a result of a long evolutionary 

history (Farenholz’s Rule), as well as provide further insight on the evolutionary role of alligator 

nematodes in foodwebs. 
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Figure 2.1.   Collecting localities of alligators in Georgia and Florida 
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Figure 2.2.  Proportion of D. waltoni, B. tenuicolle, O. antipini, Contracaecum sp., and Goezia 

sp. in estuarine and inland freshwater habitats 
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Figure 2.3.   Nematode species richness accumulation curve a) and Coleman rarefraction 

curve b) based on 1000 randomizations using Estimate 9.1.0.  The black broken line (- -) 

represents the upper 95% confidence level, and the broken dotted broken line (- · -) 

represents the lower 95% confidence level of the species accumulation curve a).  Upper 

and lower Coleman standard deviations are represented by solid black lines b).  Data 

obtained from stomach flushing or necropsy of American Alligators from Florida and 

Georgia between 2008-2011.   

The rapid approach to the asymptote suggests we captured all possible species of alligator 

nematodes.   
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Figure 2.4.  Variation of parasite a) intensity and b) species richness between inland and 

coastal alligator populations. 
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Figure 2.5.  Relationship between parasite intensity and host size a) among all alligators 
sampled (Spearman correlation p < 0.001, rs ≈ 0.592), and b) without the two largest 

alligator samples (p < 0.001, rs ≈ 0.592). 
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Figure 2.6.  Prey content species richness accumulation curves based on 1000 

randomizations using Estimate 9.1.0.  Data obtained from stomach flushing or necropsy of 

American Alligators from a) coastal or b) inland habitats between 2008-2011.  The black 

broken line (- -) represents the upper 95% confidence level, and the broken dotted broken 

line (- · -) represents the lower 95% confidence level of the species accumulation curve.  

The slow approach to the asymptote in coastal habitats suggests prey contents of sampled 

alligators did not capture all probable prey.  The asymptote of inland alligators slowly 

begins to plateau, which may suggest our sampling efforts were close to capturing most of 

the probable prey of alligators. 
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Figure 2.7.  Geographical variation of diet between estuarine and inland populations of 

alligators.  Pie charts represent the proportion of vertebrate and invertebrate prey biomass 

found in stomach contents of estuarine and inland inhabiting alligators. 
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Figure 2.8.  Prey stomach contents categorized to taxonomic class levels.   
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Table 2.1.  Taxonomic categories of prey items.  Order and Class are comprised of  

total number of prey items identified from that category.  Prey contents identified 

only as Actinoterygilii, Decopoda, Gastropoda, Insecta, Coeloptera, Mammalia, 

Rodentia, and Testudines marked (*) contained prey fragments identified to only 

these categories.  

 

Taxonomic Categories Total Prey Contents 

Gastropoda(total) 41 

Gastropoda* 1 

     Architaenioglossa 40 

          Ampullariidae 40 

  

Annelida (total) 1 

     Hirudinea 1 

  

Merostomata (total) 30 

     Xiphosura 30 

          Limulidae 30 

  

Insecta (total) 32 

Insecta* 7 

     Coleoptera 18 

     Coleoptera* 15 

           Carabidae 1 

           Dytiscidae 2 

     Hymneoptera 3 

     Odonata 3 

     Orthoptera 1 

  

Malacostraca (total) 182 

     Decopoda  182 

     Decopoda* 1 

          Cambaridae 156 

          Menippidae 1 

          Palaemonidae 14 

          Panopeidae 1 

          Portunidae 4 

          Sesarmidae 5 

  

Actinopterygii (total) 58 

Actinopterygii* 44 

     Cyprinodontiformes 5 

          Cyprinodontidae 4 

          Poeciliidae 1 
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     Perciformes 3 

          Centrarchidae 1 

          Sciaenidae 2 

     Mugiliformes 1 

          Mugilidae 1 

     Lepisosteifromes 4 

          Lepisosteidae 4 

     Siluriformes 1 

          Ariidae 1 

  

Reptilia (total) 11 

     Crocodylia 1 

          Alligatoridae 1 

     Testudines 7 

     Testudines* 6 

          Kinosternidae 1 

     Squamata 3 

           Colubridae 3 

  

Aves (total) 13 

  

Mammalia (total) 32 

Mammalia*  14 

     Carnivora 7 

          Procyonidae 7 

     Lagomorpha 1 

     Rodentia 10 

     Rodentia* 4 

          Muridae 5 

          Cricetidae 1 
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Table 2.2.  Data on parasitized alligators. (*) indicates parasite alligators that were absent of stomach contents 

 

Host Site Location Latitude Longitude Total 
Length 

Sex Parasite 
Intensity 

Parasite 
Species 

Richness 
SAM222 Sapelo Island Coast 31.45254 -81.27231 199.8 Female 39 1 

SAM232-R Sapelo Island Coast 31.414748 -81.285202 117.3 Male 41 3 
SAM233 Sapelo Island Coast 31.52094 -81.23263 226.4 Female 9 1 
SAM236 Sapelo Island Coast 31.40741 -81.26265 120.2 Male 6 1 
SAM240 Sapelo Island Coast 31.49556 -81.25233 263.4 Male 3 1 
SAM245 Sapelo Island Coast 31.49783 -81.23375 188.1 Male 58 3 
SAM250 Sapelo Island Coast 31.49885 -81.2275 235.2 Male 30 1 
SAM285 Sapelo Island Coast 31.45835 -81.27856 84.1 Male 6 1 
SAM287 Sapelo Island Coast 31.46665 -81.22577 186.5 Male 55 2 

SAM294-R Sapelo Island Coast 31.51699 -81.2313 215.5 Female 37 1 
SAM300 Sapelo Island Coast 31.409966 -81.290537 115.1 Female 18 1 
GTM 165 Guana Lake Coast 30.07455 -81.3495 185 Male 10 3 
GTM 174 Guana Lake Coast 30.11557 -81.35414 230 Female 1 1 
GTM 179 Guana Lake Coast 30.10695 -81.34727 192.8 Female 41 1 
GTM 180 Guana Lake Coast 30.13273 -81.35477 217 Female 57 2 
GTM 192 Guana Lake Coast 30.10638 -81.35063 96 Male 58 4 

NASA5563* Cape Canaveral Coast 28.3883 -80.6036 285 Male 76 1 
NASA5271R* Cape Canaveral Coast 28.3883 -80.6036 245 Female 271 1 
AD2010_09* NA Coast 28.50637 -80.64509 256 Male 119 1 
AD2010_14 NA Coast 28.57147 -80.67096 257 Male 1003 3 
AD2010_43 NA Coast 28.52425 -80.63851 301 Male 101 1 
AD2010_44 NA Coast 28.59442 -80.66725 282 Male 51 2 
AD2010_45 NA Coast 28.44339 -80.60034 301 Male 66 1 
AD2010_46 NA Coast 28.64338 -80.70582 293 Male 11 1 
AD2010_32 Lake Apopka Inland 28.32701 -80.36643 316 Male 755 3 
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AD2010_02 Lake Apopka Inland 28.67637 -81.66467 251 Female 143 5 
AD2010_03 Lake Woodruff Inland 29.08379 -81.44099 200.1 Female 1 1 
AD2010_05 Lake Apopka Inland 28.67602 -81.66834 288 Male 6 2 
AD2010_07* Lake Woodruff Inland 29.13348 -80.39153 286 Male 1887 6 
AD2010_10 Lake Apopka Inland 28.56262 -81.66737 251.9 Female 104 2 
AD2010_12 Lake Woodruff Inland 29.09917 -81.43764 203 Female 186 4 
AD2010_13 Lake Woodruff Inland 29.10733 -81.40573 252 Male 348 3 
AD2010_16 Lake Apopka Inland 28.65412 -81.69017 289.5 Male 71 1 
AD2010_19 Lake Apopka Inland 28.63409 -81.69177 370 Male 197 2 
AD2010_20 Lake Apopka Inland 28.40938 -81.39234 297.4 Female 18 3 
AD2010_21 Lake Woodruff Inland 29.09426 -81.40544 285 Male 44 3 
AD2010_22 Lake Apopka Inland N/A N/A 328 Male 763 3 
AD2010_24 Lake Woodruff Inland 29.07906 -81.23619 330 Male 232 2 
AD2010_25 Lake Woodruff Inland 29.08005 -81.41041 302.6 Male 376 3 
AD2010_27 Lake Woodruff Inland 29.10739 -81.40569 325 Male 1589 6 
AD2010_28 Lake Woodruff Inland 29.08833 -81.4045 336 Male 462 2 
AD2010_29 Lake Apopka Inland 28.65189 -81.68704 264 Male 323 3 
AD2010_34 Lake Apopka Inland N/A N/A 384 Male 3614 5 
AD2010_35 Lake Woodruff Inland 29.09274 -81.40385 290 Male 15 1 
AD2010_36 Lake Apopka Inland 28.4072 -81.39499 322.1 Male 156 3 
AD2010_38* Lake Woodruff Inland 29.07784 -81.23633 325 Male 152 1 
AD2010_48 Lake Apopka Inland N/A N/A 375 Male 3859 5 
AD2010_49 Lake Woodruff Inland 29.09723 -81.44088 238 Female 120 3 
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Table 2.3.  Summary of significant p values and their false discovery rate (FDR) for 

taxonomic categories in comparison to parasite intensity, parasite species richness,  

Dujardinascaris waltoni, Brevimulticaecum tenuicolle, and Ortleppascaris antipini.  Prey 

contents identified only as Actinoterygilii, Gastropoda, Insecta, Coeloptera, Mammalia, and 

Testudines marked (*) contained prey fragments identified to only these categories. 

 

Parasite Intensity P value FDR 

Family   

Centrarchidae 0.022 0.052 

Colubridae 0.002 0.015 

Cyprinodontidae 0.004 0.008 

Dytiscidae 0.035 0.073 

Panopeidae < 0.001 < 0.001 

Poecillidae < 0.001 < 0.001 

Portunidae < 0.001 0.004 

Procyonidae 0.012 0.033 

Sesarmidae 0.001 0.008 

Order   

Coeloptera* 0.001 0.005 

Cypridontiformes < 0.001 0.002 

Decapoda 0.002 0.001 

Testudines* < 0.001 0.003 

Testudines < 0.001 0.001 

Class   

Actinopterygii  0.043 0.061 

Aves* 0.001 0.007 

Gastropoda* 0.029 0.087 

Insecta < 0.001 < 0.001 

Malacostraca 0.001 0.004 

Mammalia* 0.006 0.024 

Mammalia  0.004 0.007 

Reptilia  0.001 0.004 

   

Parasite Species Richness   

Testudines* 0.014 < 0.001 

   

Dujardinascaris waltoni   

Centrarchidae < 0.001 < 0.001 

Colubridae < 0.001 0.015 

Cyprinodontidae 0.002 0.034 

Dytiscidae 0.002 0.044 

Panopeidae 0.005 0.077 

Poecillidae 0.022 0.274 

Portunidae 0.033 0.368 
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Procyonidae < 0.001 0.001 

Sesarmidae 0.014 0.192 

Order   

Coeloptera* 0.002 0.007 

Cyprinodontiformes < 0.001 < 0.001 

Decapoda < 0.001 < 0.001 

Testudines* 0.004 0.002 

Testudines < 0.001 < 0.001 

Class   

Aves* 0.001 0.005 

Gastropoda* 0.022 0.066 

Insecta < 0.001 < 0.001 

Malacostraca 0.001 0.004 

Mammalia* 0.009 0.037 

Mammalia  0.004 0.007 

Reptilia  0.001 0.004 

   

Brevimulticaecum tenuicolle   

Actinopterygii * 0.026 0.065 

Actinopterygii  0.012 0.029 

Insecta* 0.043 0.072 

Insecta 0.002 0.014 

Mammalia* 0.026 0.065 

Mammalia 0.004 0.014 

   

Ortleppascaris antipini   

Actinopterygii * 0.009 0.048 

Actinopterygii  0.002 0.016 

Mammalia* 0.023 0.059 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 61

LITERATURE CITED  

Aho J.M. (1990) Helminth communities of amphibians and reptiles: comparative approaches to 
understanding patterns and processes. In: Parasite Communities: Patterns and Processes (Eds. 
G.W. Esch, A.O. Bush and J.M. Aho). Chapman and Hall, New York. 

 
Anderson, R.C. (2000) Nematode Parasites of Vertebrates 2nd Ed.  CABI Publishing, London. 
 
Anderson, T.K., and M.V.K. Sukhdeo (2011) Host centrality in food web networks determines 

parasite diversity. PLoS One 6(10):1-9. 
 
Arias-González, J.E., and S. Morand (2006) Trophic functioning with parasites:  a new insight 

for ecosystem analysis.  Marine Ecology Progress Series 320:43-53. 
 
Arya, S.N. (1980) On the larval forms of a nematode Dujardinascaris cybii Arya and Johnson, 

1978.  Revista Brasileira de Biologia 40(4): 751-753. 
 
Barr, B.R. (1997) Food habits of the American alligator, Alligator mississippiensis, in the 

southern Everglades.  Dissertations from ProQuest. Paper 3472. 
 
Bertrand, M., D.J. Marcogliese, and P. Magnan (2008) Trophic polymorphism in brook charr 

revealed by diet, parasites and morphometrics. Journal of Fish Biology 72:555–572. 
 
Bursey, C.R., S.R. Goldberg, and J.R. Parmelee (2005) Gastrointestinal helminthes from 13 

species of lizards from Reserva Cuzco Amazónico, Peru.  Comparative Parasitology 72(1): 
50-68. 

 
Bush, A. O., J.C. Fernandez, G.W. Esch, and J.R. Seed (2001) Parasitism:  The Diversity and 

Ecology of Animal Parasites. Cambridge University Press, Cambridge. 
 
Chabreck, R.H. (1963) Methods of capturing , marking and sexing alligators. Proceedings of the 

Annual Conference of Southeastern Association of Fish and Wildlife Agencies 47–50. 
 
Chabreck, R.H. (1971) The food and feeding habits of alligators from fresh and saline 

environments in Louisiana. Proceedings of the Annual Conference of the Southeastern 
Association of Game and Fisheries Commissioners 25:117-124.  

 
Colwell, R. K. 2006. EstimateS: Statistical estimation of species richness and shared species 

from samples. Version 8.0.0. User's Guide and application published at: 
http://purl.oclc.org/estimates. 

 
Davis, S. M., Childers, D. L., Lorenz, J. J., Wanless, H. R., and T. E. Hopkins (2005) A 

conceptual model of ecological interactions in the mangrove estuaries of the Florida 
Everglades. Wetlands 25:832–842. 

 
Deardorff, T.L., and R.M. Overstreet (1979) Goezia lacerticola sp. n. (Nematoda: Anisakidae) in 

Alligator mississippiensis from Florida.  Journal of Helminthology 53: 317-310. 



 62

Delany, M.F. (1990) Late summer diet of juvenile American alligators.  Journal of Herpetology 
24(4):418-421. 

 
Delany, M.F., and C.L. Abercrombie (1986) American alligator food habits in northcentral 

Florida. The Journal of Wildlife Management 50(2):348-353. 
 
Delany, M.F., S.B. Linda, and C.T. Moore (1999) Diet and condition of American Alligators in 4 

Florida Lakes. Proceedings of the Annual Conference of the Southeastern Association of Fish 
and Wildlife Agencies 53:375-389. 

 
Doi, H., N.I. Yurlova, S.N. Vodyanitskaya, E. Kikuchi, S. Shikano, E.N. Yadrenkina, and E.I. 

Zuykova (2008) Parasite-induced changes in nitrogen isotope signatures of host tissues. The 
Journal of Parasitology 94(1):292-295. 

 
Dodd, C.K., Jr. (1988) Patterns of distribution and seasonal use of the turtle Sternotherus 

depressus by the leech Placobdella parasitica.  The Journal of Herpetology 22(1):74-81. 
 
Duffy, J. E. 2002. Biodiversity and ecosystem function: the consumer connection. Oikos 99:201–
219. 
 
Estes, J. A., J. Terborgh, J. S. Brashares, M. E. Power, J. Berger, W. J. Bond, S. R. Carpenter, T. 

E. Essington, R. D. Holt, J. B. C. Jackson, R. J. Marquis, L. Oksanen, T. Oksanen, R. T. 
Paine, E. K. Pikitch, W. J. Ripple, S. a. Sandin, M. Scheffer, T. W. Schoener, J. B. Shurin, A. 
R. E. Sinclair, M. E. Soulé, R. Virtanen, and D. a. Wardle. 2011. Trophic downgrading of 
planet Earth. Science (New York, N.Y.) 333:301–6. 

 
Fitzgerald, L.A. (1989) An evaluation of stomach flushing techniques for crocodilians.  Journal 

of Herpetology 23:170–172. 
 
Gabrey, S., K. Franklin, and M. Bodri (2008) Preliminary investigation into the use of logistic 

regression to predict parasite intermediate hosts. Case study: Dujardinascaris waltoni 
(Nematoda: Ascarididae) in the American alligator (Alligator mississippiensis). Georgia 
Journal of Science 66:87-95. 

 
Gabrey, S.W. (2010) Demographic and geographic variation in food habits of American 

alligators (Alligator mississippiensis) in Louisiana. Herpetological Conservation and Biology 
5(2):241-250. 

 
Garnett, S. (1985) Fatty acid nutrition of the estuarine crocodile Crocodylus porosus.  

Comparative Biochemistry and Physiology Part B: Comparative Biochemistry 81(4): 1033-
1035. 

 
Goldberg, S.R., C. R. Bursey, and A.L. Aquino-Shuster (1991) Gastric nematodes of the 

Paraguayan caiman, Caiman yacare (Alligatoridae).  Journal of Parasitology 77(6): 1009-
1011. 

 



 63

Hazen, T. C., Aho, J. M., Murphy, T. M., Esch, G. W., and G. D. Schmidt (1978) The parasite 
fauna of the American alligator (Alligator mississippiensis) in South Carolina. Journal of 
Wildlife Diseases 14: 435-439. 

 
Jackson, J.F., H.W. Campbell, and K.E. Campbell (1974) The feeding habits of crocodilians: 

validity of the evidence from stomach contents.  Journal of Herpetology 8(4): 378-381. 
 
Janes, D., and W.H.N. Gutzke (2002) Factors affecting retention time of turtle scutes in stomachs 

of American alligators, American mississippiensis.  The American Midland Naturalist 
148(1): 115-119. 

 
Johnson, M.W., R.H. Hesslein, and T.A. Dick (2004) Host length, age, diet, parasite and stable 

isotopes as predictors of yellow perch (Perca flavescens Mitchill), trophic status in nutrient 
poor Canadian Shield lakes. Environmental Biology of Fishes 71:379-388. 

 
Kinne, O. (1985) Diseases of Marine Animals, V. IV, Part II.  Biologische Anstalt Helgoland, 

Hamburg. 
 
Lafferty, K.D., S. Allesina, M. Arim, C.J. Briggs, G. de Leo, A.P. Dobson, J.A. Dunne, P.T.J. 

Johnson, A.M. Kuris, D.J. Marcogliese, N.D. Martinez, J. Memmott, P.A. Marquet, J.P. 
McLaughlin, E.A. Mordecai, M. Pascual, R. Poulin, and D.W. Thieltges (2008) Parasites in 
food webs:  the ultimate missing links. Ecology Letters 11:533-546. 

 
Marcogliese, D.J. (1997) Food webs and the transmission of parasites to marine fish.  

Parasitology 124:S83-S99. 
 
Moravec, F., and H. Kaiser (1995) Helminth parasites of West Indian frogs, with description of 

two new species.  Caribbean Journal of Science 31:252-268. 
 
Nifong, J., and B. Silliman (2013) Impacts of a large-bodied, apex predator (Alligator 

mississippiensis Daudin 1801) on salt marsh food webs. Journal of Experimental Marine 
Biology and Ecology 440:185–191. 

 
R Development Core Team (2012) R: A language and environment for statistical computing, R 

Foundation for Statistical Computing, Vienna, Austria. 
 
Rice, A.N. (2004) Diet and condition of American Alligators (Alligator mississippiensis) in three 

central Florida Lakes.  Master’s Thesis, University of Florida. 
 
Rice, A.N., J.P. Ross, A.R. Woodward, D.A. Carbonneau, and H.F. Percival (2007) Alligator 

diet in relation to alligator mortality on Lake Griffin, FL. Southeastern Naturalist 6(1):97-
110. 

 
Rootes, W.L., R.H. Chabreck, V. L. Wright, B.W. Brown and T.J. Hess (1991) Growth rates of 

American Alligators in estuarine and palustrine wetlands. Estuaries 14(4):489-494. 
 



 64

Ross, C.A. (1989) Crocodiles and Alligators (Ed. S. Garnett). New York, USA, Facts On File, 
Inc. 

 
Rudolphi, K.K. (1819) Entozoorum synopsis cui accedunt mantissa duplex et indices 

locupletissimi.  Berlin, Germany, Sumtibus Augusti Rucker. 
 
Santoro M, S. Mattiucci, G. Nascetti, J.M. Kinsella, F. Di Prisco, S. Troisi, N. D’Alessio, V. 

Veneziano, and F.J. Aznar (2012) Helminth communities of owls (Strigiformes) indicate 
strong biological and ecological differences from birds of prey (Accipitriformes and 
Falconiformes) in southern Italy. PLoS ONE 7(12): e53375.  

 
Scott, T.P., S.R. Simicik, T.M. Craig (1999) A key to some pentastome, nematode, and 

trematode parasites of the American Alligator.  Texas Journal of Science 51(2):127-138. 
 
Sergio, F., T. Caro, D. Brown, B. Clucas, J. Hunter, J. Ketchum, K. McHugh, and F. Hiraldo. 

2008. Top Predators as Conservation Tools: Ecological Rationale, Assumptions, and 
Efficacy. Annual Review of Ecology, Evolution, and Systematics 39:1–19. 

 
Sprent, J.F.A. (1954) The life cycles of nematodes in the Family Ascarididae Blanchard 1896.  

The Journal of Parasitology 40(5):608-617. 
 
Sprent, J.F.A. (1978) Ascaridoid nematodes of amphibians and reptiles:  Gedoelstascaris n.g. 

and Ortleppascaris n.g.  Journal of Helminthology 52:261-282. 
 
Sukhdeo, M.V.K, and A.D. Hernandez (2006) Food web patterns and the parasite’s perspective.  

In: Parasitism and Ecosystems (Eds. F. Thomas, F. Renaud, and J-F Guégan). Oxford 
University Press Inc., New York.  

 
Tellez, M. (2010) Crocodilians and their parasites:  a database and evaluation of ecological and 

evolutionary effects of this host-parasite dynamic.  University of California, Los Angeles.  
Master’s Thesis. 

 
Tellez, M. (2013) A Checklist of Host-Parasite Interactions of the Order Crocodylia. UC Press, 

Berkeley, CA. 
 
Thompson, R.M., K.N. Mouritsen, and R. Poulin (2005) Importance of parasites and their life 

cycle characteristics in determining the structure of a large marine food web.  Journal of 
Animal Ecology 74:77-85. 

 
Valentine Jr., J.M., J.R. Walther, K.M. McCartney, and L.M. Ivy (1972) Alligator diets on the 

Sabine National Wildlife Refuge, Louisiana. The Journal of Wildlife Management 36(3):809-
815. 

 
Villegas, A., and D. González-Solís (2009) Gastrointestinal helminth parasites of the American 

crocodile (Crocodylus acutus) in southern Quitana Roo, Mexico.  Herpetological 
Conservation and Biology 4(3): 346-351. 



 65

Waddle, A.R., J.M. Kinsella, J.P. Ross, E. Rojas-Flores, H.F. Percival, and D.J. Forrester (2009) 
Nematodes collected by gastric lavage from live American alligators, Alligator 
mississippiensis, in Florida. The Journal of Parasitology 95:1237–1238. 

 
Wolfe, J.L., and D.K. Bradshaw, and R.H. Chabreck (1987) Alligator feeding habits: new data 

and a review.  Northeast Gulf Science 9:1-8. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 66

Ch.3 

Spatio-temporal dynamics of intestinal helminths of the American Alligator (Alligator 
mississippiensis) in Louisiana 

Marisa Tellez1 and Bonny Chan1  
 

1Department of Ecology and Evolutionary Biology, University of California Los Angeles, Los Angeles, California, 
90095-7246, U.S.A.   

 

ABSTRACT :  The heterogeneity of abiotic factors, such as temperature, precipitation and 

salinity, and anthropogenic perturbations across the distribution of a host species over time are 

known to significantly influence host parasitism.  Coupling these factors with certain aspects of 

host biology, such as host size and sex, overall generates the generic structure of parasite 

infrapopulations and infracommunities within an ecosystem.  Parasite investigations of the 

American alligator (Alligator mississippiensis) have been descriptive surveys at the 

infrapopulation or infracommunity level, yet to our knowledge no one has extensively explored 

the patterns of parasite distribution among various allopatric alligator populations in southern 

Louisiana, as well as analyze how human activities and annual environmental changes could 

affect alligator parasitism.  This study analyzed the distribution of intestinal parasitism of 

American alligators over space and time, and examined how environmental variation and 

anthropogenic impact may affect parasitism.  A total of 10,967 trematodes and nematodes were 

collected from 107 alligators over a three-year period.  Digeneans were found to constitute a 

large portion of the parasitic intestinal biomass in comparison to nematode helminthes.  Males 

were found to have a higher parasite intensity than females, and to be the main driving force of 

parasitism among alligators.  Parasite intensity did not vary with size classes of alligators 

(juvenile, sub-adult, adult), however the prevalence of helminth species changed with 

maturation, which may be a reflection of alligator’s ontogenetic dietary shift.  Hosts from 
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geographic locations did not significantly differ in parasitism, yet those from western Louisiana 

had a higher prevalence of parasitism whereas those from eastern Louisiana had a higher 

parasitic intensity.  Fluctuations of environmental variables appear to be significant factors 

influencing annual parasitic variation among allopatric populations of alligators in Louisiana.   
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INTRODUCTION  

 The stochasticity of ecology and geography over evolutionary space and time contributes 

to the patterns of parasitism exhibited in contemporary host individuals, populations, and species 

(Poulin, 1995; Combes, 2001; Thomas et al., 2002; Bertrand et al., 2010).  This includes the 

heterogeneity of abiotic factors, such as temperature, precipitation and salinity, across the 

distribution of a host species as these environmental characteristics are known to significantly 

govern host parasitism (Lafferty, 1997; Sures, 2001; Poulin and Mouritzen, 2006; Violante-

Gonzalez et al., 2008).  The amalgamation of these abiotic components in part contributes to the 

temporal fluctuations and geographic disparity of the parasite assemblage by affecting the rate of 

succession of parasite life cycles  (Thieltges et al., 2008; Hatcher and Dunn, 2011).   

Coupling abiotic factors with certain aspects of host biology, such as host size and sex, 

overall generates the generic structure of parasite infrapopulations and infracommunities within 

an ecosystem (Poulin, 1995; Bolek and Coggins, 2003; Timi and Lafranchi, 2006; Hechinger et 

al., 2008; Violante-Gonzalez et al., 2008; Timi et al., 2009; Bertrand et al., 2010; Muñoz and 

Zamora, 2011).  Thus, the parasite infrastructure can evidently be a reflection of the current state 

of ecological interactions and the environment (Timi and Lafranchi, 2006; Hechinger et al., 

2008; Violante-Gonzalez et al., 2008; Timi et al., 2009).  Simply, parasite species richness and 

intensity should directly parallel the richness and abundance of hosts in a community (Hudson et 

al., 2006; Lafferty et al., 2008).  However, extant host-parasite systems can be disturbed due to 

environmental perturbations affecting parasite transmission and infection (Lafferty and Kuris, 

1999, 2004; Bertrand et al., 2010; Bonett et al., 2011; Hatcher and Dunn, 2011).  External 

stressors affect parasite intensity and prevalence differently, therefore parasites could be used as 

a proxy for determining the various parameters affecting the ecosystem (Lafferty and Holt, 2003; 
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Lafferty and Kuris, 2005).  Because of these complex interactions with their environment and 

hosts, parasites can be useful biological indicators of the ecological changes within a habitat, in 

addition to host life history traits (Olica et al., 2004; Hechinger and Lafferty, 2005; Hechinger et 

al., 2008).  

Unlike other reptilian hosts, helminth communities of crocodilians tend to be species rich 

(Tellez, 2010, 2013).  This could be a result of their long evolutionary history, long life span, and 

opportunistic feeding habits (Tellez, 2010, 2013).  Most parasite investigations of crocodilians 

have been descriptive surveys at the infrapopulation or infracommunity level, including the 

American alligator (Alligator mississippiensis) (Hazen et al., 1978; Scott et al., 1999; Tellez, 

2013).  American alligators are commonly found in freshwater swamps, mangrove estuaries, 

ponds and lakes across its distribution in the southern United States (Beard, 1938; Davis et al., 

2005).  Their diet consists of a diverse array of prey, which includes crabs, reptiles, fishes, and 

mammals (Valentine et al., 1972; Delany and Abercrombie, 1986; Delany, 1990; Delany et al., 

1999).  It is possible the composition of the alligator parasite infrastructure parallels the 

ontogenetic dietary shift of alligators.  Thus, parasite species infecting juveniles may not 

necessarily be found in adults at the same prevalence or intensity because of varying predation 

strategies.  Variation in predatory behavior and consumption rate between males and females of 

alligators (Joanen and McNeese, 1987) could also contribute to a disparity in parasitism between 

the sexes.  Thus, differences in life history strategies, as well as variation of abiotic and biotic 

factors across the archaic reptile’s geographic range, should generate an eclectic composition of 

alligator parasitism among host size, sex, and location.   

Although there are various documentations of intestinal parasitism in the American 

alligator, to our knowledge no one has extensively explored the patterns of parasite distribution 
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among various allopatric alligator populations in southern Louisiana, as well as analyze how 

human activities and annual environmental changes could affect alligator parasitism.  The 

objectives of this study were to:  1) describe the intestinal helminth community among allopatric 

populations of alligators in Louisiana, 2) analyze intestinal parasitism between alligator size, sex, 

and locations, 3) explore the variation of parasite species richness, prevalence and intensity over 

a three year period, and 4) identify correlations of environmental and anthropogenic variables 

influence on parasitism between host size, sex, location or year.  

 

MATERIAL AND METHODS  

Study Area 

Alligators were collected with the assistance of the Louisiana Department of Wildlife and 

Fisheries (LDWF), nuisance hunters and licensed processing sheds for three annual alligator 

harvests (2009-2011) (Fig.3.1).  The alligator population of Louisiana is roughly 2 million, and 

about 300,000 farm and wild alligators are sacrificed each year.  The Alligator Management 

Program separates Louisiana into two zones during the one-month harvest season.  The East 

Zone (LAE) harvest begins in late August, and the West Zone (LAW) begins a week later in 

early September.  Hosts from the LAE were collected from Maurepas Swamp Wildlife 

Management Area (WMA)  (30° 9' 57.9996"/-90° 38' 40.2216"), Assumption Parish (29° 55' 

23.2212"/-91° 5' 52.6884"), Plaquemines Parish Goverment Delta (29° 14' 35.4696”/-89° 12' 

36.4104"), Abercrombie (29° 28' 49.821"/-89° 41' 38.2596"), Continental Land (29° 37' 

1.8294”/-90° 53' 21.7104"), St. Mary Parish (29° 43' 9.4692"/-91° 8' 7.9002"), Assumption/St. 

Martin/Terrebonne Parishes (29° 42' 3.261"/-91° 5' 44.6778"), Pearl River WMA (30° 18' 

30.7692"/-89° 40' 19.9812"), and Pass-A-Loutre WMA (29° 10' 30.7992"/-89° 7' 17.1696").  



 71

Hosts from LAW were collected from Iberville Parish (30° 16' 19.0704"/-91° 26' 33.7878"), 

White Lake (29° 44' 36.1098"/-92° 26' 26.3004"), Iberia Parish (29° 59' 47.7306"/-91° 42' 

45.6696"), Vermilion Corp (29° 58' 28.7502"/-92° 8' 3.4512"), Pomme de Terre WMA (31° 3' 

1.5696"/-91° 50' 51.6906"), St. Mary LDWF (30° 0' 1.3716"/-91° 38' 30.7608"), and Belle Isle, 

LLC (29° 34' 35.7594"/-89° 34' 27.2094") (Fig 1.).  Collection sites are characterized as 

herbaceous wetlands, cultivated crop, woody wetlands, development, open water, pasture/hay, 

and low, middle and big developed intensity as designated from the USGS National Land Cover 

Database (Table 3.1).  

Southern Louisiana typically has a humid subtropical climate, with most rainfall between 

March through November.  Salinity measurements were collected from the USGS database in 

field sites that were closest to specimen localities in both LAE and LAW.  Table 3.2 summarizes 

temperature, precipitation and salinity in each collection site during annual alligator harvests. 

 

Host Collection 

A total of 107 alligators were collected in 2009 (n=17), 2010 (n=45), and 2011 (n=45) 

with legal trapping methods such as hook and line, bow and arrow or with a legal firearm.  

Location and size (juvenile: 30-90cm; sub-adult 90-180cm; adult > 180cm) were recorded.  

Gonads of individuals were examined during necropsy and the alligators were dissected within 

2-48 hours of sacrifice.  Intestinal tracts were removed from mesentery and either dissected upon 

removal or put into labeled jars, fixed in 10% formalin, and transferred to UCLA.  Upon arrival, 

intestines were transferred to 70% ethanol. 
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Parasite Collection 

Dissections were initiated at the beginning of the small intestine and continued down 

towards the rectum.  A small portion of the intestine was cut, and its length and circumference 

was measured.  Each piece was then examined under a stereomicroscope for parasites.  

Helminthes found were separated into labeled vials of 70% ethanol per host until identification.  

Trematodes were stained with Grenacher’s Carmine, cleared with xylene and mounted in 

permount.  Nematodes were cleared with glycerine alcohol and mounted on glass slides for 

identification.  Voucher parasite specimens remain with the author until future deposition.  

 

Statistical Analyses 

Similarity in parasite infracommunity assemblage between zone,  sex, size and year were 

compared with the Jaccard Similarity index (Ji) using program EstimateS 9.0 (Colwell, 2013).  

Total helminth prevalence, mean intensity, and median intensity between zones and sexes were 

analyzed by a Fisher’s exact test, a bootstrap t-test with 2000 replications, and Mood’s median 

tests.  Mood’s median examines if infected category proportions are significantly different.  

Total helminth prevalence and median intensity among harvest years and size categories were 

analyzed by Fisher’s exact and Mood’s median tests.  Fisher’s exact, bootstrap t-test, and 

Mood’s median tests were analyzed by Quantitative Parasitology 3.0 (Reiczigel and Rozsa, 

2005).   

A Kruskal-Wallis test was performed to examine if total helminth, nematode, trematode 

abundance and species richness significantly varied among harvest years, as well as among 

alligator sizes and exact GPS collecting sites.  Separate Kruskal-Wallis tests were also used to 

examine the variation of total helminth, nematode, and trematode abundance and species 
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richness between GPS localities, zones and sex among harvests years.  Kruskal-Wallis tests were 

finally used to examine the non-normally distributed data of salinity, temperature, and 

precipitation to assess if these abiotic factor varied significantly among harvest years.  The 

relationship of total helminth, nematode, and trematode abundance to alligator size was tested 

with a Spearman rank correlation.  Spearman rank correlation was also used to assess 

relationship of total helminth, nematode, and trematode species richness to alligator size.  A 

Wilcox sum rank test was used to determine if total helminth, trematode, and nematode 

abundance and species richness significantly differed between zones, and alligator sex.  Parasite 

total, trematode and nematode abundance, as well as trematode and nematode species richness 

among habitat types (Table 3.1) were analyzed with a Kruskal-Wallis test to examine the effect 

of habitat on parasitism.  To further determine if urbanization had an affect on alligator 

parasitism, data on urbanization in Louisiana was also collected from ArcGIS Online.  These 

data were added as a second layer in ArcView on top of GPS points of alligator collections to 

visually examine distance of urbanization to alligator collection sites.  Distance in kilometers 

was measured from collection site to nearest urban location. Variation of parasitism among urban 

locations was analyzed with Kruskal-Wallis tests.  The variation of abiotic factors salinity, 

temperature and precipitation among harvest years was evaluated with a Kruskal-Wallis test.  

Wilcox sum rank tests, Kruskal-Wallis tests, and Spearman rank correlations were performed 

with program R (R Core Development Team, 2012).   

Due to evidence of over-dispersion in our data, trematode and total parasite intensity 

were modeled using negative binomial regression models rather than Poisson regression models.  

Sex, size class, year, location, salinity, and temperature, as well as the interaction between year 

and location, were considered as potential predictors in the regression models.  All potential 
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models were assessed by a model selection approach using the Akaike Information Criterion 

(AIC).  Because size class has been shown to be an important factor in determining parasite 

intensity (Stone et al., 1978; Bush et al., 2001; Combes, 2001; Petric et al., 2011), it was 

included as a predictor in all potential models. The final models with the smallest AIC are 

considered the most parsimonious models and are presented as the final models. 

 The effects of size class, sex, location, year, temperature, precipitation, and salinity on 

nematode intensity were investigated using generalized linear regression analysis.  Due to 

evidence of over-dispersion and excess zeros in our data, nematode intensity was modeled using 

zero-inflated negative binomial regression model. Using such a model allows for the modeling of 

two processes:  Process 1 generates only zero counts, and Process 2 generates counts from a 

negative binomial model.  To model Process 1, variables are examined using logistic regression.  

Variables whose univariate test (i.e. Fisher’s exact test for discrete variables, and two-sampled t-

test for continuous variables) has a p-value < 0.25 are considered for the multivariate logistic 

model.  The best subset of those variables with the highest likelihood score statistics is included 

as the variables modeling Process 1.  For modeling Process 2, variables are selected using 

backward elimination, which coincides with the best subset method for models with more than 3 

predictors.  As mentioned previously, size class has been shown to be an important factor in 

determining parasite intensity (Stone et al., 1978; Combes, 2001; Bush et al., 2005; Petric et al., 

2011) thus it was included as a predictor in all potential models. Likelihood ratio tests are 

performed to test between the potential models. All statistical analyses are carried out using SAS 

(version 9.3, SAS Institute, Cary, NC).  Significance of all statistical analyses was established at 

p < 0.05. 
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RESULTS 

Species Composition 

A total of 10,967 trematodes and nematodes were collected from 103 infected alligator 

specimens.  Overall parasite prevalence was 95.3%.  Of the two major parasitic groups 

categorized, trematodes were quantitatively more prevalent than nematodes (94% vs. 6%).  The 

10,262 trematodes identified represented nine species.  The most prevalent digeneans were 

Proctocaecum coronarium (21.4%) and Acanthostomum pavidum (13.5%) (Fig. 3.2).  Eight 

different species were identified among the 805 nematode specimens discovered (Fig 3.3).  

Among the eight nematode species, Dujardinascaris waltoni (17.6%), Brevimulticaecum 

tenuicolle (29.2%), and Ortleppascaris antipini (37.6%) were the most prevalent.  Helminths 

were found in four microhabitats of the intestine, which included the duodenum, jejunum, ileum, 

and rectum.  However, the majority of helminths parasitized the duodenum and jejunum.  Of the 

helminths identified, two nematode species (Goezia sp. and Eustrongloides sp.) were only found 

in adults, and endemic to one of the two harvest zones.   

 

Variation in Parasitism between Different Sexes 

 Total helminth abundance, mean intensity, and total trematode abundance was 

significantly higher in males than females (W = 951.5, p = 0.003, Fig. 3.4a; Bootstrap t-test:  p = 

0.0295; W = 1015, p = 0.003, Fig. 3.4b).  No significant difference between total median 

intensity, nematode abundance, and total helminth, nematode and trematode species richness was 

found (p > 0.05).  Parasite prevalence was not found to significantly differ (Fisher’s Exact:  p = 

0.197), showing males and females may be equally exposed to parasitism.  Overall female 

helminth prevalence was 92.3% and mean intensity was 60.625 + 65.948.  Overall male helminth 
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prevalence was 98.2%, and mean intensity was 148.167 + 215.496.  Similarity of nematode and 

trematode species was high between the sexes (Ji = 1; Ji = 0.89).  Cyathocotyle crocodili was the 

only digenean species not found in both males and females. The overall similarity of helminth 

community between males and females was high (Ji = 0.93).  Table 3.3 illustrates quantity, 

prevalence, and mean intensity of helminth community between alligator sexes. 

 

Parasitic Difference among Alligator Size Categories 

 No significant difference was found between total helminth abundance, and sub-

categories nematode and trematode abundance among alligator size (all p > 0.05).  Figure 3.5 

illustrates helminth intensity among alligator size categories.  Additionally there was no 

significant difference in total helminth, nematode, and trematode species richness (both p > 

0.05).  Because sub-adults and adults made up the majority of our total sample size, we ran a 

Wilcox rank sum tests to assess if total helminth, nematode, and trematode abundance and 

species richness significantly differed between these two size categories.  Results illustrated sub-

adults and adults did not vary in helminth parasitism (p > 0.05).  Infected proportion of 

categories did not differ significantly (Mood’s median, p = 1).  Juvenile’s were 100% 

parasitized, with an average intensity of 4.4 + 518.7.  Examination of 34 sub-adults showed 31 

were parasitized (91.2%) with an average intensity of 82.8 + 81.  Helminth prevalence among 

adults was 96.7%, with an average intensity of 109.3 + 148.5.  Prevalence among alligator size 

was not significantly different (Fisher’s exact:  p = 0.491).  No relationship between alligator 

size and parasitism was found (Spearman rank correlation p > 0.05).  Only two species of 

nematodes (B. tenuicolle, O. antipini), were shared among size classes.  Similarity of nematode 

species was lowest between adults and juveniles (Ji = 0.5).  Six trematode species were found 
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among all size categories (Ji = 0.778-0.875), but A. diplorum, C. crocodili, and Timoniella loosi 

were not found in juveniles.  Overall helminth species similarity among size classes was lowest 

between adults and juveniles (Ji = 0.571).  Jaccard similarity indexes are summarized in Table 

3.4.  Table 3.5 illustrates quantity, prevalence, and mean intensity of helminth community among 

juveniles, sub-adults, and adults. 

 

Geographic Parasite Variation 

 There was no significant difference of total helminth, nematode and trematode abundance 

and species richness, between zones, habitat type, urban locations, and GPS site locations (all p > 

0.05).  However, further analyses among zones between years concluded that nematode species 

richness (Kruskal-Wallis chi-squared = 12.5672, df = 2, p = 0.001), and total helminth (Kruskal-

Wallis chi-squared = 9.1559, df = 2, p = 0.01), nematode (Kruskal-Wallis chi-squared = 8.1945, 

df = 2, p = 0.01), and trematode abundance (Kruskal-Wallis chi-squared = 8.5405, df = 2, p-

value = 0.01) in LAE from the 2009 harvest significantly differed from other years (Fig 3.6a-d).  

In contrast, nematode abundance (Kruskal-Wallis chi-squared = 8.7826, df = 2, p-value = 0.02) 

and species richness (Kruskal-Wallis chi-squared = 7.9848, df = 2, p-value = 0.02) in LAW from 

the 2010 harvest significantly differed from the first and last year of our study (p < 0.05, Fig 

3.7a,b).  Examination of 53 alligators from LAE, 52 were infected (98%) with an average 

helminth intensity of 86.7 + 96.7.  Helminth prevalence in LAW was 93% with an average 

helminth intensity 129.2 + 217.9.  Helminth prevalence between zones was not significantly 

different (Bootstrap 2-sample t-test, p = 0.225).  Median intensities did not differ (Mood’s 

median = 1).  Similarity of nematode and trematode species between LAE and LAW was found 

to be high (Ji = 0.8; Ji = 0.78).  Four nematode species (B. tenuicolle, O. antipini, D. waltoni, T. 



 78

lanceolata, and Goezia sp.) and seven trematode species (except C. crocodili and A. diplorum) 

were common between zones.  Overall helminth similarity between zones was medial (Ji = 0.79) 

in comparison to the total helminth species found (n=14).  Table 3.6 illustrates quantity, 

prevalence, and intensity of helminth community between LAE and LAW. 

 

Annual Variation in Parasitism 

 The total helminth abundance (Kruskal-Wallis test = 8.9874, df = 2, p = 0.011, Fig. 3.8a), 

total trematode abundance (Kruskal-Wallis test = 9.1409, df = 2, p = 0.01, Fig. 3.8b), and total 

nematode abundance (Kruskal-Wallis test = 13.6468, df = 2, p < 0.01, Fig. 3.8c) were 

significantly higher in the 2011 harvest compared to other years.  Total helminth, nematode and 

trematode species richness did not differ significantly (all p > 0.05).  Analyses of sub-categories 

impact on helminth parasitism illustrate that variation in female parasitism did not differ 

significantly among harvest years (p > 0.05).  However, males from the 2010 annual harvests 

were found to have significantly lower total helminth abundance (Kruskal-Wallis test = 11.9864, 

df = 2, p = 0.002, Fig. 3.9a), and trematode abundance (Kruskal-Wallis test = 11.0719, df = 2, p 

= 0.003, Fig. 3.9b) than males from other harvests.  Nematode abundance and species richness 

from the 2009 harvest was significantly higher than 2010 or 2011 (Kruskal-Wallis test = 

10.2714, df = 2, p = 0.005883, Fig. 3.9c; Kruskal-Wallis test = 11.2443, df = 2, p = 0.03617, Fig. 

3.9d).  Trematode species richness among males did not differ significantly among harvests 

years.  Harvests 2009 and 2010 both had 100% prevalence, yet differed in intensity (2009:  130.2 

+ 109.2; 2010: 55 + 59.8).  Helminth prevalence in Harvest 3 was 91%, with an average intensity 

of 154.4 + 239.1.  No significant difference was found among harvests prevalence, yet 

proportion of infection among harvests differed significantly (Mood’s median, p = 0.041).  Three 
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nematode species (B. tenuicolle, O. antipini, D. waltoni) were found in each harvest year, yet the 

lowest similarity of the nematode infracommunity was between 2009 and 2011 (Ji = 0.5).  The 

lowest similarity of intestinal trematodes was also between 2009 and 2011 (Ji = 0.556).  The four 

trematode species found in each harvest were A. pavidum, Proctocaecum coronarium, 

Pseudocrocodilicola americaniese, and P. georgiana.  The overall lowest helminth similarity 

was between harvest seasons 2009 and 2011 (Ji = 0.533).  Jaccard similarity indexes for harvest 

years are summarized in Table 3.7.  Table 3.8 illustrates prevalence and intensity of helminth 

community between annual harvests, and Table 3.9 illustrates prevalence and intensity of 

helminth community of males between annual harvests.  Table 3.10-16 shows parasite 

prevalence and intensity between East and West Zone among harvests years. 

 

Parasite Aggregation 

Total parasite and trematode assemblage was found to be aggregated and heterogeneous 

among sub-categories sex, size and temperature (Total parasite overdispersion coefficient:  

1.6964; Trematode oversdispersion coefficient:  1.5051).  The best fitting model based on lowest 

AIC for both total parasite intensity and trematode intensity propose that sex is the only 

significant predictor of parasite aggregation, males having the highest parasite aggregation 

(Tables 3.17 and 3.18).  

In consideration for modeling nematode assemblage of Process 1, variables whose 

univariate test has a p-value < 0.25 are sex, location, year, and salinity (p = 0.17, 0.12, <0.01, 

and 0.20).  Out of these four potential predictors, sex and year are selected for the multivariate 

logistic regression and are thus included in modeling zero counts in the zero-inflated negative 

binomial model. Variables selected for modeling the count in the negative binomial part of the 
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model are zone, year, and temperature, along with size class.  While the final model can be 

considered as the most parsimonious model, none of the predictors in the variables are 

statistically significant predictors at α level 0.05.  The variable size class, which has been shown 

to be an important predictor of parasite intensity, is not statistically significant in this model.  

Temperature is not significant (p = 0.0824) in the negative binomial part of the regression model.  

The expected nematode count for juveniles is 1.29 times that compared to adults with all else 

being equal, although the difference is not significant (p = 0.76).  Holding all other variables 

constant, subadults have 1.72 the expected nematode count compared to adults, although the 

difference is not significant (p = 0.2762).  The expected nematode count for those in the east 

zone is 71.9% that compared to those in the west zone, although the difference is not significant 

(p = 0.1145).  The expected nematode count for samples collected in 2009 is 49.6% that 

compared to those collected in 2011, although the difference is not significant (p = 0.3610).  The 

expected nematode count for samples collected in 2010 is 8.55 times that of those collected in 

2011, although the difference is not statistically significant (p = 0.1053). 

A one degree increase in temperature is associated with a 7.19 times increase in 

nematode count and the difference is marginally significant (p = 0.0824). 

The log odds of an excessive zero would decrease by 0.90 for females compared to males.  In 

other words, the odds that the sample is in the “certain zero” group is decreased by a factor of 

0.41. With all else equal, females are less likely to be in the “certain zero” group, although the 

difference is not statistically significant (p = 0.17).  Table 3.19 summarizes findings of the zero-

inflated negative binomial regression of nematode distribution.   
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Abiotic Factors 

Annual average temperature varied slightly from Harvest 2009 to 2011, ranging from 

19.7°C to 21°C.  Temperature was significantly higher in 2009 (p < 0.01).  Temperature was also 

found to significantly differ between zones, LAE having an average higher temperature than 

LAW (p < 0.03722).  Minimum annual average precipitation was 9.1cm, and maximum was 

14.5cm.  Average precipitation was significantly higher in 2010 and in LAE (both p < 0.01).  

Range for salinity greatly varied from freshwater (0.21 ppt) to brackish water (22.83 ppt).  

Salinity was significantly higher in LAW (p = 0.0267) and in the 2009 harvest (p < 0.01). 

 

DISCUSSION 

 The present study examined the intestinal helminth community structure of alligator 

populations in Louisiana, concluding that alligator sex (i.e., males) significantly contribute to the 

parasite infra- and component community structure of the American alligator.  Parasite 

prevalence among the 107 alligators examined was high (96%), and trematodes were 

quantitatively more dominant than nematodes (93% vs. 7%).  This is in contrast to other studies 

of reptile helminth communities as nematodes are found to be the more dominant helminth group 

(Vrcibradic et al., 2000,2002; Bursey et al., 2005; Avila et al., 2010; McCallister et al., 2010; 

Carretero et al., 2011; Peirera et al., 2012).  The high trematode prevalence is probably linked to 

the eutrophic and brackish environments of alligator habitat.  These environments are 

characterized by a large biomass, high turnover, and are physiologically conducive to support 

primary intermediate hosts of digeneans such as snails and crustaceans (Violante-Gonzalez et al., 

2008; Kuris et al., 2008; Tellez, 2010, 2013).  Although the life cycles of alligator trematodes 

have not been investigated, fishes are the more probable secondary intermediate hosts of alligator 
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digenean life cycles as they are the intermediate hosts of other species in the same families 

(Gibson et al., 2002; Bray et al., 2008).  All trematode species collected were in the adult life 

stage, suggesting that alligators are the final hosts for these helminth species (those identified as 

“unknown” or to family were due to damage and could not be identified to species).  The 

majority of nematode species were also adults, as some were only identified as juveniles from 

the family Ascarididae.  Similar to trematodes, the final life cycle stage of nematodes most likely 

occurs in alligators.  Juvenile ascarids were perhaps in the process of sexual maturation when 

collected.   Interestingly enough, all nematode species identified have also been described from 

the stomach of alligators.  It is possible the low nematode prevalence and intensity in our study 

may be a result of collecting morbid nematodes that were passing through the intestines from the 

stomach.  However, B. tenuicolle and O. antipini illustrate higher prevalence and intensity in the 

intestinal tracts of alligators compared to the stomach (authors. unpub data).  The primary site of 

infection for both B. tenuicolle and O. antipini could be the alligator intestinal tract, yet 

competition for niche space with digenean competitors may inhibit their success rate of infection.  

All parasites identified have been previously described in alligators, but Eustronglyoides sp., 

Goezia sp., Terranova lanceolata, Pseudocrocodilicola americanese, and P. georgiana are new 

geographic records in Louisiana (Tellez, 2010, 2013).  Additionally, all metazoan parasites 

described in this study have new recorded geographic locations in Louisiana, extending 

previously known species distribution of the helminth parasites studied (Tellez, 2010, 2013). 

Unlike many other reptile-helminth systems, alligator trematodes and nematodes are 

predominantly host specialists (Aho, 1990; Vrcibradic et al., 2002).  However, Eustrongylides 

sp. collected from alligator specimens are not a common and host-specific parasite of alligators.  

This genus of nematodes are parasites of fish-eating birds (Roffe, 1988; Anderson, 2000; 
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Ibiwoye et al., 2004).  As fish constitute a large portion of the prey biomass of alligators, it is 

probable that alligators consume the intermediate host of Eustrongylides sp. regularly.  However, 

the low prevalence of Eustronglyides sp. among alligator hosts is perhaps due to interspecific 

competition among alligator specific parasites, or its inability to successfully infect a non-avian 

host.  Physiological barriers of alligators may prevent transference of “novel” parasites.  Similar 

to sea turtles (Aznar et al. 1998), the phylogenetic distance of alligators to other fauna within its 

ecosystems may create an isolated barrier for helminth host-switching, exemplifying the long 

evolutionary relationship between alligators and their parasites. 

 Analogous to other vertebrate-parasite dynamics, parasitism of alligators is likely 

mediated by external and internal factors contributing to the physiological homeostasis and 

immunology of the crocodilian host.  For example, levels of stress and imbalance of hormones 

can be correlated to breeding season and reproduction, causing individuals to be more 

susceptible to infection (Hasselquist, 2007).  Alligators in this study were collected during the 

end of hatching season, in which females are expending energy in protecting nests and 

hatchlings.  Because of the time period in which alligators were acquired, it would be presumed 

females would be more heavily parasitized than males as a result of stress and investing less 

energy into immune function.  However, males were overall more heavily parasitized than 

females, which may be due to a multitude of factors.  First, males tend to be larger than females, 

thus providing a larger physical niche space for helminths to occupy.  Secondly, males consume 

more prey than females due to higher energetic requirements as a result of larger body size and 

particular behavioral activities (such as mating and territorial defense) (Joanen and McNease 

1987; Vliet, 2001).  It is also possible the difference in habitat preference may influence parasitic 

intensity between alligator sex.  Males tend to be in open water year-round, whereas females 
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only move to open water during mating season, inhabiting dense and secluded marsh throughout 

the rest of the year (Chabreck, 1965; Joanen and McNease, 1970, 1972).  Intermediate hosts 

could be found primarily in open water, thus come into contact with male alligators more 

regularly.  Finally, impairment of the immune system as a result of stress can cause male 

alligators to be more susceptible to higher parasitism.  Male alligators tend to have higher 

corticosterone levels than females (Elsey et al., 1990; Rooney and Guilette, 2001).  Increase 

cortisol levels, as well as high levels of testosterone, are known immunomodulators that 

negatively effect host regulation of parasitic infection (Rooney, 1998; Yang and Glaser, 2000; 

Hasselquist, 2007).  It is likely that the combination of these factors contributes to the higher 

parasitic intensity of males, a characteristic that is similar in other vertebrate hosts (Hasselquist, 

2007).   

 The lack of dispersal, similar habitat and feeding habitats could explain the lack of 

variation of nematode and trematode species richness between male and female alligators.  

Dispersion of alligators is usually not long distance, migrating to adjacent habitat.  Once settled 

in new habitat, both male and female alligators remain within the same location over an extended 

period of time (Lance et al., 2011).  Additionally, males and females are opportunistic predators 

throughout their ontogenetic diet stages (Delaney and Ambercrombie, 1986; Joanen and 

McNease, 1987).  Some helminth species were more prevalent in one sex than the other, 

suggesting that there may be a slight preference in prey choice between the sexes (Table 3.2).  

However, the overall lack of variation of helminth species richness between male and female 

alligators is probably a result of similar habitat and foraging behavior exposing both to similar 

intermediate hosts.   
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  Ontogenetic diet shifts in crocodilians partitions individuals to a variation of prey at 

different size classes, exposing individuals to various intermediate prey.  It is expected larger 

alligators consume more prey as they have higher energetic demands as a result of their 

physiology and certain behavioral patterns (such as territorial defense) (Delany and 

Abercrombie, 1986; Rootes et al., 1991; Delany et al., 1999), predisposing adult alligators to 

consuming more intermediate hosts.  Therefore, it would be expected that gastrointestinal 

parasite prevalence, intensity and species richness would increase throughout alligator growth.  

However, parasite prevalence and intensity did not statistically differ among size classes.  

Parasitism may be a common phenomenon among alligator size cohorts as a result of the 

opportunistic predatory behavior that begins at the juvenile stage of alligator ontogeny.  

Although juvenile or small sub-adult alligators may consume less intermediate hosts than larger 

alligators, their undeveloped immune system may not be able to suppress parasitic infection as 

well as adults.  The immaturity of the immune system of younger alligators therefore could be an 

essential aspect influencing the high prevalence and intensity of parasitism.  In addition, species 

richness was quantitatively homogenous across size classes.  However, particular parasite 

species fluctuated among size cohorts, which may be reflective of ontogenetic diet shifts.  For 

example, Pseudocrocodilicola spp. were commonly found parasitizing juveniles or smaller sub-

adult alligators.  The intermediate host of Pseudocrocodilicola spp. may be an important food 

source for smaller alligators, and less in larger alligators.  This shift of parasite species could be 

an evolutionary response to prevent competition of parasites species over space and time.  It 

allows for a number of species to coexist in similar niches without intraspecific competition.  

Future experimental investigations analyzing intestinal parasite mediated competition could help 
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elucidate the ecological factors that possibly influence the variation of parasite species richness 

throughout alligator maturation.  

The lack of species richness variation between LAE and LAW is probably a result of 

similar habitat and diet.  However, some species were a bit more prevalent in one zone than the 

other (Table 3.3).  Local environmental factors influence fauna range and abundance, effecting 

food web structure and parasite species distribution (Poulin, 1995; Goater et al., 2005; Timi and 

Lafranchi, 2006; Thietleges et al., 2008, 2010; Katahira et al., 2011). 

Overall, prevalence of infection was high for LAE and LAW indicating that alligators 

throughout the zones are frequently infected by helminths.  Although statistical analyses did not 

prove the differences to be significant among zones, geographic locations, or distance from 

urbanization, LAE parasite prevalence was higher than LAW, yet parasite intensity was greater 

in LAW.  Quantitative difference of prevalence and intensity among geographic zones may be 

explained by abiotic factors and anthropogenic modification of environment.  Mining and natural 

resources are equally distributed throughout southern Louisiana, yet agriculture is significantly 

predominant in LAW than LAE, according to the LSUAg Center (2011, 2012), Louisiana 

Department of Revenue (LDR) (2012) and US Department of Commerce (USDC) (2012).  

Eutrophism is a by-product of agriculture run-off in aquatic environments, and positively 

correlated to population growth of the local molluscan community.  Parasites with indirect life 

cycles that utilize molluscans, particularly digeneans, are known to increase in intensity as 

intermediate host populations expand (Lafferty, 1997; Bonett et al., 2011).  Considering 

trematodes were the most quantitative group in this study, it is likely that the overall higher 

parasitic intensity in LAW is a result of a eutrophic environment caused by crop and livestock 

farming in LAW.  In contrast, LAE is characterized by urbanization and more frequent landscape 
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modification due to the prevalent manufacturing industries (LSUAg Center, 2011, 2012; LDR, 

2012; USDC, 2012).  Pesticide and other pollutants that run-off into local aquatic systems can 

impede parasite reproduction and transmission, decreasing host parasitism and intensity 

(Lafferty, 1997; Sures, 2001, 2004).  Additionally, landscape alterations may decrease viable 

habitat causing intermediate hosts and alligators to live in more dense populations than in LAE.  

Therefore, landscape modifications may help explain the variation of parasitism between LAE 

than in LAW, however further analyses should be pursued for further verification.   

 Variation of salinity levels between LAE and LAW may have also contributed to 

differences in parasitic prevalence and intensity.  The effect and significance of salinity levels on 

parasitism can be more readily identified when analyzing helminth variation among zones 

throughout the harvest years.  Hurricanes would be the primary contributor to salinity variation 

between 2008 to end of 2011 alligator harvesting season.  Hurricanes are known to drive pulses 

of salt water inland, altering ecosystem homeostasis (Michener et al., 1997; Keddy et al., 2007).  

Higher saline levels also obstruct parasite transmission, or kill of intermediate life stages of 

heteroxenous parasites (Möller, 1978; Soleng and Bakke, 1997; Moens and Vincx, 2000).  In 

2008, the remnants of Tropical Storm Eduoard and Hurricanes Ike and Gustav landed in 

southeast Texas and the western part of Louisiana.  Physiochemical and wildlife surveys pre- and 

post- Hurricane Ike and Gustav illustrate drastic fluctuations in abiotic factors, such as salinity 

and pH, and a decline in aquatic and terrestrial wildlife populations (Li et al., 2009; Galvan et al., 

2010; Leumas 2010; Bonvillain et al., 2011; Solis et al., 2012; Raynor et al., 2013).  

Additionally, many migratory birds associated with Louisiana were displaced as a result of the 

hurricanes (James et al., 2010).  Concomitantly, these hurricanes may have decreased the 

abundance of intermediate hosts, and negatively affected the chemical state of aquatic habitats 
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generating an unsuitable environment for parasite transmission.  The extreme variance of 

parasitic intensity between LAE and LAW in the 2009 and 2010 harvests (Table 3.7 and 3.8) 

may be a reflection of the ecological stress given that hurricanes can have long-term effect on 

environments (Michener et al., 1997; Jackson, 2006; Keddy et al., 2007).  Interestingly enough, 

Eustrongylides sp. was not documented until 2011, which may coincide with the recolonization 

or population increase of resident or migratory birds.  Tropical Storm Bonnie hit southeast 

Louisiana before the 2010 harvest, but was considered a weak storm that did not have a great 

impact on Louisiana environment.  Additionally, Louisiana was experiencing a severe drought 

during this time period, which would have elevated salinity levels.  Data on the helminth 

intensity among 2009 and 2010 harvests illustrate a lower parasite intensity in LAW despite 

eutrophism caused by agriculture.  However, in 2011 parasite intensity in LAW significantly 

exceeds LAE (Table VI).  It is possible that LAW environments were altering back to a 

eutrophic state as salinity levels were changing back to local standard levels.  Tropical Storm Lee 

hit the very eastern portion of Louisiana during the 2011 alligator harvest, which may have also 

negatively impacted parasitic intensity in alligators in LAE.  Despite the fact that trematode and 

nematode intensity varied throughout harvest years, the assemblage of parasite species remained 

relatively similar (Table 3.6).  External stressors may have affected intermediate host abundance 

or parasite life cycles, but the lack of stochastic helminth variation among harvest years 

illustrates the continuation of established predator-prey interactions and successful parasite 

transmission during unfavorable circumstances. 

 Since male alligators were found to be the primary driving force of the alligator-parasite 

dynamic, parasitism of male alligators should reflect the parasitic patterns of the comprehensive 

sample size (n = 107) throughout harvest years.  Similar to the comprised examination of annual 
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helminth fluctuation, total helminth, trematode and nematode abundance of males were higher in 

2011.  However, nematode species richness was significantly higher among males harvested in 

2009 compared to other harvest years.  Analyses of the comprehensive data set that included 

both males and females did not exemplify annual variation of nematode species richness.  The 

discrepancy between data sets is perhaps linked to the differences of dietary behavior between 

male and female alligators.  As mentioned previously, physiological factors and preference of 

habitat are influential in prey consumption, directly affecting the dissimilarity of parasitic 

patterns among alligator sex.  We speculate that the decrease of nematodes after 2009 may be a 

reflection of the decline of commonly consumed prey of males that are also obligate intermediate 

hosts of particular nematode species.  In conjunction, external abiotic and biotic factors may 

have interfered with the nematode life cycle.  Consequently, the examination of parasitic patterns 

among the main transmitters of helminth infection (i.e., males) may have helped reveal further 

information about the impact of ecological perturbations that alternatively may have remained 

cryptic.  Further monitoring of male alligator parasitism in parallel with environmental 

alterations could help could assist in future evaluation of ecosystem degradation or restoration.    

 In summary, the present study illustrates the variation of intensity and species richness of 

the intestinal helminth infrapopulation of alligators throughout Louisiana.  Digeneans were found 

to constitute a large portion of the parasitic intestinal biomass in comparison to nematode 

helminthes.  The overall richness in helminth species is contradictory to other reptile-helminth 

systems, possibly linked to the ancient phylogenetic lineage and opportunistic predatory behavior 

of alligators.  Additionally, changes in environment variables and landscape modification appear 

to be significant factors influencing annual parasitic variation among allopatric populations of 

alligators in Louisiana, yet our study found males to be the main drivers of parasitic 
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transmission.  Parasites of alligators could be useful biological indicators of ecosystem stability 

as a result of their ecological and trophic role as a keystone predator.  However, further detailed 

studies of alligator parasitism, which includes the analysis of parasite life cycles, should be 

pursued prior to any final conclusions.      
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Figure 3.1.  Locality of collection sites of alligators in the West and East zone from 2009-

2011 alligator harvests.  Alligators collected in the west zone are represented by grey 

circles, and alligators collected in the east zone are represented by black circles.  The 

number of alligators collected at each site is indicated. 
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Figure 3.2.  Intensity of intestinal trematodes collected from alligators during the 2009-2011 harvests. 
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Figure 3.3.   Intensity of intestinal nematodes collected from alligators during the 

2009-2011 harvests 
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Figure 3.4.   Variation in a) total helminth abundance and b) trematode abundance 

between males and females. 
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Figure 3.5.   Total helminth intensity among alligator sizes through 2009-2011 

harvests. 
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Figure 3.6.  Variation in a) nematode species richness, b) total helminth abundance, c) nematode abundance, and d) 

trematode abundance among 2009-2011 harvests in LAE.  Standard deviation represented by bars in graph. 
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Figure 3.7.  Variation in a) nematode abundance, and b) nematode species richness 

total helminth abundance among 2009-2011 harvests in LAW. Standard deviation 

represented by bars in graph. 
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Figure 3.8.  Variation in a) total helminth abundance, b) trematode abundance, and c) total nematode abundance among 

2009-2011 harvests. 
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Figure 3.9.  Variation in a) total helminth abundance, b) trematode abundance c) nematode abundance, and d) nematode 

species richness of males among 2009-2011 harvests. 
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Table 3.1.  Characterization of alligator habitat sites representative of each alligator 
sample collected. 
 
Year Zone Location Habitat type 
2009 West Cameroon Herbaceous wetlands 
2009 West Vermillion Cultivated Crop 
2009 West Cameroon Herbaceous wetlands 
2009 West Cameroon Herbaceous wetlands 
2009 West Vermillion Cultivated Crop 
2009 West Vermillion Cultivated Crop 
2009 West Cameroon Herbaceous wetlands 
2009 West Cameroon Herbaceous wetlands 
2009 West Cameroon Herbaceous wetlands 
2009 East Plaquemines Herbaceous wetlands 
2009 East Assumption/Terrebone/Plaquemines Woody wetlands 
2009 East Assumption/Terrebone/Plaquemines Woody wetlands 

2009 East St. Charles 
Woody wetlands, low intensity development, 

cultivated crops 

2009 East St. Charles 
Woody wetlands, low intensity development, 

cultivated crops 
2009 East Assumption/Terrebone/Plaquemines Woody wetlands 

2009 East St. Charles 
Woody wetlands, low intensity development, 

cultivated crops 
2009 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 West Rockefeller Herbaceous wetlands 
2010 West Rockefeller Herbaceous wetlands 
2010 West Rockefeller Herbaceous wetlands 
2010 West Rockefeller Herbaceous wetlands 
2010 West Rockefeller Herbaceous wetlands 
2010 West Rockefeller Herbaceous wetlands 
2010 West Rockefeller Herbaceous wetlands 
2010 West Rockefeller Herbaceous wetlands 
2010 West Rockefeller Herbaceous wetlands 
2010 West Rockefeller Herbaceous wetlands 
2010 West Rockefeller Herbaceous wetlands 
2010 West Rockefeller Herbaceous wetlands 
2010 West Rockefeller Herbaceous wetlands 
2010 West Rockefeller Herbaceous wetlands 
2010 West Rockefeller Herbaceous wetlands 
2010 West Rockefeller Herbaceous wetlands 
2010 West Rockefeller Herbaceous wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
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2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2010 East Assumption/Terrebone/Plaquemines Woody wetlands 
2011 West Iberville Woody wetlands 
2011 West Iberville Woody wetlands 
2011 West Iberville Woody wetlands 
2011 West Iberville Woody wetlands 
2011 West Iberville Woody wetlands 
2011 West Iberville Woody wetlands 
2011 West Iberville Woody wetlands 
2011 West Iberville Woody wetlands 
2011 West White Lake Open water and herbaceous wetlands 
2011 West St. Mary Parish Open water and woody wetlands 
2011 West St. Mary Parish Open water and woody wetlands 
2011 West Iberia Woody wetlands and cultivated crops 
2011 West Iberia Woody wetlands and cultivated crops 
2011 West Iberia Woody wetlands and cultivated crops 
2011 West Iberia Woody wetlands and cultivated crops 
2011 West Iberia Woody wetlands and cultivated crops 
2011 West Iberia Woody wetlands and cultivated crops 
2011 West Iberia Woody wetlands and cultivated crops 
2011 West Iberia Woody wetlands and cultivated crops 
2011 West Iberia Woody wetlands and cultivated crops 
2011 West Iberia Woody wetlands and cultivated crops 
2011 West Iberia Woody wetlands and cultivated crops 
2011 West Vermilion Corp Cultivated crops and pasture/hay 
2011 West Pomme de Terre WMA Woody wetlands and cultivated crops 
2011 West St Mary LDWF Woody wetlands 
2011 West Iberia Woody wetlands and cultivated crops 
2011 West Iberia Woody wetlands and cultivated crops 
2011 West Iberia Woody wetlands and cultivated crops 
2011 West Iberia Woody wetlands and cultivated crops 
2011 East Maurepas Swamp Woody wetlands 
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2011 East Assumption Open water and woody wetlands 
2011 East Plaquemines Parish Gov Delta Herbaceous wetlands 
2011 East Maurepas Swamp Woody wetlands 
2011 East Abercrombie, Plaquemines Herbaceous wetlands 
2011 East Continental Land Woody wetlands and herbaceous wetlands 
2011 East Maurepas Swamp Woody wetlands 
2011 East Continental Land Woody wetlands and herbaceous wetlands 
2011 East Continental Land Woody wetlands and herbaceous wetlands 
2011 East Continental Land Woody wetlands and herbaceous wetlands 

2011 East Assumption/St. Martin/Terrebonne 
Woody wetlands and low, middle and big 

developed intensity 
2011 East Pearl River WMA Woody wetlands 
2011 East Belle Isle LLC Herbaceous wetlands 
2011 East Belle Isle LLC Herbaceous wetlands 
2011 East Abercrombie Herbaceous wetlands 
2011 East Belle Isle LLC Herbaceous wetlands 
2011 East Pal WMA Herbaceous wetlands 
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Table 3.2.  Temperature, precipitation and salinity at collection sites during 2009-2011 
Annual Alligator Harvests. 
 

Year Zone Latitude Longitude 
Temperature 

(°C) 
Precipitation 

(inches) 
Salinity (ppt) 

2009 West 30.256781 -92.547514 20.4 3.9 22.83 
2009 West 29.876811 -92.215322 20.4 3.9 6.31 
2009 West 30.256781 -92.547514 20.4 3.9 22.83 
2009 West 30.256781 -92.547514 20.4 3.9 22.83 
2009 West 29.876811 -92.215322 20.4 3.9 6.31 
2009 West 29.876811 -92.215322 20.4 3.9 6.31 
2009 West 30.256781 -92.547514 20.4 3.9 22.83 
2009 West 30.256781 -92.547514 20.4 3.9 22.83 
2009 West 30.256781 -92.547514 20.4 3.9 22.83 
2009 East 29.324003 -89.474217 21 3.8 0.21 
2009 East 29.802383 -90.865847 21 3.8 8.27 
2009 East 29.802383 -90.865847 21 3.8 8.27 
2009 East 29.927367 -90.337189 21 3.8 0.21 
2009 East 29.927367 -90.337189 21 3.8 0.21 
2009 East 29.802383 -90.865847 21 3.8 8.27 
2009 East 29.927367 -90.337189 21 3.8 0.21 
2009 East 29.802383 -90.865847 21 3.8 8.27 
2010 West 30.256781 -92.547514 19.7 5.2 14.77 
2010 West 30.256781 -92.547514 19.7 5.2 14.77 
2010 West 30.256781 -92.547514 19.7 5.2 14.77 
2010 West 30.256781 -92.547514 19.7 5.2 14.77 
2010 West 30.256781 -92.547514 19.7 5.2 14.77 
2010 West 30.256781 -92.547514 19.7 5.2 14.77 
2010 West 30.256781 -92.547514 19.7 5.2 14.77 
2010 West 30.256781 -92.547514 19.7 5.2 14.77 
2010 West 30.256781 -92.547514 19.7 5.2 14.77 
2010 West 30.256781 -92.547514 19.7 5.2 14.77 
2010 West 30.256781 -92.547514 19.7 5.2 14.77 
2010 West 30.256781 -92.547514 19.7 5.2 14.77 
2010 West 30.256781 -92.547514 19.7 5.2 14.77 
2010 West 30.256781 -92.547514 19.7 5.2 14.77 
2010 West 30.256781 -92.547514 19.7 5.2 14.77 
2010 West 30.256781 -92.547514 19.7 5.2 14.77 
2010 West 30.256781 -92.547514 19.7 5.2 14.77 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
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2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2010 East 29.802383 -90.865847 20 5.7 8 
2011 West 30.271964 -91.442719 20.3 3.6 15 
2011 West 30.271964 -91.442719 20.3 3.6 15 
2011 West 30.271964 -91.442719 20.3 3.6 15 
2011 West 30.271964 -91.442719 20.3 3.6 15 
2011 West 30.271964 -91.442719 20.3 3.6 15 
2011 West 30.271964 -91.442719 20.3 3.6 15 
2011 West 30.271964 -91.442719 20.3 3.6 15 
2011 West 30.271964 -91.442719 20.3 3.6 15 
2011 West 29.743364 -92.440639 20.3 3.6 6.76 
2011 West 29.719297 -91.135528 20.3 3.6 4.87 
2011 West 29.996592 -91.712686 20.3 3.6 3.7 
2011 West 29.996592 -91.712686 20.3 3.6 3.7 
2011 West 29.996592 -91.712686 20.3 3.6 3.7 
2011 West 29.996592 -91.712686 20.3 3.6 3.7 
2011 West 29.996592 -91.712686 20.3 3.6 3.7 
2011 West 29.996592 -91.712686 20.3 3.6 3.7 
2011 West 29.996592 -91.712686 20.3 3.6 3.7 
2011 West 29.996592 -91.712686 20.3 3.6 3.7 
2011 West 29.996592 -91.712686 20.3 3.6 3.7 
2011 West 29.996592 -91.712686 20.3 3.6 3.7 
2011 West 29.996592 -91.712686 20.3 3.6 3.7 
2011 West 29.974653 -92.134292 20.3 3.6 6.76 
2011 West 31.050436 -91.847692 20.3 3.6 0 
2011 West 30.000381 -91.641878 20.3 3.6 4.87 
2011 West 29.996592 -91.712686 20.3 3.6 3.7 
2011 West 29.996592 -91.712686 20.3 3.6 3.7 
2011 West 29.996592 -91.712686 20.3 3.6 3.7 
2011 West 29.996592 -91.712686 20.3 3.6 3.7 
2011 East 30.166111 -90.644506 20.7 4 15 
2011 East 29.923117 -91.097969 20.7 4 0.22 
2011 East 29.243186 -89.210114 20.7 4 5.85 
2011 East 30.166111 -90.644506 20.7 4 6 
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2011 East 29.480506 -89.693961 20.7 4 5.85 
2011 East 29.617175 -90.889364 20.7 4 9.75 
2011 East 30.166111 -90.644506 20.7 4 6 
2011 East 29.617175 -90.889364 20.7 4 9.75 
2011 East 29.617175 -90.889364 20.7 4 9.75 
2011 East 29.617175 -90.889364 20.7 4 9.75 
2011 East 29.700906 -91.095744 20.7 3.6 7.84 
2011 East 30.308547 -89.672217 20.7 3.6 5.29 
2011 East 29.5766 -89.574225 20.3 3.6 5.85 
2011 East 29.5766 -89.574225 20.3 3.6 5.85 
2011 East 29.480506 -89.693961 20.7 3.6 5.85 
2011 East 29.5766 -89.574225 20.7 3.6 5.85 
2011 East 29.175222 -89.121436 20.3 3.6 5.85 
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Table 3.3.  Quantity, prevalence, and intensity of intestinal helminth community between alligator sexes.  Standard deviation (SD) 
follows mean intensity.    
                    

Males   (n = 55) Females (n = 52) 

Helminth Species          Total 

Quantity 

Prev (%) Mean 

Intensity + SD 

Total 

Quantity 

Prev (%) Mean 

Intensity + SD 

Nematoda 450 55 13.6 + 9.4 355 63 10.8 + 12.1  

Brevimulticaecum   

  tenuicolle 

93 21 3.1 + 8.4 142 40 4.3 + 50.5 

Dujardinascaris   

  waltoni 

65 14 2.2 + 15.5 77 22 2.3 + 29.1 

Eustrongylides sp. 1 0.2 0.03 + 0 1 0.3 0.03 + 0 

Goezia lacerticola 2 0.4 0.07 + 0 3 0.9 0.09 + 0 

Ortleppascaris antipini 209 46 7 + 17.4 94 27 2.8 + 33.1 

Terranova lanceolata 20 4.4 0.7 + 2.7 2 0.6 0.06 + 0 

Ascarid 39 9 1.3 + 16.5 20 6 0.6 + 2.1 

Unidentified 21 5 0.7 + 1.5 16 3 0.03 + 3.2 

Trematoda 7711 98 142.8 + 215.6 2551 88 55.5 + 61.3  

Acanthostomum sp. 559 9  62.1 + 173.2 47 15.3 5.9 + 7.5  

Acanthostomum    

   pavidum 

1647 40 41.2 + 93.3 707 67.3 20.7 + 15.8 



 108

Acanthostomum   

   diplorum 

9 1 9 + 0 10 1.9 10 + 0 

Archaeodiplostomum  

   acetubulata 

341 10 33.1 + 32.3 38 5.8 12.7 + 4.5 

Cyathocotyle crocodili 1 1 1 + 0 0 0 0 

Polycotyle ornata 48 5 9.6 + 9.2 2 1.9 2 + 0 

Proctocaecum  

   coronarium 

2673 51 52.4 + 57.5 951 75 23.2 + 28.8 

Pseudocrocodilicola sp. 374 10 37.4 + 37.4 205 26.9 14.6 + 23 

Pseudocrocodilicola  

   americaniense 

407 14 29.1 + 56 70 15.4 8.8 + 7.6 

Pseudocrocodilicola  

   georgiana 

304 16 19 + 21.6 125 17.3 13.9 + 14 

Timoniella loosi 408 14 29.1 + 87.3 50 15.4 50 + 15.3 

Cryptogonomid 943 41 22.8 + 29.5 343 53.8  343 + 53.8 

Total Summary                         8061 100 146.6 + 213.8 2906 90.3 61.8 + 66.1 
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Table 3.4.  Values of Jaccard similarity index of (a) nematode species richness, (b) 
trematode species richness, and (c) total helminth species richness among alligator size 
classes. 
 
a) 

Size Categories Juvenile Sub-adult Adult 
Juvenile 0 0.5 0.333 

Sub-Adult 0.5 0 0.667 
Adult 0.333 0.667 0 

 
b) 

Size Categories Juvenile Sub-adult Adult 
Juvenile 0 0.875 0.875 

Sub-Adult 0.875 0 0.778 
Adult 0.875 0.778 0 

 
c) 

Size Categories Juvenile Sub-adult Adult 
Juvenile 0 0.667 0.571 

Sub-Adult 0.667 0 0.733 
Adult 0.571 0.733 0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 110

 
Table 3.5.  Quantity, prevalence, and intensity of intestinal helminth community among alligator size categories.  Standard deviation 
(SD) follows mean intensity. 

Juveniles  (n = 5) Sub-adults  (n = 34) Adults  (n = 66) 

Helminth Species         Total 

Quantity 

Prev 

(%) 

Mean 

Intensity + SD 

Total 

Quantity 

Prev 

(%) 

Mean Intensity 

+ SD 

Total 

Quantity 

Prev 

(%) 

Mean Intensity 

+ SD 

Nematoda 50 20 25 + 7.6 329 56 16.5 + 11.4 426 74 8.7 + 9.5 

Brevimulticaecum   

  tenuicolle 

2 4 1 + 0 66 20 3.3 + 7.9 167 39 3.4 + 33.7 

Dujardinascaris   

  waltoni 

0 0 0 42 13 2.1 + 26.9 167 39 3.4 + 4.7 

Eustrongylides sp. 0 0 0 0 0 0 2 0.5 0.04 + 0 

Goezia lacerticola 0 0 0 0 0 0 5 1 0.1 + 0 

Ortleppascaris  

   antipini 

5 10 2.5 + 0 175 53 8.8 + 78.8 123 29 2.5 + 19 

Terranova  

   lanceolata 

0 0 0 3 1 0.15 + 0.7 5 1 0.1 + 2.1 

Ascarid 43 86 21.5 + 26.2 31 9 1.55 + 8.3 38 9 0.8 + 5.8 

Unidentified 0 0 0 12 4 0.6 + 4.2 25 6 0.5 + 4 

Trematoda 1278 100 67.3 + 169.1 2316 91.2 20.5 + 29.3 6672 95.5 28.5 + 43.44 

Acanthostomum sp. 524 20 524 + 1 5 8.8 1.7 + 1.2 87 19.7 6.7 + 6.2 

Acanthostomum  579 80 144.8 + 281.5 296 70.6 12.5 + 18.8 1266 701. 27.4 + 34.2 
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   pavidum 2 

Acanthostomum 

diplorum 

0 0 0 0 0 0 19 3 9.5 + 0.7  

Archaeodiplostomum 

   acetubulata 

49 20 49 + 0 117 8.8 39 + 45 219 15.2 21.9 + 24 

Cyathocotyle  

   crocodili 

0 0 0 1 2.9 1 + 0 0 0 0 

Polycotyle ornata 2 20 2 + 0 40 8.8 13.3 + 10.7 8 3 4 + 2.8 

Proctocaecum  

   coronarium 

45 80 11.3 + 9.9 670 73.5 26.8 + 22.3 2902 87.9 50 + 56.3 

Pseudocrocodilicola  

   sp. 

7 20 7 + 0 262 23.5 32.8 + 36 310 22.7 20.7 + 29.7 

Pseudocrocodilicola  

   americaniense 

23 20 23 + 0  300 26.5 33.3 + 70  154 18.2 12.8 + 12.8 

Pseudocrocodilicola  

   georgiana 

6 40 3 + 0 94 23.5 11.75 + 12.1 329 22.7 21.9 + 21.9 

Timoniella loosi 0 0 0 35 17.6 5.8 + 3.2 423 24.2 26.4 + 81.6 

Cryptogonomid 43 80 10.8 + 10.2 496 70.6 20.5 + 24 955 66.7 21 + 26 

Total Summary

                          

1328 100 265.6 + 526.2 2485 91.2 82.8 + 81 6998 96.7 109.3  

+ 148.5 
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Table 3.6.  Quantity, prevalence, and intensity of intestinal helminth community between LAE and LAW.  Standard deviation (SD) 
follows mean intensity.    
 
 

LAE  (n = 53) LAW  (n = 54) 

Helminth Species          Total 
Quantity 

Prev (%) Mean Intensity 
+ SD 

Total 
Quantity 

Prev (%) Mean Intensity 
+ SD 

Nematoda 377 61 22.2 + 22.1 428 65 38.9 + 39.8 

Brevimulticaecum tenuicolle 153 41  9 + 37.3 82 19 7.5 + 0.6 

Dujardinascaris waltoni 54 14  3.2 + 4 85 20 7.7 + 4 

Eustrongylides sp. 2 1  0.1 + 0 0 0 0 

Goezia lacerticola 0 0 0 5 1 0.3 + 0 

Ortleppascaris antipini 100 27  5.9 + 10.1 205 48 18.6 + 74.2 

Terranova lanceolata 4 1  0.2 + 0 4 1 0.4 + 0 

Ascarid 39 10  2.3 + 3.6 34 8 3.1 + 8.5 

Unidentified 20 5  0.6 + 1.2 18 4 1.6 + 5.2 

Trematoda 5741 96.2 82.9 + 46.3 4421 95.8 123.1 + 64.4 

Acanthostomum sp. 61 18.9 15.25 + 6.7 543 11.1 90.5 + 212.4 

Acanthostomum  pavidum 1077 58.9 0.03 + 38.8 1279 72.2 23 + 89.7 

Acanthostomum diplorum 19 3.8 9.5 + 2.8 0 0 0 

Archaeodiplostomum acetubulata 206 17 22.9 + 25.4 167 7.4 41.8 + 36.8 

Cyathocotyle crocodili 0 0 0 1 1.9 1 + 0 
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Polycotyle ornata 8 3.8 4 + 2.8 38 5.6 12.7 + 11.6 

Proctocaecum coronarium 2320 88.7 49.4 + 59.2 1299 77.8 30.9 + 38.2 

Pseudocrocodilicola sp. 313 30.2 19.6 + 29 266 14.8 59.1 + 35.5 

Pseudocrocodilicola  

   americaniense 

65 22.6 5.4 + 16.4 312 18.5 31.2 + 66.5 

Pseudocrocodilicola georgiana 331 30.2 20.7 + 21.7 98 16.7 10.9 + 11.6 

Timoniella loosi 401 20.8 36.5 + 98.1 57 20.4 5.2 + 3.7 

Cryptogonomid 940 66 26.9 + 29.7 361 68.5 9.8 + 13.4 

Total Summary                         4506 98 86.7 + 96.7 6461 93 129.2 + 217.9 
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Table 3.7.  Values of Jaccard similarity index of a) nematode species richness, b) 
trematode species richness, and c) total helminth species richness among alligator 
harvests seasons. 
 
a) 

Harvests Years 2009 2010 2011 
2009 0 0.6 0.5 
2010 0.6 0 0.8 
2011 0.5 0.8 0 

 
b) 

Harvests Years 2009 2010 2011 
2009 0 0.714 0.556 
2010 0.714 0 0.778 
2011 0.556 0.778 0 

 
c) 

Harvests Years 2009 2010 2011 
2009 0 0.667 0.533 
2010 0.667 0 0.786 
2011 0.533 0.786 0 
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Table 3.8.  Quantity, prevalence, and intensity of intestinal helminth community between harvest years.  Standard deviation (SD) 
follows mean intensity.  Parasites recorded every year in our study are marked (*). 
 

2009  (n=17) 2010  (n=45) 2011  (n=45) 

Helminth Species         Total 

Quantity 

Prev 

(%) 

Mean Intensity  

+ SD 

Total  

Quantity 

Prev 

(%) 

Mean Intensity 

+ SD 

Total  

Quantity 

Prev 

(%) 

Mean Intensity 

+ SD 

Nematoda 190 94 11.9 + 4.4 356 62 12.7 + 15.7 259 40 14.3 + 7.4 

Brevimulticaecum   

  tenuicolle* 

55 29 3.2 + 5.4 122 34 4.3 

+ 24.3 

58 23 3.2 + 8.6 

Dujardinascaris   

  waltoni* 

24 13 1.41 + 3 17 5 0.61 + 1.2 101 39 5.6 

+ 11.3 

Eustrongylides sp. 0 0 0 0 0 0 2 1 0.11 + 0 

Goezia lacerticola 5 3 0.29 + 0.7 0 0 0 0 0 0 

Ortleppascaris  

   antipini*  

68 36 4 + 5.9 186 52 6.6 

+ 19.3 

49 19 2.72 + 2.8 

Terranova 

lanceolata 

0 0 0 2 1 0.07 + 0 6 2 0.33 + 1.4 

Ascarid 22 11 1.29 + 2.5 14 4 0.5 + 1.3 37 14 2.06 + 4.1 

Unidentified 16 8 0.94 + 0.9 15 4 0.54 + 1.9 6 2 0.33 + 1 

Trematoda 2023 100 119 + 96.4 2166 96.6 50.4 + 60.7 6072 88.9 151.8 + 241.9 

Acanthostomum sp. 24 5.8 1.5 + 0 43 24.4 3.9 + 3.2 537 8.9 134.3 + 259.8 

Acanthostomum  

   pavidum 

373 88.2 24.5 + 17 568 55.6 22.9 + 19.2 1415 62.2 48.8 + 108.8 
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Acanthostomum  

   diplorum 

0 0 0 25 4.4 12.5 + .7 19 4.4 9.5 + 0.7 

Archaeodiplostomum 

   acetubulata 

0 0 0 0 0 0 354 24.4 32.2 + 30.6 

Cyathocotyle  

   crocodili 

0 0 0 0 0 0 1 2.2 1 + 0 

Polycotyle ornata 0 0 0 2 2.2 2 + 0 48 11.1 9.6 + 9.2 

Proctocaecum 

   coronarium 

1280 94.1 80 + 73.2 911 86.7 23.4 + 22.6 1428 68.9 42.9 + 53.4 

Pseudocrocodilicola  

   sp. 

3 5.8 0 141 28.9 10.8 + 18.1 435 22.2 43.5 + 36.6 

Pseudocrocodilicola  

   americaniense 

15 5.8 0 32 11.1 6.4 + 4.9 430 35.6 26.9 + 52.6 

Pseudocrocodilicola  

   georgiana 

3 5.8 0 98 15.6 14 + 16 328 33.3 43.5 + 90.2 

Timoniella loosi 4 11.8 2 + 1.4 72 26.7 6 + 4.8 382 17.8 47.8 + 114.9 

Cryptogonomid 321 88.2 22.1 + 18.7 274 5.3 11.4 + 17.4 695 64.4 24.2 + 27.8 

Total Summary

                         

2213 100 130.2  

+ 109.2 

2422 97.8 55 + 59.8 6332 91.1 154.4  

+ 239.1 
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Table 3.9.  Quantity, prevalence, and intensity of parasite species between male alligators during annual alligator harvests. Standard 
deviation (SD) follows mean intensity. 
 

Males 2009 
(n=10) 

Males 2010 
(n=22) 

Males 2011  (n=23) 

Helminth Species          Total 
Quantity 

Prev 
(%) 

Mean Intensity 
+ SD 

Total  
Quantity 

Prev 
(%) 

Mean Intensity 
+ SD 

Total  
Quantity 

Prev 
(%) 

Mean 
Intensity + SD 

Nematoda 158 90 17.56 + 5.03 152 55 12.6 + 16.21 140 30 20 + 5.31 

Brevimulticaecum   

  tenuicolle 

48 30 5.3 + 6.11 18 12 1.5 + 6.35 27 19 3 + 5.57 

Dujardinascaris   

  waltoni 

19 12 2.1 + 3.5 4 3 0.3 + 1.41 42 30 4.7 + 7.62 

Eustrongylides sp. 0 0 0 0 0 0 1 1 0.1 + 0 

Goezia lacerticola 2 1 0.2 + 0 0 0 0 0 0 0 

Ortleppascaris antipini 61 39 6.8 + 6.51 117 77 9.8 + 24.92 31 22 3.4 + 2.71 

Terranova lanceolata 0 0 0 2 1 0.2 + 0 4 3 0.4 + 0 

Ascarid 16 10 1.8 + 3.16 5 3 0.4 + 1.15 32 23 3.6 + 4.16 

Unidentified 12 8 1.3 + 0.89 6 4 0.5 + 0 3 2 0.3 + 0.71 

Trematoda 1490 100 149 + 111.4 1040 100 46.9 + 63.3 5184 95.7 235.9 + 298.8 

Acanthostomum sp. 2 10 2 + 0 33 31.2 4.7 + 3.8 524 4.3 524 + 0 

Acanthostomum  

   pavidum 

263 90 29.2 + 13 108 63.3 7.7 + 7.5 1276 73.9 75.1 + 135.9 

Acanthostomum   

diplorum 

0 0 0 0 0 0 9 4.3 9 + 0 
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Archaeodiplostomum 

   acetubulata 

0 0 0 12 4.5 12 + 0 329 39.1 36.6 + 32.3 

Cyathocotyle  

   crocodili 

0 0 0 0 0 0 1 4.3 1 + 0 

Polycotyle ornata 0 0 0 2 4.5 2 + 0 46 17.4 11.5 + 9.5 

Proctocaecum  

   coronarium 

1000 100 100.2 +  90.9 477 100 21.6 + 19.9 1196 82.6 62.9 + 61 

Pseudocrocodilicola  

   sp. 

0 0 0 94 22.7 18.8 + 27.7 280 21.7 56 + 38.9 

Pseudocrocodilicola  

   americaniense 

0 0 0 22 13.6 7.3 + 6.7 385 47.8 35 + 62.3 

Pseudocrocodilicola  

   georgiana 

0 0 0 58 27.3 9.7 + 14 246 43.5 24.6 + 24 

Timoniella loosi 4 20 2 + 1.4 31 22.7 6.2 + 5.3 373 30.4 53.3 + 122.9 

Cryptogonomid 221 100 22.2 + 18.6 203 68.2 13.5 + 25.3 519 69.6 31.9 + 34.9 

Total Summary

                          

1648 100 164.8 + 119.3 1083 100 49.2 + 49.6 5330 100 231.7 + 294.7 
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Table 3.10.  Prevalence and intensity between LAE and LAW during alligator harvests. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Years in Zones 2009 2010 2011 
LAW Total Quantity 538 886 4391 
LAE Total Quantity 1351 1517 1704 
LAW Total Prevalence 100% 100% 89% 
LAE Total Prevalence 100% 100% 94% 
LAW Total Intensity 59.8 52.1 183.0 
LAE Total Intensity 168.9 54.2 100.2 
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Table 3.11.  Quantity, prevalence, and intensity of parasite species between LAE and LAW during alligator harvests. 
 

2009 West  (n = 8) 2009 East  (n = 7) 2010 West  (n = 17) 

Helminth Species          Total 
Quantity 

Prev 
(%) 

Mean Intensity 
 + SD 

Total  
Quantity 

Prev 
(%) 

Mean Intensity 
+ SD 

Total  
Quantity 

Prev 
(%) 

Mean Intensity 
+ SD 

Nematoda 71 87.5 8.9 + 8.9 119 100 17 + 17.8 201 64.7  11.8 + 22.5 

Brevimulticaecum   

  tenuicolle 

27 38 3.4 + 6.93 28 23 4 + 4.72 28 14 1.6 + 5.28 

Dujardinascaris   

  waltoni 

3 4 0.4 21 18 3 + 3.3 3 1 0.2 + 0.71 

Eustrongylides sp. 0 0 0 0 0 0 0 0 0 

Goezia lacerticola 0 0 0 5 4 0.7 + 0.71 0 0 0 

Ortleppascaris  

   antipini 

24 34 3 + 1.79 44 37 6.3 + 8.24 154 77 9.1 + 22.73 

Terranova  

   lanceolata 

0 0 0 0 0 0 2  1 0.1 

Ascarid 8 11 1 + 2.08 14 12 2 + 3.11 5 2 0.3 + 1.15 

Unidentified 9 13 1.1 + 1.1 7 6 1 + 0.58 9 5 0.5 + 2.5 

Trematoda 792 100 88 + 84.4 1231 100 153 + 115.1 770 94.1 48.1 + 48.9 

Acanthostomum sp. 0 0 0 24 12.5 24 + 0 16 23.5 4 + 4.8 

Acanthostomum  

   pavidum 

153 100 17 + 13.5 220 75 36.7 + 16.2 327 76.5 25.2 + 20.7 

Acanthostomum   0 0 0 0 0 0 0 0 0 
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   diplorum 

Archaeodiplostomum 

   acetubulata 

0 0 0 0 0 0 0 0 0 

Cyathocotyle  

   crocodili 

0 0 0 0 0 0 0 0 0 

Polycotyle ornata 0 0 0 0 0 0 0 0 0 

Proctocaecum  

   coronarium 

548 100 60.3 + 58.9 732 87.5 103.1 + 76.8 320 82.3 20 + 17.1 

Pseudocrocodilicola  

   sp. 

0 0 0 3 12.5 3 + 0 3 5.9 3 + 0 

Pseudocrocodilicola  

   americaniese 

0 0 0 15 12.5 15 + 0 4 5.9 4 + 0 

Pseudocrocodilicola  

   georgiana 

0 0 0 3 12.5 3 + 0 5 11.8 2.5 + 2.1 

Timoniella loosi 4 22.2 2 0 0 0 35 35.3 5.8 + 4.2 

Cryptogonomid 87 100 9.7 234 87.5 29.3 + 24.5 60 76.5 4.6 + 3.5 

Total Summary              863 100 95.9 + 84.8 1350 100 168.8 + 125.9 971 94.1 60.7 + 48.9 
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Table 3.11 (cont) 
2010 East 

(n=28) 
2011 West 

(n=28) 
2011 East 

(n=17) 
Helminth Species         Total 

Quantity 
Prev 
(%) 

Mean Intensity 
+ SD 

Total  
Quantity 

Prev 
(%) 

Mean Intensity 
+ SD 

Total  
Quantity 

Prev 
(%) 

Mean Intensity 
+ SD 

Nematoda 155 60.7 5.5 + 15.8 154 21.4 5.5 + 14.7 105 58.8 6.2 + 11.2 

Brevimulticaecum   

  tenuicolle 

94 61 3.4 + 37.93 31 29 1.8 + 16.26 31 29 1.8 + 16.26 

Dujardinascaris   

  waltoni 

14 9 0.5 + 1.29 22 21 1.3 + 3.97 22 21 1.3 + 3.97 

Eustrongylides sp. 0 0 0 2 2 0.1 2 2 0.1 

Goezia lacerticola 0 0 0 0 0 0 0 0 0 

Ortleppascaris  

   antipini 

32 21 1.1+ 5.89 25 16 0.9 + 3.37 24 23 1.4 + 2.28 

Terranova  

   lanceolata 

0 0 0 2 1 0.1 4 4 0.2 

Ascarid 9 5 0.32 + 1.5 21 14 0.8 + 6.56 16 15 0.9 + 5.66 

Unidentified 6 4 0.2 + 1 0 0 0 6 6 0.4 + 1 

Trematoda 1396 96.4 51.7 + 67.6 2859 85.7 186.2 + 299 3214 94.1 100.3 + 101.4 

Acanthostomum sp. 27 25 19.9 + 14.8 527 8 263.5 + 368.4 10 10 5 + 28 

Acanthostomum  

   pavidum 

 

241 42.9 0 799 68 47 + 135.7 616 65 47.4 + 51.7 
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Acanthostomum   

   diplorum 

0 0 12.5 + 0.7 0 0 0 19 10 9.5 + 0.7 

Archaeodiplostomum 

   acetubulata 

25 7.1 0 167 16 41.8 + 36.9 181 35 25.9 + 28.6 

Cyathocotyle  

   crocodili 

0 0 0 1 4 1 + 0 0 0 0 

Polycotyle ornata 2 3.6 2 + 0 38 12 12.7 + 11.6 6 5 6 + 0 

Proctocaecum  

   coronarium 

591 89.3 23.6 + 25.1 431 42.2 22.7 + 24 997 75 66.5 + 66.7 

Pseudocrocodilicola  

   sp. 

138 42.9 11.5 + 18.9 263 28 37.6 + 36 172 15 57.3 + 41.4 

Pseudocrocodilicola  

   americaniese 

28 14.3 7 + 5.5 308 36 34.2 + 69.8 122 35 17.4 + 15.1 

Pseudocrocodilicola  

   georgiana 

93 21.4 15.5 + 17.1 93 28 13.3 + 12.2 235 45 26.1 + 24.7 

Timoniella loosi 37 21.4 6.2 + 5.8 18 12 6 + 3.6 364 20 72.8 + 144.9 

Cryptogonomid 214 50 15.3 + 25.4 214 60 14.3 + 13.3 492 70 34.4 + 36.1 

Total Summary

                         

1451 100 51.8 + 65.9 4627 89.3 185.1 + 293.7 1705 94.1 106.6 + 102 
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Table 3.12.  Total parasite negative binomial  
 

Analysis Of Maximum Likelihood Parameter Estimates 

Parameter  DF Estimate Standard 
Error  

Wald 95% Confidence 
Limits  

Wald Chi-
Square 

Pr > ChiSq 

Intercept  1 -19.5358 14.0424 -47.0583 7.9867 1.94 0.1642 

SizeC S1 1 0.7783 0.6118 -0.4207 1.9773 1.62 0.2033 

SizeC S2 1 -0.2299 0.2883 -0.7950 0.3353 0.64 0.4253 

Sex F 1 -0.7775 0.2641 -1.2952 -0.2598 8.66 0.0032 

Temp  1 0.3547 0.2043 -0.0456 0.7551 3.02 0.0825 

Dispersion  1 1.6964 0.2112 1.3291 2.1652   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 125

Table 3.13.  Trematode negative binomial 
   

Analysis Of Maximum Likelihood Parameter Estimates 

Parameter  DF Estimate Standard 
Error  

Wald 95% Confidence 
Limits  

Wald Chi-
Square 

Pr > 
ChiSq 

Intercept  1 -19.5358 14.0424 -47.0583 7.9867 1.94 0.1642 

SizeC S1 1 0.7783 0.6118 -0.4207 1.9773 1.62 0.2033 

SizeC S2 1 -0.2299 0.2883 -0.7950 0.3353 0.64 0.4253 

Sex F 1 -0.7775 0.2641 -1.2952 -0.2598 8.66 0.0032 

Temp  1 0.3547 0.2043 -0.0456 0.7551 3.02 0.0825 

Dispersion  1 1.6964 0.2112 1.3291 2.1652   
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Table 3.14.  Nematode zero-inflated negative binomial 
 
 

Analysis Of Maximum Likelihood Parameter Estimates 

Parameter  DF Estimate 
Standard 

Error  
Wald 95% 

Confidence Limits 
Wald Chi-

Square Pr > ChiSq 

Intercept  1 -133.137 77.8812 -285.782 19.5072 2.92 0.0874 

SizeC S1 1 0.2573 0.8491 -1.4068 1.9215 0.09 0.7618 

SizeC S2 1 0.5447 0.5003 -0.4358 1.5252 1.19 0.2762 

Zone East 1 -1.2703 0.8049 -2.8478 0.3072 2.49 0.1145 

Year 2009 1 -0.6842 0.7490 -2.1522 0.7837 0.83 0.3610 

Year 2010 1 2.1463 1.3252 -0.4511 4.7438 2.62 0.1053 

Temp  1 1.9733 1.1360 -0.2531 4.1998 3.02 0.0824 

Dispersion  1 2.1076 0.5256 1.2929 3.4360   
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ABSTRACT:    Heavy metals are persistent in aquatic systems, yet the increase disturbance of 

anthropogenic and environmental perturbations can transform the chemical composition to levels 

that are detrimental to the health of the local biota.  Monitoring the bioaccumulation of chemical 

elements within various organismal tissues has become a useful tool to survey current or chronic 

levels of heavy metal exposure.  In this study, we compared the bioconcentrations of As, Al, Cd, 

Cr, Cu, Fe, Pb, Mg, Ni, Se, and Zn between the American alligator, Alligator mississippiensis, 

and its parasites in order to establish their use as bioindicators of heavy metal pollution.  

Concomitant with these results, we were interested to determine if parasites were more sensitive 

bioindicators of heavy metals relative to alligators.  We found parasites collectively accumulated 

higher levels of As, Cu, Se, and Zn in comparison to their alligator hosts, whereas Fe, Cd, and Pb 

concentrations were higher in alligators.  Interestingly, Fe levels were significantly greater in 

intestinal trematodes than their alligator hosts when analyzed independently from other parasitic 

taxa.  Further analyses showed alligator intestinal trematodes concentrated As, Cu, Cr, Fe, Se, 

and Zn at significantly higher levels than intestinal nematodes and parasites from other organs.  

However, pentastomids also employed the role as a good biomagnifier of As.  Stomach and 

intestinal nematodes were the poorest bioaccumulators of metals, yet stomach nematodes showed 

their ability to concentrate Pb at orders of magnitude higher in comparison to other parasites.  

The comparison of bioaccumulation across geographic regions revealed a positive association 
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between parasites and their hosts within their respective regions.  These data corroborate the 

greater bioconcentrations found in parasites and alligators from western Louisiana compared to 

eastern Louisiana or Florida.  Our study also showed that parasitic abundance decreased as levels 

of As increased, and that Cr, Cu, Mg, and Zn concentrations increased with size of alligators.  

Conclusively, we suggest that parasites, particularly intestinal trematodes, are superior 

biomagnifiers of As, Cu, Cr, Se, and Zn, whereas alligators are likely good biological monitors 

of Fe, Cd, and Pb.  
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INTRODUCTION  

With the rise of natural disasters, and industrial and agricultural run-off, the chemical 

composition of aquatic microhabitats is in a state of transformation that can be a threat to the 

aqueous biotope (Otte, 1991; Campbell, 2003; Liu and Kueh, 2005; Kannan et al., 2006; Rai, 

2008; Zhou et al., 2008; Rabalais et al., 2009).  Although organic and inorganic elements are 

common components of the environment, levels of toxicity can cause adverse acute or chronic 

symptoms within organisms, including disruption of the endocrine system, physiological 

development, or immune function (Eeva and Lehikoinen, 1996; Hornfeldt and Nyholm, 1996; 

Burger et al., 2000; Bennett et al., 2001; Hui et al., 2002; Campbell, 2003; Orescanin et al., 

2006).  There are various analytical methods to detect fluctuations of heavy metals within the 

aquatic environment, however, the use of biomonitors has become a favorable and widely used 

technique (Sures, 2004; Zhou et al., 2008; Nachev et al., 2010).  

Since the deleterious effects of altered chemical states are reflected faster and at lower 

levels in organisms compared to conventional analyses, the use of biomonitors is distinctly 

advantageous for detecting subtle current or chronic exposure of heavy metals (Sures, 2004; Liu 

and Kueh, 2005; Orescanin et al., 2006; Zhou et al., 2008; Nachev et al., 2010).  This data can be 

particularly valuable when comparing heavy metal distribution among populations, geographic 

locations, or along a temporal scale (between seasons, years, etc.).  However, not all organisms 

are ideal sentinels for the biological monitoring of pollutant discharge over an extensive time 

period.  Ideal organisms or species feature a suite of characteristics, such as 1) being long-lived, 

2) abundant at multiple geographic locations within a well-defined territorial range, 3) occupy 

higher trophic levels, and 4) accumulate high pollutant concentrations without mortality (Sures, 

2004; Zhou et al., 2008).  Many metazoan parasites of long-lived vertebrates satisfy the criteria, 
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and serve as useful bioindicators for heavy metal pollution (Halmetoja et al., 2000; Bergey et al., 

2002; Schludermann et al., 2003; Sures and Taraschewski, 1997; Sures, 2001, 2004; Sures et al., 

1995, 1998, 1999, 2003; Theielen et al., 2004; Nachev and Sures, 2009; Nachev et al., 2010).  In 

comparison to free-living organisms, the conceptual use of parasites as bioindicators is 

corroborated by their sensitivity to abiotic fluctuations, and their dependency of multiple hosts in 

the food web (Lafferty and Kuris, 1999).  Likewise, their position as a top trophic consumer 

(Lafferty et al., 2006) can infer cryptic details about the chemical state of the environment as a 

consequence of food web biomagnification (Sures, 2004; Lafferty and Kuris, 2004).   

Parasites can provide valuable information as both effect and accumulation indicators due 

to their interaction with environmental pollutants.  Typically, the composition of the parasite 

community alters as the chemical state of the environment fluctuates (Lafferty, 1997; Nachev 

and Sures, 2009; Nachev et al., 2010).  For example, increased emission of heavy metals within a 

habitat is commonly characterized by a decrease in parasite abundance or dissipation of parasite 

species (Halmetoja et al., 2000; Bergey et al., 2002).  Alternatively, the bioaccumulation of 

heavy metals from the tissue of parasites less affected by pollutants can be used to biomagnify 

enigmatic levels of environmental pollutants.  Interestingly, parasitic tissues seem to accumulate 

pollutants more readily than their hosts or other environmental factors (Lafferty, 1997; Sures, 

2001, 2004; Sures et al., 1995, 1998, 2003; Schludermann et al., 2003; Thielen et al., 2004; 

Nachev and Sures, 2009; Nachev et al., 2010).  The amount of heavy metal accumulation in 

parasites varies among the distinctive parasite groups (i.e., trematodes, nematodes, cestodes, 

acanthocephalans, etc.), as well as among the biological locations within the host (Sures, 2004).  

Consequently, the bioaccumulation among parasitic groups, in conjunction with quantitative data 

(i.e., parasite prevalence, abundance, etc.), should reveal cryptic evidence of the ramifications of 
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recent and long-term environmental pollutant exposure that may otherwise have not been 

exposed through other biomonitors or traditional techniques.   

Research investigating the use of parasites as biomonitors has compared the chemical 

composition between hosts and parasites of secondary or lower trophic level consumers, such as 

zebra mussels, fish, pigs and cows (Sures et al., 1998, 1999; Sures, 2004; Nachev et al., 2010).  

At present, knowledge of heavy metal correlation between parasites and reptiles, as well as apex 

predators, is insufficient.  Parasites of generalist apex predators, such as the American alligator, 

are likely greater biomagnifiers of environmental heavy metal concentrations than secondary or 

tertiary consumers and their parasites as a result of the hosts’ bioaccumulation of pollutants from 

various trophic links of the food web.  Additionally, several studies have shown that crocodilians 

readily accumulate heavy metals from prey or their environment (Burger et al., 2000; Wu et al., 

2000; Rainwater et al., 2002, 2007; Campbell, 2003; Pepper et al., 2004; Lance et al., 2006).  

The capacity to accumulate high levels of pollutants, along with their widespread geographic 

distribution, territorial behavior, longevity, and well-studied physiology and biology, constitute 

alligators as favorable bio-monitors.  Given that both alligators and parasites are efficient 

bioaccumulators and environmental sentinels of high trophic status, the heavy metal analysis of 

this host-parasite system could provide a unique perspective about heavy metal pollution within 

the environment.  Moreover, alligator parasites could prove to be beneficial health indicators of 

alligators, especially since crocodilians are tolerable to high levels of heavy metals prior to 

exhibiting symptomatic symptoms of heavy metal toxicity (Campbell, 2003).   

This study investigates the bioaccumulation of heavy metals in an aquatic, long-lived, 

apex predator host, Alligator mississippiensis, and its parasites from Louisiana and Florida.  

Heavy metal concentrations of three parasitic groups (nematodes, trematodes, and pentastomids) 
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from three different biological host sites are compared, and contrasted to metal levels found in 

alligators.  We also compared heavy metal levels among geographic locations of alligators and 

their parasites to determine if host bioaccumulation of metals coincided with levels detected 

among parasites.  Finally, we analyzed the correlation of heavy metal concentrations to parasite 

abundance, as well as to alligator size, to examine the possible effects of heavy metals on 

parasitism in the course of alligator ontogeny.  Although we expect alligators to bioconcentrate 

heavy metals at high levels, we predict parasites will accumulate pollutants at higher 

concentrations than their host.  As a consequence, alligator parasites could prove to be essential 

bioindicators of the chemical state of the aquatic ecosystem, and foster the appropriate measures 

to prevent further environmental contamination.  Overall, we anticipate our data will show the 

benefits of using parasites of an apex predator to characterize the health and stability of the 

environment.     

 

MATERIAL AND METHODS  

Sample Collection and Heavy Metal Analysis Preparation 

Pieces of livers were collected from alligators (n = 79) during the 2009-2012 annual 

Louisiana (LA) alligator harvest, and livers (n = 27) were collected from Florida (FL) alligators 

during the 2011 and 2012 alligator harvests (Fig 4.1).  Livers were chosen for the analysis of 

heavy metals because heavy metals are concentrated in the liver due to its function of 

detoxification (Klassen, 1978; Otvos and Armitage, 1980; Sato and Kondoh, 2002; Ikemoto et 

al., 2004).  Geographic origin, size and sex were recorded from all specimens.  Parasites were 

recovered from lungs (LA, n = 19; FL, n = 16), stomach (LA, n=24; FL, 26), and intestines (LA, 

n = 23; FL, n = 4), and put into labeled vials that were identified to the site of infection, alligator 
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host, and year.  Liver samples were put into a cooler at -80°C, and parasite specimens were either 

stored in a -80°C cooler or in vials of 95% ethanol, then transported to McNeese University.   

In order to prepare samples for heavy metal analysis, liver or fat samples collected from 

alligators, were dried at 115°C and the mass measured to the nearest 0.01 g.  Parasite specimens 

from each host and bio-location were dried in the same manner, and mass measured to the 

nearest 0.001g.  Parasite samples were categorized as lung pentastomids, stomach nematodes, 

intestinal trematodes, and intestinal nematodes.  Multiple parasite species were found within the 

stomach and intestines, however it was predicted the low quantitative representation of each 

species would not produce a high enough resolution of data if analyzed for heavy metals 

separately.  Therefore, parasites were pooled into the appropriate parasitic bio-location category 

and analyzed as one sample.  After being dried, alligator and parasite samples were weighed 

again.  The original weight was subtracted from the second weight measurement to obtain the 

dry weight.  Dry samples were then ashed for 4-12 hours at 500oC in a KSL-1100x muffle 

furnace (MTI Corp, Richmond, CA, USA), followed by a period to allow the samples to cool.  

Samples were then digested with 7 ml of 10% analytical grade nitric acid (Sigma-Aldrich, St. 

Louis, MO, USA), and poured into a 10 ml volumetric flask.  The flasks were filled to volume 

with dionized water, and then poured into 15ml polypropylene centrifuge tubes for analysis.  The 

preparation and digestion process of samples for heavy metal analysis are further described in 

Siva et al., (2010), and Guillory et al. (2011). 

 

ICP-OES Analysis 

Metals examined for this study were As, Cd, Cu, Fe, Pb, Se, and Zn.  All samples were 

analyzed for metals using a Varian 715 ES inductively coupled plasma atomic emission 
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spectroscopy (ICP-OES) instrument at McNeese State University.  The emission wavelengths 

used for the analyses of As, Cd, Cu, Fe, Pb, Se, and Zn were 188.980, 214.439, 327.395, 259.94, 

220.353, 196.026, and 213.857 nm, respectively.  A standard solution containing 5 ppm of all 

analytes was analyzed after every 30 samples to check for instrumental drift.  Calibrations of 

ICP-OES were achieved using five standards (0, 1, 2, 5, 10, and 20 ppm).  The data collected 

from the ICP instrument, expressed in mg/L, was multiplied by the volume of the sample, 

expressed in L.  The resulting mass of metal in the sample, expressed in mg, was divided by the 

dry weight of the sample, expressed in kg, resulting in mg of metal/kg of sample, or ppm. 

 

ICP-MS Analysis 

Fifty specimens from the ICP-OES analysis, which included alligator livers, and lung 

pentastomids, stomach nematodes and intestinal helminthes from those particular hosts, were 

sent to Dr. Joseph Caruso Research Group, University of Cincinnati to analyze Al, Cr, Mg, and 

Ni with an ICP-MS (Table 4.1).   

 

Statistical Analyses 

  To determine if alligators and parasites accumulated heavy metals at different 

concentrations, we first performed a Wilcoxon-Signed Rank test to independently analyze the 

variation of Fe, As, Cd, Cu, Pb, Se, and Zn between alligators and parasites comprehensively.  

We then performed a second Wilcoxon-Signed Rank test in which we analyzed the concentration 

of heavy metals independently between alligator tissue and each parasite category (i.e., lung 

pentastomids, stomach nematodes, intestinal helminthes.  The intestinal helminth category was 

also separated into sub-categories intestinal nematodes and intestinal trematodes).   
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We also performed several Kruskal-Wallis Rank Sum tests to analyze heavy metal 

variation between host and parasites.  First, we examined the variation of metal bioaccumulation 

between parasites of the three biological sites (alligator lungs, stomach, and intestines).  Because 

there were two distinct parasitic taxa within alligator intestines (i.e., trematodes and nematodes), 

we were also interested to determine if the bioaccumulation of heavy metals differed between 

these two groups of intestinal parasites.  Thus, we used a second Kruskal-Wallis to examine the 

variation of heavy metal bioconcentration between the four groups of parasites (lung 

pentastomids, stomach nematodes, intestinal trematodes, and intestinal nematodes).  Finally, we 

examined difference of heavy metal levels between the four designated groups of parasites, in 

addition to alligators, among the geographic locations (i.e., Florida, Louisiana East Zone (LAE) 

and Louisiana West Zone (LAW)).  Besides examining the variation of bioaccumulation among 

geographic locations, this statistical analysis also helped us to asses if there was any statistical 

consistency of metal bioconcentrations between alligators and their parasites from the same 

locality.   

Finally, we used a Spearman rank correlation to determine if there was a relationship 

between heavy metal levels and parasite abundance.  A second Spearman rank correlation was 

performed to determine if high concentrations of particular heavy metals increase with size of the 

alligator.  Spearman rank correlations, Kruskal-Wallis and Wilcoxon-Signed Rank tests were 

performed with program R (R Development Core Team, 2012).  False discovery rates (FDRs) 

were calculated for each group of statistical analyses to examine Type I error of multiple 

comparisons (Benjamini and Hochberg, 1995; Benjamini and Yekutieli, 2001).  All statistical 

tests were considered statistically significantly different when p < 0.05. 
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RESULTS 

Overall, the individual concentrations of As, Cu, Se, and Zn were significantly higher in 

parasites collectively (As, Cu, Se, and Zn, Wilcoxon-Signed Rank tests = p < 0.0001, FDRs < 

0.001, Fig. 4.2a,b,c,d), whereas Cd, Fe, and Pb were each significantly higher in alligators when 

examined conjointly (Cd, Fe, and Pb, Wilcoxon-Signed Rank tests = p < 0.0001, FDRs < 0.001, 

Fig. 4.2e,f,g).  Yet, Fe levels were significantly higher in intestinal trematodes than alligators 

when analyzed exclusively from other parasitic groups (Wilcoxon-Signed Rank test = 191, p = 

0.02617).  The respective concentrations of Al, Cr, Mg, and Ni did not significantly vary 

between alligators or parasites (Al, Cr, Mg, and Ni, Wilcoxon-Signed Rank test = p > 0.05).   

 

Variation of Heavy Metal Concentrations among Parasites of each Biological Site 

 Independent analyses of As, Fe, Se, and Zn showed significantly higher levels among 

lung pentastomids in comparison to stomach nematodes and intestinal helminthes (As, Fe, Se, 

and Zn: Kruskal-Wallis, df = 2, p < 0.0001, FDRs < 0.02, Fig. 4.3).  However, Pb was 

significantly higher in stomach nematodes compared to lung and intestinal parasites (Kruskal-

Wallis chi-squared = 10.367, df = 2, p = 0.02, FDR = 0.03). Finally, concentrations of Cu and Cr 

illustrated higher accumulation levels in intestinal helminthes in comparison to stomach parasites 

and lung pentastomids (Cu, Kruskal-Wallis chi-squared = 30.5442, df = 2, p < 0.001, FDR < 

0.0001; Cr, Kruskal-Wallis chi-squared = 6.0561, df = 2, p = 0.048, FDR = 0.099).  Interestingly, 

intestinal helminthes were the only parasites to detect Cr.  Al, Cd, Mg, and Ni did not 

significantly differ among biological sites (Al, Cd, Mg, and Ni:  Kruskal Wallis, df = 2, p > 

0.05).   
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 Further specific examination of heavy metal variation between biological sites showed 

that the independent concentrations of As, Cu, Fe, Se, and Zn were significantly higher in lung 

pentastomids in contrast to stomach nematodes (As, Cu, Fe, Se, and Zn, Wilcoxon-Signed Rank 

tests, p < 0.05, FDRs < 0.03, Fig. 4.4).  Similarly, intestinal helminthes were found to 

accumulate As, Cu, Fe, Se, and Zn respectively at higher concentrations relative to stomach 

nematodes (As, Cu, Fe, Se, and Zn, Wilcoxon-Signed Rank tests, p < 0.001, FDRs < 0.05, Fig. 

4.5).  In contrast, stomach nematodes concentrated Pb at higher levels in comparison to both 

pentastomids (Wilcoxon-Signed Rank test = 682.5, p = 0.01, FDR = 0.03) and intestinal 

helminthes (Wilcoxon-Signed Rank test = 715.5, p = 0.035, FDR = 0.04).  Even though Mg 

levels did not significantly differ among biological sites concomitantly, levels were statistically 

higher among stomach parasites in comparison solely to lungs (Wilcoxon-Signed Rank test = 

642, p = 0.025, FDR = 0.1).  The exclusive bioconcentrations of Al, Cr, Cu, Fe, Mg, Ni, Pb, and 

Se between lung pentastomids and intestinal helminthes did not statistically differ (Al, Cr, Cu, 

Fe, Mg, Ni, Pb, and Se, Wilcoxon-Signed Rank tests, p > 0.05).  Levels of Cd were shown not to 

statistically vary among parasites from the different biological sites (all Wilcoxon-Signed Rank 

tests, p > 0.05). 

 

Variation of Heavy Metal Concentrations among Parasite Groups 

 Independent analyses of As, Cu, Cr, Fe, Se, and Zn showed significantly higher 

concentrations among intestinal trematodes relative to other parasites (As, Cu, Cr, Fe, Se, and 

Zn, Kruskal Wallis chi-squared tests, df = 3, p < 0.001, FDRs < 0.089, Fig. 4.6).  As seen in 

previous analyses, stomach nematodes had significantly higher concentrations of Pb compared to 

other parasite categories (Kruskal-Wallis chi-squared = 10.367, df = 3, p = 0.035, FDR = 0.068).  
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Individual analyses of Al, Cd, and Ni among parasite groups did not significantly vary (Al, Cd, 

and Ni, Kruskal Wallis chi-squared tests, p > 0.05).   

Further specific statistical analyses showed that the concentration of As, Cu, and Fe 

individually were significantly higher among intestinal trematodes relative to lung parasites (As, 

Cu, and Fe, Wilcoxon-Signed Rank tests = p < 0.05, FDRs < 0.001, Fig. 4.7).  No significant 

difference of Zn was shown between pentastomids and intestinal trematodes (Wilcoxon-Signed 

Rank test = 73, p = 0.1), yet pentastomids were found to bioaccumulate independently As, Fe, 

and Zn at higher levels in comparison to intestinal nematodes (As, Fe, and Zn, Wilcoxon-Signed 

Rank tests = p < 0.05, FDRs < 0.001, Fig 4.8).  However, individual concentrations of Cd, Cr, 

Mg, Ni, Pb, and Se did not statistically vary between lung pentastomids and each of the two 

categories of intestinal helminthes (Cd, Cr, Mg, Ni, Pb, and Se, Wilcoxon-Signed Rank tests = p 

> 0.05).  Additionally, no significant variation in Cu accumulation was detected among intestinal 

nematodes and lung pentastomids (Wilcoxon-Signed Rank test = p > 0.05).   

Although stomach nematodes displayed higher levels of Pb relative to parasitic groups 

from different biological sites in previous analyses, levels of Pb bioconcentration did not 

statistically differ between stomach nematodes and intestinal nematodes, or between trematodes 

when analyzed separately (both Wilcoxon-Signed Rank tests, p > 0.05).  Additionally, As, Cu, 

Fe, and Zn levels were each higher among intestinal trematodes relative to stomach nematodes 

(As, Cu, Fe, and Zn, Wilcoxon-Signed Rank tests, p < 0.05, FDRs < 0.01, Fig. 4.9).  Similar to 

intestinal trematodes, levels of Cu, Fe, and Zn were higher among intestinal nematodes in 

comparison to stomach nematodes (Cu, Fe, and Zn, Wilcoxon-Signed Rank tests, p < 0.05, FDRs 

< 0.01, Fig. 4.10).  Bioconcentrations of Se did not statistically differ between stomach and 

intestinal nematodes (Wilcoxon-Signed Rank tests, p > 0.05), yet the bioaccumulation of Se was 
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significantly greater among intestinal trematodes than in stomach nematodes (Wilcoxon-Signed 

Rank test = 65, p = 0.05, FDR = 0.07).  Additionally, bioconcentration levels of Mg were higher 

among stomach nematodes than lung pentastomids (Wilcoxon-Signed Rank test = 642, p = 0.03, 

FDR = 0.01).  Other heavy metal analyses between stomach nematodes and lung pentastomids is 

similar to findings from the previous section. Overall, concentration levels of Al, Cr, Cd, and Ni 

did not statistically differ between stomach nematodes and other parasitic groups (Wilcoxon-

Signed Rank tests, p > 0.05). 

Finally, intestinal trematodes showed exclusive statistically higher levels of As, Cu, and 

Fe than intestinal nematodes (As, Cu, and Fe, Wilcoxon-Signed Rank tests = p < 0.05, FDRs < 

0.001, Fig. 4.11), yet Al, Cd, Cr, Mg, Ni, Pb, Se, and Zn did not statistically vary between the 

two intestinal helminthes (Al, Cd, Mg, Ni, Pb, and Zn Wilcoxon-Signed Rank tests = p > 0.05).   

 

Variation of Heavy Metal Concentrations among Locations 

Only Cr and Mg levels were found to statistically differ among alligators from the three 

principal location sites, FL showing the highest levels for both of these metals (Cr, Kruskal-

Wallis chi-squared = 9.3925, df = 2, p = 0.009, FDR = 0.09; Mg, Kruskal-Wallis chi-squared = 

6.1038, df = 2, p = 0.047, FDR = 0.19).  Although As, Cu, Fe and Zn levels did not significantly 

differ among alligators from LAW, LAE, or FL (Kruskal Wallis chi-squared, df = 2, p > 0.05), 

concentrations of these trace metals individually significantly varied among parasites collectively 

(As, Cu, Fe, and Zn, Kruskal-Wallis chi-squared, df = 2, p < 0.001, FDRs < 0.001, Fig. 4.12).  

The highest levels of As, Fe, Cu, and Zn were found among parasites from LAW.  Similar to 

alligators, parasites from FL had higher levels of Mg in comparison to LAW and LAE (Kruskal-

Wallis chi-squared = 8.9085, df = 2, p= 0.01, FDR < 0.001).  In contrast, the respective levels of 

Al, Cd, Cr, Ni, Pb, and Se did not statistically vary among parasites throughout locations (Al, 
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Cd, Cr, Ni, Pb, and Se, Kruskal-Wallis chi-squared tests, df = 2, p > 0.05).  Analogous to these 

results, individual levels of Al, Cd, Ni, Pb, and Se did not vary among alligators from the three 

locations (Kruskal-Wallis chi-squared tests, df = 2, p > 0.05).    

In addition to analyzing the variation of heavy metal bioconcentration among the 

geographic locations of parasites en masse, we also statistically examined the variation of Al, As, 

Cu, Cd, Cr, Fe, Mg, Ni, Pb, Se, and Zn levels in each parasite category among geographic 

locations.  Interestingly, no statistical variation of heavy metal bioaccumulation was found 

among trematodes across geographic regions (Kruskal-Wallis chi-squared tests, df = 2, p > 0.05).  

In contrast, our data showed that levels of Cu and Zn were significantly higher among intestinal 

nematodes from LAW than other localities (Cu, and Zn, Kruskal-Wallis chi-squared tests, df = 2, 

p < 0.05, FDR < 0.7, Fig. 4.13), whereas levels of Al, As, Cd, Cr, Mg, Ni, Pb, and Se did not 

statistically vary (Al, As, Cd, Cr, Mg, Ni, Pb, and Se, Kruskal-Wallis chi-squared tests, p > 

0.05).  Metal concentrations of Al, As, Cd, Cr, Mg, Ni, Pb, and Se also did not significantly 

differ among stomach nematodes throughout locations (Al, As, Cd, Cr, Mg, Ni, Pb, and Se, 

Kruskal-Wallis chi-squared tests, df = 2, p > 0.05), yet levels of Cu, Fe, and Zn independently 

were found to be significantly higher among stomach nematodes in LAW (Cu, Fe, and Zn, 

Kruskal-Wallis chi-squared tests, df = 2, p < 0.05, FDRs < 0.08, Fig. 4.14).  Similar to intestinal 

nematodes, our analysis of the variation of heavy metal concentrations among geographic 

locations in lung pentastomids showed higher levels of Cu and Zn in LAW (Cu and Zn, Kruskal-

Wallis chi-squared tests, df = 2, p < 0.05, FDRs < 0.03, Fig. 4.15a,b), whereas independent 

concentrations of Fe, Cd, Pb, and Se did not statistically vary (Fe, Cd, Pb, and Se, Kruskal-

Wallis chi-squared tests, df = 2 p > 0.05).  However, the bioconcentration of As among 

pentastomids was found to be higher in LAE (Kruskal-Wallis chi-squared = 6.239, df = 2, p = 
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0.044, FDR = 0.1, Fig. 4.15c).  Despite the higher level of As in LAE pentastomids, the 

accumulation of heavy metals shows an overall pattern of higher levels among LAW parasites.   

 

Correlation of Parasite Abundance and Alligator Size to Heavy Metal Concentrations 

 Parasite abundance did not show any significant relationship to Al, Cd, Cu, Fe, Ni, Pb, 

Se, and Zn levels (Al, Cd, Cu, Fe, Ni, Pb, Se, and Zn, Spearman rank correlations, p > 0.05).  

However, the increase of parasitic abundance was found to significantly correlate to lower levels 

of As among alligators (S = 264943.6, p = 0.042, rs = -0.194, FDR = 0.15).  Contrary to the 

negative relationship between As and parasite abundance, both Cr and Mg illustrated significant 

positive relationships to parasitic abundance (Cr, S = 178192.5, p = 0.04, rs = 0.197, FDR = 0.15; 

Mg, S = 157962, p = 0.002, rs = 0.287, FDR = 0.03). 

In regards to alligator size, Cr and Mg were the only heavy metals to increase in 

concentration as alligators increased in size (Cr, S = 145549.2, p = 0.006,  

rs = 0.267, FDR = 0.013; Mg, S = 138757.5, p = 0.002, rs =  0.301, FDR = 0.005), where as Cu 

and Zn levels decreased in conjunction with alligator size (Cu, S = 258742.7, p= 0.002, rs = -

0.304, FDR = 0.005; Zn, S = 258747.7, p = 0.002, rs = -0.307, FDR = 0.005).  Levels of Al, As, 

Fe, Cd, Ni, Pb, and Se did not show any correlation to alligator size (Al, As, Fe, Cd, Ni, Pb, and 

Se, Spearman rank correlations = p > 0.05). 

 

DISCUSSION 

Successive predation through the food web allows for organic and inorganic elements to 

accumulate and increase in concentration within organismal tissue, particularly among higher 

trophic levels (Sures et al., 1999; Ikemoto et al., 2004; Hopkins et al., 2005).  Hence, top-level 

predators generally possess higher concentration levels of heavy metals in comparison to lower 
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trophic organisms (Law et al., 2009; Ikemoto et al., 2004; Garcia-Hernandez et al., 2007; Chen et 

al., 2008).  In particular, predators that satisfy the requirements of an ideal bio-indicator, such as 

crocodilians and metazoan parasites, may bio-magnify environmental heavy metal levels relative 

to other abiotic and biotic factors.  Here, we analyzed the variation of heavy metal 

bioaccumulation among the American alligator and its parasites, and assessed the effect of heavy 

metals on alligator parasitism.  Additionally, we evaluated the role of alligator parasites as a 

possible important determinant in the detection of cryptic toxic levels of heavy metals within 

alligators, and in the environment.  

 

Heavy Metal Variation Among Alligators and Parasites 

Consumed prey of alligators is likely the principal source of heavy metals detected 

among both alligators and their parasites.  Despite this common source, our data shows that 

parasites and alligators bioaccumulate heavy metals at different rates.  For example, parasites 

accumulate As, Cu, Cr, Se, and Zn at higher concentrations than their hosts, whereas alligator 

show greater tendency to accumulate Fe, Cd, and Pb relative to parasites.  We did find a few 

circumstances of Fe and Pb bioconcentrations greater among parasites, however, the overall 

trend showed lower levels of these particular metals among parasites in comparison to alligators.  

Based on these data (and relative to water samples shortly to be discussed), we suggest the use of 

alligators or their parasites as biological indicators may be dependent on the particular trace 

metal to be examined.  For example, the use of alligator parasites in the detection of Zn levels in 

the environment would be more advantageous than its reptilian host.  The mean Zn concentration 

level from alligators sampled in our study was 87mg/L; Zn had previously been detected in 

alligators from multiple locations in Florida at mean levels between 14 -36.0mg/L (Burger et al., 
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2000; Campbell, 2003).  In contrast, mean bio-concentration of Zn in parasites was 1213mg/L.  

Intestinal parasites, which were found to accumulate Zn at much higher levels than pentastomids 

and gastric nematodes in our study, showed a mean of 1530.2 mg/L.  In conjunction, levels of Zn 

measured from water samples near our collection localities in Vermillion Parish in 2009 (USGS 

NAWQA) had lower levels of Zn in comparison to intestinal parasites (Fig 4.16a).  Additionally, 

As, Cu, and Se levels were higher among alligator intestinal parasites than water samples from 

the same localities (Fig. 4.16b,c,d).  Overall, these data are consistent with previous studies that 

show Zn, As, Cu, Cr, and Se uptake in parasites are higher and more consistent when compared 

to water samples, and the tissues of their piscivorous or invertebrate hosts (Sures and 

Taraschewski, 1997; Sures et al., 1999; Sures, 2001; Thielen et al., 2004; Nachev and Sures, 

2009; Nachev et al., 2010).   

Unlike previous research of metal accumulation in host-parasite systems, our study did 

not show higher levels of Al, Fe, Cd, Mg, Ni, or Pb in parasites en masse in comparison to their 

host.  In particular, the higher concentrations of Fe, Cd, Mg, and Pb revealed in alligators may be 

contributed to the metallothioneins (MS) residing in the liver (Bell and Lopez, 1985).  These are 

important hepatic proteins that bind to heavy metals, and assist in the process of detoxification 

(Bell and Lopez, 1985; Flos et al., 1986; Thomas et al., 1994).  Thus, the higher concentrations 

of Fe, Cd, Mg, and Pb among alligators may be a consequence of increase binding rates to these 

particular metals in comparison to As, Cr, Cu, Se, and Zn.  Future experiments analyzing the rate 

of MS binding to various heavy metals in alligators should be conducted, as these data could 

provide beneficial information that may help clarify the variation of heavy metal accumulation 

between alligators and their parasites.     
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Variation of Heavy Metals Among Parasites and Biological Sites 

A particular pattern arose during our analysis of heavy metal differentiation among the 

different type of parasites and biological sites.  First, stomach nematodes do not concentrate 

heavy metals except Pb to high concentrations.  Lead objects, such as bullet casings (author pers. 

obs.), ingested by alligators may in part contribute to the high lead concentration found among 

stomach nematodes.  Lead casings are not easily digested, thus can accumulate within the 

stomach over time.  Secondly, the rate at which lung pentastomids and intestinal helminthes 

bioaccumulate heavy metals is likely similar as concentration levels were comparable.  However, 

bioconcentration levels of intestinal trematodes and intestinal nematodes each analyzed 

separately with pentastomids produces dichotomous results.  For instance, lung pentastomids 

accumulated heavy metals at higher concentrations than intestinal nematodes, yet the 

concentration levels of metals were generally greater among intestinal trematodes relative to both 

pentastomids and intestinal nematodes.  Taken collectively, nematodes seem to be poor 

bioindicators of trace metal concentrations within the environment and host.  Thus, the high rate 

of heavy metal accumulation by trematodes likely drives the comparable rates between parasites 

of the lungs and intestines.  Overall, intestinal trematodes appear to be exceptional candidates as 

heavy metal biological indicators.   

It is likely trematode biology, life history, and occupation of biological niche space 

greatly affects their ability to accumulate metals at high concentrations.  The epithelium of 

nematodes and pentastomids is non-cellular and made up of collagen or chitin (Bush et al., 

2001).  Nutrient uptake is non-passive, in which parasites feed on ingested food, or on the blood 

or lymph of its host (Bush et al., 2001).  In contrast, the epithelium of trematodes is made of 

cells, which are absorptive by nature (Bush et al., 2001).  Some nutrients are thus taken up, or 
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absorbed through the digestion of blood or host tissue since trematodes imbed into the tissue of 

their host (Bush et al., 2001).  Intestinal alligator parasites attach along the intestinal tract, 

mainly occupying space within the small intestines (author’s pers. obs).  The small intestine is 

the primary site in which nutrients, as well as heavy metals, are absorbed into the blood stream 

across the mucosa of vertebrates (Sandberg et al., 1981; Pappenheimer and Reiss, 1987; 

Diamond, 1991).  Based on this information, intestinal trematodes are likely accumulating metals 

prior to their circulating within the alligator blood stream. This could explain the high 

concentration of Fe among intestinal trematodes compared to alligators, particularly since Fe 

concentrates at high levels in vertebrate liver (Frieden, 1973).  Conclusively, the primary access 

to a majority of heavy metals by intestinal trematodes likely results in their higher heavy metal 

concentration levels compared to other alligator parasitic taxa. 

 

Variation of Heavy Metals Among Geographic Locations 

Although alligators were collected from a diverse array of microhabitats throughout 

southern Louisiana and north-central Florida, bioconcentration levels of heavy metals did not 

differ significantly among locality sites.  However, en total, parasites showed higher 

concentrations of As, Fe, Cu, and Zn in western Louisiana (LAW), as well as higher Mg in 

Florida.  Interestingly, Fe, Cu, Zn, and Mg coincide with the high levels detected from their 

alligator hosts in LAW or Florida.  The high bioconcentration of As among parasites, however, 

did not correlate.  Collectively as a group, parasites from LAW concentrated As at a higher 

magnitude, yet levels of As were slightly higher among alligators from LAE.  Despite these 

contrasting results, the bioaccumulation of As was highest among lung pentastomids from LAE.  

In general, concentrations of As were found to be highest among pentastomids in comparison to 
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other parasitic groups.  Given that lungs are the site of infection for pentastomids, the 

biomagnification of As among LAE pentastomids is perhaps caused by indirect (excess 

circulation of As among alligator hosts via consumed prey), and direct (high airborne levels 

inhaled through alligator respiratory tract) exposure.  Compared to other collecting sites, LAE is 

highly industrialized and urbanized, which can contribute to higher soil, water, and aerial As 

pollution.  Based on these data, pentastomids may be ideal bioindicators of environmental and 

alligator concentrations of As.   

 

Variation of Heavy Metals Among Alligator Size Classes 

Given the dispersal capabilities and higher consumption rate of larger alligators (Joanen 

and McNease, 1970, 1972; Delany and Abercrombie, 1986; Rootes et al., 1991; Delany et al., 

1999), it would be expected that bioconcentration levels of trace metals accumulate with size 

over time due to the increased exposure to more varied environments and to a greater number of 

links in the food web.  However, similar to data collected from South Carolina alligators 

(Campbell et al., 2010), levels of Fe, As, Cd, Pb, and Se did not strongly correlate with alligator 

size.  Yet, Cr and Mg did increase with alligator size.  Interestingly, these elements also 

increased in accordance to parasitic abundance.  The increase levels of Cr and Mg in correlation 

to parasite size and abundance likely are a result of a higher consumption rate of prey as 

previously mentioned.   

Surprisingly, a negative relationship was found between alligator length and Cu and Zn 

levels, which is contrary to previous findings among Australian saltwater crocodiles (Crocodylus 

porosus) (Jeffree et al., 2001).  Jeffree et al. (2001) showed that Zn levels significantly increased 

with increasing length or age of crocodiles.  It is possible congeneric variation of biology and 
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physiology among crocodilians can yield different patterns of heavy metal bioaccumulation.  The 

decrease of Cu and Zn in conjunction with increasing alligator length may be a consequence of 

greater parasitic loads among larger alligators.  Even though the statistical analyses did not show 

a strong correlation between parasite abundance and concentrations of Cu and Zn, observation of 

the raw data does show a negative correlation between higher parasitic infections and lower 

bioconcentration of Cu and Zn within alligators.  Larger or adult vertebrates, such as alligators, 

tend to be parasitized more heavily than smaller conspecifics (Timi et al., 2010; Katahira et al., 

2011; Muñoz and Zamora, 2011; Tellez et al., 2014).  A spearman rank correlation showed that 

the relationship between alligator size and parasitic abundance was significant (Kruskal-Wallis, 

S = 156967.2, p = 0.03, rs = 0.21).  Parasites and host compete for metals (Sures, 2003; Thielen 

et al., 2004), thus a larger parasite infracommunity should induce greater uptake of heavy metals 

in comparison to its host.  In regards to our host-parasite system, alligator pentastomids, 

nematodes and trematodes bioaccumulate Cu and Zn at higher rates than their host, in addition to 

increasing in quantitative abundance.  Thus, we suggest the decreasing levels of Cu and Zn 

during alligator ontogenetic growth may be a consequence of an increasing parasitic 

infracommunity.  These results further support our proposition that parasites may be better 

determinants of Cu and Zn environmental levels.  However, additional investigations should 

examine the rate of uptake between various sizes of alligators and parasite abundance to help 

clarify the interpretation of this phenomenon, and the role of parasites as detoxicants. 

 

Correlation of Parasite Abundance to As 

 The magnitude of As concentrations seem to play a crucial role in the abundance of 

parasites.  This contrasts other host-parasite systems, which show no relation between parasite 
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abundance and the degree of accumulation of As (Nachev et al., 2010).  Our results, however, 

suggest parasite abundance decreases in accordance with higher levels of As.  The direct cause 

for the decline of the parasite infracommunity is unknown as there is insufficient data of the 

consequences of As towards parasites.  Yet, perhaps the adverse effects of As towards parasites 

is similar to those in free-living organisms.  Among vertebrates and macroinvertebrates, toxic 

levels of As are associated with declines in immunity, neurological and vascular complications, 

and a decrease in growth or maturation (Fairbrother et al., 1994; Abernathy et al., 2003; Choong 

et al., 2007; Coeurdassier et al., 2010).  Organisms can become exposed to As through air, food, 

or water (Fairbrother et al., 1994; Abernathy et al., 2003; Choong et al., 2007; Coeurdassier et 

al., 2010).  Given the detrimental effects of As in free-living organisms, perhaps toxic levels of 

As can alter the physiological behavior of free-living stages of parasites, and thus disrupt the 

successful transmission to intermediate hosts.  Or, perhaps toxic levels of As interfere with the 

ontogenetic growth of parasites, similar to free-living organisms.   Yet, despite this lack of 

physiological and behavioral data, our results show the size of the parasite infracommunity, in 

conjunction with bioconcentration levels among parasites, could provide valuable information 

about the levels of As within the aquatic system.  Conclusively, we suggest alligator parasites as 

valuable environmental monitors of As because of their ability to concentrate As in orders of 

magnitude higher than their host and environment, and because of their sensitivity to As 

pollution.           

 

 Can Parasites Be Biological Indicators and Buffers of Alligator Heavy Metal Toxicity? 

In the presence of environmental pollution, the phenomenon of parasites employed in the 

role as a biological buffer against heavy metal toxicity in the host is conceivable.  This is 
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particularly advantageous for organisms of higher trophic levels, as certain elements are known 

to concentrate at higher levels up the food web (Law et al., 2009; Ikemoto et al., 2004; Altindag 

and Yigit, 2005; Campbell et al., 2005; Garcia-Hernandez et al., 2007; Chen et al., 2008).  We 

showed evidence of the possible buffering role of alligator parasites as the bioaccumulation of 

heavy metals among parasites was generally higher in comparison to their archaic reptilian host.  

In particular, our data suggests parasites may buffer alligators from the toxic effects of As, Cu, 

Se, and Zn.  However, it must be taken into consideration that extreme levels of these metals will 

likely cause parasite mortality.  Yet, this cause-and-effect situation strengthens the applicability 

of parasites as biological indicators.     

Amid the previous heavy metal studies of fish-parasite systems, the accumulation and 

response of parasites to environmental pollution is relatively rapid in comparison to its host 

(Sures, 2001).  Generally, high concentrations solely among parasites are indicative of acute 

pollutant exposure, whereas long or chronic exposure of the pollutant correlates with high 

concentrations in both the host and parasites (Sures, 2001).  Our data showed many examples of 

high metal bioaccumulations in parasites, particularly among intestinal trematodes, in 

comparison alligators.  For instance, comparative data from Iberville, Louisiana from the 2011 

harvest illustrated the combined levels of heavy metals were very high among trematodes, 

whereas the collective concentrations of heavy metals among hosts were low (Fig. 4.17a).  

Additionally, comparative measures of Se from the 2012 harvest between alligators, water 

samples, and intestinal parasites from St. Mary’s Parish, Louisiana show very high 

concentrations among intestinal parasites relative to other abiotic and biotic factors (Fig. 4.17b).  

In agreement with previous theory, these two examples may reflect acute discharge of heavy 

metals into the environment.  In contrast, alligators from Lake Loochloosa were found to have 



 157

higher heavy metal concentrations relative to their parasites in 2011 and 2012 (Fig. 4.18a,b).  

Accordingly, this data may reflect the overall low or chronic release of these metals into the 

environment.  Hence, the comparison of metal accumulation between parasites and alligators can 

reveal cryptic data about the acute and chronic chemical state of the environment, which can help 

establish the necessary management to counteract environmental pollution 

Previous studies have suggested crocodilians accumulate heavy metals at low rates, or are 

tolerant to high levels of pollution (Campbell, 2003).  However, it is possible for high levels or 

symptomatic symptoms of heavy metal toxicity to be delayed or masked (Burger et al., 2010; 

Campbell, 2003).  Based on this data, and the likely buffering mechanism of alligator parasites, 

we suggest that future investigations of heavy metal toxicity in crocodilians should examine 

heavy metal levels in their parasites.  We anticipate the results in this study emphasize the 

beneficial use of alligator parasites as indicators of enigmatic heavy metal concentrations in 

crocodilians and their environment, as well as generate a new perspective about the role parasites 

may have in the tolerability of heavy metals among crocodilians. 

 

Conclusion 

Long-term heavy metal exposure has been associated with the impoverishment of local 

biodiversity as a result of population declines of fish, birds, mammals, and reptiles (Tyler, 1984; 

Eeva and Lehikoinen, 1996; Hornfeldt and Nyholm, 1996; Jepson et al., 1999; Burger et al., 

2000; Bennett et al., 2001).  Given that heavy metal discharge continues to rise in aquatic 

systems as a consequence from anthropogenic activities (Rai, 2008), monitoring the distribution 

of heavy metals is imperative to curtail the potential adverse effects to the aquatic biota.  Our 

analysis showed the benefit of using an apex predator, such as the American alligator, and its 
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parasites as biomonitors of acute and chronic environmental pollution.  Parasites, particularly 

intestinal trematodes, showed an overall trend of higher heavy metal accumulation.  Thus, 

intestinal trematodes are likely superior biomagnifiers of heavy metals toxicity among 

crocodilians and their environment.  Based on this data, we suggest not including parasites in the 

analysis of heavy metal toxicity in crocodilians and their habitats could lead to false negative 

results.  Further investigations on the ecological and biological intake of heavy metals by 

alligators and their parasites should improve monitoring of environmental pollution, which can 

further implement the provisions essential for the sustainability of crocodilians and their habitats. 
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Figure 4.1.   Map of collection sites in Louisiana West Zone (black triangles), Louisiana East 

Zone (gray circles), and Florida (black circles). 
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Figure 4.2.  Levels of a) As, b) Cu, c) Se, d) Zn, e) Fe, f) Cd and g) Pb in alligators and 

parasites collectively.  Alligators marked with (*) have very low levels of heavy metals in 

comparison to parasites. 
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Figure 4.3.  Variation of heavy metal concentrations a) As, b) Cu, c) Se, and d) Zn among 
parasites of each biological site. 
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c) 
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Figure 4.4.  Contrast of heavy metal concentrations a) As, b) Cu, c) Fe, d) Se, and e) Zn 

between lung pentastomids and stomach nematodes. 
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c) 
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e) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 170

 

Figure 4.5.  Contrast of heavy metal concentrations a) As, b) Cu, c) Fe, d) Se, and e) Zn 

between intestinal helminths and stomach nematodes. 
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Figure 4.6.  Variation of heavy metals among lung pentastomids, stomach nematodes, 

intestinal trematodes, and intestinal nematodes. 
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Figure 4.7.  Contrast of heavy metal concentrations a) As, b) Cu, and c) Zn between lung 

pentastomids and intestinal trematodes. 
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Figure 4.8.  Contrast of heavy metal concentrations a) As, b) Fe, and c) Zn between lung 

pentastomids and intestinal nematodes. 
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Figure 4.9.  Contrast of heavy metal concentrations a) As, b) Cu, c) Fe, and d) Zn between 

stomach nematodes and intestinal trematodes. 
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c) 
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Figure 4.10.  Contrast of heavy metal concentrations a) Cu, b) Fe, and c) Zn between 

stomach nematodes and intestinal nematodes. 
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c) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 182

Figure 4.11.  Contrast of heavy metal concentrations a) As, b) Cu, and c) Fe between 

stomach nematodes and intestinal nematodes. 
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c) 
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Figure 4.12.  Contrast of heavy metal concentrations a) As, b) Cu, c) Fe and d) Zn between 

geographic locations. 
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Figure 4.13.  Contrast of heavy metal concentrations a) As, b) Cu, c) Fe and d) Zn between 

geographic locations. 

a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 187

Figure 4.14.  Contrast of heavy metal concentrations a) Cu, b) Fe, and c) Zn between 

geographic locations. 
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c) 
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Figure 4.15.  Contrast of heavy metal concentrations a) Cu, b) Zn, and c) As between 

geographic locations. 
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c) 
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Figure 4.16.  Levels of a) Zn, b) As, c) Cu, and d) Se examined from intestinal nematodes of 

two individual alligator hosts and surface and ground water (SW_GS) from two location 

sites from Vermillion, Louisiana in 2009. 
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Figure 4.17.  a) Comparative data of cumulative heavy metal data from an individual alligator 
from Iberville, Louisiana from the 2011 alligator harvest, and b) comparative Se data of water 
samples from various collection sites, an individual alligator, and its parasites from St. Mary 
Parish, Louisiana from the 2012 alligator harvest. 
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Figure 4.18.  Comparative data of heavy metal levels from Lake Loochloosa during a) 2011, 

and b) 2012 alligator harvests.  Each graph represents an individual collected from that 

year selected at random. 
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Table 4.1.  Samples of alligators and their parasites that were analyzed for Al, Cr, Mg, and 

Ni with an ICP-MS. 

 

Sample Geographical Location Year 

Alligator #1 Iberville, Louisiana  2011 

     Lung Pentastomids   

     Stomach Nematodes   

     Intestinal Nematodes   

   

Alligator #2 Iberville, Louisiana 2011 

     Lung Pentastomids   

     Intestinal Trematodes   

     Intestinal Nematodes   

   

Alligator #3 Iberville, Louisiana 2011 

     Lung Pentastomids   

     Intestinal Trematodes   

   

Alligator #4 Continental Land, Louisiana 2011 

     Lung Pentastomids   

     Stomach Nematodes   

     Intestinal Nematodes   

   

Alligator #5 Iberia, Louisiana 2011 

     Intestinal Trematodes   

     Intestinal Nematodes   

   

Alligator #6 Crescent Lake, Florida 2011 

     Lung Pentastomids   

     Stomach Nematodes   

   

Alligator #7 Gainesville, Florida 2011 

     Lung Pentastomids   

     Stomach Nematodes   

   

Alligator #8 Orange Lake, Florida 2011 

     Lung Pentastomids   

     Stomach Nematodes   

   

Alligator #9 Loochloosa Lake, Florida 2011 

     Lung Pentastomids   

     Stomach Nematodes   
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Alligator #10 Loochloosa Lake, Florida 2011 

     Lung Pentastomids   

     Stomach Nematodes   

   

Alligator #11 Loochloosa Lake, Florida 2011 

     Lung Pentastomids   

     Stomach Nematodes   

   

Alligator #12 Lake Apopka, Florida 2012 

     Lung Pentastomids   

     Stomach Nematodes   

     Intestinal Nematodes   

   

Alligator #13 Lake Apopka, Florida 2012 

     Lung Pentastomids   

     Stomach Nematodes   

     Intestinal Nematodes   

   

Alligator #14 Lake George, Florida 2012 

     Stomach Nematodes   

     Intestinal Nematodes   

   

Alligator #15 Loochloosa Lake, Florida 2012 

     Stomach Nematodes   

     Intestinal Nematodes   
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ABSTRACT:   Documentation of alligator parasites show that despite the diverse array of 

aquatic microhabitats inhabited by alligators, the spatial distribution of parasite species appears 

to mirror the extensive geographic range of its host.  However, recent field surveys show 

particular microhabitats may not be conducive for the presence of certain parasite species.  For 

instance, previous field excursions show a lack of intestinal parasitism among Florida alligators, 

whereas alligators from Louisiana encompass a rich infracommunity of parasites at high 

intensities.  What factors, particularly environmental, cause this deviation in alligator parasitism?  

In this study, we used 1) the statistical iterations of regression trees of randomForest, 2) the 

generated predictions of distribution of Maxent in conjunction, and 3) a set of 19 bioclimatic 

variables to assess the significance of environmental variables in the establishment of parasite 

distribution to thus predict the current distribution of alligator pentastomids, stomach nematodes, 

and intestinal helminthes. Precipitation and temperature were the strongest predictors of parasite 

prevalence and intensity, particularly for trematodes.  A great overlap was observed between the 

distribution of intestinal nematodes and intestinal trematodes, and between stomach nematodes 

and pentastomids.  Interestingly, the distribution of intestinal helminthes versus stomach 

nematodes and pentastomids were exclusively opposite.  These data show that the climatic 

characteristics that are conducive for high pentastomid and stomach nematode parasitism are 

dissimilar for intestinal helminthes.  Our data also suggest that Louisiana, particularly western 

Louisiana, is the center for alligator parasite species richness.   
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INTRODUCTION  

 The aquatic ecosystems of the southeastern United States support a diverse assemblage of 

migrant and endemic organisms (Williams and Dodd, 1978; Lydeard and Mayden, 1995).  

Emblematic of the indigenous biodiversity, the American alligator (Alligator mississippiensis) is 

the largest reptilian predator inhabiting freshwater lakes, rivers, and coastal wetlands and 

estuaries since the Pleistocene (Kushlan, 1974; Palmer and Mazzotti, 1994; Ryberg et al., 2002; 

Brochu, 2003; Sergio et al., 2008).  Poaching and overhunting drove alligators to near extinction 

in the 1900s, but management control over seasonal harvests, sustainable use, and federal 

protection revived alligator populations throughout their distribution (Joanen and McNeese, 

1987; Xu et al., 2004).  Recognized as one of the most successful recovery programs for an 

endangered species, the American alligator is currently listed as a species of “least concern” by 

the International Union of Conservation and Nature (IUCN).  Given the resurgence of alligators, 

many aspects of their behavior, physiology, and ecological interactions have been extensively 

studied.  Yet, by comparison the relationship between alligators and their parasites has received 

far less attention.   

Since the first parasitic documentation in 1819, alligator parasitism has been infrequently 

examined among the disparate host populations (Tellez, 2010, 2013).  Based on the semi-

occasional field observations and parasitological studies, the assemblage of parasite species 

appears ubiquitous throughout the alligator’s range.  Disjunct alligator populations from a 

diverse array of aquatic microhabitats (i.e., inland freshwater lakes, estuaries, wetlands, etc.) 

share a considerably similar presence of parasite species (Tellez, 2010, 2013).  Phylogeny, 

abiotic elements (such as precipitation, temperature, pH, salinity), and the presence of 

intermediate hosts generally are significant factors that preeminently affect the regional 
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distribution of parasitism (Poulin, 1992, 1995; Sousa, 1994; Lajeuneese and Forbes, 2001; 

Thomas et al., 2002; Bush et al., 2001; Combes, 2001; Samson et al., 2012; Shim et al., 2013).  

Yet, the possible intermediate host plasticity of alligator parasite life cycles (Chapter 2) abates 

the strong regulatory role of a particular secondary host in the widespread spatial distribution of 

alligator parasites.  Thus, perhaps a few conspicuous ecological or climatic components shared 

among the various habitats of the archaic host support the extensive distribution of alligator 

parasites.  However, despite the apparent ubiquitous presence of parasite species across the 

alligator’s range, the intensity and prevalence of parasite species differ across the distribution.  

For instance, alligators from Louisiana seem to encompass a rich intestinal community of 

parasite species that includes trematodes and nematodes (Ch. 3). Data of 45 alligators collected 

during the 2011 Louisiana alligator annual harvest show relatively high parasite prevalence 

(91.1%) and intensity (154.4) despite their origin of locality (estuarine, palustrine, or freshwater 

habitats) (Ch.3).  However, recent field surveys of 30 Florida alligators collected during the 2011 

and 2012 annual harvests show very low prevalence (26%) and intensity (2.4 parasites per 

infected individual) in comparison to alligators from Louisiana.  It is possible the effect of 

specific endemic environmental factors on parasite transmission and abundance of plausible 

intermediate hosts possible contribute to the exclusive local or regional patterns of alligator 

parasitism.  However, in the case of alligator parasites, information about the climatic factors 

that contribute to the disparity of prevalence and intensity, as well as influence the presence of 

alligator presence, is largely unexplored. 

Since the facets of alligator parasitism are not well understood, ecological niche 

modeling (ENM) could be an effective technique to identify the important environmental factors 

correlated with the realized niche of alligator parasites (Gurgel-Gonçlaves and Cuba, 2009; 
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Gurgel-Gonçlaves et al., 2012; Haverkost et al., 2010).  The comprehensive predictions provided 

by ENM have previously enabled conjectures about the potential range of parasite species, which 

could eventually assist in the identification of intermediate hosts in unexplored host-parasite 

systems (Gurgel-Gonçlaves and Cuba, 2009; Gurgel-Gonçlaves et al., 2012; Haverkost et al., 

2010).  Thus, ENM is perhaps a beneficial tool in the infancy of investigation of unknown host-

parasite systems, which includes the alligator-parasite dynamic. 

Amidst a 2 year-field study, the lack of intestinal parasites among Florida alligators, 

which contrasts data and historical records of alligators in other localities (Tellez, 2013), 

spawned questions about the external factors that contributed to the patterns of alligator 

parasitism.  In particular, we pondered what environmental factors contribute to the spatial 

distribution and prevalence of alligator parasites.  In this study, we used spatially explicit niche 

modeling techniques to predict the current distribution of alligator pentastomids, stomach 

nematodes, and intestinal helminthes.  Concomitantly, we used our model to assess the 

significance of environmental variables in the establishment of parasite distribution given that 

the prevalence and intensity of these parasitic taxa varies throughout the expansive range of 

alligators.  To accomplish our objectives, we performed the following tasks:  1) empirically 

determined parasite prevalence and intensity at various sites within the alligator’s range, 2) 

determined the ecological correlates to parasite prevalence and intensity, and 3) created flexible 

models and maps that predict parasite prevalence and intensity throughout the geographic 

distribution of alligators.  We anticipate the resulting data can be used to generate and test 

hypotheses about intermediate hosts and parasitism of alligators. 
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MATERIAL AND METHODS  

Sample Collection and Occurrence Records of Alligator Lung Pentastomids, Gastric Nematodes, 

and Intestinal Nematodes and Trematodes 

Alligators were collected during the Louisiana and Florida annual alligator harvests 

(2009-2012) with the assistance of the Louisiana Department of Wildlife and Fisheries (LDWF), 

Florida Fish and Wildlife (FFW), and licensed nuisance hunters and processing sheds.  The 

alligator harvests and management programs have provided significant economic benefits to 

Louisiana and Florida, while simultaneously conserving alligators and their habitats through a 

sustainable management program.  Coordinates for collection sites and summary of sample size 

are summarized in Chapter 3 and Chapter 4.  However, multiple collection sites were represented 

by only one alligator individual.  Upon preliminary tests, the disparate representation among 

locations caused a lack of statistical robustness and noise.  Thus, we grouped several nearby 

collecting sites as one alligator locality to strengthen statistical analyses.  Overall, alligator 

samples were designated to the appropriate categorical locale dependant on site of origin.  Table 

5.1 summarizes localities and GPS coordinates.  

Procedures of sacrifice and dissection of alligators, in addition to preservation and 

identification of intestinal parasites and pentastomids are described in detail in Chapter 1 and 

Chapter 2.  Gastric nematodes were found freely moving among stomach contents, as well as 

within the stomach mucosa.  Nematodes were removed with sterile tweezers, placed in petri 

dishes, and washed with deionized water.  Nematodes were then stunned with 95% heated 

alcohol, and preserved in labeled vials of 95% alcohol until identified.     

To determine the predictive strength of our model, we collected lungs, stomachs, and 

intestines from alligators (n = 17) collected near the J.D. Murphee Wildlife Management Area, 
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Texas (29°53’17.8"N, 94°1’38.9”W) during the 2012 Texas alligator harvest with the assistance 

of Dr. Mark Merchant from McNeese State University.  Sacrifice and dissection of alligators 

followed standard protocols as previously mentioned.  However, alligator lungs, stomach, and 

intestines were frozen instead of immediate dissection or preservation in formalin.  Organs were 

thawed 18 hours prior to parasite examination.  Once thawed, organs were dissected for 

parasites.  Preservation and identification of parasites followed procedures as previously 

mentioned. 

We also obtained historical records of alligator parasite species from previous 

distribution records summarized in Tellez (2013).  These records were collected in order to 

capture a greater spatial range of the geographic distribution of alligator parasites.   

 

Environmental Variables 

Models developed for our study were created to predict the geographic distribution of 

alligator parasites, which consequently includes the identification of the environmental factors 

that influence the alligator-parasite dynamic.  As such, our model was developed through the 

following principal five procedures.  First, we obtained the values of 19 bioclimatic layers 

(Bioclim, http://www.worldclim.org/bioclim) from each of our study sites as explanatory 

variables for our ENMs.  Secondly, we used tree regression (tree v. 1.0-35) to determine which 

environmental variables strongly associated with the prevalence and intensity of pentastomids, 

nematodes, and trematodes.  The bifurcating branches in tree regressions are easily interpreted, 

which include information on location, strength, and directionality of the response variable.   

Despite the exclusive results of the interactions between response and predictor variables 

with no a priori assumptions, tree regressions lack robust predictions.  Despite the easy 
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interpretation of results with no a priori assumptions, tree regressions fail to recognize strong 

predictors of the immediate response variable in question. Thus, in our third procedure we used 

random forests to grow a series of tree regressions (n = 5000) in order to assess the robustness of 

our data predictions.  The advantage of random forests relative to more traditional data modeling 

techniques is their ability to model continuous (i.e., parasite prevalence and intensity), non-

normalized input data with multiple predictor variables (Evans et al., 2011).  This is particularly 

advantageous given the non-normal distribution or aggregation of parasitic infections.  Upon 

completion of data analyses, the resulting random forest models provide rigorous descriptions 

about the predictor and response variable relationships by measures of the individual variable 

importance, in addition to the variation explained by the full forest (Evans et al., 2011; Seghal et 

al., 2011).  In regards to our study, we grew individual random forests with presence data to 

predict the 1) prevalence and 2) intensity of parasite groups or parasite species based on 

BIOCLIM variables.  We grew a second set of random forests similar to the former, in which 

predictor variables included parasite groups and species, longitude, latitude, and location site in 

addition to BIOCLIM variables.  These series of trees were grown to determine other enigmatic 

variables that may influence parasite prevalence or intensity.  Table 5.2 summarizes the group of 

variables collectively analyzed to create random forests.    

In the last step, we predicted the potential geographical distribution of parasites across the 

southeast of the United States based on historical locality records of alligator parasitism and 

corresponding BIOCLIM variables using the spatial distributional modeling program Maxent 

(Philips et al., 2005).  Maxent can generate predictions from incomplete empirical data of species 

distribution as a consequence of the probability of distribution of maximum entropy defined by 

particular environmental layers, (i.e., BIOCLIM variables). The environmental layers used in this 
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model were selected based on the individual environmental values that generated a higher 

percentage of the random forest variation among parasitic groups during the above third 

procedure that grew individual random forests data to predict the 1) prevalence and 2) intensity 

of parasite groups and parasite species based on BIOCLIM variables.  These data were then used 

to create a geographic map to estimate the prevalence and intensity of pentastomids, stomach 

nematodes, intestinal nematodes, and intestinal trematodes throughout the described distribution.   

Finally, to validate the predictions of parasite prevalence and intensity established by our 

models, we compared our model’s predicted prevalence and intensity levels with Bioclims 

3,4,14, and 19 to the actual prevalence and intensity levels observed from Texas alligators via the 

function “predict()” in the R statistical framework (R Development Core Team, 2004).  To 

obtain the linear regression, we first ran two separate randomForest analyses using Bioclims 

3,4,14, and 19 as the predictor variables, and 1) prevalence or 2) intensity as the response 

variable.  This particular information become our training data.  We then used the predict 

function to examine correlation between our test data (the actual observed prevalence or intensity 

of Texas parasites) and training data.  Finally, we used a linear regression analysis to plot our 

training and test data to examine the strength of our predictions.  Examination of model 

accuracy, as well as tree regressions and random forest analyses were performed in the R 

statistical framework (R Development Core Team, 2004).  

 

RESULTS 

Bioclimatic and Non-Bioclimatic Correlates to Prevalence and Intensity of Principal Parasite 

Categories  
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Across the 19 sample sites in our study, prevalence and intensity among pentastomids, stomach 

nematodes, intestinal nematodes, and intestinal trematodes varied substantially.  To statistically 

examine the variance, we first split our localities into three principal regions:  Florida, Louisiana 

West, and Louisiana East.  Localities in Louisiana were designated to either of the appropriate 

regions as designated by the Louisiana Alligator Management Program.  We then analyzed 

parasitic variation among the three regions using Kruskal-Wallis tests with program R (R 

Development Core Team, 2004).  Trematode prevalence and intensity were significantly higher 

in Louisiana West (Kruskal Wallis χ2 = 15.35, df = 2, p < 0.001; Kruskal Wallis χ
2 = 14.77, df = 

2, p < 0.001), whereas prevalence and intensity of intestinal nematodes were found to be higher 

in Louisiana East (Kruskal Wallis χ2 = 7.62, df = 2, p = 0.02; Kruskal Wallis χ
2 = 6.931, df = 2, 

p = 0.03).  Significantly higher pentastomid and stomach nematode intensity was found among 

Florida alligators (Kruskal Wallis χ2 = 8.55, df = 2, p = 0.04; Kruskal Wallis χ
2 = 6.12.99, df = 

2, p < 0.01).  However, pentastomid and stomach nematode prevalence was found not to 

significantly differ among the regions (Kruskal Wallis χ2 = 6.37, df = 2, p > 0.05; Kruskal Wallis 

χ
2 = 1.1193, df = 2, p > 0.01). 

 Tree regressions show that comparatively few environmental variables affect the 

prevalence and intensity of each parasite category.  High trematode prevalence at a given site is 

best characterized by constant high temperatures (Bioclim 3).  Sites with high annual 

precipitation (Bioclim 12) is also important describing high trematode intensity in alligators (Fig. 

5.1a).  Precipitation of the driest month (Bioclim 14) distinguishes low and high trematode 

intensity, with increase levels of precipitation in the coldest month (Bioclim 19) also a 

contributing factor to trematode intensity (Fig. 5.1b).  At a given site, intestinal nematode 

prevalence is best explained by maximum levels of mean diurnal temperature (Bioclim 2) and 
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seasonal temperature (Bioclim 4) (Fig. 5.2a), whereas variance of intestinal nematode intensity is 

exclusively described by mean diurnal temperature (Fig. 5.2b).  Precipitation of the warmest 

quarter (Bioclim 18) is the key environmental variable distinguishing high and low prevalance of 

stomach nematodes at any given site.  In conjunction with high levels of Bioclim 18, higher 

levels of Bioclim 2 contribute to the overall increase prevalence of stomach nematodes (Fig. 

5.3a).  Comparitively, isothermality (Bioclim 3) was the principal factor delineating high and 

low stomach intensity levels, with precipitation of the driest month further characterizing 

stomach intensity (Fig. 5.3b)  Finally, annual mean temperature (Bioclim 1) is a significant 

environmental variable contributing to high pentastomid prevalence.  Interestingly, precipitation 

of the coldest quarter (Bioclim 19) also contributes to part of the variation of pentastomid 

prevalence, but is not as strong of a key component as high annual mean temperatures (Fig. 

5.4a).  The maximum mean diurnal temperature (Bioclim 2) best delineates high and low 

pentastomid intensity.  At those sites with low mean dirunal temperatures, pentasomid intensity 

is further characterized by minimum temperature of the coldest month (Bioclim 6) and 

precipitation of the driest month (Bioclim 14) (Fig. 5.4b).  Thus, low pentastomid intensity is 

best described by minimum precipitation and temperature.   

 Random forest models built upon parasite groups exclusively indicate that the variation 

of each group are characterized by a unique set of environmental variables.  However, 

precipitation was a repeatedly common and important factor explaining parasite prevalence, 

except for intestinal nematodes.  Temperature of seasonality (Bioclim 4) is the only strong 

predictor of intestinal nematode prevalence even though 19.11% of the variance (i.e, 19.11% of 

intestinal nematode prevalence is defined by temperature of seasonality (Bioclim 4) is explained.  

In contrast, annual precipiation and precipiation of the driest month were important predictors of 
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trematode prevalence (78.13% variance).  Precipitation of the driest month, in addition to 

precipitation of the warmest quarter, were the strongest predictors combined of stomach 

nematode prevalence (17.28% variance).  Bioclims did not seem to predict pentastomid 

prevalence at a high variance (-6.71% variance).   However, minimum temperature of the coldest 

month (Bioclim 6), annual range of temperature (Bioclim 7), and in particular precipitation of the 

coldest quarter (Bioclim 19) were the strongest predictors of pentastomid prevalence.    

 Analagous to parasite prevalence, precipitation shows to be a strong predictor of parasite 

intensity, in addition to temperature of seasonality.  Seasonal temperature was  the strongest 

predictor of trematode intensity (58.34% of variance).  Although annual mean temperature was a 

strong predictor of intestinal nematode intensity, the explanatory signficance of variance was low 

(-15.12%).  Precipitation of the driest month and isothermality were important variables that 

explained the presence of stomach nematode intensity (35.14%).  Precipitation of the driest 

month was also an important predictor of pentastomid intensity, with the addition of temperature 

seasonality resulting in 33.08% of the explained variance of pentastomid infections in alligators. 

 We also used randomForest to examine the strongest predictors of prevalence and 

intensity with non-bioclimatic variables (longitude, latitude, zone, and parasite categories) in 

conjunction with bioclimatic variables.  Strongest predictors for each parasite category are 

outlined in Table 5.3.  Similar to our findings in the exclusive bioclimatic randomforest models, 

trematode intensity and prevalence were best described by temperature of seasonality (Bioclim 

4) and annual precipitation (Bioclim 12).  Yet, trematode prevalence could also be described by 

isothermality (Bioclim 3). These particular random forest models also showed that bioclimatic 

variables explained minimum variance (as described in above results) of intestinal nematode 

prevalence and intensity.  It is possilbe that because of the locality sample size, we were not able 
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to magnify strong bioclimatic predictors of intestinal nematodes.  Interestingly, the strongest 

predictor for both stomach nematode intensity and prevalence was longitude.  However, 

isothermality also contributed to the prevalence of stomach nematodes.  Finally, many 

bioclimatic and non-bioclimatic factors explained pentastomid prevalence and intensity, which 

contrasts bioclimatic randomforests models.  This raises some concern about the robustness of 

pentastomid models due to the inconsistency between the two types (bioclimatic vs bioclimatic + 

non-bioclimatic) of random forests models.  Further sampling may decrease the statistical noise 

found in these results.  In summary, seasonal temperature and precipitation are strong bioclimatic 

predictors of parasite prevalence and intensity, whereas site longitude is an important non-

biolimatic factor contributing to the variance of alligator parasitism across regions. 

 

Bioclimatic and Non-Bioclimatic Correlates to Prevalence and Intensity of Parasite Species  

Permutation of random forests analyzing environmental variables for parasite species 

(Table 5.4) indicate that the strongest bioclimatic predictors of parasite prevalence and intensity 

were mean diurnal range (Bioclim 2), temperature seasonality (Bioclim 4), precipitation of driest 

month (Bioclim 14), precipitation of driest quarter (Bioclim 17), and precipitation of coldest 

quarter (Bioclim 19).  When we included non-bioclimatic variables into the random forest 

analyses, comprehensively the strongest predictors of parasite species prevalence and intensity 

collectively were Bioclims 5, 10, and 14, in addition to latitude.  Interestingly, other strong 

predictors were the presence of other parasite species (Table 5.4).  Upon examination of 

predictors of each parasite species, the resulting random forest models show that the majority of 

species have a unique set of predictor variables to explain parasite prevalence or intensity.  

Interestingly, the models of prevalence and intensity among Brevimulticaecum tenuicolle, 
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Eustrongylides sp., Polycotyle ornata, Pseudocrocodilicola georgiana, and Pseudocrocodilicola 

sp., share the exact bioclimatic and non-bioclimatic predictor variables.   

 

Spatial Distribution Predictions of Prevalence and Intensity of Parasite Categories 

 We generated a map of the alligator parasite distribution using Maxent based upon 

historical records of alligator parasitism, and the strongest bioclimatic predictors of parasite 

prevalence and intensity (i.e., Bioclim 3,4,14,and 19) that explained most of the variance. Based 

upon our previous prevalence and intensity parasite-bioclimatic random forests models, we 

overlaid prevalence and intensity model predictions separately for each parasite category onto 

50,000 unsampled sites defined by the Maxent distribution.   

Given the overlap and widespread distribution of alligator parasite categories, the 

generated spatial distribution maps of prevalence and intensity of the four principal parasite 

categories are nearly identical in regards to total geographic range.  However, examination of the 

predictive maps of prevalence between trematodes, intestinal nematodes, pentastomids, and 

stomach nematodes shows extensive differences of prevalence or intensity.  Intestinal trematodes 

shows higher predicted levels of prevalence in Louisiana, Mississippi, and part of Alabama and 

northern Georgia (Fig. 5.5a).  Intestinal nematodes show a similar pattern, however higher levels 

of prevalence appear along the Gulf Coast of Texas, Louisiana, Mississippi, Alabama, and the 

panhandle of Florida (Fig. 5.5b).  Regions of definitive low parasite prevalence for both 

trematodes and intestinal nematodes were in parts of Texas, the Gulf Coast of Mexico, and 

Florida.  In contrast, stomach nematode prevalence was predicted highest in regions where 

intestinal parasites were predicted to have a low prevalence (Fig. 5.5c).  Interestingly, 

distribution of low and high prevalence was completely opposite between intestinal and stomach 
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nematodes.  For pentastomids, the highest regions of prevalence were found in central Florida 

and Louisiana, and in a small location in Mexico (Fig. 5.5d). Overall, moderately high levels of 

pentastomid presence can be described throughout the predicted spatial distribution.   

 For intestinal parasites, regions of higher predicted intensity collectively occurred in 

Louisiana (Fig. 5.6a,b).  Alabama and Mississippi were also predicted regions of high intensity 

for intestinal parasites.  Besides these central states along the Gulf Coast, parasite intensity was 

predicted to decrease west of Louisiana, east of Alabama, and seems to decrease approximately 

south of 29°N.  Regions of predicted intensity levels for stomach nematodes and pentastomids 

were nearly identical (Fig. 5.6c,d).  Parts of Mexico and Florida south of 29°N shows the highest 

levels of pentastomid and stomach nematode intensity.  Texas, and parts of the United States east 

coast shows moderately high predicted levels of intensity, yet predicted levels are low for 

Louisiana, Mississippi, and Alabama.  Surprisingly, pentastomid intensity reflects an inverse 

correlation within the states of Louisiana, Mississippi, and Alabama.  Accordingly, pentastomid 

prevalence is high among alligators located in these states, yet the levels of intensity are low.   In 

conclusion, predicted maps of prevalence and intensity exhibit enigmatic contrasting patterns of 

parasite distribution, particularly between intestinal parasites, and pentastomids and stomach 

nematodes collectively.    

 

Examination of Model Accuracy 

To examine the accuracy of our predictive prevalence and intensity models and 

distribution maps, we compared our predicted prevalence and intensity levels of each parasite 

category to the corresponding observed prevalence and intensity levels of parasites from Texas.  

Overall, our model predictions match the observed parasitism in Texas.  About 74% of the 
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variance of intestinal nematode prevalence and intensity was explained (p < 0.0001, r = 0.83; p < 

0.0001, r = 0.86) (Fig. 5.7a,b).  The linear regression of the trematode prevalence model 

explained 93% of the variance (p < 0.0001, r = 0.97), whereas the model explained 81% of the 

variance of intensity (p < 0.0001, r = 0.9) (Fig. 5.8a,b).  The model of pentastomid intensity 

explained 80% of the variance with a strong positive linear relationship (p < 0.0001, r = 0.9), yet 

only 69% of the variance of pentastomid prevalence was explained by the model (p < 0.0001, r = 

0.86) (Fig. 5.9a,b).  Lastly, models of stomach nematode intensity explained 78% (p < 0.0001, r 

= 0.88), yet we found a negative linear relationship between observed and predicted values of 

stomach nematode prevalence (p = 0.0003, r = -0.7) (Fig. 5.10a,b).  The model of stomach 

nematode prevalence explained 50% of the variance.  Thus, the model generated for stomach 

nematode prevalence lacks robustness for predicting stomach nematode parasitism among Texas 

alligators.  Excluding the results we found for stomach nematode prevalence, predictions from 

random forest models were overall consistent in accuracy detecting parasite prevalence and 

intensity levels.   

 

DISCUSSION 

 This is the first study to hypothesize the most important environmental factors that 

contribute to the parasitism of an archaic, apex predator.  Other than direct documentation of 

parasitic infections, there is a paucity of knowledge of the environmental and biotic factors that 

augment the crocodilian-parasite relationship.  Current host-parasite paradigms are principally 

based on the thorough research of fishes or charismatic mammals (Rohde, 1979; Combes, 2001; 

Luque and Poulin, 2008; Hatcher and Dunn, 2011).  However, the physiology, ecology, and 

phylogeny of crocodilians are unequivocally unique compared to other vertebrates, thus it is not 
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inconceivable to query that current theories of host-parasite systems may not necessarily be 

applicable to the crocodilian-parasite relationship.  Therefore it is imperative to characterize all 

factors that are likely conducive to parasitic prevalence and intensity of crocodilians.  Here, we 

illustrate that seasonal temperature and precipitation are comprehensively the most influential 

environmental correlates of alligator parasitism.  Even though these two bioclimatic variables 

were strong predictors of the prevalence and intensity of all parasite groups, (i.e., intestinal 

trematodes, intestinal nematodes, stomach nematodes, and pentastomids) each parasite group 

was represented by a unique admixture of other bioclimatic variables that could explain their 

variance.  Concomitantly, the addition of non-bioclimatic variables to our analyses shows that 

latitude or longitude (depending on the parasitic group) were also important in explaining 

observed prevalence and intensity of parasites.  Finally, we were also able to reveal interactions 

among a few of the parasite species. 

 Previous studies have shown that precipitation and temperature can have a strong effect 

on the propagation and survival of parasites, particularly during the free-living stage of a 

parasite’s life cycle (Lauckner, 1987; Anderson and Buchmann, 1998; Poulin, 2006; Koprivikar 

and Poulin, 2009; Shim et al., 2013).  This is particularly relevant for trematodes as their life 

cycles predominantly include one or two free-living stenotherm stages (i.e., miracidium and 

cercariae) that rely on water levels to ensure successful transmission to its next host.  Elevated 

temperatures near the upper temperature threshold generally correlate to an increase rate of 

cercariae output from the first intermediate host (Poulin, 2006; Koprivikar and Poulin, 2009).  As 

cercariae emerge into the aquatic environment, higher water levels can optimize their distance of 

dispersion and the chance to encyst the surface of the appropriate secondary host of their life 

cycle.  Higher water levels also increase the chance of recently hatched miracidium to penetrate 
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submerged snails, which are the probable first intermediate hosts of the alligator trematode life 

cycle.  Elevated temperature and precipitation are also conducive for the increase fecundity of 

snails (Van Der Steen, 1968; Van Der Schalie and Berry, 1973).  A higher density of snail hosts 

generates more niche space, and simultaneously abates competitive interaction among 

trematodes for resources that can be further allocated for reproduction.  Therefore, we concur 

favorable ambient temperatures, in addition to higher occurrences of eutrophication (Ch. 3), have 

a positive effect on the reproduction rate of trematodes and snails, which ultimately contribute to 

the higher infection rates among alligator hosts from western Louisiana as presented from our 

data, in conjunction with data represented in Ch.3.  Relative to Florida and Texas, Louisiana has 

a higher percentage of rainfall annually with warm temperatures, yet not as warm as Texas or 

Florida (EPA 2014; US Global Change Research Program, 2014).  Further exploration of the 

stenothermality of alligator trematodes, and the range of probable snail intermediate hosts, could 

possibly provide useful information on historic, and current climatic changes throughout the 

alligator range. 

 Unlike trematodes, moderately high levels of seasonal temperature and annual mean 

temperatures were the most important indicators for intestinal nematode prevalence and 

intensity.  Opposite of trematodes, nematode life cycles of aquatic hosts generally do not include 

a free-living stage, thus successful transmission is solely dependent on trophic transmission 

(Marcogliese, 2002).  Therefore, prevalence and intensity of intestinal nematodes likely reflects 

temperature’s effect on the eminent abundance of intermediate hosts.  In regards to our study, the 

moderate temperatures in eastern Louisiana (EPA 2014; US Global Change Research Program, 

2014) are favorable to the primary species of intestinal nematode intermediate hosts (which are 

still unknown).  Given the opportunistic feeding behavior of alligators, the rate of predation 
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should increase proportionally to the larger volume of intermediate hosts, which inevitably 

increases intestinal nematode infection.  Temperatures during late spring and early fall are 

moderately high compared to the winter and summer in eastern Louisiana.  We suggest diet 

surveys of alligators from eastern Louisiana during periods of intermediate climate could thus 

prove beneficial in consolidating the possibilities of intermediate hosts of intestinal nematodes, 

while concurrently revealing an important trophic interaction that may be of evolutionary 

significance.     

 Maximum isothermality and consistent maximum diurnal temperatures of the southern 

range of alligators (i.e., southern Texas, Louisiana, Mississippi, Alabama and all of Florida) 

seem to be conducive for higher gastric nematode and pentastomid infections.  Observation of 

the predicted spatial distribution for prevalence and intensity of pentastomids is relatively similar 

to those of stomach nematodes, except for the high prevalence of pentastomids in parts of 

Louisiana, Alabama, Mississippi, and Georgia in comparison to stomach nematodes.  However, 

overall these maps indicate extensive gastric and pentastomid parasitism in Florida is different 

relative to the evidence presented by other alligator populations, in addition to historical records. 

It is possible that pentastomids and stomach nematodes share intermediate hosts that are dictated 

by the same climatic factors.  When we included non-bioclimatic variables into our random 

forests run, gastric nematode intensity was a strong predictor of pentastomid intensity.  Current 

theory suggests fishes and turtles as intermediate hosts of alligator stomach nematodes (Chapter 

2), which are also common intermediate or paratenic hosts of pentastomids (Jacobson, 2007).  

Based on our data, we suggest fishes and turtles are also likely intermediate or paratenic hosts of 

alligator pentastomids.  The flexibility of transmission strategies should optimize trophic 

transmission given that the predatory behavior of the definitive host is opportunistic (Chabreck, 
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1971; Delany and Abercrombie, 1986; Wolfe et al., 1987; Rice, 2004).  In regards to prevalence 

and intensity, the warmer climate should support the abundance and availability of the proposed 

ectothermic intermediate hosts for a longer time period in comparison to more northerly 

populations of conspecifics or sister taxa.  Thus, the higher gastric and pentastomid infection 

rates of Florida alligators are perhaps the reflection of the greater abundance and consumption 

rates of fish and turtle intermediate hosts annually due to the warmer climate.     

 When we included non-bioclimatic variables into our tree analyses, latitude and longitude 

were the absolute strongest non-environmental predictors of parasite prevalence and intensity.  

Much research has been pursued on the variation of parasitism along a latitudinal gradient 

(Vazquez and Stevens, 2004; Nunn et al., 2005; Rohde, 2006), yet there is minimal information 

on the parasitic variation of prevalence and intensity along a longitudinal gradient (Rohde, 

2005).  Our results illustrate contrasting latitudinal and longitudinal patterns of parasitism even 

though the various taxa of alligator parasites are found ubiquitously throughout the hosts’ 

distribution.  For example, patterns of increasing prevalence and intensity of gastric nematodes 

and pentastomids along a longitudinal gradient were found west and east of Louisiana, 

particularly at lower latitudes (Fig. 5.5c,d and 5.6c,d).  In contrast, prevalence and intensity of 

intestinal helminthes was highest at latitudes above 28°N, yet showed a decreasing longitudinal 

trend west and east of Louisiana (Fig. 5.5a,b and 5.6a,b).  In conjunction with the above data, 

raw data of parasite species richness (Ch. 3), as well as observation of the spatial patterns of high 

to low parasite intensity and prevalence among the regions illustrates a radiation of alligator 

parasite species from Louisiana, decreasing west into Texas and east towards Florida.  The 

ambient climate of Louisiana, in addition to results found in Ch. 1, 2, and 3 seems to foster a 

favorable environment for the propagation of alligator parasite species, especially trematodes.  
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Consequently, we suggest the variation of alligator parasitism is a longitudinal-dependent 

phenomenon in which Louisiana is the center of alligator parasite diversity.  However, further 

sampling among these locations are needed to verify these patterns. 

 In some instances, we found bioclimatic and non-bioclimatic variables to be 

simultaneously strong predictors of a particular parasite species.  For example, the presence of 

Proctocaecum coronarium, and maximum temperature of the warmest month (Bioclim 5) were 

the strongest predictors of the prevalence and intensity of the trematode, Polycotyle ornata.  The 

strong interaction between these two trematode species as proposed by our results may suggest 

the use of a common intermediate host, and the importance of high temperatures for the higher 

reproduction rate of trematodes.  Further exploration of the particular biotic and environmental 

factors that influence alligator parasite prevalence and intensity will be essential to unravel the 

mysteries of this possible prehistoric host-parasite system.   

 In summary, this study provides a valuable first glance of the primary bioclimatic factors 

that are correlated with alligator parasitism.  Our findings demonstrate that temperature and 

precipitation (particularly constant seasonal temperatures, and maximum precipitation in the 

driest month) are the most significant predictors of parasite prevalence and intensity.  With these 

results, we were able to predict the spatial distribution of intestinal helminthes, stomach 

nematodes and pentastomids.  Consequently, these data revealed the cryptic role environments 

have in shaping the parasitic patterns of this archaic host, which also provided some insight in 

regards to intermediate hosts.  We anticipate these data will contribute significantly to current 

theories and investigations of alligator parasitism, and in particular, ignite the research to 

determine the evolutionary similarities and differences of this host-parasite system in relation to 

other vertebrate-parasite systems.  
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Figure 5.1.  Bifurcation tree regressions describing the relationship between bioclimatic variables of a) prevalence b) and 

intensity in trematodes.  The significant variables used to parasite values are indicated at each node, and numbers at the end of 

nodes indicate the average parasite prevalence or intensity within that group.  Branch lengths correspond to the amount of 

deviance in prevalence or intensity explained by the variable at that node.  Higher values of each variable are represented 

towards the right side of the branch. 
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Figure 5.2.  Bifurcation tree regressions describing the relationship between bioclimatic variables and a) prevalence b) and 

intensity in intestinal nematodes.  The significant variables used to parasite values are indicated at each node, and numbers at 

the end of nodes indicate the average parasite prevalence or intensity within that group.  Branch lengths correspond to the 

amount of deviance in prevalence or intensity explained by the variable at that node.  Higher values of each variable are 

represented towards the right side of the branch. 
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Figure 5.3.  Bifurcation tree regressions describing the relationship between bioclimatic variables and a) prevalence b) and 

intensity in stomach nematodes.  The significant variables used to parasite values are indicated at each node, and numbers at 

the end of nodes indicate the average parasite prevalence or intensity within that group.  Branch lengths correspond to the 

amount of deviance in prevalence or intensity explained by the variable at that node.  Higher values of each variable are 

represented towards the right side of the branch.    
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Figure 5.4.  Bifurcation tree regressions describing the relationship between bioclimatic variables and a) prevalence b) and 

intensity in pentastomids.  The significant variables used to parasite values are indicated at each node, and numbers at the end 

of nodes indicate the average parasite prevalence or intensity within that group.  Branch lengths correspond to the amount of 

deviance in prevalence or intensity explained by the variable at that node.  Higher values of each variable are represented 

towards the right side of the branch.   
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Figure 5.5  Random forests predictions of prevalence for alligator a) trematodes, b) intestinal nematodes, c) stomach nematodes, and 
d) pentastomids. Abbreviations of states within the alligator range are as followed:  Texas (TX), Louisiana (LA), Mississippi (MI), 
Alabama (AL), Georgia (GA), Florida (FL), South Carolina (SC) and North Carolina (NC). Black line in (b) represents latitude line 
29°N. 
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Figure 5.6.  Random forests predictions of intensity for alligator a) trematodes, b) intestinal nematodes, c) stomach nematodes, and d) 
pentastomids.  Abbreviations of states within the alligator range are as followed:  Texas (TX), Louisiana (LA), Mississippi (MI), 
Alabama (AL), Georgia (GA), Florida (FL), South Carolina (SC) and North Carolina (NC). Black line in (b) represents latitude line 
29°N. 
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Figure 5.7.  Predicted versus observed a) prevalence and b) intensity for intestinal 
nematodes.  Each point on the figure represents an individual alligator (n = 17) from 
Texas. 
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Figure 5.8.  Predicted versus observed a) prevalence and b) intensity for intestinal 
trematodes.  Each point on the figure represents an individual alligator (n = 17) from 
Texas. 
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Figure 5.9.  Predicted versus observed a) prevalence and b) intensity for pentastomids.  
Each point on the figure represents an individual alligator (n = 17) from Texas. 
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Figure 5.10.  Predicted versus observed a) prevalence and b) intensity for stomach 
nematodes.  Each point on the figure represents an individual alligator (n = 17) from 
Texas. 
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Table 5.1.  Geographic locations of alligator collection sites. 
 
Location Latitude Longitude 
Cameroon Parish and Rockefeller Wildlife Refuge 29.741247 -93.108428 
Vermilion Parish 29.927008 -92.26735 
Plaquemines Delta and PAL-WMA 29.205075 -89.271353 
St. Charles Parish and Maurepas Swamp 30.078936 -90.468436 
Terrebone Parish and Continental Land 29.625397 -90.974047 
Iberville 30.271964 -91.442719 
Iberia 29.846972 -91.841378 
Abercrombie and Belle Island 29.577861 -89.633628 
St. Mary Parish Morgan City  29.70577 -91.21818 
Pomme de Terre WMA 31.050436 -91.847692 
Pearl River WMA 30.308547 -89.672217 
Lake Sidney 28.982139 -81.528614 
Lake Loochloosa 29.489617 -82.1425 
Lake Apopka 28.6246 -81.625386 
Putnam City 29.626517 -81.778703 
Crescent Lake 29.482603 -81.504778 
Lake Orange 29.468472 -82.187786 
Suwanee River 29.469875 -82.691403 
Lake George 29.276539 -81.583514 
St. Mary LDWF 30.000381 -91.641878 
Pierre Part 29.96321 -91.20886 
Raceland 29.72743 -90.59897 
JDWM 29.888333 -94.03444 
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Table 5.2.  Bioclimatic and non-bioclimatic variables used for randomForest analyses. 
 
Regiona 

Locationb 

Latitude 

Longitude 

Sebekia mississippiensis (pentastomid) 

Terranova lanceolata (stomach nematode) 

Goezia sp. (stomach nematode) 

Eustrongylides sp. (stomach nematode) 

Ortleppascaris antipini (intestinal nematode) 

Brevimulticaecum tenuicolle (intestinal nematode) 

Dujardinascaris waltoni (stomach nematode) 

Acanthostomum sp. (trematode) 

Acanthostomum diplorum (trematode) 

Acanthostomum pavidum (trematode) 

Archaeodiplostomum acetabulatum (trematode) 

Cyathocotyle crocodylii (trematode) 

Polycotyle ornate (trematode) 

Proctocaecum coronarium (trematode) 

Pseudocrocodilicola sp. (trematode) 

Pseudocrocodilicola americaniense (trematode) 

Pseudocrocodilicola Georgiana (trematode) 
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Timoniella loosi (trematode) 

Cryptogonomidae (trematode) 

Bioclim 1 = Annual Mean Temperature 

Bioclim 2 = Mean Diurnal Range (Mean of monthly [max. temp. – min. temp.]) 

Bioclim 3 = Isothermality 

Bioclim 4 = Temperature Seasonality 

Bioclim 5 = Maximum Temperature of Warmest Month 

Bioclim 6 = Minimum Temperature of Coldest Month 

Bioclim 7 = Temperature Annual Range 

Bioclim 8 = Mean Temperature of Wettest Quarter 

Bioclim 9 = Mean Temperature of Driest Quarter 

Bioclim 10 = Mean Temperature of Warmest Quarter 

Bioclim 11 = Mean Temperature of Coldest Quarter 

Bioclim 12 = Annual Precipitation 

Bioclim 13 = Precipitation of Wettest Month 

Bioclim 14 = Precipitation of Driest Month 

Bioclim 15 = Precipitation Seasonality 

Bioclim 16 = Precipitation of Wettest Quarter 

Bioclim 17 = Precipitation of Driest Quarter 

Bioclim 18 = Precipitation of Warmest Quarter 

Bioclim 19 = Precipitation of Coldest Quarter 

aRegion was subdivided to Florida, western Louisiana, and eastern Louisiana 
bSee Table I 
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Table 5.3.  Summary of strongest bioclimatic predictors for each principal parasitic 
group with percentage of variation.  
 
Parasite 

Group Predictors of Parasite Intensity  Predictors of Parasite Prevalence 

Trematodes  Bioclim 4 = 58.59 %  Bioclim 12, Bioclim 3 = 79% 

 Intestinal 

Nematodes  

Bioclim 4, Bioclim 1, Bioclim 11, 

Bioclim 15, Bioclim 7, stomach 

nematodes, region = -15.71 Bioclim 4, region = 18.93 % 

Pentastomes  

Bioclim 2, Bioclim 14, stomach 

nematodes  

= 32.04% 

Bioclim 1, Bioclim  5, Bioclim 6, 

Bioclim 7, Bioclim 13, Bioclim 19, 

Latitude, Longitude = 1.77% 

Stomach 

nematodes  Longitude = 49.2% Longitude, Bioclim 4, Bioclim 3 = 12% 

 
 
 
 
 
 
 
 
 
 
 
 



 239

Table 5.4.  Summary of strongest bioclimatic and non-bioclimatic predictors for each parasite species with percentage of variation.  
 
 
 
 
 

Parasite Species Parasite Intensity Parasite Prevalence 

Acanthostomum diplorum Pseudocrocodilicola sp., T. loosi = 23.33% 
Pseudocrocodilicola sp., S. mississippiensis, A. 

acetabulatum = 45.5% 

Acanthostomum pavidum 
Cryptogonomid, P. americaniense, A. 

acetabulatum = 60.98% 

Cryptogonomid, P. americaniense, T. loosi = 

63.99% 

Acanthostomum sp. Cryptogonomid, P. georgiana = 43.04% 
P. georgiana, Cryptogonomid, Bioclim 13 = 

48.33% 

Archaeodiplostomum 

acetabulatum 

A. pavidum, Cryptogonomid, P. coronarium, 

Pseudocrocodilicola sp.= 43.36% 

Pseudocrocodilicola sp., P. coronarium, 

Cryptogonomid, A. pavidum, P. georgiana = 

40.96% 

Brevimulticaecum 

tenuicolle 
O. antipini, Latitude=33.88 O. antipini, Latitude=34.11 



 240

Cyathocotyle crocodylii NA 

Latitude, Bioclim 13, Longitude, Acanthostomum 

sp., Bioclim 4, Bioclim 15, Bioclim 16, Location, 

T. lanceolata, Goezia sp., A. diplorum, 

A. acetabulatum, P. americaniense, Bioclim 5, 

Bioclim 6, Bioclim 8, Bioclim 17 = -10.54% 

Cryptogonomid 
A. acetabulatum, Acanthostomum sp., 

P. americaniense, T. loosi, A. pavidum = 62.55% 
A. pavidum, P. americaniese = 61.98% 

Dujardinascaris waltoni 
Longitude, Bioclim1, Bioclim 6, S. 

mississippiensis, Eustrongylides sp. = 35.65% 
Longitude, Bioclim 10 = 37.42% 

Eustrongylides sp. Bioclim 9 = 27.53% Bioclim 9 = 23.44% 

Goezia sp. 
P. coronarium, P. ornata, Bioclim 5, Bioclim 14 

= 23% 

Bioclim 8, Bioclim 18, Bioclim 10, P. ornata, 

Bioclim 14 = 14.3% 

Ortleppascaris antipini 
S. mississippiensis, B. tenuicolle, Latitude 

= 49.52% 

B. tenuicolle, Latitude, Pseudocrocodilicola sp. 

= 35.01% 

Sebekia mississippiensis Bioclim 18, Latitude = 49.71% Acanthostomum sp. = 11.48% 
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Polycotyle ornata P. coronarium, Bioclim 5 = 15.72% Bioclim 5, P. coronarium = 14.99% 

Proctocaecum coronarium A. acetabulatum, A. pavidum = 35.78% 
Pseudocrocodilicola sp., A. acetabulatum, P. 

ornata = 43.26% 

Pseudocrocodilicola 

georgiana 

Pseudocrocodilicola sp., Acanthostomum sp. = 

78.81% 

Pseudocrocodilicola sp., Acanthostomum sp. = 

77.01% 

Pseudocrocodilicola 

americaniese 

Bioclim 14, Cryptogonomid, A. pavidum, 

= 23.27% 

A. pavidum, Cryptogonomid, Bioclim 14, Bioclim 

11 = 23.56% 

Terranova lanceolata 
Bioclim 3, Bioclim  2, Bioclim 7, T. loosi = 

21.76% 

Bioclim 10, Bioclim 3, Bioclim 2, Bioclim 5, 

T. loosi, Cryptogonomid = 26.81 

Timoniella loosi 
A. diplorum, Cryptogonomid, T. lanceolata =  

- 6.12% 

A. diplorum, T. lanceolata, Cryptogonomid, 

D. waltoni, A. acetabulatum, O. antipini, Bioclim 

8, S. mississippiensis, Bioclim  1, Bioclim 5, A. 

pavidum, Bioclim 14, Bioclim 2, Location, C. 

crocodylii = -13.77% 

Pseudocrocodilicola sp. P. georgiana, P. coronarium = 65.35% P. coronarium, P. georgiana = 62.52% 
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Concluding Summary 

 This investigation is the first robust study on the crocodilian-parasite system, identifying 

how ecosystem perturbations might alter this dynamic.  In summary, this research shows 

digeneans constitute a large portion of the parasitic intestinal biomass in comparison to nematode 

helminthes.  The overall richness in helminth species is contradictory to other reptile-helminth 

systems, possibly linked to the ancient phylogenetic lineage and opportunistic predatory behavior 

of alligators.  Additionally, changes in environment variables and landscape modification appear 

to be significant factors influencing annual parasitic variation among allopatric populations of 

alligators in Louisiana.  Precipitation and temperature were the strongest predictors of parasite 

prevalence and intensity, particularly for trematodes.  Males were found to be the main drivers of 

parasitic transmission, and alligators from Florida had higher intensities of lung pentastomids 

and stomach nematodes.  Our findings also suggest that host specific nematode parasites of 

alligators may have evolved to infect multiple intermediate hosts, such as fishes, crustaceans, and 

turtles, perhaps in response to the opportunistic predatory behaviors of alligators. Finally, we 

found parasites collectively accumulated higher levels of As, Cu, Se, and Zn in comparison to 

their alligator hosts, whereas Fe, Cd, and Pb concentrations were higher in alligators.   

Urban expansion and natural disasters have greatly altered habitat for American alligators 

throughout their range.  It is intended the findings of this study will assist biologists and 

government wildlife agencies to evaluate the American alligator population and its habitat by 

utilizing the parasites as bioindicators of ecosystem stability, as well as distinguishing 

detrimental factors affecting particular subgroups of alligators that would otherwise be 

undetected. This is significant as alligator decline has contributed to loss of wildlife and 

instability of wetlands in the past, and currently could result in economic and cultural depression 
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as wild alligator harvesting is a leading source of income, employment, and cultural occasion, 

particularly for the people of Louisiana and Florida.  

 




